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PREFACE

In this document, I use the STOP Method (Sequential Thematic Organization of Publications).  The
STOP Method organizes this document into two-page test-and-figure modules.  The document is
structured so the two pages face each other.  By opening the document anywhere, you expose a
complete module.  The STOP Method produces a topical rather than a categorical outline and turning
the page means changing the topic.  If a module goes beyond two pages, you may find a blank page
before the next module begins.  The modular construction helps you find the topic you’re interested
in, and you can start reading there.  You don’t have to read modules in sequence.

Each module begins with a topic followed by a thesis sentence.  I hope the thesis sentence will satisfy
your primary needs and elicit the desired attitudes.  The module follows with text and, where
appropriate, a figure.  The figure relates to the text of the module, and its placement at the bottom
of page two of the module helps you tie in the figure to what you’re reading.

The STOP Method makes the Table of Contents more important than usual, because the Table of
Contents is the structure of the topical arrangement and becomes the map by which you find what
you want to read.
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PROLOGUE

0.0. CLOSED-LOOP PROCESSES—THOMAS EAKINS  (THE SWIMMING

HOLE)

Figure 0.0. shows The Swimming Hole painted
by Thomas Eakins during the years 1883 to
1885.  The painting is 27 inches high by 36
inches wide and is hung in the Amon Carter
Museum in Fort Worth, Texas.  Edward Coates,
who commissioned the painting, later ex-
changed it for Eakin's The Pathetic Song.

Born in 1844 in Philadelphia, Eakins was
financially independent and painted what and
how he wanted.  He was passionately devoted
to the portrait; to him the human being was
central.  The centrality of the human to the
workings of the world and to an organization
in particular is the key to the management
process today.

During his painting years (1870 to 1910), the
world was full of astounding social change,
and many people suggested the increasing
mechanization would cause people to lose
their central place in their own world.  (When-
ever we consider the meaning of a painting we
must consider the artist and where he or she
was from, the time in history when the painting
was done, and the size and setting of the
painting.)  Today, we face continuing forces
for dehumanization as we gain automation.
The question becomes whether we can use
automation to humanize the workplace.  Within
the onward rush of computer and automation
breakthroughs, how do we accomplish what
Weisbord calls a productive workplace with
dignity, meaning, and community?

The people in the painting were Eakin's friends
(his art students) who appeared in many of his

paintings.  Eakins painted his friends in a
setting in which he often saw them.  Women
weren't in this painting or in one like it because
he never saw them naturally in this setting.

A person's underlying philosophy will influ-
ence what they have to teach us.  Eakins
thought of himself as a "scientific realist."

Let's consider the scene in The Swimming Hole
as representative of any human group activity.
I'll obviously draw parallels to organizations
as human group activities.  The group dynam-
ics are stressed here in that Eakins was inter-
ested in the depiction of motion in the figures
in the swimming hole.  He used motion photo-
graphs to help with his painting.

My bet is you'll remember this painting; and,
because you remember the painting, you'll
remember the points it makes symbolically.
You'll remember the painting and the points
because of the richness of the information
portrayed in visual art.  Visual art is a rich but
biased form of information.  Information and
the conversion of data to information is what
this class is ultimately about—

 
both building

and using tools for providing information for
decision making.  However, management and
measurement to get data to make information
depend on the human element—empower-
ment and trust.  Among other things, this
painting portrays some critical principles be-
hind the concept of trust.  I'll use this painting
to discuss management systems.

What's going on in the painting?  What are the

With closed-loop processes consisting of sequential functions and associated tools and
techniques, we can gain continuous improvement and organizational learning only if
humans interact based on mutual trust.
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up, and preparing to dive.  Each person in the
painting represents one of the steps.  Notice
how Eakins shows each of the people, or
functions, in sequence.  (Does the dog partici-
pate in a function?)  Each function makes the
process work.  Each function involves differ-
ent tools and techniques.  You can use differ-
ent tools and techniques to carry out the swim-
ming functions.  However, the best tool or
technique depends on the process and the
system with its aim in which the swimming
functions are a part.  You can use different
tools and techniques to teach someone how to
dive if the aim of the system is learning.  The
management tool for learning how to dive is
usually a procedure.  However, we would want
to observe (measure) and gather data on the
characteristics of a particular dive so we will
do better for the next try.

Notice how Eakins shows the functions of the
process not as a once-through process, more
popular in the management of years ago, but as
a closed loop, or cyclic process.  You have to
get in the water before you can swim, swim
before you can get out, and get out before you
can dive.  Closing process loops is what man-
aging quality today is all about.  The so-called
Plan-Do-Study-Act (PDSA) Cycle is about
closing process loops.  By closing process
loops, we get continuous improvement, a learn-
ing organization, creativity, and empower-
ment.  The PDSA Cycle represents the man-
agement process.  The process in the painting
is a closed-loop work process.  We would
apply the management process, or the PDSA
Cycle, to this work process to achieve results
like continuous improvement and learning.

If the aim of the system was more to learn to
dive and/or swim, we'd see more of the need
for observation and feedback inherent in the
management process.  (Maybe observation
and feedback are the functions of the dog.)  In
management systems engineering, we apply
the engineering process to the management

people doing?  Are we seeing a process, a
system, or both?  A group of friends are enjoy-
ing nature and each other's company in play, or
in a work process.  (Play is a work process for
recreation.)  Thomas Eakins has painted him-
self as the swimmer at the lower right and five
of his art students from the Pennsylvania Acad-
emy of Fine Arts in Philadelphia together as
functions of a work process associated with a
system.

What is the system?  We'll learn two views of
a system—one as a thing and the other as an
approach to the world.  This system as a thing
includes the components of the water, dock,
weather, people, and perhaps more.  From the
system perspective, each component is neces-
sary for the system to meet its purpose.

What’s the purpose of the components and
their relationship that Eakins has pictured here
in his painting?  What’s the reason for the
system being like this?  The answers to these
questions get to this system as an approach to
the world.  The aim of the system is most likely
one of relaxation and enjoyment instead of
exercise or learning how to dive and/or swim.
The aim involves the components (The weather
is more important for the enjoyment aim rather
than the exercise aim.  Weather would also be
important for an aim to cool off.) but reaches
above the components for the meaning of the
system.  This meaning begets the holistic per-
spective in the systems approach.

What's the process shown in the painting?  The
process for play or work consists of a series of
steps getting the system toward its aim.  The
steps get the people into and out of the water in
a timely, graceful, and safe way.  These steps
I’ll call functions.

What are the functions for enjoying the swim-
ming hole?  The functions include diving,
surfacing and swimming, climbing out of the
water, resting and relaxing as desired, getting
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process, which overlays the work process.
Since there's no question of improvement ei-
ther for competition or for self-renewal in the
painting, we don't see the engineering process
or the management process highlighted.  How-
ever, both the engineering process and the
management process are closed-loop pro-
cesses.  And this painting emphasizes the
closed-loop work process.

If the aim of the system was learning or im-
provement, we'd want to focus on observation
to gain data to convert into information to
support decision making.  Through our deci-
sions, we'd feed back what we learned to the
process.  And through our conversion of data
to information, we'd feed back to the decision
maker what the process was doing.  Decision
making is the key function in the management
process.

Now let's consider the situation in this swim-
ming process where the people aren't wearing
suits.  Why not?  People skinny-dip.  Why?
For the freedom of it.  Because they enjoy the
weather and the water more without clothes.
Now look at the people.  Do they look embar-
rassed or vulnerable?  Why not?  Because they
have mutual trust—perhaps because they've
all exposed themselves.  We find that empow-
erment and trust in an organization come
through submerging your ego and exposing
yourself.  We can't get quality in an organiza-
tion without mutual trust and mutual exposure.
While we don't expose ourselves physically in
an organization, we expose even greater vul-
nerabilities.  For quality in an organization, we
must expose appropriately what we feel and
what we think—even if we haven't perfected
our feelings or thoughts yet.  Through mutual
exposure and mutual respect we build trust.
The new concept of leadership is built on trust
and intimacy, not intimidation and fear.

I've discussed the content of Eakins’ painting
to help hold the memory of several concepts

important to management systems engineer-
ing.  Now, let's look at the structure of the
painting.  What shape is built into the key
people in the painting?  A triangle or, in three
dimensions, a pyramid.  What's so good about
a triangle?  Simplicity, robustness, and strength.
We know about these qualities of triangles
from studying structures.  How about the paint-
ing and the message it sends?

Do you see the engineering process in this
painting?  Do you see the management process
in this painting?  Do you see the systems
approach in this painting?  I suspect that at this
early stage of the class the answer to all three
questions is no.  I have more than 80 class
periods to get you from not seeing the engi-
neering and management processes and the
systems approach in a painting like this into
being able to see those processes and approach
in this painting and in other group interactions,
like in organizations.  I intend for the paintings
to help highlight and help you remember class
concepts I associate with the painting content
or style.  In this case, the painting content as
opposed to style carries most of the class
concepts.  The concepts I intend for you to
remember and I will reinforce during the course
are:

• The human being is central in group inter-
actions and in organizations.

• Trust is important to the management of
organizations today.

• Exposure is part of empowerment and trust.

• Systems and processes are different.

• Processes include a series of functions, or
steps, with their associated tools and tech-
niques.

• Closed-loop processes promote continuous
improvement and organizational learning.
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• Managers need rich information to make
decisions with; and visual art is extremely
rich information.

• The pyramid brings both visual and struc-
tural simplicity, robustness, and strength
and, as such, is useful as a modelling tool.

Eakins achieved a paramount place among
American artists "not only because of the
novelty of his particular vision of the world or
his formidable technique as a painter but be-
cause of the penetrating truth of his state-
ments." (Donelson F. Hoopes, Eakins Water-
colors, Watson-Guptill Publications, p. 12.)
"Although, from the beginning, Eakins was
recognized as a dedicated and inspiring teacher,
his methods were controversial. .... While

Eakins' emphasis on the study of the nude
figure was not an unusual part of an academic
curriculum, the presence of both male and
female students at the Academy as well as
Eakins's insistence that the women follow a
course of study identical to that of the men—
including life-study classes from both nude
male and female models—was a constant
source of tension." (Darrel Sewell, Thomas
Eakins: Artist of Philadelphia, Philadelphia
Museum of Art, 1982, pp. xiii - xiv.)  Because
of his unusual teaching techniques, Eakins
was fired from the Academy.  The outcry from
his dismissal resulted in forty of his students
forming the Art Students' League in Philadel-
phia, where Eakins taught without pay until
1892.

Figure 0.0.  Eakins’ “The Swimming Hole” helps us visualize a system of people interracting
together through a work (or play) process.  An organization is also people interracting through a
work process governed by a management process.  We apply the engineering process to the work
and management processes.
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1.  BACKGROUND

1.1.  INTRODUCTION
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BACKGROUND/INTRODUCTION

1.1.1. ART AND SCIENCE AS FOUNDATIONS FOR MANAGEMENT  SYSTEMS

ENGINEERING

“Management is an art. You can’t structure or
teach good management.  You’re either born
with it or you aren’t.”  These often-stated
excuses for not analyzing, learning, and im-
proving the principles and techniques of man-
agement are used to justify not putting the
needed effort into managing well.  Not too
long ago, old-time, real-world engineers were
making similar statements about engineering.
“Engineering is an art.”  “You must be a born
engineer.”  Now in engineering we pretend
engineering is all science and no art. This book
will emphasize the absolute necessity of bal-
ance between art and science, between quali-
tative and quantitative thinking, and among
human, technological, and economic issues in
both engineering and management.  This book
is based on the premise that we can learn and
improve management and engineering, that
both management and engineering spring from
the same root—the scientific method, and that
art with science makes both engineering and
management work in the real world by bridg-
ing imagination and reality.

I’ve found that visual art (paintings, sculpture,
photography) has opened doors for better un-
derstanding and use of science in the engineer-
ing and management processes.  Engineers
understand the significance of physical sci-
ence as the underpinning of their engineering
courses.  Engineers need to know that the
application system they’re working on some-
times involves physical science, but always
involves other sciences such as life science
and especially social science.  Leonard Shlain
in his book on art and physics gives evidence

of visual art as the precursor to discoveries in
physics that are fundamental to engineering.
I’ll use engineering principles like the First
Law of Thermodynamics and control theory to
build bridges between engineering and man-
agement, to develop a structured approach to
management, and to emphasize the need for
engineers and managers to understand both
the engineering process and the management
process.  Shlain’s discussion of art and physics
helps open new ways of thinking for under-
standing management systems engineering.

Leonard Shlain, a surgeon, argues that artists
have led physicists in discovering the mystery
of nature.  As in the profession of medicine, the
profession of engineering or the profession of
business is done best when we balance art and
science.  In his book Art and Physics: Parallel
Visions in Space, Time, and Light, Shlain says,
“Art and physics are a strange coupling.  Of the
many human disciplines, could there be two
that seem more divergent?  The artist employs
image and metaphor; the physicist uses num-
ber and equation.  Art encompasses an imagi-
native realm of aesthetic qualities; physics
exists in a world of crisply circumscribed
mathematical relationships between quantifi-
able properties.  Traditionally, art has created
illusions meant to elicit emotion; physics has
been an exact science that made sense.” (p. 15)

In management systems engineering we must
recognize the emotional component of organi-
zational effectiveness. Culture, motivation,
trust, and teamwork are important for stability
and synergy in the organization.  We must

In management systems engineering we must understand, balance, and blend the
human and technical elements of the organization and apply tools and skills to
relationships and to work processes based on foundations learned from art and
science.
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syntax. ..... ‘Volume,’ ‘space,’ ‘mass,’ ‘force,’
‘light,’ ‘color,’ ‘tension,’ ‘relationship,’ and
‘density’ are descriptive words that are heard
repeatedly [in art and in physics].” (pp. 17-20)
These descriptive words are also extremely
familiar to the engineer and, as we get into this
book, the manager.  An important idea in this
quote and in Shlain’s book is that art has often
paved the way for science.  I believe an impor-
tant lesson from Schlain’s discussion is: You
have to imagine something before you can
discover it.  Also, the important things in an
organization are abstract—unmeasured and
immeasureable.  We have to measure what can
be measured and imagine what can be imag-
ined.  Often, we have to blend measurement
with imagination.

In talking about how a surgeon could write a
book on art and physics, Shlain says, “... a
surgeon is both artist and scientist.  The craft
demands a finely honed sense of aesthetics: A
maxim of the profession is if an operation does
not ‘look’ beautiful it most likely will not
function beautifully.  Thus, surgeons rely
heavily on their intuitive visual-spatial right-
hemispheric mode.  At the same time, our
training is obviously scientific.  Left-brained
logic, reason, and abstract thinking are the
stepping-stones leading to the vast scientific
literature’s arcane tenets.  The need in my
profession to shuttle back and forth constantly
between these two complementary functions
of the human psyche has served me well for
this project.” (p. 8)

Management systems engineers must shuttle
back and forth at a moment’s notice between
qualitative and quantitative thinking.  You
must learn to be good at both and at shuttling.
One moment you work on a technical issue,
the next a human one.  Truly, art and science
are complementary foundations of the engi-
neering process.  Just ask Leonardo DiVinci,
one of the first engineers.  The same can be said
for the management process.

bring both art and science to the productive
workplace.

Shlain further says, “While their methods dif-
fer radically, artists and physicists share the
desire to investigate the ways the interlocking
pieces of reality fit together. ..... Èmile Zola’s
definition of art, ‘Nature as seen through a
temperament,’ invokes physics, which is like-
wise involved with nature.  The Greek word
physis means ‘nature.’ ..... The physicist, like
any scientist, sets out to break ‘nature’ down
into its component parts to analyze the rela-
tionship of those parts.  This process is princi-
pally one of reduction.  The artist, on the other
hand, often juxtaposes different features of
reality and synthesizes them, so that upon
completion, the whole work is greater than the
sum of its parts.  There is considerable cross-
over in the techniques used by both.  The
novelist Vladimir Nobokov wrote, ‘There is
no science without fancy and no art without
facts.’” (p. 16)  When Schlain talks of “reduc-
tion,” “synthesizes,” and “the whole work is
greater than the sum of its parts,” he’s indicat-
ing that the artist practices the systems ap-
proach and must balance understanding and
abilities in analysis, synthesis, and synergy.
So should the engineer and the manager.

Shlain further says, “In the case of the visual
arts, in addition to illuminating, imitating, and
interpreting reality, a few artists create a lan-
guage of symbols for things for which there are
yet to be words. ..... When we reflect, rumi-
nate, reminisce, muse, and imagine, generally
we revert to the visual mode.  ..... ‘Imagine’
literally means to ‘make an image.’ ..... who
then creates the new images that precede ab-
stract ideas and descriptive language?  It is the
artist. .....  Artists have mysteriously incorpo-
rated into their works features of a physical
description of the world that science later
discovers. ..... Both art and physics are unique
forms of language.  Each has a specialized
lexicon of symbols that is used in a distinctive
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BACKGROUND/INTRODUCTION

1.1.2. ART, PHYSICS, AND ENGINEERING —IMAGINATION , REALITY , AND

ENVISIONING

I used to carve soap to help in descriptive
geometry so I could see better what I was
supposed to envision.    When I got good at
descriptive geometry, I didn’t have to carve
soap and I could envision what would happen
if I built a house or reorganized a group of
people.  By later comparing the reality of what
I built or organized, I improved my envision-
ing skills.

In summarizing the philosophy of a leader of
the quality movement today, W. Edwards
Deming,  W.W. Scherkenbach says we’re striv-
ing for “joy of ownership through joy of work-
manship.”  Now there’s an emotion that makes
sense.  When we engineer the management
process, we must deal with emotion.

Is emotional energy greater than, or just differ-
ent from, physical energy?  As we deal with
synthesis, systems thinking, and synergy in
management and engineering, does the First
Law of Thermodynamics apply?  When we
first converted mechanical or chemical energy
to electrical energy to light a bulb, we felt like
we got so much out of the bulb.  The magic of
the newly-experienced conversion could im-
ply we got something more out than we put in.
The First Law tells us that isn’t so.  The energy
is conserved even though most of the bulb’s
energy is “lost” to heat energy rather than
“gained” in light energy.  Now we operate
computers on tiny batteries.  What seemed like
a lot in the bulb was new, not more.  We
weren’t used to or good at electrical energy.

When the members of a basketball team, a
symphony orchestra, or a business organiza-

If you can imagine something, you can do it.
Imagination is crucial for successful engineer-
ing and for successful management.  We must
balance imagination and reality so we can
make our imagination become reality.  When
we deal in the art of engineering and manage-
ment, we’re dealing in imagination.  In this
book, I’ll balance the art and the science of
engineering and management in a discipline I
call management systems engineering.  To
help understand the balance we’ll look at vi-
sual art.

I’ll later discuss communication, message con-
tent, language variety continuum, and infor-
mation richness.  A primary focus of this book
is the conversion of data to information and the
use of that information for decision making,
where information is converted into action.
Visual art exceeds language in information
richness.  Painting and sculpture exceed pho-
tography in information richness because paint-
ing and sculpture aren’t limited to reality and
because painters and sculptors aren’t limited
to a single eye.  Art contributes to the ability of
the engineer or the manager to think beyond
the limit of the rules.   Art is also a tool to
support people in conceptual blockbusting.

Engineers and managers must be able to envi-
sion for problem solving and for leadership.
Perhaps the greatest contribution of descrip-
tive geometry is to gain skills in envisioning
hidden reality and envisioning possibilities,
alternatives that could become reality.  When
we imagine what the object looks like when we
intersect it with a cone, we get a lesson in
envisioning.  The object and the cone are real.

“The history of mankind has taught us that if we can imagine it, we can make it.”
(p. 2, Kiyoshi Suzaki, The New Manufacturing Challenge:  Techniques for Continu-
ous Improvement.)
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tion gain synergy and the whole seems larger
than the sum of its parts, perhaps we’re dealing
with the conversion of physical to emotional
energy—a conversion we aren’t used to or
good at.  We’re converting physical exertion
to feelings of trust, confidence, and motiva-
tion.  Just as energy conversion is fundamental
to engineering, energy conversion is funda-
mental to management.

Management systems engineering is about
skills for analysis and synthesis.  For example,
analysis helps us build good management tools
and synthesis helps us use management tools
well.  Management systems engineers must
understand both.  We readily accept physics as
fundamental to engineering.  I consider art,
other humanities, life science, and social sci-
ence to be equally important—especially when
engineering a management system.

I believe we don’t teach either the engineering
process or the management process to manag-
ers or engineers very well.  We’ve tried to
separate the art from the science when they
need to be interwoven to the point they’re
indistinguishable one from the other.  I’ll dis-
cuss our failures in teaching the engineering
process in Modules 1.1.11.6.3. through
1.1.11.6.5.—where I discuss the engineering
process and its fundamentals and I discuss
teaching and learning the engineering process.

To drive home the interplay between art and
science in engineering and management,
throughout this book I’ll use examples of vi-
sual art and the artists who did them.  Of
course, the best I can do is show examples of
the art  in photographs.  Photographs of visual
art are as unsatisfactory to those who really
want to experience the art as are paintings from
photographs.  The camera has but one eye and
the human has two.  Between a camera and a
human, the perception is totally different.

Seeing the visual art in person is far superior to
what I can provide in this book.  The frame of
a painting affects what you see and so does the
setting of the visual art.  Michelangelo’s David
in front of the Palazzo Vecchio isn’t the same
as David in the Academia.  (I’ll prove this
point in Module 1.1.19.)  The Musee d’Orsay
in Paris is new and each painting has been
thoughtfully placed in its setting.  The result is
overwhelming.  Seeing science as an art is a
function of both the observer and of the con-
text, or setting.

A painting contains a message.  I’m not dis-
cussing a painting as an art expert but as an art
enthusiast.  I’ll discuss a painting in terms of its
message to me—my own interpretation so I
can highlight important qualitative concepts
of management systems engineering supported
by images of rich information.  The power of
art is its ability to send rich information.  As a
receiver of rich information, you must develop
strong assimilation and interpretive skills to
capture and use all that information.  The
richest information is also the least repeatable,
verifiable, and quantitative.  My interpretation
of visual art, then, is one of many, which I hope
adds something to the understanding of man-
agement systems engineering.

Visual art is an expression of envisioning.
You can envision what a soap carving is to
look like, or how you want your new car to
look, or the house you’re building, or the new
structure for your organization.  When envi-
sioning your new organization or product, you
can envision the result or the steps of the
process for getting that result.  When you
consider building the new house, you can
envision how you want to solve the problem of
enlarging the living room.  The power of
envisioning is being able to review many alter-
natives rapidly in your mind.
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BACKGROUND/INTRODUCTION

1.1.3.  BENDING TIME  AND SPACE—SALVADOR  DALI

Albert Einstein developed his special theory
of relativity early in the twentieth century.
Minkowski used the special theory to define
the fourth dimension.  Few people have suc-
cessfully conquered the ideas that seem to
violate what we believe about time and space.
As a nuclear engineer, the contributions of
Einstein were some of my foundations for
designing nuclear reactor cores.  However,
Einstein forever shook our devout faith in the
universality of F = ma.  We took F = ma as
absolute truth, something we could clearly
build anything from and never have to worry.

About the time of Einstein, there lived another
revolutionary by the name of Sigmund Freud
and a number of revolutionary artists like
Picasso and Salvador Dali.  Freud was inter-
ested in the unconscious and the meaning of
dreams.  Dream time doesn’t obey sequence
and linearity of clock time and dream space
doesn’t follow Euclidean axioms.  “Relativity,
Cubism, and psychoanalysis share this fea-
ture:  Profound distortions of everyday time
and space occur regularly in each theory. .....
The dream mode soon became the means cer-
tain artists used to plumb the depths of their
own unconscious, mining them for symbols
and juxtapositions that violated all rational
sense.  In 1917 Apollinaire named this new
movement surrealism, which means above
reality.  Surrealism worshipped at the altar of
the unconscious.  Surrealism, Andre Breton,
the poet and the movement’s chief spokesman,
wrote, ‘ is based on the belief ... in the omnipo-
tence of dreams, in the undirected play of
thought.’  Despite their apparent lack of con-
nection to the crisp blackboards of science, the
dreamlike paintings of surrealist artists reveal
many crucial images that can help people
understand the vision of reality wrought by

modern physics.” (Leonard Shlain, Art and
Physics: Parallel Visions in Space, Time, and
Light, William Morrow and Company, 1991,
p. 224.)

As an engineer, how many times can you build
a bridge in a twenty-minute nap or daydream?
More times than you can count.  You can get
materials not easily accessible.  You can build
the bridge right and you can build it wrong—
and you can learn from your dream mistakes.
As a manager, how many times can you reor-
ganize your unit in a twenty-minute dream?
Related to dreams is your imagination—about
real things and unreal things—and your ability
to envision.  If you can’t have a vision, you
can’t lead well, you can’t manage well, and
you can’t engineer well.  Your descriptive
geometry course helps you learn to envision.
Engineers and managers don’t get enough
courses in how to envision and how to break
conceptual blocks and old paradigms.  With-
out these skills, you can’t create and you can’t
innovate.  We’re entering a time in history
where we need the creative juices of every
person.  Our big problems with the environ-
ment, transportation, housing, and other engi-
neering-related problems won’t be solved with
old approaches.  We’ll have to dream up new
ones.

As a manager, two of my most important
concerns are time and space.  I use facility
layouts to figure out where to put people and
equipment to streamline the work process (re-
duce steps).  I use Gantt charts and time logs to
help deal with the elusive resource of time
(save time).  I redesign information formats
and information processes (reduce paperwork).

We teach courses on time management, which

Managers have to make the most out of time and space; and to do so, they have
to envision beyond the laws of Newton, which are so familiar to engineers.
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can’t be done by the way.  Time refuses to be
managed—it marches on.  We deal with man-
agement approaches like Just-In-Time.  In
their book, Competing against Time: How
Time-Based Competition Is Reshaping Global
Markets, Stalk and Hout claim time is the
cutting edge; time is the equivalent of money,
productivity, quality, even innovation.  They
introduce the time-based organization.  “The
characteristics of a time-based company are
best explored under three headings:

• How work is structured
• How information is created and shared
• How performance is measured

..... People in time-based—or fast-cycle—com-
panies think of themselves as part of an inte-
grated system, a linked chain of operations and
decision-making points that continuously de-
livers to customers.  In such organizations,
individuals understand how their own activi-
ties relate to the rest of the company and to the
customer.  They know how work is supposed
to flow, how time is supposed to be used.  Also,
work that is not critical to delivery of value in
real time is taken off-line so it doesn’t slow
down delivery. ..... Time-based companies
create more information and share it more
spontaneously.  For the information technolo-
gist, information is a fluid asset, a data stream.
It is an object itself, something to be carefully
measured and handled.  But to the manager of
a business, information is something less el-
egant, less separate from the employees who
create and carry it. ..... Time-based companies
go back to basics when they decide how they
are going to keep track of their performance.
Time is already widely used to measure per-
formance in business.  Managers use terms
like lead-time, on-time delivery, and response
time almost instinctively in describing how
well a company is serving its customers.  But,
time-based companies go a step further.  They
use time-based metrics as diagnostic tools
throughout the company and set basic goals of
the operation around them.  In effect, they use

time to help them design how the organization
should work.” (pp. 172-190, George Stalk, Jr.
and Thomas M. Hout, The Free Press, 1990)

A major division of Asea Brown Boveri uses
the concept of time-based management as their
direction in the quality movement.  However,
to develop new work structures, share infor-
mation more readily, and get accurate mea-
sures of performance, we must deal with trust,
mutual respect, and motivation among people
who act out, are responsible for, and support
these activities.

I’ll consider two of Salvador Dali’s paintings.
Dali is a surrealist.  The first painting is dis-
cussed in Shlain’s book.  “In one of his most
famous paintings, The Persistence of Memory
(1931) [Figure 1.1.3.1.], Dali juxtaposes two
ordinary symbols of time: clocks and sand; but
in Dali’s arresting vision the clocks are melt-
ing over a vast and lonely beach that resembles
the sands of time.  To emphasize the painting’s
temporal images, he also incorporates a swarm
of crawling ants, whose uniquely shaped bod-
ies resemble hourglasses.  Sand, hourglasses,
and watches all connect below the threshold of
awareness till the viewer’s mind swings around
to focus on the very nature and meaning of
time.  Dali’s gelatinous timepieces, crawling
with patient ants, ooze and melt upon an im-
mense beach stretching into the distance.  The
molasses-like plasticity of his watches sug-
gests the possibility of slowing to sludge the
flow of the invisible river of time.

The key revelation enabling Einstein to revise
the fundamental constructs of space, time, and
light was understanding the nature of time’s
dilation at close to the speed of light.  Had
someone asked Einstein or any of his contem-
poraries to represent the dilation of relativistic
time in one visual metaphor, he could not have
produced a more strikingly appropriate image
than The Persistence of Memory.  If a work’s
symbolic content strikes a chord deep within
our collective psyche, then it will continue to
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resonate for us indefinitely.  Mention the name
Dali to a sampling of people and more often
than not, melting watches will be included in
the response.  This surrealistic painting mes-
merizes us because it translates an idea into
symbols when conventional words and phrases
have never been sufficient.” (pp. 228-230.)
Time is a wonderous dimension.  Today is
yesterday’s tomorrow.  Depending on where
you stand and which way you look, all time is
relative.

Figure 1.1.3.2. is Dali’s The Sacrament of the
Last Supper, dated 1955.  Many paintings
from western culture artists, exemplified by
the art of Europe and the United States, reflect
content from Greek and Roman mythology
and from Christianity.  Some of the most
popular topics are the last supper, the crucifix-
ion, and the resurrection of Christ.  The topics
provide a wealth of imagery and search for
reality and thereby innovative expression.  Dali
balances reality and imagination in a sym-
metrical geometric framework.  “The Chris-
tian subject matter, the simplicity of organiza-
tion and the lack of shock value separate The
Sacrament of the Last Supper from almost all
of Salvador Dali’s other works.  Dali’s reputa-
tion from the late 1920s to the mid1940s was
founded on his use of themes reflecting anar-
chy or agnosticism and interpretations in a
surrealistic manner derived from subconscious,
Freudian dream imagery. ..... The Italian High
Renaissance of the early 1500s was another
major source for Dali’s new classicism.  As in
the harmonious presentation of Renaissance
schemes, the composition here is clearly de-
fined into two main planes: foreground action
and background scenery.  The placement of
men around the table is symmetrical, the same
figures being repeated in perfect mirror-image
on both sides of Christ.  Moreover, the entire
nine-foot-long picture is constructed accord-
ing to complex mathematical ratios devised by
Renaissance scientists and such ancient Greek
philosophers as Pythagoras.

Dali explained the reliance upon this elaborate
geometric patterning just after completing his
nine-month labor on the picture:

... I wanted to materialize the maximum of
luminous and Pythagorean instantaneous-
ness, based on the celestial Communion of
the number twelve: twelve hours of the
day—twelve months of the year—the
twelve pentagons of the dodecahedron—
twelve signs of the zodiac around the sun—
the twelve Apostles around Christ.

Thus, The Sacrament of the Last Supper is not
an attempt to re-create the Passover but a
symbolic presentation of the eucharistic ritual.
The men at the table, rather than being specific
apostles, are idealized participants in the con-
tinuing dogma of Christianity.  The strange
enclosure, part earthly, part celestial, is not the
‘large upper room’ of the Bible but an abstract
concept embodied by the dodecahedron, a
twelve-sided volume sometimes signifying
totality.

Just as the surrounding cupola is only partially
real, Christ is not corporeally present because
his body is transparent, too.  The actual, tan-
gible allusion to Jesus’ long hair: just above his
left shoulder, the irradiated strands of hair
suggest the silhouette of a perching bird.  If
indeed, this half-hidden configuration was in-
tentional, it must indicate the dove of the Holy
Ghost.  The whole Trinity would be repre-
sented if the arms outstretched overhead were
those of God the Father.

This ethereal torso, however, is much too
youthful for the standard conception of the
Creator, who is normally portrayed as a patri-
arch.  The all-embracing arms might represent
the Resurrected Christ, but the nail holes are
absent from the hands, and the wound does not
appear in the side.  The enigma of The Sacra-
ment of the Last Supper might be rationalized
if this disembodied presence signifies the en-



15

Figure 1.1.3.2. The Sacrament of the Last Supper

• Good engineering requires envisioning.

• Symbols bring out feelings.

• As the world moves faster, we’ll have to
bend time and space.

• A model is like a metaphor.  Engineers
develop models.

• We’ll live up to the expectations of us.

• We can fill empty space with our mind.

• These are treasures in the human mind.
We have to tap them.

compassing spirit of heaven, for Dali main-
tains that ‘... heaven is to be found exactly in
the center of the bosom of the man who has
faith!’” (quoted from a handout received dur-
ing my first visit to the National Gallery of Art
in Washington D.C. during 1960).

The concepts I intend for you to remember and
I will reinforce during the course are:

• You can imagine, dream about, create a
vision for things that don’t exist—and then
do them.

Figure 1.1.3.1.  The Persistance of Memory
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BACKGROUND/INTRODUCTION

1.1.4.  TIME -HONORED, FUNDAMENTAL  MANAGEMENT  QUESTIONS

All discovery begins with a questioning atti-
tude leading to penetrating, substantive ques-
tions.  As we begin our discovery of applying
the engineering process to organizations, let’s
sample the questions people responsible for
organizations have been asking for years and
can’t seem to successfully resolve.  The funda-
mental questions are the ones you seem to keep
coming back to every time you try to figure out
how to manage an organization and its people.

Since we’ll be looking at the organization as a
management system, the important questions
will be systems-oriented.  Weisbord says, “For
the past forty years productive workplaces on
several continents have been evolving another
way entirely of thinking and acting.  First, they
have been moving away from problem solving
toward whole-systems improvement as the
secret for solving great handfuls of problems
at once.” (Marvin Weisbord, Productive Work-
places, Jossey-Bass Publishers, 1987, p. xiv)
.... “A ‘whole system’ includes economics,
technology, and people—including all of our-
selves. (italics added)  I urge students to see the
workplace as a ‘whole brain’ adventure in-
volving values, thought, and action.  I would
like to see that notion in more academic cur-
ricula.” (p. xvi)  Systems thinking will under-
pin our understanding of both the engineering
and the management processes.

In discussing Frederick Taylor, the creator of
the industrial engineering role, Weisbord par-
allels his notion of whole-system components
including economics, technology, and people
by saying, “He started a new profession in
1893—‘consulting engineer’—because he saw

that captains of industry, caught in a swirl of
change, did not know how to untangle cost,
productivity, and motivational problems (ital-
ics added).  Taylor was a systems thinker of
sorts, the first person to realize that workplace
problems must be solved together, not piece-
meal, although he never figured out to anyone’s
satisfaction how to do that.” (p. 22)

“It is not generally appreciated how modern
Frederick Taylor’s core values were.  He knew
the importance of productive workplaces.  He
was working on the right problems—social,
technical, economic—even when he did not
have the right solutions.” (p. 57) (italics added)

So, the source of time-honored, fundamental
questions comes from these problems for which
Taylor couldn’t find answers and which still
are unanswered today.  And, what are Taylor’s
core values, and how do those relate to funda-
mental questions for managing productive
workplaces?  Weisbord lists Taylor’s core
values as “labor-management cooperation,
higher output, improved quality, lower costs,
higher wages, the rule of reason, questioning
old habits, experimentation, clear tasks and
goals, feedback, training, mutual help and
support, stress reduction, and careful selection
and development of people.” (p. 59)  What a
rich place from which to start asking important
questions!

I’ll use Weisbord’s figure for reward, work,
and human systems (See Figure 1.1.4.) as an
analytic tool, hopefully used in a systems
approach (I’ll develop definitions for analytic
and systems approach later.) for developing

How do we apply the principles, models, and techniques of the engineering process
to time-honored, fundamental management questions and open avenues for signifi-
cant improvement in management tools and their use?
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categories to show a representative list of
time-honored, fundamental management ques-
tions.  Throughout this discussion, I’ve used
italics to highlight the references to these three
systems, because in each case Weisbord has
used slightly different terminology.  Since
we’re considering the organization as our sys-
tem of interest, or, in Weisbord’s terms, the
whole system, the systems of Figure 1.1.4. are
really the important subsystems of an organi-
zation.  The whole system of economics, tech-
nology, and people; Taylor’s cost, productiv-
ity, and motivational problems; and Figure
1.1.4.’s reward, work, and human subsystems
all help set up three categories of questions.

As we analyze to help deal with the situation,
we must recognize that questions can’t be
completely separated into subsystem catego-
ries because most questions are interconnect-
ing among the subsystems.  However, some
questions seem to start in one subsystem or
another.  Consider Taylor’s dilemma as a
question:  How do we untangle cost, produc-
tivity, and motivational problems?  Perhaps
we can untangle the problems to list or discuss
them and to ask questions.  But we’ll have to
leave the problems tangled to answer the ques-
tion.  Another broad question is:  How do we
get high-quality, high-quantity work from
people working in a satisfying atmosphere
with the least resources and expense?  You can
see the three subsystems interplaying in this
question.

Reward-subsystem-oriented questions in-
clude:
How do I rate, rank, appraise, recognize, and
pay people?

How do I ensure my stakeholders get a good
return on their investment?

How do I get the most for my money for
materials and facilities?

How do I get the creative and commitment
energies from much of the workforce, when
the reward system doesn’t reflect these priori-
ties?

Work-subsystem-oriented questions in-
clude:
How do I deal with the crises, surprises, distur-
bances, or disruptions that seem to keep me
from accomplishing my planned work?

How do I know I’m working hard on the right
things?

How do I gain visibility of my work?

How do I gain and maintain control of my
work?

How do I get useful information (the right,
high-quality information on time) about my
work to support the decisions I make?

Human-subsystem-oriented questions in-
clude:
What are successful supervisor and subordi-
nate roles?

What are roles for purposeful meetings?

How do I replace fear with trust and teamwork
in the workplace?

How do I motivate people to find joy in the
workplace?

How do I get the best out of people without
harming their personal and family lives?

How do I balance toughness with affection in
the workplace?

Even though these questions are hard to an-
swer, we must think about the questions and
the principles behind potential answers.  For
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sets expectations?  Whether or not you think
through these questions can make the differ-
ence in success in getting the work out, your
financial return, and the contributions of you
and your subordinates.

You can add to this too-short list.  The catego-
rization scheme represented in Figure 1.1.4.
and the short list described earlier should start
you thinking.

Reward
System

Work
System

Figure 1.1.4. For whole-systems improvement of management tools and organizations, we must
answer management questions that include interrelated aspects of economics, technology, and
people shown here as reward, work, and human subsystems.  One way to dig into the questions
and their answers is to consider the subsystems.  (taken from Weisbord)

Human
 System

example, consider the question, “How do I
know I’m working hard on the right things?”
When a supervisor thinks, “I don’t believe that
person is working hard,” they mean “I don’t
believe that person, who’s working hard, is
getting the results I expected,” which trans-
lates to “I don’t believe that hard-working
person is working on the right things.”  Who
should know what the right things are?  How
do we find out what the right things are?  Who
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1.  BACKGROUND

1.1.  INTRODUCTION

1.1.5. THE OUTPUT: HOW
THE BOOK FLOWS
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BACKGROUND/INTRODUCTION/THE OUTPUT: HOW THE BOOK FLOWS

1.1.5.1.  BOOK DESCRIPTION

This book scopes management systems engi-
neering as an engineering discipline.  The
book defines the systems approach, the engi-
neering process, and the management process
in language understandable by engineering
students, non-engineering students, and prac-
ticing managers.  The flow of the book starts
with background concepts and models and
works toward building-tool functions applied
to general categories of tools and using-tool
functions applied to specific tools for continu-
ous performance improvement.  The focus of
the book is the machinery to support decision
making—management tools.  (Examples of
management tools include the organization
structure, schedules, operations research meth-
ods, plans, policies, vision statements, man-
agement information systems, and many more.
I’ll discuss the different management tools at
length later.)

Figure 1.1.5.1. shows the structure of the book
in five major sections.  I’ve shown the book
sections on the left side of the figure with
major content listed below each section topic.
In the two-semester course using this book, the
background takes more than half the first se-
mester (class periods 1 - 34) and the building
tools section takes less than half the first se-
mester (class periods 35 - 43).  The sections on
using tools, synergy from building and using
tools, and conclusion takes the second semester.

The concepts of management, engineering,
and system; the discussion of the art and sci-
ence of management; and the research process
relating to the discovery of what management

systems engineering is leads to the theory
illustrated in the top box on the right of Figure
1.1.5.1.  The theory includes the systems ap-
proach with its three perspectives as the
overarching philosophy for both the engineer-
ing process and the management process.  We
apply the engineering process to the manage-
ment process to get management systems en-
gineering.  All of the processes are developed
and understood within the context of balance,
the proper mix of the issues being balanced.

Based on these concepts, I develop a series of
models that I offer together with models devel-
oped by others to help us understand how to
build and use management tools.  I’ll describe
the frameworks used to diagnose an organiza-
tion in terms of the needed management tools
in the next group of modules.  These models
and frameworks yield a coordinated set of
models shown in the middle box on the right of
Figure 1.1.5.1.  Based on the Management
System Model, management system analysis
(MSA) and management system synthesis
(MSS) lead us to the models in the engineering
process and management process frameworks.

The tools with their guides (e.g., a procedure
or set of instructions can be a tool or can be a
guide for another tool, like procedures for a
management information system.) and the
skills for using the tools fit within the frame-
works for the engineering and management
processes and apply to the work management
systems engineers do.  To build and use tools
well, we need knowledge, skill, and ability.  I
can’t give you ability in this book.  But I will

The five sections of this book will lead you through the theory for management systems
engineering into the models you can use to help build and use management tools, the
machinery supporting decision making.
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describe the knowledge and skills you’ll need.
When you apply the tools and skills to building
management tools, you’ll develop generic
tools, like management information systems,
organization structures, and plans.  When you
apply the tools and skills to using management
tools, you use specific tools, like scoping agree-
ments, Gantt charts, and control charts.  The
situation here is analogous to designing and
using an automobile.  You design and build a
type of automobile, like a Ford Taurus.  You
use that red automobile parked over there by
the curb.

When I talk about building management tools,
I’ll define categories of management tools,

like guides, and general types of tools within
the category, like policies, plans, procedures,
or instructions.  The topics for building man-
agement tools apply to management tools in
general, like system analysis and information
flow.

When I talk about using management tools,
I’ll describe how to use specific tools, like an
action plan or a scoping agreement.  To put the
specific tools in context, I’ll use culture, qual-
ity, and changing to a quality culture to help set
the scene for the philosophy and structure of
the management process functions and rules
for using management tools.
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Figure 1.1.5.1.  The book contains five sections, the first three of which carry you through the
theory of management systems engineering to models we’ll use to best build and use manage-
ment tools in given applications.

1.0  BACKGROUND

•  Concepts
-  Management
-  System
-  Engineering

•  Art and Science
•  Research Process

(discovery)
•  Models
•  Frameworks
•  Tools
•  Skills

4.0  SYNERGY FROM BUILDING
       AND USING TOOLS

5.0  CONCLUSION

K
no

w
le

dg
e

Periods 35 - 43

Periods 1 - 34

Management System
Model

MSA MSS

Life Cycle
Analogies

ABC Model
Organizational
Effectiveness

Applications
(Management Tools)

Generic Tool Development
•  MIS
•  Organization Structure
•  Plans
•  Symbols
•  Expert Systems

Specific Tool Use
•  Scoping Agreement
•  Gantt Charts
•  Control Charts
•  Logs
•  Reviews

SYSTEMS APPROACH

BALANCE

Engineering
Process

Management
Process

Models

Theory

MSE

MODELS

APPLICATIONS

2.0  BUILDING TOOLS

•  System Analysis
•  Information Flow
•  Dual-Path
   (data-to-info chain)
•  Automation
•  Program and Project 
   Management
•  Information Sharing,
   Consensus, Change

3.0  USING TOOLS

•  Culture
•  Quality
•  Changing to a
    Quality Culture
•  Management Process
  Functions and Rules

•  Organizational
   Performance



25



26

This book gives you a roadmap and tools with their guides and the skills for using the
tools, all to use as you build management tools or manage builders of management
tools, and as you use management tools to improve the performance of your
organization.

BACKGROUND/INTRODUCTION/THE OUTPUT: HOW THE BOOK FLOWS

1.1.5.2.  USE

In Section 1.1. of the book, I’ll set out the
engineering process and the management pro-
cess with their respective frameworks and with
their underpinnings in knowing the applica-
tion, or domain or unit of interest, and their
philosophical “overpinnings” through the per-
spectives of the systems approach.  These
frameworks form a roadmap to use throughout
the rest of the book.  I’ll discuss examples of
tools to use to help accomplish each of the 21
engineering process functions and the 14 man-
agement process functions.  You’re apt to lose
the forest for the trees.  The roadmap lays out
the forest.

Like all roadmaps, the scale, or level of detail,
dictates whether you can find a specific land-
mark when you get lost.  Sometimes you have
to wander a bit until you find a landmark that
happens to be on your map.  Since your roadmap
has more roads than landmarks, you may find
a road but not know exactly where you are on
the road.  In short, the functions I’ll give you in
your roadmap are large scale.  You’ll have to
fill in some details as you find your way in
engineering a management system.

In the later sections of the book, I’ll expand
some on the roadmap and its concepts, like the
Management System Model (MSM) and the
ABC Model, but I’ll concentrate on discussing
tools and skills to use to accomplish the func-
tions of the engineering and the management
processes.

In the theory section, I’ll give you tools, or
frameworks, to help you diagnose your organi-
zation or another organization so you can build

or use the right tools successfully.  The theory
section is to help you develop a wonderful
solution to the right problem.

The building tool section and the using tool
section of the book focus on the tools and the
skills for using the tools.  An example tool is
the scoping agreement used to set expectations
on project-like pursuits.  Notice that the scoping
agreement is one of the outputs of the Survey
function (the first function) of the engineering
process shown in the framework for the engi-
neering process in Figure 1.1.20.1.1.a.  Also,
the scoping agreement is a tool for setting
expectations, the first function in the using
management tool functions of the manage-
ment process shown in Figure 1.1.21.5.  I’ll
discuss scoping agreements in great detail in
the using management tool section of the book.
I’ll describe the scoping agreement and give a
guide for using the scoping agreement.

Communication is an example skill for build-
ing and using the scoping agreement and for
building and using almost all the tools.  I’ll
discuss communication skills (writing, read-
ing, speaking, and listening) in some detail in
the building management tool section of the
book.  Clearly, the placement of the discus-
sions of tools and skills in the book is a bit
arbitrary.  The skills are pretty universal and
the tools can be widely applicable.  Soon, I’ll
develop frameworks to identify and classify
tools and skills.  Then, I’ll develop a matrix to
show the tools and the skills and where they’re
discussed in the book and where they’re useful
in the engineering and management processes.
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BACKGROUND/INTRODUCTION/SOLVING THE RIGHT PROBLEM

1.1.6.1.  COLOR—PERCEPTION AND REALITY —PAUL  CÉZANNE

Artists understand the importance of light in
portraying and perceiving information.  Color
is the vehicle they use.  In science, light is
quantifiable reality.  Color is a specific wave-
length of light, and the speed of light is our
prevailing constant.

In James M. Carpenter’s Color in Art: A Trib-
ute to Arthur Pope, Howard Fisher’s introduc-
tion states, “Color is a psychological phenom-
enon.  It exists exclusively in the mind of the
beholder.  There is no color as such in nature.
Just as there is no sound when a tree falls or
lightning strikes in an uninhabited land, so
there is no color when the sun rises and flowers
open.

The sensation of color is usually caused by
variations in the length of light waves radiated
by self-luminous sources, reflected from ob-
jects, or transmitted through them.  The rays
enter the eye and through receptors in the eye
their nature is communicated by the optic
nerve to the brain.  Because no two eyes and no
two brains may operate in exactly the same
way, no two persons are likely to sense color in
exactly the same way.”  (p.13, Fogg Art Mu-
seum of Harvard University, 1974.)

If we consider color to be a form of informa-
tion, the information has a portrayal vehicle
and a perception vehicle and, until we match
the two, we have no information.  Since man-
agers use information to make decisions with,
we’ll have to worry about both portrayal and
perception to get information.

Without light we have no color.  Color is light.
Shlain puts into perspective the importance of
light in relating the constructs of reality, we as

engineers write and solve equations for every
day.  “In our present paradigm we still ac-
knowledge four basic constructs of reality:
space, time, energy, and, matter.  Space and
time constitute the gridwork within which we
conduct our lives, while inside their frame,
energy, matter, and various combinations
thereof create our world of appearance.  These
four elemental constructs form a mandala of
totality.  All perceptions created in the dream
room of our minds are constructed from these
four building blocks.  .....Whether it was the
miracle of fire or the life-giving rays from the
sun, light in and of itself has always been the
most mysterious element.  .....In some strange
way light is the link connecting space, time,
energy, and matter.  The symbol for the speed
of light in physics, c, plays a prominent role in
the key equations connecting the other four.”
(p. 26.)

In discussing color, Shlain continues, “Until
the mid-nineteenth century, materialist scien-
tists like Newton, who only described color,
affirmed that it was a unique property of mat-
ter.  Idealists like Goethe, who wrote a treatise
on color’s effects on the emotions, propounded
the opposite view:  that it existed chiefly in the
mind of the beholder.  By the early nineteenth
century, scientists strengthened the position of
the materialists by demonstrating that color is
light of varying wavelengths, thereby reduc-
ing to number what had always been a sensa-
tion.  .....Infants respond to brightly colored
objects long before they learn words or even
complex purposeful movements.

Most evaluations of reality depend upon a
synergy of two or more senses.  Sound can be
heard and felt.  Mass can be seen and touched.

If you put the right color on things, form becomes substance and perception becomes
reality—in management as well as in art.  In management, these ideas can work for
or against you, and as you gain skill you must use these ideas with conscience.
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Liquid can be tasted and smelled.  Color alone
defies corroboration by a sense other than
sight.  Color cannot be described to someone
who has been blind all his life.  I cannot even
be sure that the color I call green is the same
color you call green.  While a consensus can be
built about most other features of the world,
there is only an uneasy, unspoken agreement
among people about color.  It is both a subjec-
tive opinion and an objective feature of the
world and is both an energy and an entity.
Color is tied to emotions as well as being a fact.
.....There are many [examples] throughout his-
tory of those in authority harnessing the power
inherent in color and using it in the service of
their policy.  One has to think only of the
patriotic surge of emotion that is evoked by the
red, white, and blue for Americans.  Observing
how the spectators respond to a home team’s
colors or counting the lives of young men who
sacrifice themselves in battle to protect their
battalion’s colors are just three examples of
color’s potency.”  (pp. 170-172.)  (I prefer to
use pronouns and other references to people
that reflect both genders unlike the author of
this statement; eg., the discussion of men in
battle or the pronouns he or she and him or her.
I also prefer to quote other authors directly.
So, quotes may or may not reflect my first
preference, depending on the preference of the
author quoted.)

How do we characterize color so we can use it?
“In 1898, an artist and teacher named Albert A.
Munsell organized the information discovered
by Isaac Newton by creating a color charting
system that not only allowed us to see the
colors of the spectrum but to use them for
planning, mixing, etc.  Since we can now see
these colors by referring to the Munsell Sys-
tem, a complete understandable sequence of
color study can be developed.  Today the
Munsell System is the most widely accepted
system in the world.  It is accepted by the
Bureau of Weights and Standards and is used
by artists and colorists throughout the world.
Through the years there have been many varia-

tions of color organization conceived, but al-
most all of them are based on the principles of
the Munsell System.  (William F. Powell,
Color and How to Use it, Walter Foster Pub-
lishing, 1984, p. 8.)

Powell defines the three qualities of color as 1)
hue: the name of the color, 2) value: the light-
ness or darkness of color—add white to get tint
and add black to get shade, and 3) intensity: the
purity or strength of color.  He says, “The three
qualities above are known as the three differ-
ent dimensions that can be applied to each
color.  These were discovered by a scientist
named Helmholz and were later used as a basis
for the Munsell System.”  (Powell, p. 8.)

So, what does color have to do with manage-
ment systems engineering?  What one person
sees in conceptualizing ideas like manage-
ment, engineering, system, process, data, or
information is a matter of perspective and
perception.  When you see blue, do I see blue
or do I see red?  Since we agree to call what we
each see blue, we can talk to each other with
some measure of consistency.  But each of our
realities is different.  The issue of reality is
crucial to communication.  Communication is
crucial to management and leadership.  We’ll
find that distinguishing one person’s reality
from another person’s reality is necessary to
truly communicate.

Go ahead and define management.  Then have
someone else define management.  Compare
your definitions.  Chances are the definitions
will be different.  Therefore, you each have a
different reality about management.  You can’t
communicate about management until you
understand both realities.

Management is such a common term, I’ll have
a hard time getting you to convert your sense
of reality about management to agree with
mine.  I’ll define management as decision
making.  I may be able to get you to accept my
definition and have some feeling of what I
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mean when I use the term management.  But,
will you perceive what I perceive when I look
for management in an organization?  Can you
apply the qualities of hue (name), value (de-
gree), and intensity (strength) to the idea of
management?

The form of what is management to you de-
pends on how you perceive management.  The
form of what is in a painting depends on how
you perceive color.

An important issue in solving the right prob-
lem is knowing the perception and the context
of the problem.  To the person who has the
problem, perception is reality and the context
in which the problem fits makes a difference in
determining whether this problem is the right
one to deal with.

We’ll find that the biggest part of solving a
problem is knowing whether the problem is a
technical, social, political, economic, esthetic,
or other type of problem.  We want to spend
our energy on the right problem, not the wrong
one.  When we solve the problem, our effort
usually requires a balance, or mix, in perspec-
tives and we usually have to mix, or blend, our
activities so the activities are indistinguish-
able one from the other.

As we discuss problem identification and reso-
lution in effective management, we’ll raise the
issues of perception, context, balance, and
blending.  For now, we’ll consider these issues
in terms of color and in terms of a person’s
perception being that person’s reality.  In man-
agement, perception is critical.

I’ll use Paul Cézanne to illustrate the use of
color to create perception and communicate
reality.  “‘Color is perspective,’ Cézanne once
said, and its function was to structure space.
.....He discovered that warm colors advance
and cool ones recede, and so was able to create
a sense of depth and mass without using line or
perspective.  .....He was able to show how pure

color without an outline could create a sense of
something’s existence in space, which implied
the subversive idea that light was the preemi-
nent element of reality.  .....Cézanne substi-
tuted color for the crucial elements of line,
shading, and perspective.”  (Shlain, p. 176.)

And what’s the relationship between color and
form?  “For the painter colour is therefore also
form.  This is the meaning of Cézanne’s fa-
mous equation ‘form = color.’  Linear design
in itself must not exist, for it does not exist in
nature.  Line is implicit in the rounded form.
The more colour grows and gains in precision
and harmony, the more the ‘line’ of objects
will appear, but it must appear through form.
The painting of Cézanne cannot therefore be
graphic or linear, but is a painting of volumes.
His urgent need to ‘produce form’ resulted in
that flat, dry, structural brushstroke which is
one of the basic elements of his style, and in the
slowness of execution which has become leg-
endary.”  (Mario de Mecheli, Cézanne, Thames
and Hudson Ltd., London, 1968, p. 21.)

“Less concerned than Monet or Pissarro with
the scintillation of light or haze of atmosphere,
he stressed the tangible substance of objects
and gave a more definite compositional struc-
ture to his paintings.  .....[Cézanne was] deeply
absorbed in the search for a way of painting
that would combine the luminosity of impres-
sionism with the grand stability and harmony
of classical art.  .....He painted landscapes, still
lifes, and figure compositions that rank among
the highest achievements of 19th-century paint-
ing.  .....Like the impressionists, Cézanne
needed the experience of nature; unlike them,
he did not try to record momentary visual
sensations, fleeting effects of light and atmo-
sphere.  Instead, he studied the permanent
structures and relationships of objects.”  (Ber-
nard S. Myers, Dictionary of Art, Volume 2,
McGraw-Hill Publishing Co., pp. 3-4.)

Figure 1.1.6.1. is Cézanne’s Marseilles Bay
seen from L’Estaque.  Do you see anything in
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the bay?  If you answer “boats,” look closely.
Cézanne meant for you to see his simple white
shape as a boat.  The sail is the right color and
the right form and in the right context to be a
boat.  You fill in the missing information in
your mind.  Perception is reality.  You see
reality according to your perception.  The form
becomes substance.  What else do you see in
the painting?  How does Cézanne use color to
separate foreground from background?

What people perceive to be the truth becomes
their reality.  As an engineer and a manager,
you must make sure that the information you
portray is perceived the way you wanted to
communicate the information.  Don’t just think
that because you portrayed the information,
you’ll make your audience understand the
essence of your communication.  Much of
management is communication and being ever-
vigilant of the interface between information
portrayal and information perception will spell
the difference between failure and success.

I learned a great lesson from a Department of
Energy contracting officer by the name of Don
Drennon.  I was justifying a research grant
overrun.  He explained how he wanted me to
prepare the cost figures.  When I returned with
my justification document, he decided not to
reject the request for funds out of hand but
rather to give me another chance.  He wrote
down the form he wanted for the justification.
He told me to put my numbers and explanation
in exactly that form.  “That’s the form we use,”
he said “and, in that form, I’m more apt to
believe your numbers and justification.  Re-
member form becomes substance.”  Can you
apply this lesson to your classes in terms of
how you act and dress and how you prepare
your homework?  How do you feel about that?
Do you think some people abuse the ideas of
form and substance and perception and reality
for their own selfish gain?

How do we get the right color and the right
understanding from a painting?  We blend the

color from the fundamental (primary) colors.
We can do that physically or visually.  I’ll talk
about visual blending later.  In physical blend-
ing we lose the original colors, never to be
retrieved from the mix.  This absolute blend
represents how management systems engi-
neers need to mix the principles of the systems
approach, the management process, and the
engineering process.  You can start with the
components but must end up with the blend.

The concepts I intend for you to remember and
I will reinforce during the course are:

• Form becomes substance.

• Perception becomes reality.

• Your context when you observe some-
thing influences the reality of what you
observe.

• No two people sense things (color) in ex-
actly the same way.

• To get information to support decision
making, we must match information por-
trayal to information perception.

• Without light, we have no color:  without
information and knowledge, we have no
interpretation and decision.

• Color and information have 1) hue: name
or type; 2) value: lightness or darkness; 3)
intensity: purity or strength.

• Light (and information and knowledge) is
the most mysterious element.

• Most evaluations of reality depend on a
synergy of two or more senses—measure-
ment of reality takes more than observa-
tion.

• What you see or understand depends on
your perspective.

• Make sure the information you portray is
perceived the way you wanted to commu-
nicate the information.

• We have to understand blending to be
good integrators.
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Figure 1.1.6.1.  Marseilles Bay Seen from L'Estaque
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BACKGROUND/INTRODUCTION/SOLVING THE RIGHT PROBLEM

1.1.6.2.  PROBLEM STATEMENT—WHAT ’S THE PROBLEM ?

System Failures Are Often Due to Manage-
ment Failures.
Many of our seemingly technical failures to-
day are really management failures.  The Three
Mile Island and Challenger disasters are good
examples.  Each had a technical component to
the failure.  But each was primarily a manage-
ment failure.

In addition to dramatic disasters like these, the
United States’ slide in competitive position in
the world is more a management failure than
a technical one.  I believe a major part of this
failure comes from not understanding the prin-
ciples, fundamentals, tools, and skills for man-
aging responsibilities and from not having an
integrated, synergistic process for the tools
and skills to work through.

As you think about large or small failures in
government, business, industry, and academia,
scrutinize situations for the types of failures
involved.  You’ll find system failures, often
with technical components, but largely due to
errors in management.  (If you feel failure is
too strong a term for the results of the errors
you find, try the terms frustration and waste.)

I’ll describe systems as comprising compo-
nents with their attributes and relationships, or
interfaces.  Components fail because of tech-
nology.  Systems fail because of management.
(The components versus systems idea was
given to me by Mike Maddox.)  The internal
sources of failure come from the components
of a management system; the external sources

come from the system’s environment.  We can
describe the types of failure in organizations
by considering the interfaces between pairs of
components in a management system.

We Can Apply Engineering Fundamentals
to Managment.
In business, we want our organization to do
something well and to do the thing better than
our competitors do.  That ability depends on
the availability of the right tools and skills and
our ability to use them in an effective process.
A process interconnects the uses and results of
the tools and skills.  Whether you’re a carpen-
ter, an artist, an engineer, or a manager, to be
successful, you must learn the principles, fun-
damentals, tools, and skills needed for the
work you do.  In this book, my objective is to
lay out and demonstrate how to build and use
tools for management.  I’ll use engineering
fundamentals to accomplish my objective.  My
premise is that the advantages of the engineer-
ing process will help us unlock some of the
doors to better tools for managers.  In doing so,
we’ll apply the engineering process to the
management process under the purview of the
systems approach.

Contrast Engineering and the Engineering
Process.
Engineering is a discipline that connects a
builder to a user, as shown in Figure 1.1.6.2.
The engineer is the builder.  Engineering is
what he or she does to meet the needs of the
user.  Any person who builds something using
the engineering process is doing engineering.

The aim of this book is to lay out and demonstrate a structured systems approach and
skills for building and using a complete, comprehensive set of management tools to
help managers get the information they need about their responsibilities to make
good decisions.  In doing so, this book defines and scopes the discipline of manage-
ment systems engineering.
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tinuously improve their work and to get the
most out of their organization.  To gain this
understanding, we need a systems approach.
We must apply the systems approach to the
work and management processes and to the
engineering process.  We use tools to help us
with our work (operations tools) and manage-
ment (management tools) processes.  We use
the engineering process for building and using
the tools.

We want to do analysis and synthesis activities
on systems and their processes.  When we
learn analysis and synthesis skills and tools,
we might call ourselves systems analysts and/
or systems synthesists.  Our analysis and syn-
thesis skills and tools will help build good
management tools.

To take on the challenge of giving managers
the tools they need, we must use the systems
approach.  The systems approach requires us
to think from system, holistic, and generalist
perspectives in addition to the analyst and
specialist perspectives most of us already prac-
tice.  The subtle differences among the system,
holistic, and generalist perspectives are im-
portant to learn for understanding how a sys-
tem works and can be managed.

We’ll Consider Management Systems En-
gineering as a Discipline.
As an academic discipline, management sys-
tems engineering comprises more than man-
agement tools.  The management tools are part
of a system including the manager and the
work processes he or she is responsible for.
The perspective of this book focuses on man-
agement tools within the systems context rec-
ognizing the manager’s need for information
from the tools and the need for the tools to
reflect what’s going on in the work processes.
In this book I’ll define and scope the disci-
pline, recognize the manager’s responsibili-
ties as a system, and focus on the system from
the management-tool perspective.  Other man-
agement systems engineering approaches

Only some people get degrees that classify
them in the engineering profession.  I distin-
guish between the engineering process and the
engineering profession.

My interest is in building and using manage-
ment tools—tools for providing information
to a manager.  I believe to practice engineering
responsibly, we need to close the feedback
loop between the user and the builder to ensure
the builder meets the user’s needs.  The man-
agement systems engineer is the builder who
practices engineering process fundamentals
to meet the needs of the manager.  To do so, the
management systems engineer must under-
stand how to build management tools, how the
manager uses management tools, and how
well the user’s needs are met so the builder can
improve his or her performance.

As the builder, the management systems engi-
neer forms a composite whole (a complete
integrated solution) by ordering and uniting
ingredients (materials or components) accord-
ing to a systematic plan (or design) to accom-
plish a defined purpose (serve an application
to benefit people).  As the user, the manager
needs the result of the builder to accomplish a
specific goal or objective.

As I expand my discussion of engineering and
the engineering process, I’ll expand Figure
1.1.6.2.  I’ll continually disclose more detail as
I develop the ideas behind the additional de-
tails about the engineering process and its
fundamentals and the application system we
apply the engineering process to.  The next
expansion of Figure 1.1.6.2. is in Module
1.1.9.3.

To Optimize a System, We Need Tools and
Skills.
Most people recognize the need to optimize
the system, not optimize the component parts.
However, they don’t understand the principles
and don’t have the skills and tools that work in
their specific responsibilities to help them con-
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would start with the total system understand-
ing but could focus on the manager’s respon-
sibilities as a system from other perspectives,

such as the manager’s personal effectiveness
or the operation’s productivity.

Builder:
A social unit (a person 
or organization) that 
forms a composite 
whole by ordering 

and uniting ingredients
according to a systematic 

plan to accomplish a 
defined purpose

User:
A social unit (a person 

or organization) that has a
need to fulfill a function
toward accomplishing a 
specific goal that can be

satisfied through a
product (good or service)

feedback

ENGINEERING

Figure 1.1.6.2.  The management systems engineer is the builder who practices engineering to
meet the needs of the manager and who determines how well he or she meets that need.
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BACKGROUND/INTRODUCTION

1.1.7. THE MOTIVATION FOR AND RELEVANCE OF MANAGEMENT

SYSTEMS ENGINEERING .

In Your Unit, You Make Decisions about
Your Responsibilities.
For your responsibilities, your job is to make
decisions—all kinds of decisions.  You make
decisions about what to do next, when to do it,
what you need to do it, why to do it, and so on.
If you make decisions about a responsibility,
you manage that responsibility.

You need information to make a good deci-
sion.  Without information, your decision is
really a guess.  Management tools can give you
information about your responsibilities to help
you make good decisions.  Good management
tools give you accurate, timely, and relevant
information.

You don’t want to have to make decisions
about existing problems.  You want to make
decisions to head off problems and to move
your responsibilities ahead successfully, en-
joyably, and effortlessly.  You want to be
proactive.  To be proactive, you have to be able
to predict what’s going to happen to your
responsibilities, not only from your efforts and
the efforts of the people you work with but
from outside influences.  So you need good
information about where you are, where you
want to be, and how to get there from here.

Can We Head Off Crises of Our Own Mak-
ing?
I believe that with the right tools, skills, and
process and the knowledge and ability to use
them, you can significantly reduce unneces-
sary effort on crises and replace that frustrat-
ing effort with creative, stimulating energy to
get more done and feel the joy of your work.
Each of us has a number of responsibilities we

manage each day.  These responsibilities fall
into relatively-convenient groupings—our
work responsibilities, our family responsibili-
ties, our community responsibilities, and so on.
How often when you look forward to your
efforts on any set of responsibilities do you
know what you’ll accomplish that day and, in
fact, accomplish what you expected?  The
answer I usually get is seldom or never.  Clearly,
the reason you didn’t do what you expected is
because something came up you didn’t expect.
This something, I call a crisis.  A crisis is an
unexpected occurrence.  Even if the unex-
pected occurrence has a positive effect, I call it
a crisis.  Other terms for an unexpected occur-
rence might be surprise, disturbance, incident,
problem, and so on.

Crises take up physical and mental energy you
planned to devote to productive work.  Most of
the time this diversion of energy is unneces-
sary.  Usually, directly or indirectly, the crisis
is of your own making.  (For the responsibili-
ties of a fire fighter, a fire isn’t the type of crisis
I’m talking about.  The fire fighter is prepared
for a fire and sees fire fighting as integral to his
or her work process.  The fire fighter sees
improperly given directions to the fire, failure
of the truck or communication system, or de-
bilitating interpersonal squabbles as the kind
of crisis I’m talking about.)

To Solve Problems in Organizations, We
Must Penetrate to the Cause without Threat-
ening People.
When you have a problem in your work, you
first see the result you don’t want.  The result is
a symptom of the problem.  To fix the problem,
you have to get to the root cause.  If you fix the

To reduce crises, we need good information from good management tools to help
make good decisions so we can convert the energy we spend on crises into creative
energy.
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symptom, the problem will reoccur.  Like
physicians, engineers find causes using the
symptom as a window to the cause.  Finding
causes is a necessary, but not sufficient, condi-
tion for problem solving.  The cause is almost
always embedded in the process for generat-
ing the result.  You need tools to penetrate to
the root cause, to learn the reason for the cause,
and to prevent the cause from reoccurring.
You need tools aimed at the process not the
result.

In a management system, you almost always
need the person doing the process to help you
find the cause of a problem.  If that person feels
threatened, you’ll not find the cause.  A key
question then is: How do I penetrate to the root
cause in nonthreatening ways?  Penetrating
requires an understanding of the work and
management processes and the help of the
potentially-threatened person.  Understanding
the work process and the technology behind it
gives you the ability or driving force to pen-
etrate.  Understanding people and teamwork
helps you reduce barriers and resistance to
penetration.  You move a problem toward
resolution by increasing drives or reducing
restraints.  The latter is better because driving
forces attract more restraints while reducing
restraints permits existing forces to prevail
(Marvin A. Weisbord, Productive Workplaces,
p. 78).

If you increase the drive of the force of techni-
cal knowledge on the problem of penetrating
to root cause, you can attract the restraints of
fear and covering up.  However, if you reduce
the fear of being open and honest, whatever
technical knowledge you have will prevail and
you’ll have more success in moving the pen-
etration problem to resolution.

We Head off Crises by Being Proactive.
Being proactive includes heading off crises, or
disturbances—those occurrences from inside
or outside your control that you don’t expect
and don’t want.  Think about the disturbances

you face each day.  Most of them are of your
own making; you could have kept them from
happening.  How much time do you spend in
rectifying poor communication?  When you
think of communication problems from your
supervisor to you, from you to your subordi-
nates, from your customer to you, and from
you to your customer, how much time do you
think you could save on misspent effort if the
communication had been better?  How much
time could you save if the communication
were more efficient?  How much time would
you save if you and the people you work with
enjoyed working together, trusted each other
to share all information readily, and didn’t
need to explain interpersonal frustrations to
yourself or to others?

Think of the time you spend on rework and
other consequences of nonconformance to re-
quirements or expectations.  (Crosby defines
quality as conformance to requirements.)  In
the United States, most manufacturing opera-
tions spend 40% of their time on rework.
(Kosaku Yoshida, Made Wholistically in Ja-
pan, a video tape and Crosby tape)   Service
operations spend almost as much time on re-
work.  How much time is wasted when we rush
around at the last minute trying to meet a
forgotten or put-off-to-the-last-minute assign-
ment or milestone?  Do you spend time look-
ing for something you misplaced or never
received?  Do you spend time waiting for
someone or something that’s late?  You don’t
go to work in the morning saying, “I intend to
spend an hour looking for something I forgot,”
or “I intend to do a job that won’t meet expec-
tations and will have to be redone.”  You want
to head off these frustrating, wasteful efforts
and do productive work using your creative
abilities.

The ABC Model Relates the Time We Spend
on Crises to What Else We Do.
If we start with approximately 40% of our time
spent on rework, clearly we spend more time
on disturbances, or crises, than we spend on
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spend on your productive work—your work
process—and the time you spend on your
management process, if you have a large C
(cater to crises), you don’t get much time to do
B (build the business).  Doing C is no fun.
Doing a good job at A is some fun.  Doing B is
the most fun.  We all want to be creative and
build our responsibilities so we can see what
accomplishments  our abilities, education, and
experience will support in our professional
life.

Our motivation is simply to reduce crises of
our own making.  I’ll discuss the ABC Model
and how to address that problem in Section
1.3. on the ABC Model, which simply says
you need to focus on work and management
processes to get the business you have under
control and reduce crises before you think
about expanding the business.

everything else we do altogether.  The crises
are shown in Figure 1.1.7. as the large slice of
the pie called C, for catering to crises.

Figure 1.1.7. is one simple, but robust, look at
our performance or success criteria.  I argue
that a manager spends all of his or her time
administering his or her work and manage-
ment processes (A), building the business (B),
or catering to  crises (C).  How do you want to
spend your time?  Surely not catering to crises.
Most likely, you want to spend as much time as
possible exercising your creativity and using
your education and abilities to better serve
your customer, add customers and products or
services, and learn with your coworkers; that
is, building the business.  Since we spend most
of our time on crises, we have less than half of
our time for the A and B slices of the pie.  Since
A (administer the process) is the time you

Figure 1.1.7. Given that we spend time on our productive work, when we spend more than half
our time on wasteful efforts, we have little time left in our day to be creative.  That’s why we
need good management tools to give managers good information to help make decisions.

B

Build the 
BusinessA

Administer the 
Process

C

Cater to 
Crises
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BACKGROUND/INTRODUCTION

1.1.8. THE SOLUTION  IS TO ENGINEER THE MANAGEMENT  SYSTEM—
HOW DO YOU SOLVE  THE PROBLEM ?

motivated by the need to understand better the
foundation on which the art rested.” (p. 1)
“Without an underlying science, advancement
of an art eventually reaches a plateau.  Man-
agement has reached such a plateau.” (pp. 2-
3.)  Forrester’s thinking and his models and
techniques for industrial dynamics form one
of the pillars underpinning management sys-
tems engineering.

In solving the problem discussed in Module
1.1.6.2., we must be eternally vigilant of rec-
ognizing the balance between art and science
in management—and in engineering.  We can’t
yet solve complex systems of equations in-
volving human beings as parts of the machine
we call an organization.  But we can model the
organization, recognize fundamental relation-
ships in it, and study the sensitivity of the
cause-and-effect interactions of the organiza-
tion and its people.  Most of all, we can better
structure and design the many tools managers
use to help them make decisions and we can
determine which tool fits a particular situation.
You’ll find that many of the management
tools, especially the computer-based ones, re-
flect science, and the skills for using the tools
reflect art.  You must balance the science of the
tools with the art of using them.

We can measure variables in an organization
and develop better measures, tools, and guides
to give managers better data and information
to support their decision making.  Lord Kelvin
said, “When you can measure what you are
speaking about and express it in numbers, you
know something about it, but when you cannot

In management systems engineering we engi-
neer a management system, an organization.
The system we’re engineering has many spe-
cial characteristics that make management sys-
tems engineering challenging.  Our outcome is
to help managers do their job.  The manager is
responsible for the management system.  For
the engineer, the engineering process defines
the action they take, which centers around
design.  For the manager, the management
process defines the action they take, which
centers around decision making.

Three decades ago, Jay Forrester, in his land-
mark text, Industrial Dynamics, recognized
the challenge of the action of management as
compared to other actions, such as engineer-
ing.  In his introduction, he says, “The
manager’s task is far more difficult and chal-
lenging than the normal tasks of the mathema-
tician, the physicist, or the engineer.  In man-
agement, many more significant factors must
be taken into account.  The interrelationships
of the factors are more complex.  The systems
are of greater scope.  The nonlinear relation-
ships that control the course of events are more
significant.  Change is more the essence of the
manager’s environment. ..... Management is
in transition from an art, based only on expe-
rience, to a profession, based on an underlying
structure of principles and science.  Any worth-
while human endeavor emerges first as an art.
We succeed before we understand why.  The
practice of medicine or of engineering began
as an empirical art representing only the exer-
cise of judgment based on experience.  The
development of the underlying sciences was

We approach management from the systems approach when we understand balance—
balance between the art and science of management, balance between the qualitative
and quantitative parts of our work, balance between the important and urgent parts of
our work, and balance between the technical and human relationship competencies in
our work.
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tative analyses and solutions.  To engineer a
management system, you must feel at home
also with qualitative approaches and solu-
tions, because you must balance qualitative
and quantitative issues and approaches.  Many
complex situations are mixtures of qualitative
and quantitative issues and approaches.  Of-
ten, you’ll address a quantitative issue and
immediately switch to addressing a qualitative
issue.  Balance means mix, not equality.  How
much time should you spend on qualitative
versus quantitative issues?  The answer is the
right mix, not an equal amount of time to both.

From either a management or an engineering
perspective, whether we engineer manage-
ment systems or we manage engineering or
technology, we need both quantitative and
qualitative skills.  Part of the failures (in my
opinion) in both management and engineering
is that we emphasize the quantitative perspec-
tives and skills at the expense of the qualitative
perspectives and skills.  If this book seems to
emphasize the reverse, it’s not intended but
rather an overreaction to what I consider an
unbalanced approach to the world.  To be
successful, we must mix our quantitative and
qualitative approaches just right.

Figure 1.1.8.  Balance is difficult to achieve, but worth the effort.

measure it, when you cannot express it in
numbers, your knowledge is of a meagre and
unsatisfactory kind.” (Walter A. Shewhart,
Statistical Method from the Viewpoint of Qual-
ity Control, p. 80.)  In management systems
engineering, we must learn what to measure
and how to measure it.

We face balance issues in everything we do.
We all find a tendency to put the urgent in front
of the important.  Unfortunately, crises or
short deadlines don’t define priority.  So, you’ll
have to work to take some time out for the
important.  But, you can’t ignore the urgent.
The answer again is to find the right mix
(balance) in the amounts of time you spend on
the urgent and the important.  When we figure
out the mix, we’ll work on the right things.
Figure 1.1.8. illustrates the problem of bal-
ance.

To solve fundamental management problems
using management systems engineering, you
must be able to not only work in qualitative as
well as quantitative modes, but you must be
able to switch at a moment’s notice.  You’ll
want qualitative approaches to address the
human component of a management system.
Typically, engineers feel at home with quanti-
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BACKGROUND/INTRODUCTION/MANAGEMENT SYSTEMS ENGINEERING

1.1.9.1.  DEFINE MANAGEMENT  SYSTEMS ENGINEERING

Management systems engineering is concerned
with researching, designing, building, operat-
ing, and improving a management system, and
draws upon knowledge of the natural laws of
the physical, social, and life sciences.  A man-
agement system comprises any person or group
of people making decisions about and taking
action on a set of responsibilities, the work
process for meeting those responsibilities, and
the management tools for converting data from
measurements of the work process into infor-
mation for decision making.  Management
systems engineering applies the fundamentals
of the engineering process, which centers on
design, to the management process, which
centers on decision making and leads to con-
tinuous improvement.  Management systems
engineering integrates principles of human
interaction with principles of processes, prob-
lem solving, and systems under the purview of
the systems approach.

Much of our effort in understanding manage-
ment systems engineering will focus on under-
standing and integrating concepts like engi-
neering, engineering process, engineering pro-
cess fundamentals, natural laws, principles,
management, management process, manage-
ment tools, work process, decision making,
data, information, processes, systems, sys-
tems approach, problem solving, and respon-
sibilities with enough depth and precision that
we can understand the interplay of these con-
cepts within the framework of a way of think-
ing.  (I discuss engineering and the engineer-
ing process in section 1.1.11.  I discuss man-
agement and the management process in sec-
tion 1.1.11.)

In management systems engineering, we ap-
ply the engineering process to the manage-
ment process under the purview of the systems
approach.  I’ll describe the engineering pro-
cess and its fundamentals in Modules
1.1.11.6.3.  and 1.1.11.6.4.  I believe we don’t
teach the engineering process in the engineer-
ing schools today.  (I also believe we don’t
teach the management process in the business
schools today.)  I’ll discuss that concern in
Module 1.1.11.6.5.  I define management in
Module 1.1.11.2. and outline the framework
for the management process in Module
1.1.11.4.   Sections 2. and 4.3. of this book
describe the management process in detail.  I
describe the systems approach in Module
1.1.16.2.

We’re comfortable with the idea of engineer-
ing a chemical system, or process, or a me-
chanical, transportation, or electrical system.
To learn how to generalize engineering for any
system, we study systems engineering.  In
management systems engineering, we learn
how to engineer a management system.

Once you understand the management tools
and how to use them and learn the skills for
using the processes, functions, tools, and rules,
you can get better and better at using the
management tools well and using them in the
right places.  (Later, I’ll discuss organization
structure, management information systems,
plans, and many more examples of manage-
ment tools.)  However, to be truly successful at
management systems engineering and at the
engineering and management processes, you
must be able to do more than practice the skills

Even though management systems engineering is the harmonious, robust blend of 1)
the systems approach, 2) the engineering process, and 3) the management process,
people who understand and practice these concepts aren’t necessarily in the engi-
neering or management professions.
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for using the tools and guides as a mechanical
walk through the steps of a process.  You must
live by the rules and exhibit (manifest) the
systems approach.

In this book, I’ll lay out 14 management-
process functions, five to make sure manage-
ment tools are designed and built right and
nine to make sure management tools are used
right.  The nine using-management-tool func-
tions reflect Deming’s Plan-Do-Study-Act
cycle.  I’ll also lay out 22 engineering-process
functions.

In scoping management systems engineering
as a discipline parallel to chemical, mechani-
cal, civil, or electrical engineering, I’ll address
the systems approach, both the engineering
and management processes, and the functions,
rules, and ways of thinking of the two pro-
cesses.  I’ll show both processes as learning,
cyclic processes capable of continuous im-
provement.  I’ll also show that in practicing
management systems engineering we recog-
nize frequent bridging between the two pro-
cesses so we can learn from one process to
improve the other.

Figure 1.1.9.1. shows first the idea of a simple,
three-step cyclic process and second how re-
petitive cycling through a learning process
provides for continuous improvement toward

the aim of the system the process is associated
with.  In the past, we’ve exercised our pro-
cesses typically as linear processes.  In engi-
neering, when we designed a system, we were
interested in its installation.  We didn’t follow
through to the end of implementation to in-
clude the engineering process steps of up-
grade, obsolescence and replacement, and/or
clean-up, restoration, and remediation.  We
never closed the cycle.  We never took full
advantage of how to learn the lessons of our
practices and how to use what we learned to do
better the next time.  Both the engineering and
the management processes have more than the
three process steps shown in Figure 1.1.9.1.
Therefore, its easy to neglect follow-through
steps.  But there’s more to learn from taking
the steps.

Management systems engineering is extremely
broad.  After setting the stage for management
systems engineering, this book emphasizes
the tools and guides and skills needed for
building and using the tools and guides.  Many
of the approaches of engineering and manage-
ment are the same or overlap, making our job
of understanding management systems engi-
neering somewhat easier and implying that the
management and engineering processes aren’t
too different.   We’ll find both the management
and engineering processes are rooted in the
scientific method.
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Figure 1.1.9.1.  Processes for learning and improving tend to be cyclic sequences of steps
toward an aim.



51



52

Management systems engineering is the har-
monious, robust blend of 1) the systems ap-
proach, 2) the engineering process, and 3) the
management process.  The sequence is impor-
tant in that the systems approach is the glue
among the functions and we’re working with
engineering management systems here, not
managing engineering or technology.  All three
involve ways of thinking.  Processes are more
conducive to analysis and defining functions
and sequences of steps or stages.  Approaches
are more conducive to synthesis than pro-
cesses and drawing ideas together into a direc-
tion or objective, but also support analysis.

Project management is a combination of engi-
neering and management that exemplifies the
overlap.  As a result, project management is
the career step most engineers go through in
transforming from engineering activities to
management activities.  Project management
heavily intermingles the management and en-
gineering processes.  Usually people enter
project management educated and trained in
either engineering or management and have to
deal with the other through hard knocks.  In
working toward an understanding of both
management and engineering processes, this
book intends to structure the tools and guides
and the skills for using them so the reader can
perform engineering and/or management ac-
tivities in the context of management systems
engineering.

Trying to develop an integrated model com-
bining the systems approach, the engineering
process, and the management process to get a
conceptual model for management systems
engineering isn’t as useful as we’d hope.  Just

like you won’t find an integrated model or
process including both the engineering pro-
cess and the chemical process in chemical
engineering, I won’t try to integrate the engi-
neering and management processes into an
overall model.  Rather I’ll model first the
engineering process and then the management
process and keep the models separate.  Both of
the processes include functions.  I’ll inter-
mingle the functions as I discuss them.

 When I think about how to blend the systems
approach and engineering and management
processes of management systems engineer-
ing, I think of blending colors in a painting.
We don’t connect the colors and show their
linkages like components in a mechanical sys-
tem. We blend yellow and blue to get green.
There’s yellow and blue in green, but to look
at the green you can’t separate the yellow from
the blue.  Depending on how you blend yellow
and blue, you get a different green.  And you
want just the right green (the right blend) to
capture what you envision to be reality.  An
artist knows the technique for blending to get
the green that best represents the image he or
she wants the audience to see.  As we blend
colors in art, we blend the approaches and
processes in management systems engineer-
ing.

We blend to get crisp images, not to get fuzzy
ones.  At first glance, you might think an artist
blends color to give a general fuzzy image of
the subject being painted.  In Tucson, I met a
watercolorist who showed me that the detail is
in the color.  He’d put a brushstroke of green on
his paper and you’d see a cactus.  He didn’t
paint in detailed outlines or texture or compo-

BACKGROUND/INTRODUCTION/MANAGEMENT SYSTEMS ENGINEERING

1.1.9.2.  BLENDING  CONCEPTS OF MANAGEMENT  SYSTEMS ENGINEERING

To do management systems engineering well, you must blend the engineering process,
the management process, and the systems approach so the concepts are indistinguish-
able one from the other.
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In management systems engineering, you must
not only have profound knowledge of systems,
engineering, and management, you must un-
derstand how to blend the three to get the
harmony that makes the mix work and the
robustness that makes the mix work well.

nents.  When the color was right within the
context of the entire painting, you saw a cac-
tus.  Likewise blending the management and
engineering processes and the systems ap-
proach doesn’t make things fuzzy.  Rather the
blend brings out the contributions of all three.
The detail is in the blend.
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Traditional Disciplines
How do we engineer a management system?
Consider a management system to be like a
mechanical, electrical, or chemical system.
How do we engineer those other systems?
Your answer will lead you to the answer for
engineering a management system.  First, we
must understand thoroughly the system where
the solution we’re engineering fits into—the
application system.  Whereas we don’t know
what the solution looks like, we must thor-
oughly understand the body of knowledge
governing the use and benefit of our solution,
which I will call the object of our engineering
effort.  For chemical engineering, we must
understand chemistry, chemical processes, and
tools and facilities for operating the chemical
processes.  For management systems engi-
neering, we must understand organizations,
the management process, and tools for manag-
ing the organization.  Second, we must under-
stand thoroughly how to engineer.  Just as
successful chemical engineering requires us to
understand both the chemical process and the
engineering process, successful management
systems engineering requires us to understand
both the management process and the engi-
neering process.

Recall Figure 1.1.6.2., which shows the cycle
between the builder and the user, where engi-
neering connects the beneficial effort of the
builder to the need of the user.  In Figure
1.1.9.3., I’ve expanded the idea of engineering
into the engineering process and the object of

the engineering process—the application sys-
tem.  The application system converts capital,
labor, equipment, and materials (CLEM) and
energy and information into beneficial orien-
tations to meet the needs of the user.  The
builder forms the beneficial orientations.  Any
system produced by rational people has an
aim; and every system is associated with a
process.  (I’ll discuss and contrast systems and
processes later.)

For chemical engineering, the application sys-
tem  is a chemical plant or plant component.
The chemical plant has an associated chemical
process including the functions of the plant
and an associated management process for
managing the chemical process.  The chemical
engineer applies the engineering process (I’ll
describe the engineering process and its fun-
damentals later.) to the chemical process un-
der the purview of the systems approach.  The
management systems engineer applies the en-
gineering process to the management process
under the purview of the systems approach.
Unfortunately, when we teach an engineering
discipline, we focus on the application system
to the detriment of both the engineering pro-
cess and the management process—both of
which are needed to engineer the system.  In
Figure 1.1.9.3., I’ve extended the ideas from
Figure 1.1.6.2.  I’ll expand Figure 1.1.9.3.
further to continually disclose the details of the
engineering process and the application sys-
tem.  The next expansion of Figure 1.1.9.3. is
in Module 1.1.11.6.1.

BACKGROUND/INTRODUCTION/MANAGEMENT SYSTEMS ENGINEERING

1.1.9.3. COMPARE MANAGEMENT  SYSTEMS ENGINEERING  TO OTHER

ENGINEERING  DISCIPLINES

Like traditional engineering disciplines; management systems engineering applies
the engineering process to an application system, in this case to an organization.  The
engineering process has advantages to help us manage better than ever before.  Other
management-related engineering disciplines practice the opposite approach by
applying management principles to technological enterprise.
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In chemical engineering, the engineer partici-
pates both in designing the application system
and its components and in operating the appli-
cation system.  (The engineer can be the chemi-
cal plant manager.)  In management systems
engineering, the engineer participates both in
designing the organization and its components
and in operating the application system.  If the
organization—the application system—were
a chemical plant, the engineer could be the
chemical plant manager.  I believe that under-
standing the management process overlaying
the chemical process in the plant—the man-
agement system—requires knowing the man-
agement process and the engineering process
in addition to the chemical process.  In this
example, I call the chemical process the work
process, or the core application system.

Non-Traditional Disciplines
In management systems engineering, we engi-
neer a management system; that is we apply
the engineering process to the management
process.  We apply engineering principles and
techniques to organizations.  This point of
view is different from engineering manage-
ment where we manage engineering, typically
thought of in terms of technology.  In engi-
neering management we apply management
principles and techniques to engineering or
technology firms.  People in the business
schools consider engineering management to
be managing technology.  So,  if we have to
consider departmental barriers, I claim engi-

neering management is part of the manage-
ment perspective, whereas management sys-
tems engineering is part of the engineering
perspective.  In management systems engi-
neering, we’re considering management engi-
neering, not engineering management.

Fabrycky and Blanchard introduce the idea of
another term—systems engineering manage-
ment—by saying, “[Systems engineering man-
agement] is the management of systems engi-
neering functions that leads to the successful
birth of a system.”  (Benjamin S. Blanchard
and Wolter J. Fabrycky, Systems Engineering
and Analysis, Prentice-Hall, Inc., 1990, p. 20.)
They list the systems engineering functions as
1) system planning, 2) system research, 3)
system design, 4) production and/or construc-
tion, 5) system evaluation, and 6) system use
and logistic support.  (p. 25-30.)  They say,
“There are variations in the application of
engineering functions to the system life cycle,
depending on the size of the system and the
extent of new design and development re-
quired.”  (p. 25.)  Managing these functions is
managing engineering or technology and there-
fore is more like engineering management.
It’s a matter of perspective.  Systems engineer-
ing management and engineering management
see engineering or technology as the object of
management activities.  Management systems
engineering sees management as the object of
engineering activities.  The nomenclature isn’t
important.  The perspective is.
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Figure 1.1.9.3.  In engineering, we must understand how to apply the engineering process, not
just how the application system with its processes works.
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BACKGROUND/INTRODUCTION/A NEW (OLD) DISCIPLINE

1.1.11.1.  WHAT ’S UNIQUE ABOUT MANAGEMENT  SYSTEMS ENGINEERING ?

prove its performance.)   To be successful, we
must be able to think like an engineer and like
a manager and to integrate the two.

Let’s put our objective in perspective using
Figure 1.1.11.1.  The focus of our attention is
the organization, in the center of the figure.
The engineer and the manager want to make
decisions and act on the organization in ways
to improve its performance.  As engineers,
we’ll want to represent the organization in
ways we can observe it, learn about it, and
work on it.  We’ll represent the organization
by using one or more models.  We can model
the organization in a variety of ways.  In
engineering terms, the organization looks like
a transfer function for converting interven-
tions into performance changes.

We evaluate the performance of an organiza-
tion through performance criteria.  Perfor-
mance criteria are shown as the output of the
organization in Figure 1.1.11.1.  We’ll learn
about a number of sets of criteria; however, the
A, B, and C criteria for how we spend our time
is one such set.  Note that the output of the
organization in the figure is data or informa-
tion, not the product or the service of the
organization.  Obviously, the product or the
service is an output of the organization; how-
ever, this figure focuses on data and informa-
tion about the organization and about the
organization’s work process and its product or
service.  Information is the stuff we use to
make decisions with.

We act on the organization through any num-
ber of means.  These means include manage-
ment tools and their guides and the skills to use

Applying the engineering process to the man-
agement process represents a new discipline.
Or, if we look closely at the beginnings of
industrial engineering, perhaps management
systems engineering re-initializes the original
meaning of industrial engineering.

Management systems engineering is centered
on systems thinking and systems integration.
In management systems engineering, we ap-
ply engineering fundamentals of design and
gathering, conversion, and conservation of
energy to an organization, whose key ingredi-
ent is its human resources.  Management sys-
tems engineering stresses the perspective of
the generalist in balance with typical engineer-
ing specialties.

As engineers, we work to improve the perfor-
mance of the system of interest.  Instead of a
bridge, engine, electrical generator, automo-
bile, heat exchanger, or other system com-
monly thought of in the engineer’s domain,
our system of interest is the organization.  If we
consider a given organization, the manager of
that organization is responsible for that system
and its performance and, in fact, is part of the
organization.  The manager is an important
component of the management system.  As
engineers, we work to design means to support
the performance of all organizations and to
work with the manager to apply those means to
improve the performance of his or her organi-
zation.  (In patents, the word means refers to
the mechanism employed to carry out the
purpose or objective of the patent.  Here, I
intend means to be the theories, tools, tech-
niques, or skills the engineer develops for the
organization to use or the organization to im-

Management systems engineering is a structured systems approach, based on engi-
neering principles, to building and using means to help organizations improve their
performance.
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the tools well.  In Figure 1.1.11.1., I show the
means acting on the organization yielding per-
formance criteria.  As engineers, we contrib-
ute by analyzing, designing, building, imple-
menting, and following up on the means for
improving the performance of the organiza-
tion.  The arrows in the figure show that
different means affect parts of the organiza-
tion in ways to change certain performance
criteria.  By developing the details in the three
sections of Figure 1.1.11.1., we can trace cause-
and-effect through the system.  Knowing cause
and effect we can learn from what we do and
continually improve our interventions.

One way to use Figure 1.1.11.1., is to view the
organization from inside.  From the inside
view, a person uses management tools as inter-
ventions on the organization’s work process.
The work process is in the organization block
in the figure.  Alternatively, you can view the
organization from outside as the person build-
ing management tools so you can intervene on
the entire organization, including the man-
ager, the work process, and the management
tools.  To do management systems engineer-
ing well, you must be good at both views.
Then you can make sure the right tools are
built, the tools are used right, and the tools are
built better based on what we learn from their
use.

Figure 1.1.11.1. gives us a global view of the
organization.   Figure 1.1.11.1. also gives us a
framework to tie in our contributions to help
manage the organization.  As we look toward
building and using management tools, we need
a complete, comprehensive package and
roadmap for showing how those tools and
other interventions affect the organization and
its performance.  The means we use for inter-
ventions includes tools and guides and skills
for building and using tools and guides so
we’ll get continuous performance improve-
ment.

As I expand my discussion of the management
process, I’ll expand Figure 1.1.11.1.  I’ll con-
tinually disclose more detail as I develop the
ideas behind the additional details about build-
ing and using management tools to support the
management process.  The next expansion of
Figure 1.1.11.1. is in Module 1.1.11.4.

Figure 1.1.11.1. was first shown to me by
Betty Koball in relation to developing the
structural equation model, or the holistic
construal, for doing path analysis for organiza-
tional research.  I’ve borrowed the figure to
show the relationship between the interven-
tions we make in an organization and the
results we hope to achieve through the inter-
ventions.

INTERVENTIONS ORGANIZATION PERFORMANCE

Means
Organization

Model(s)
Criteria

•
•

•

•

•

Figure 1.1.11.1.  The contribution of management systems engineering is to take a broad systems
view of the organization and how interventions affect performance so we can build and use means
to help the organization improve its performance.
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BACKGROUND/INTRODUCTION/A NEW (OLD) DISCIPLINE

1.1.11.2.  DEFINE MANAGEMENT

Management is one of those words that you
can get as many definitions for as you ask
people to write definitions.  However, the
definition we choose will underpin our under-
standing of the management process.  I choose
the definition made by Nobel-laureate Herbert
A. Simon on page 1 of his landmark book, The
New Science of Management Decision.  I
choose this definition because it gives us a
foundation upon which we can build a disci-
pline and because we can use it most easily to
observe and document the action, or behavior,
of management.

Managing is decision making.  Decision mak-
ing involves a process that reflects the scien-
tific method and ends in an observable behav-
ior of choosing among alternatives.  We string
a series of related decisions together to do
problem solving.  The people we look to for
management engage in functions and activi-
ties to prepare for, carry out, and evaluate their
decisions.  The processes for decision making
and problem solving make up the management
process.

In the end, managing comes back to the act of
decision making.  Who makes decisions?
Everyone.  You’ve been managing since the
day you were born.  We’ll talk about how well
you’ve been managing later.  When a one-
year-old child uses information to decide which
toy to play with, he or she is  making decisions.
If you will, the toy is one of the physical things
in the child’s set of responsibilities, and the
child’s decision results in an action affecting
that toy.  Either they chew on it or they don’t.

Simon says, “In treating decision making as
synonymous with managing, I shall be refer-
ring not merely to the final act of choice among

alternatives, but rather to the whole process of
decision.  Decision making comprises three
principal phases: finding occasions for mak-
ing a decision; finding possible courses of
action; and choosing among courses of action.
These three activities account for quite differ-
ent fractions of the time budgets of executives.
The fractions vary greatly from one organiza-
tion level to another and from one executive  to
another, but we can make some generaliza-
tions about them even from casual observa-
tion. [Simon uses the word executive for deci-
sion maker, or manager.  He, of course, is
writing for decision makers with extreme sets
of responsibilities, not for a one-year-old child.
So do Peter Drucker in his book, The Effective
Executive, and Chester Barnard in his book,
Functions of the Executive.]  Executives spend
a large fraction of their time surveying the
economic, technical, political, and social envi-
ronment to identify new conditions that call
for new actions.  They probably spend an even
larger fraction of their time, individually or
with their associates, seeking to invent, de-
sign, and develop possible courses of action
for handling situations where a decision is
needed.  They spend a small fraction of their
time in choosing among alternative actions
already developed to meet an identified prob-
lem and already analyzed for their conse-
quences.  The three fractions, added together,
account for most of what executives do.”  (pp.
1-2.)

Compare the economic, technical, political,
and social environment comment of Simon to
the reward, work, and human subsystems we
discussed in module 1.1.4.

Simon further says, “The first phase of the
decision-making process—searching the en-

“Decision making [is] synonomous with managing.”  (Herbert A. Simon, The
New Science of Management Decision)
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vironment for conditions calling for decision—
I shall call intelligence activity (borrowing the
military meaning of intelligence).  The second
phase—inventing, developing, and analyzing
possible courses of action—I shall call design
activity.  The third phase—selecting a particu-
lar course of action from those available—I
shall call choice activity.” (pp. 1-2.)

Notice the centrality of the design activity in
decision making.  In Module 1.1.11.6.2. I’ll
discuss the centrality of the design activity in
engineering.  In that both the engineering and
the management processes come out of the
scientific method, they show similarities.  The
decision making process is cyclic and recur-
sive.

Simon continues, “Generally speaking, intel-
ligence activity precedes design, and design
activity precedes choice.  The cycle of phases
is, however, far more complex than this se-
quence suggests.  Each phase in making a
particular decision is itself a complex deci-
sion-making process.  The design phase, for
example, may call for new intelligence activi-
ties; problems at any given level generate
subproblems that, in turn, have their intelli-
gence, design, and choice phases, and so on.
There are wheels within wheels within wheels.
Nevertheless, the three large phases are often
clearly discernible as the organizational deci-
sion process unfolds.  They are closely related
to the stages in problem solving first described
by John Dewey, (How We Think, New York:
D.C. Heath & Company, 1910, chapter 8):

What is the problem?
What are the alternatives?
Which alternative is best?

It may be objected that I have ignored the task
of carrying out decisions.  I shall merely ob-
serve by the way that seeing that decisions are
executed is again decision-making activity.  A
broad policy decision creates a new condition
for the organization’s executives that calls for

the design and choice of a course of action for
executing the policy.  Executing policy, then,
is indistinguishable from making more de-
tailed policy.  For this reason, I shall feel
justified in taking my pattern for decision
making as a paradigm for most executive ac-
tivity.” (pp. 3-4.)

Note the cyclic, recursive nature of the deci-
sion-making process.  Clearly, the manage-
ment process is cyclic and recursive.  Note also
the similarity between decision making and
problem solving.  Sequences and hierarchies
of decision making processes make up the
problem solving process.  Many would argue
that the engineering process must reflect the
problem solving process.  The engineering and
management processes come from the same
roots.  They employ different functions.

Simon further says “A good executive is born
when a man with some natural endowment
(intelligence and some capacity for interacting
with his fellow men) by dint of practice, learn-
ing, and experience develops his endowment
into a mature skill.  .....  There is no reason to
expect that a man who has acquired a fairly
high level of personal skill in decision-making
activity will have a correspondingly high skill
in designing efficient decision-making sys-
tems.” (pp. 4-5.)

Simon’s work provides another pillar for man-
agement systems engineering.

When Barnard, Simon, Drucker and others
focus on executives, they’re addressing an
audience of managers who have broad respon-
sibilities.  As long as they equate executives
and the act of decision making, I see beyond
the glamour of the word executive and call
each of us an executive.  I believe that when we
look into what Deming and others say about
quality, we look to everyone in the organiza-
tion to be an executive.  No one really should
be considered more glamorous than any other
in our mutual responsibility to make good
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decisions together in our organization.  We
each make decisions about our responsibilities
and wherever possible we make decisions to-
gether about our mutual responsibilities.

In his book Industrial Dynamics,  Forrester
says, “Management is the process of convert-
ing information into action.  The conversion
process we call decision making.  Decision
making is in turn controlled by various explicit
and implicit policies of behavior.

As used here, a ‘policy’ is a rule that states how
the day-by-day operating decisions are made.
‘Decisions’ are the actions taken at any par-
ticular time and are a result of applying the
policy rules to the particular conditions that
prevail at the moment.

If management is the process of converting
information into action, then it is clear that
management success depends primarily on
what information is chosen and how the con-
version is executed.  The difference between a
good manager and a poor manager lies at this
point.  .....  The manager sets the stage for his
accomplishments by his choice of which in-
formation sources to take seriously and which
to ignore.  When he has chosen certain classes
of information and certain information sources
to carry the highest priority, the manager’s
success depends on what use is made of this
information.  .....  In this book we shall look
upon the manager as an information converter.
.....  He receives incoming information flows
and combines these into streams of managerial

instructions.  .....  An industrial organization is
a complex interlocking network of informa-
tion channels.  .....  Every action point in the
system is backed up by a local decision point
whose information sources reach out into other
parts of the organization and the surrounding
environment.  .....  Figure 1.1.11.2. shows a
decision stream in the simplest framework of
an information-feedback system.” (pp. 93-94.)

Figure 1.1.11.2. was taken directly from
Forrester.  I see the manager as occupying the
decision box in the figure.  The manager re-
ceives information from management tools to
make decisions with and generates actions
from the decisions to affect the work flow, or
operation, of his or her responsibility.

You’ll see Figure 1.1.11.2. again as several of
the ingredients in the Management System
Model described in Module 1.1.18.1.  Both the
components and the feedback loop are impor-
tant foundations of a model that describes a
management system.  In Module 1.1.11.5.,
when I describe a system, you’ll find the need
for identifying the components and the rela-
tionships among the components in a system.

As we think about Forrester’s words, we deal
with the issue of good decisions—how to do
decision making well.  Clearly, a necessary,
but not sufficient condition for good decision
making is good information.  Another neces-
sary condition is a good decision making pro-
cess that acts on good information.
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Information

ActionDecision

Figure 1.1.11.2.   Forrester’s figure shows a decision stream in the simplest framework of an
information-feedback system.  He places the decision maker squarely between the information
the manager needs and the action resulting from the decision.
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BACKGROUND/INTRODUCTION/A NEW (OLD) DISCIPLINE

1.1.11.3. CONSEQUENCES OF DEFINING  MANAGEMENT  AS DECISION

MAKING —OTHER DEFINITIONS .

Of the dozens of declared definitions of management, managing equals decision
making is most useful to us; yet we must know the other definitions to understand
and communicate management systems engineering concepts.

The consequences of defining managing as
decision making are important.  Because of
this definition, we can’t contrast management
and leadership as many authors do—just like
we can’t contrast apples and automobiles.
Managers make decisions.  Decisions, when
made in a certain role I’ll define later provide
leadership.  Other roles we play as we make
decisions include administration, liaison, fig-
urehead, and many others developed by Henry
Mintzberg in his landmark paper, The
Manager’s Job: Folklore and Fact, in which
he says, “The classical view says that the
manager organizes, coordinates, plans, and
controls; the facts suggest otherwise.” (p. 49.)
“... I [define] the manager as that person in
charge of an organization or one of its sub-
units. ..... The manager’s job can be described
in terms of various ‘roles,’ or organized sets of
behaviors identified with a position. ..... for-
mal authority gives rise to the three interper-
sonal roles, which in turn give rise to the three
informational roles; these two sets of roles
enable the manager to play the four decisional
roles.” (p. 49, HBR 53:4, 1975)

I support Mintzberg’s idea of the roles we play
as we make decisions.  I disagree with
Mintzberg’s definition of manager.  I believe
a manager is a decision maker.  A supervisor is
in charge of an organization.  Supervising is
another role we play as we make decisions.
When supervisors make decisions, they are
then managers.

By defining managing as decision making, I
lay the foundation for a structured or engineer-
ing approach to management.  Through the

structured approach, you can easily identify
the act of decision making and then link deci-
sion making acts together in problem solving
processes to analyze, design, implement, and
follow-up—the activities of engineering.
Notice the relationship between and the differ-
ence between decision making and problem
solving.  I’ll discuss problem solving in detail
in Module 1.5.5.6.

As is the case with Mintzberg, not all authors
define management as Simon does.  Deming
defines management as prediction. (Notes from
Quality, Productivity, and Competitive Posi-
tion, a workshop by W. Edwards Deming,
September 1992.)  Deming’s roots begin in the
teachings of Walter Shewhart.  Shewhart sees
prediction (or Deming’s management) as one
of the components of knowledge.  Shewhart
says, “In line with the statement quoted from
C.I. Lewis at the beginning of this chapter (‘...
knowing begins and ends in experience; but it
does not end in the experience in which it
begins.’  C.I. Lewis, Experience and Meaning,
The Philosophical Review, vol. xliii, p. 134,
1934.), I shall assume that knowledge begins
and ends in experimental data but that it does
not end in the data in which it begins.  From
this viewpoint, there are three important com-
ponents of knowledge: (a) the data of experi-
ence in which the process of knowing begins,
(b) the prediction P in terms of data that one
would expect to get if he were to perform
certain experiments in the future, and (c) the
degree of belief p

b
 in the prediction P based on

the original data or some summary thereof as
evidence E. ..... Knowledge begins in the origi-
nal data and ends in the data predicted, these
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future data constituting the operationally veri-
fiable meaning of the original data.  Since,
however, inferences or predictions based upon
experimental data can never be certain, the
knowledge based upon the original data can
inhere in these data only to the extent of some
degree of rational belief. ..... What has just
been said about the three components of knowl-
edge may appear to the practical engineer or
statistician as being abstract and somewhat
formal until he considers how they are met in
everyday experience.  For example, I might
say, ‘It’s going to rain the day after tomorrow.’
That statement has a definite predictive mean-
ing in the sense that you can test it in the future.
However, it doesn’t convey much knowledge,
since I have no standing as a weather prophet.
You may therefore ask what makes me think
that it’s going to rain the day after tomorrow.
That is, you ask for my evidence.  Given the
evidence, there is presumably a certain degree
of belief p

b́
 , however small, that may ratio-

nally be held in my prediction.  The evidence
as well as the prediction must be considered.

This simple example shows how one may
make a perfectly definite scientific statement—
one that is meaningful—without conveying
much if any knowledge.  In fact, I should say
that the statement that it is going to rain the day
after tomorrow, free of any supporting evi-
dence and the source of the statement, conveys
no knowledge at all.  The results of experimen-
tal work may also be summarized in terms of
meaningful statements that do not transmit
knowledge, in that the one who reads the
summary may not know how much belief to
place in it.  Likewise one may present a set of
original data without making any interpreta-
tive statements.  Hence, in what follows we
must consider ways and means for presenting
experimental data in three different ways: (a)
as original data, (b) as interpretive predictions,
and (c) as knowledge.”  (Walter A. Shewhart,
Statistical Method from the Viewpoint of Qual-
ity Control, Dover Publications, 1986, pp. 85-
86.)

Shewhart’s work and the follow-on work of
Deming and Juran provide another pillar for
management systems engineering.  Now we’re
not only talking about managing but we’re
talking about managing well.  To make good
decisions, you’ll need good information based
on good data in a foundation of knowledge.

Many people like to equate managing with
supervising.  I don’t.  When you have people,
whom you hire, fire, and adjust salary for, who
report to you to spend your defined budget to
meet the objectives of the organization your
title reads you’re the head of, I say you’re
supervising.  You’re the supervisor and those
who report to you and those who report to them
are your subordinates.  Those who report di-
rectly to you are your direct reports.  When you
make decisions, you’re managing.  When your
subordinates make decisions, they’re manag-
ing.  When you organize, direct, and control
people, you’re supervising.  Supervising is a
role you play as you make decisions; and
organizing, directing, and controlling involve
making decisions.

Peter Drucker says, “A man who knows only
the skills and techniques, without understand-
ing the fundamentals of management, is not a
manager; he is, at best, a technician.

Management is a practice rather than a sci-
ence.  In this, it is comparable to medicine,
law, and engineering.  It is not knowledge but
performance.  Furthermore, it is not the appli-
cation of common sense, or leadership, let
alone financial manipulation. Its practice is
based both on knowledge and on responsibil-
ity.

The management boom has proven that the
manager must be more than a technocrat.  He
cannot be confined to his discipline, cannot be
content with mastery of his skills, his tools,
and his techniques.

Management is not culture-free, that is, part of
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the world of nature.  It is a social function.  It
is, therefore, both socially accountable and
culturally embedded.” (Peter Drucker, Man-
agement, Harper and Row, Publishers, Inc.,
1973, pp. 17-18 .)

Drucker seems to contradict Forrester when he
says management is a practice rather than a
science.  Forrester says management is mov-
ing from an art to a science.  Because in
management we must deal with people, I be-
lieve management will always be a mix, or
balance, of art and science.  As we understand
the science more, we can devote more energy
to the art.  That’s what we want to do in
management systems engineering.  We want
to apply science where science fits so we can
gain time and resources to apply art where art
fits.  Drucker further says, “The question,
What is management? comes second.  First we
have to define management in and through its
tasks.

There are three tasks, equally important but
essentially different, which management has
to perform to enable the institution in its charge
to function and to make its contribution:

—[defining] the specific purpose and mis-
sion of the institution, whether business
enterprise, hospital, or university;

—making work productive and the worker
achieving;

—managing social impacts and social re-
sponsibilities.” (pp. 39-40.)

Drucker implies the possibility of a fourth task
when he says, “One complexity is ever-present
in every management problem, every deci-
sion, every action—not, properly speaking, a
fourth task of management, and yet an addi-
tional dimension: time.” (p. 43.)

Drucker adds the dimensions of administra-
tion and entrepreneurship to managerial per-
formance. (p. 45.)

He comes closest to a specific definition when
he says, “Each of these tasks and dimensions
has its own skills, its own tools, its own re-
quirements.  But the total management task
requires their integration.  And this too re-
quires specific work and its specific tool.  The
tool is management; and the work is managing
managers.

The tasks—economic performance; making
work productive and the worker achieving;
managing social impact and social responsi-
bilities; and doing all this in a balance between
the demands of today and the demands of
tomorrow—are the things in which the public
at large has a stake.  The public has no concern
with—and only mild interest in—what man-
agers have to do to accomplish their tasks.  It
rightly is concerned with performance.  But
managers must be concerned with the means
to the accomplishment of their tasks.  They
must be concerned with managerial jobs, with
the work of the manager, with the skills he
needs, and with his organization.

Any book of management that does not begin
with the tasks to be performed misconceives
management.  Such a book sees management
as something in itself, rather than as a means to
an end.  It fails to understand that management
exists only in contemplation of performance.
It treats management as an independent real-
ity, whereas management is an organ which
derives existence, identity, and justification
from the function it serves.  The focus must be
on the tasks.

To start out discussing management with the
work of the manager or with managerial orga-
nization—as most books on management do—
is the approach of the technocrat, who soon
degenerates into a bureaucrat.  But it is even
poor technocracy.  For, as will be stressed
again and again in this book, management
work, management jobs, and management or-
ganization are not absolutes, but are deter-
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1. places greater emphasis on the human be-
ing in the organization

2. focuses attention on the results to be ac-
complished, on objectives, rather than just
things or activities

3. adds the concept that accomplishment of
the members’ personal objectives should
be integrated with the accomplishment of
organizational objectives.

In looking at the current definition, we come to
the conclusion that management is both a
science and an art.  We also have to view the
manager as an individual.” (p. 2.)

Once I limit management to the act of decision
making, I also emphasize the significance of
the decision maker and the decision making
process.  I consider supervision as the act of
working with and through other people.  In
fact, one of the pillars of the management
process is the relationship among people.  In
this regard, Autry’s definition of management
is crucial and ties directly to what I choose to
call supervision.  Autry says, “Management is,
in fact, a sacred trust in which the well-being
of other people is put in your care during most
of their working hours.  It is a trust placed upon
you first by those who put you in the job, but
more important than that, it is a trust placed
upon you after you get the job by those whom
you are to manage...A promotion to manager
can give you authority, but not power.  It is the
people you are to manage who will give you
power; by their actions and response, they will
bestow power on you, but only if they trust you
to use it well.

So management is a matter of being ‘in rela-
tionship.’  This is one of the most overlooked
and misunderstood principles in management.

Wherever did we get the notion that, in man-

mined and shaped by the tasks to be per-
formed.  Structure follows strategy is one of
the fundamental insights we have acquired in
the last twenty years.  Without understanding
the mission, the objectives, and the strategy of
the enterprise, managers cannot be managed,
organizations cannot be designed, managerial
jobs cannot be made productive.” (pp. 47-48.)

We must separate in our minds the act of
decision making and the corresponding action
from roles the people with responsibilities
play and the tasks they do within their work
and management processes.  Decision making
is the key ingredient in all the roles and the
tasks and is the fundamental act in the roles
and tasks.  The roles and tasks then define the
decisions to be made.  Drucker is asking not
that we just make decisions as management
but that we make the right kinds of decisions.
This point is very important.  I, however, want
to separate the decision making act from the
roles, tasks, and processes.  The reasons are
that we don’t force management on only a few
people playing certain roles and we can easily
identify a decision (the act of management)
through the consummation of the decision
process—a choice.

Montana and Charnov have a much shorter
definition of management in their book, Man-
agement.  “In 1969, the President of the Ameri-
can Management Associations (AMA) used
this definition of management: ‘Management
is getting things done through other people.’

Now look at a current definition: ‘Manage-
ment is working with and through other people
to accomplish the objectives of both the orga-
nization and its members.’

What are the differences between the two?

There are three key differences that should be
highlighted.  The more recent definition
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agement, there is a reasonable and acceptable
separation of the intellect and the spirit—that,
in our work-world terms, the intellect controls
the rational work life and the spirit is relegated
to the soft stuff of romance, family, and reli-
gion?  Where did it come from, all this hiding
of emotion, of the spirit, of passion, behind
some cool mask of macho detachment? I won-
der if it is that business is considered too
important to be diluted by all those feelings, or
is it that business is not considered important
enough to deserve them?   Either way is wrong.”
(James A. Autry, Love and Profit: The Art of
Caring Leadership, Avon Books, 1991, p. 19.)
So, you'll not manage (or in my terms, super-
vise) if you don't have trust.  You won't get
trust if you aren't trustworthy.

In considering the several definitions and what
managers do, be careful to distinguish results,
performance, objectives, tasks, and process.
I’ll discuss these ideas later as we get into
successful management and engineering.

In his article on the management theory jungle,
Harold Koontz describes six major schools of
management theory.  (Harold Koontz, The
Management Theory Jungle, The Academy of
Management Journal, December 1961, pp.
174 - 188.)  His first school, the management
process school is the traditional or universalist
school of Fayol and Taylor and mixes the art
and science of management.  His second school,
the empirical school relies on experience and
anecdotal evidence as viewed through cases.
These two schools support the idea of a man-
agement system, which I’ll model in Module
1.1.18.1.

Koontz’s third school, the human behavior
school, recognizes the importance of people as
individuals in organizational settings.  His
fourth school, the social system of March and
Simon and of Barnard sees people acting in
groups.  These two schools relate to the impor-
tance of people and their social system in

organizations.  People both manage and are
managed in organizations.

Koontz’s fifth school, the decision theory
school focuses on the decision process and is
the center of the management process associ-
ated with a management system.  His sixth
school, the mathematical school is the founda-
tion of operations research and management
science and supports at least one category of
management tools managers use to support
their decision making.

In his discussion on disentangling the manage-
ment theory jungle, Koontz’s says, “...I have
come to the conclusion that management is the
art of getting things done through and with
people in formally organized groups, the art of
creating an environment in such an organized
group where people can perform as individu-
als and yet cooperate toward attainment of
group goals, the art of removing blocks to such
performance, the art of optimizing efficiency
in effectively reaching goals.”

I’ll end what could become an indefinitely
long discussion of other definitions of man-
agement by quoting Babcock’s discussion.
“McFarland traces the meaning of the words
manage and management as follows:

The word manage seems to have come into
English usage directly from the Italian
maneggiare, meaning ‘to handle,’ especially
to handle or train horses.  It traces back to the
Latin word manus, ‘hand.’  In the early six-
teenth century manage was gradually extended
to the operations of war and used in the general
sense of taking control, taking charge, or di-
recting .... Management was originally a noun
used to indicate the process for managing,
training, or directing.  It was first applied to
sports, then to housekeeping, and only later to
government and business.” (Dalton E.
McFarland, Management: Foundations and
Practices, 5th ed., New York, Macmillan Pub-
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lishing Co., 1979)  Mane means with your
hand.  Giare means guiding.  Then maneggiare
means guide with your hand as in training
horses.  (Personal communication with Gery
Patzak.)

McFarland continues by identifying ‘four im-
portant uses of the word management, as (1) an
organizational or administrative process; (2) a
science, discipline, or art; (3) the group of
people running an organization; and (4) an
occupational career.’  Sentences illustrating
each of these in turn might be (1) ‘He practices
good management’; (2) ‘She is a management
student’; (3) ‘Management doesn’t really be-
lieve in quality’; and (4) (heard from innumer-
able college freshmen) ‘I wanna get inta man-
agement.’  Of these four, most authors of
management textbooks are referring to the
first meaning (the process) when they define
‘management.’  According to some of these
authors, management is:

• The work of creating and maintaining en-
vironments in which people can accom-
plish goals efficiently and effectively
(Albanese)

• The process of achieving desired results
through efficient utilization of human and
material resources (Bedeian)

• The process of reaching organizational

goals by working with and through people
and other organizational resources (Certo)

• The process of planning the decision mak-
ing, organizing, leading, and controlling
an organization’s human, financial, physi-
cal, and information resources in an effi-
cient and effective manner (Griffin)

• The process by which managers create,
direct, maintain, and operate purposive
organizations through coordinated, coop-
erative human effort (McFarland)

• The process of acquiring and combining
human, financial, informational, and physi-
cal resources to attain the organization’s
primary goal of producing a product or
service desired by some segment of soci-
ety (Pringle, Jennings, and Longbecker)”
(Managing Engineering and Technology,
Prentice-Hall, 1991, pp. 8-9.)

Notice the frequency with which these authors
classify management as a process.  I consider
management to be decision making within a
process I call the management process.  The
management process contains a series of func-
tions, some for building management tools
and some for using management tools.

In this book, managing is decision making—
nothing more, nothing less.
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BACKGROUND/INTRODUCTION/A NEW (OLD) DISCIPLINE

1.1.11.4.  THE FRAMEWORK  FOR THE MANAGEMENT  PROCESS

When we act on the organization, we change its performance and we should moni-
tor that change and feedback what we’ve learned to improve our interventions.

side job.  Building tools is a cooperative effort
between the user/manager and the information
specialist (expert), with the information spe-
cialist playing a key role in between the analy-
sis and implementation stages of building tools.
For building management tools, the manager
provides understanding of himself or herself
and of the physical operation of their respon-
sibilities.  To do this well, the manager with the
information specialist view the organization
from outside.  Likewise, using management
tools isn’t just an inside job.  Using tools is also
a cooperative effort between the user/manager
and the information specialist (expert), with
the information specialist playing more a moni-
toring, evaluation role.

As you look at Figure 1.1.11.4., you’ll see dual
views by placing yourself on the feedback
arrow in the figure.  The feedback arrow closes
the loop between performance criteria and
interventions for continuous performance im-
provement.  When I discuss the 14 manage-
ment process functions, they’ll be in the orga-
nization block.  You’ll view the five building-
management-tool functions from outside the
organization and see the functions as being
inside the organization block.  For building
management tools, the interventions of the left
block are aimed at everything in the organiza-
tion, including the decision maker and the
tools of interest.  The performance criteria of
the right block for this view are organizational
performance, a synergistic combination of
operational, personal, and tool performance.

You’ll view the nine using-management-tool
functions from inside the organization and, as
in the case for building tools, see the functions
as being inside the organization block.  For
using management tools, the interventions of

The management process is keyed to the deci-
sion making of the manager.  The management
process is a cyclic, recursive set of steps for
continuously improving performance.  Figure
1.1.11.4. shows the framework for the man-
agement process.  In Figure 1.1.11.4., I’ve
extended the ideas from Figure 1.1.11.1.  I’ll
expand Figure 1.1.11.4. further to continually
disclose the details of the management process
and building and using management tools.
The next expansion of Figure 1.1.11.4. is in
Modules 1.1.21.2., 1.1.21.4., and 1.1.21.8. in
preparation for the illustrative model in Mod-
ule 1.1.29.1.

The framework in Figure 1.1.11.4. has a dual
personality.  Understanding the dual personal-
ity is crucial for dealing with the management
process.  The center block of the figure is the
organization.  The duality comes from the
question of whether the organization (center
block) is just the physical operation of the
organization or, on the other hand,  includes
the physical operation, the manager, and his or
her management tools.  The first view is good
for studying the productivity and the work
flow of the organization.  The second view is
good for studying decision making and the
conversion of data to information to support
decision making.  In a way, the second view is
from outside the organization (the view of a
consultant using consulting interventions) and
helps work on the organization.  This view
helps build management tools for the decision
maker.  The first view is from inside the
organization (the view of the manager using
management interventions) and helps work
within the organization.  This view helps use
management tools by the decision maker.

Building management tools isn’t just an out-
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the left block are aimed at the physical opera-
tion (capital, labor, equipment, materials), not
including the decision maker and the manage-
ment tools.  The performance criteria of the
right block for this view are operational per-
formance criteria.

Figure 1.1.11.4. is the fundamental system or
input/output model, where the input is inter-
ventions (not capital, labor, equipment, or
materials) and the output is data and informa-
tion (not capital, labor, equipment, or materi-
als).  The left block for interventions has been
expanded to show that theory, tools and their
guides, rules for using the tools, skill for using
the tools, and technique for putting theory,
tools, and skill together are the interventions
we’ll apply to the organization.  The arrows
from the interventions show that the tool and
skill we apply affect the organization in differ-
ent ways in different places.  The effect of the
intervention can have a rippling effect in the
organization.  The intervention can affect one
part of the organization, which, in turn, can
affect another part of the organization.  The
arrows from the organization to the perfor-

mance criteria show that effects on the organi-
zation will affect the performance of the orga-
nization, which is the objective of making the
intervention.  Later, I’ll discuss a number of
different sets of performance criteria.  For
now, the figure just shows the criteria as num-
bers.

In Figure 1.1.11.4. we should consider inter-
ventions to be decisions and actions affecting
the organization.  The performance criteria
start as indicators, reference points, and stan-
dards.  To accomplish the feedback, we’ll need
to measure the indicators to yield data and
information for decision making.  Note that
the cycling of decisions, actions, and informa-
tion as shown in Forrester’s model in Figure
1.1.11.2. is preserved in this figure.

The cycling replicates the psychologist’s ABC
(antecedent, behavior, and consequence)
model.  This consistency reinforces the work-
ing of the management process framework.
The organization model(s) embody the func-
tions of the management process and the be-
havior of the organization.

Figure 1.1.11.4.  The management process framework is a traditional system or input/output
model with interventions as input and data on performance as output.  The manager converts
the data and information into improved interventions for the organization.  Depending on
viewpoint, the manager/decision maker can be the builder or the user of the tools and guides.
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BACKGROUND/INTRODUCTION/THE NEW (OLD) DISCIPLINE

1.1.11.5.  DEFINE SYSTEM

The organization is a system involving one or more processes for changing
input into output, resulting in throughput, with all components working
toward a common aim and with performance measures to determine progress
toward the aim.

Systems understanding is a way of thinking,
involving the closely related but subtly differ-
ent concepts of a system, a process, and the
systems approach.  In management systems
engineering, we’re looking at the organization
as a system.  I’ll define a system here and flesh
out the systems understanding in later mod-
ules when I discuss a process and the systems
approach.

In their book, Systems Engineering and Analy-
sis, Blanchard and Fabrycky define systems.
“A system is an assemblage or combination of
elements or parts forming a complex or uni-
tary whole such as a river system or a transpor-
tation system; any assemblage or set of corre-
lated members such as a system of currency;
an ordered and comprehensive assemblage of
facts, principles, or doctrines in a particular
field of knowledge or thought, such as a sys-
tem of philosophy; a coordinated body of
methods or a complex scheme or plan of
procedure, such as a system of organization
and management; any regular or special method
or plan of procedure, such as a system of
marking, numbering, or measuring.  (This
definition was adapted from J. Stein, ed., The
Random House Dictionary of the English Lan-
guage, New York: Random House, Inc., 1966.)
Not every set of items, facts, methods, or
procedures is a system.  A random group of
items lying on a table would constitute a set
with definite relationships between the items,
but they would not qualify as a system because
of the absence of unity, functional relation-
ship, and useful purpose.” (Benjamin S.
Blanchard and Wolter J. Fabrycky, Systems
Engineering and Analysis, Prentice-Hall, Inc.,

1990, p. 2.)  The inclusion of purpose is espe-
cially applicable for systems made by people.
Experts debate whether natural systems are
purposeful.

Blanchard and Fabrycky describe the elements
of a system.  “Systems are composed of com-
ponents, attributes, and relationships.  These
are described as follows:

1. Components are the operating parts of a
system consisting of input, process, and out-
put.  Each system component may assume a
variety of values to describe a system state as
set by control action and one or more restric-
tions.  [I prefer represented by to consisting of
in the definition of components.]

2. Attributes are the properties or discernible
manifestations of the components of a system.
These attributes characterize the parameters
of a system.

3. Relationships are the links between com-
ponents and attributes.

A system is a set of interrelated components
working together toward some common ob-
jective.  The set of components has the follow-
ing properties:

1. The properties and behavior of each com-
ponent of the set has an effect on the properties
and behavior of the set as a whole.

2. The properties and behavior of each com-
ponent of the set depends upon the properties
and behavior of at least one other component
in the set.



77

tem components may provide the desired out-
put for each given set of inputs.  Once defined,
the objective or purpose makes it possible to
establish a measure of effectiveness indicating
how well the system performs.  Establishing
the purpose of a man-made system and defin-
ing its measure of effectiveness is often a most
challenging task.

The purposeful action performed by a system
is its function.  A common system function is
that of altering material, energy, or informa-
tion.  This alteration embraces input, process,
and output.  Some examples are the materials
processing in a manufacturing system or a
digestive system, the conversion of coal to
electricity in a power plant system, and the
information processing in a computer system.
.....

Every system is made up of components, and
yet any of the components can be broken down
into smaller components.  If two hierarchical
levels are involved in a given system, the
lower is conveniently called a subsystem.  For
example, in an air transportation system, the
aircraft, terminals, ground support equipment,
and controls are subsystems.  Equipment items,
people, and information are components.
Clearly, the designations of system, subsystem,
and component are relative, since the system
at one level in the hierarchy is the component
at another.

In any particular situation it is important to
define the system under consideration by speci-
fying its limits or boundaries.  Everything that
remains outside the boundaries of the system
is considered to be the environment.  However,
no system is completely isolated from its envi-
ronment.  Material, energy, and/or informa-
tion must often pass through the boundaries as
input to the system.  In reverse, material,
energy, and/or information that passes from
the system to the environment is called output.
That which enters the system in one form and
leaves the system in another form is usually

3. Each possible subset of components has
the two properties listed above; the compo-
nents cannot be divided into independent sub-
sets.

The properties given above ensure that the set
of components comprising a system always
has some characteristic or behavior pattern
that cannot be exhibited by any of its subsets.
A system is more than the sum of its compo-
nent parts.  However, the components of a
system may themselves be systems, and every
system may be part of a larger system in a
hierarchy.” (pp. 3-4.)

Figure 1.1.11.5.  illustrates a system.  You can
see the general form for Figures 1.1.11.1. and
1.1.11.4. in this figure.  The previous figures
had specified inputs and outputs.  In Figure
1.1.11.5., you see the system as a box acting as
a transfer function from the inputs to the out-
puts.  Within the system, you see three sub-
systems, or components, depending on your
perspective.  Each of the subsystems has in-
puts and outputs and with a defined purpose
meets the definition of a system.  The relation-
ships are the arrows and the only defined
attribute of the components in the figure is
their number.  If they had color, size, age, or
responsible person defined for them, those
would also be attributes.

For organizations, we often characterize the
inputs and outputs as CLEM, for capital, labor,
equipment, and materials.  Some people add
information and energy as inputs and outputs.
Because of our interest in management tools,
we’ll focus on information within the system,
so we’ll handle that particular input with care.
For example, we’ll distinguish between infor-
mation generated internal and external to the
organization.

Blanchard and Fabrycky also talk about pur-
pose, function, and hierarchy of systems.  “The
objective or purpose of a system must be
explicitly defined and understood so that sys-
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equipment, people, water, telephones, elec-
tricity, gas, municipal services.  But is it a
system?  In other words, is there an aim?

With some companies, because of short-term
thinking, the only aim is survival for the day,
with no thought about the future.  They fall
short of the aims of the tiger.” (pp. 35-37,
handout from Dr. Deming’s Plan for Action
for the Optimization of Service Organizations,
May 1992, Washington, D.C.)

Deming also says, “A system must be man-
aged.  The bigger the system, the more difficult
it is to manage it for optimization.

The performance of any component within a
system is to be judged in terms of its contribu-
tion to the aim of the system, not for its
individual production or profit, not for any
other competitive measure.” (p. viii, Deming’s
foreword in Sherkenbach’s Deming’s road to
Continual Improvement.)

In discussing systems, components, and opti-
mization Deming says, “If the parts are opti-
mized, the system will not be.  If the system is
optimized, the parts will not be.” (notes from
Instituting Dr. Deming’s Methods for Man-
agement of Productivity and Quality, January
1992.)  This idea of optimization has profound
effects on how to manage an organization as a
system.

In this book, we’re going to look at the organi-
zation as a system, with its components, at-
tributes, relationships and subsystems.  We’re
also going to look at the organization with the
systems approach, including process, purpose,
and models.

The definition of a system isn’t all there is to
understanding systems.  I’ll round out (add to)
our understanding of systems later when I
discuss the complementary notions of the sys-
tems approach and a process.

called throughput.” (pp. 4-5.)

When dealing with continuous performance
improvement in organizations, W. Edwards
Deming treats the organization as a system.
He says, “A system is an interconnected com-
plex of functionally related components that
work together to try to accomplish the aim of
the system.

A system must have an aim.  Without an aim,
there is no system.  The aim of the system must
be clear to everyone in the system.  The aim is
a plan for the future.  The aim is a value
judgment.  [Of course, I consider an organiza-
tion to be a system made by people.]

There will be a conflict of interests in setting
the aim of a system.  The buyer of an automo-
bile seeks low cost, safety, economy of opera-
tion, comfort, room, speed, style.  There must
be judicious compromises in settling on the
aims of the system that consists of the maker of
the automobile, his suppliers, the customer
that buys the automobile, regulations of speed
and traffic signals.

Every living being has two aims.  Does the
tiger [have] an aim?  Yes.  He has two aims:  1.
the good life for today; 2. propagate—ensure
that there will be tigers in the future.  He is
accordingly a component in a system.  In fact,
he is the only component, if we think of only
the tiger.  If we think of tigers as one member
of wildlife, then he belongs to a larger system.
With human intelligence, might translate into
English his aim for the good life today:

1. To become a great hearth-rug.
2. To stabilize the number of deer in the

forest.
3. To stabilize the number of inhabitants of

the village.

Is your organization a system?  A company or
other organization may have buildings, desks,
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3

1

2
Input Output

Figure 1.1.11.5.  A system converts input into output and contains subsystems or components
with attributes and relationships.  The aim of the system is hard to show in a diagram, but the
aim is important too, especially for a system made by people.
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Engineering is a profession.  Engineering also
defines a process based on using natural laws
to create, understand, describe, and be respon-
sible for application-oriented products and ser-
vices from which people derive benefit.  Some-
one in the engineering profession should be
able to engineer something.  We need to distin-
guish between the profession and the process
at least to the point we can determine if those
people we know in the engineering profession
are in fact practicing the engineering process.
Simply stated, someone in the engineering
profession has a degree in engineering or is
certified as an engineer.  An important ques-
tion is whether or not the person is good at the
engineering process.

Engineering is providing a new solution while
science provides more insight into the world.
Science deals with discovery and engineering
deals with creation of solutions for applica-
tions.

All engineers deal with energy or its related
variables—force, power, and work.  For elec-
trical engineers, it’s electrical energy.  For
mechanical engineers, it’s mechanical or ther-
mal energy.  For chemical engineers, it’s ther-
mal or chemical energy.  For management
systems engineers,  it’s motivational or human
energy.  As a result, we can consider forces on
an organization, power within an organiza-
tion, and work of an organization.  As engi-
neers, we understand the natural laws so we
effectively collect, convert, and conserve en-
ergy.

Descriptions of engineering include deriva-
tives from ingenuity to engines.  The Random

House Dictionary defines an engineer as, “a
person versed in the design, construction, and
use of engines or machines, or in any of the
various branches of engineering; a person who
manages an engine or a locomotive; a skillful
manager.”  The verb is “to arrange, manage, or
carry through by skillful or artful contriv-
ance.”  Webster’s Ninth New Collegiate Dic-
tionary adds, “to guide the course of.”

The action of engineering implies a process for
doing that action.  We would assume anyone in
the engineering profession to be proficient at
the engineering process.  But this isn’t always
the case.  For this reason, I’ve separated my
discussion of engineering (the profession) from
the engineering process.  I’ll discuss the engi-
neering process in Modules 1.1.11.6.3. and
1.1.11.6.4.

Figure 1.1.11.6.1. extends the ideas from Fig-
ure 1.1.9.2.  In Figure 1.1.11.6.1., I’ve ex-
panded the representation of the application
system, because I believe the engineer focuses
on the application he or she intends to benefit
people.  I believe the engineer focuses on the
application system to the detriment of the
engineering process.  I believe the benefit to
the application system would be greater if the
engineer put more energy into the engineering
process.  If the application system is a me-
chanical system, the natural laws and science
are most likely those of physical science.  If we
expand the mechanical system to include its
environment or the people involved in build-
ing or operating the system, the natural laws
and science include the life or social sciences.
The human-made system has an aim related to
meeting the needs of the user.  In Figure

BACKGROUND/INTRODUCTION/THE NEW (OLD) DISCIPLINE/RELATE ENGINEERING TO THE ENGI-
NEERING PROCESS

1.1.11.6.1.  DEFINE ENGINEERING

Engineering is a profession involving people who profess the engineering process for
analyzing, designing, implementing, and following-up applications for the benefit of
people based on natural laws and structured procedures for collecting, converting, and
conserving energy.
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1.1.11.6.1., I’ve shown a process associated
with the application system.  The process
brings steps or functions containing compo-
nents, parts, tools, and guides to work together
to meet the system’s aim.  (The dotted lines for
boxes representing some of the steps signify
that not all processes are cyclic; but the best
ones are.)  I’ll further expand Figure 1.1.11.6.1.
in Module 1.1.11.6.3.

To describe engineering, I’ll start with defini-
tions and statements from a standard engineer-
ing fundamentals textbook: Arvid R. Eide,
Roland D. Jenison, Lane H. Mashaw, and
Larry L. Northup, Engineering Fundamentals
and Problem Solving, McGraw-Hill Book
Company, 1979.  They say, “In the 1963
Annual Report of ECPD, the following defini-
tion of engineering appears.

Engineering is the profession in which a knowl-
edge of the mathematical and natural sciences
gained by study, experience, and practice, is
applied with judgment to develop ways to
utilize, economically, the materials and forces
of nature for the benefit of mankind.

In the National Council of Engineering Exam-
iners’ Model Law, the following statement is
found.

Engineer shall mean a person who, by reason
of his special knowledge and use of math-
ematical, physical, and engineering sciences
and the principles and methods of engineering
analysis and design, acquired by education
and experience, is qualified to practice engi-
neering.  [The problem with this definition is
that it’s circular.  As such, we don’t learn what
engineering is all about from it.]

Both the engineer and scientist are thoroughly
educated in the mathematical and physical
sciences, but the scientist primarily uses this
knowledge to acquire new knowledge, whereas
the engineer applies the knowledge to design
and develop usable devices, structures, and

processes. (italics added)  In other words, the
scientist seeks to know, the engineer aims to
do.” (pp. 6-7.)

Definitions of engineering always stress the
application orientation of the profession and
the aim to benefit humankind.  They also
always stress the practice of design.  The focus
of this book on management systems engi-
neering is on the design and development and
the implementation of management tools and
processes to benefit organizations and deci-
sion makers.

Eide et al further say, “You might conclude
that the engineer is totally dependent on the
scientist for the knowledge to develop ideas
for human benefit.  Such is not always the case.
Scientists learn a great deal from the work of
engineers.  For example, the science of ther-
modynamics was developed by a physicist
from studies of practical steam engines built
by engineers who had no science to guide
them.  On the other hand, engineers have
applied the principles of nuclear fission dis-
covered by scientists to develop nuclear power
plants and numerous other devices and sys-
tems requiring nuclear reactions for their op-
eration.  The scientist’s and engineer’s func-
tions frequently overlap, leading at times to a
somewhat blurred image of the engineer.  What
distinguishes the engineer from the scientist in
broad terms, however, is that the engineer
often conducts research, but with a definite
purpose in mind.”  (p. 7.)

Disciplines and professions are based on fun-
damentals.  Fundamentals are the ideas, prin-
ciples, and vision of the discipline.  I believe
the fundamentals of engineering relate to the
engineering process.  I’ll describe the engi-
neering process fundamentals in Module
1.1.11.6.4.  I think the profession doesn’t prac-
tice the fundamentals of the process very well.

The fundamentals and the need for dealing
with energy are generally similar but specifi-
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ambition many engineers will have to go be-
yond engineering into management or admin-
istration.  To climb to the top of the business or
government ladder they will find it necessary
to make the transition to management and
management is a multi-disciplinary activity;
no task for a ‘Johnny One Note’ engineer.

‘That is no problem’ you may say.  There are
any number of engineers who have success-
fully made the transition to management of
large business enterprises and government
agencies.  It is true that some gifted and highly
motivated persons succeed in that way but for
every one of those there are a dozen more
trapped in their specialization, frustrated that
their advice is not accepted, and complaining
bitterly that in their field of work important
decisions are controlled by the dreaded ‘bean
counters’.”  (Frederick Nils Bennett, “Beyond
Engineering”, The Australian Project Man-
ager, vol. 12, no. 1, February/March 1992.)

cally different among a nuclear reactor, an
automobile assembly plant, and an insurance
company.  The fundamentals, structure, natu-
ral laws, science and math, and aim you need
to learn are those of the domain, or the appli-
cation system.  In a petroleum refinery, you
need chemistry and physics.  In a controller’s
office you need finance, psychology, and soci-
ology.

The technical specialization and the applica-
tion characteristics of the traditional image of
an engineer can be constraining to people who
want to practice engineering.  This constraint
is highlighted in a paper by Frederick Nils
Bennett, when he discusses what he calls the
engineering career trap and says, “Engineer-
ing is an honourable, and for some, fully satis-
fying profession, but for others it can be a
career trap.  I have often found engineers
without other strings to their bow to be in the
position of the ‘expert’ on tap, but not on top.
To fulfill their potential or to satisfy their
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THE APPLICATION SYSTEM INCLUDES ONE OR
MORE PROCESSES.

Figure 1.1.11.6.1.  The engineer focuses on the application system distinguishable by its struc-
ture, aim, and the natural laws, science, and math needed to understand cause and effect within
the application.
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BACKGROUND/INTRODUCTION/THE NEW (OLD) DISCIPLINE/RELATE ENGINEERING TO THE ENGI-
NEERING PROCESS

1.1.11.6.2.  THE CENTRALITY  OF DESIGN

Many engineers believe the end result of their
effort is design—both the process and the
product.  However, engineers do much more.
First, if there is an end result, I believe the
result must involve the satisfaction of the user’s
need.  Second, if the engineering process is
cyclic and recursive, like the process shown in
Figure 1.1.9.1., then design is a step, or func-
tion, in the cycle.  I will say that design is
central to the engineer’s activities.  Design is
what engineers do.  The rest of the functions in
a cyclic engineering process, which I’ll de-
scribe in Modules 1.1.11.6.3., 1.1.11.6.4., and
1.1.11.7., prepare for design, apply the design,
follow up on the application, and learn from
the application.

The design process within the engineering
process is similar to the decision making pro-
cess within the management process.  Each is
central to the other functions in a learning
cycle for continuous improvement.  Just like
engineers do design, managers do decision
making.  Recall my discussion of the centrality
of decision making in management in Module
1.1.11.2.  Recall also Simon’s discussion of the
centrality of design in the decision making
process, also in that module.

Eide et al say, “The end result of an engineer-
ing effort—generally referred to as design—is
a device, structure, or process which satisfies a
need.  A successful design is achieved when a
logical procedure is followed to meet a specific
need.  The procedure, called the design process
(italics added) is similar to the scientific method
with respect to a step-by-step routine, but it
differs in objectives and end results.  The
design process encompasses the following ac-

tivities, all of which must be completed.

1. Identification
2. Definition
3. Search
4. Establishment of criteria
5. Consideration of alternatives
6. Analysis
7. Decision
8. Specification
9. Communication

In the majority of cases, designs are not ac-
complished by an engineer’s simply complet-
ing the nine steps shown in the order given.  As
the designer proceeds through each step, new
information may be discovered or new objec-
tives may be specified for the design.  If so, the
designer must backtrack and repeat steps.  For
example, if none of the alternatives appear to
be economically feasible when the final solu-
tion is to be selected, the designer must rede-
fine the problem or possibly relax some of the
criteria to admit less expensive alternatives.
Thus, because decisions must frequently be
made at each step as a result of new develop-
ments or unexpected outcomes, the design
process becomes iterative.” (pp. 7-8.)

Later, I’ll place the design process within the
engineering process.  In dealing with systems
and processes, we’ll always deal with sub-
systems and subprocesses.  The design process
is similar to the engineering and the manage-
ment processes in the cyclic, recursive nature
of the process.

Eide, et al list the functions of an engineer as:
research, development, design, production and

At the centers of both the engineering process and the decision making process, the
design process is a cyclic, recursive process based on the scientific method allowing
for learning and continuous improvement.
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testing, construction, operations, sales, man-
agement, consulting, and teaching. (p. 17-22.)
You’ll find some overlap with my functions of
the engineering process.  However, I consider
the engineering process to consist of more than
just functions.  Also, notice that design is but
one function of the engineer.

Eide et al define design and process by saying,
“A simple definition of design is: to create
according to a plan.  A process, on the other
hand, is a phenomenon identified through step-
by-step changes that lead toward a required
result.  Both these definitions suggest the idea
of an orderly, systematic approach to a desired
end.  Figure [1.1.11.6.2.] shows the design
process as continuous and cyclic in nature.

Figure 1.1.11.6.2.  The engineer’s design process shows the cyclic, iterative nature of processes
we use for continuous improvement in  meeting a system’s aims.  (taken from Eide et al)

1
Identify

the need
9

Communication

8
Specification

7
Decision

6
Analysis

5
Alternative
solutions

4
Criteria and
constraints

3
Search

2
Define

problem

This idea has validity in that many problems
arise during the design process that generate
subsequent designs.  You should not assume
that each of your design experiences will nec-
essarily follow the sequential steps without
deviation.  Experienced designers will agree
that the steps as shown are quite logical; but on
many occasions, designers have had to repeat
some steps or perhaps have been able to skip
one or more.” (pp. 326-327.)

I’ve used Eide et al’s figure for the design
process here as Figure 1.1.11.6.2.  to show the
cyclic, iterative nature of the processes in
engineering and management.  The engineer-
ing and management process are similar in that
they both relate to the scientific method.
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BACKGROUND/INTRODUCTION/THE NEW (OLD) DISCIPLINE/RELATE ENGINEERING TO THE ENGI-
NEERING PROCESS

1.1.11.6.3.  THE ENGINEERING  PROCESS

The Engineering Process and the Total Ap-
plication System
Engineer is used here as a verb.  Engineering
is something we do to analyze, design, build,
use, improve, and retire systems.  All systems
should be engineered with a balanced ap-
proach.  Management systems especially need
to be engineered with a balanced approach
because the key components of the manage-
ment system are human beings.  To carry out
the action of engineering, we can develop and
use a generic process—the engineering pro-
cess—tuned to the type of system we’re engi-
neering.

The application system is the object of the
verb.  We always engineer a system.  The
question is:  What kind of system are we
interested in, how does it differ from other
systems, and what does the difference mean in
terms of natural laws and applicable science
(e.g., physical, life, and social sciences)?  We
must understand what we’re working on.  What
is the unit of interest?  That is, what is the
system we’re going to engineer?  We don’t
want to suboptimize or misoptimize by engi-
neering a part of the system of interest or by
engineering some other system than the sys-
tem of interest.

Management is the adjective telling us the
kind of system we intend to engineer.  The
solution this book proposes for addressing the
time-honored, fundamental  management  ques-
tions described in Module 1.1.4. is to recog-
nize and characterize the organization as a
management system, or an application sys-
tem, and to apply the engineering process to
that system and to the management tools used
in that system.  This book proposes manage-

ment systems engineering.

In Figure 1.1.11.6.3., I expand the concept of
the application system I showed in Figure
1.1.11.6.1.  I’ve highlighted the difference
between the management process and the work
process.  The work process is what you man-
age and the management process is what you
do to manage.  Therefore, the plant compo-
nents of a chemical process, including capital,
labor, equipment, and materials (CLEM) work-
ing according to natural laws form functions,
or steps, of a chemical process we manage to
produce products.  I call the work process the
core application system, because I’ll argue
later that we want to apply the engineering
process to more than just the work process.
We want to apply the engineering process to
the management process too.  So, I’ve shown
the management process acting on the work
process, or the management process acting on
the core application system, all comprising the
total application system.  The point of Figure
1.1.11.6.3. is that to do the engineering pro-
cess right we must apply that process to the
entire system we’re trying to benefit—the to-
tal application system.

Note the following considerations from Fig-
ure 1.1.11.6.3.  1) You’ll have systems within
systems.  2) The core application system speci-
fies the structure, natural laws, science and
math, and aim of the object of the engineering
process.  3) The example chemical system has
one or more chemical processes and, like other
systems in other disciplines, can, and should,
include environmental system processes.  4)
The example chemical system is a component
of a management system, which has a manage-
ment process.  5) You apply the engineering

There’s a difference between the engineering profession and the engineering process.
The same can be said for management and the management process.
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process to the core application system or the
management process, depending on the unit of
interest.  I’ll discuss the importance of the unit
of interest in Module 1.1.14.3.

The engineering process aims to convert mat-
ter and energy guided by fundamentals and
governing natural laws into beneficial orienta-
tions within the application system to serve a
user by supporting, joining with, and assum-
ing the nature of the application system.

Just as the chemical process includes a number
of operations, which we can neatly categorize
into functions, the management and engineer-
ing processes also include functions.  Learning
the functions of a process is a necessary but not
sufficient condition for becoming good at the
process.  To complete our understanding of
these processes, we must learn about ways of
thinking, like the systems approach, and we
must learn the rules for conducting the func-
tions.  Processes include functions and rules
guiding the functions and a way of thinking
oriented to the aim of the process.

The functions of the management process in-
volve both management tools and the guides
for using the management tools.  The work
process, or the physical operation you man-
age, also includes tools: operations tools.  What
we do in the management and engineering
processes is supported by tools.  The rules and
the functions, embodying the tools and guides,
are conducive to steps of a process, the most
effective of which are cyclic, recursive steps to
promote learning and improvement.  You’ll
find both the engineering and management
processes involve cyclic, recursive steps.  Fig-
ure 1.1.9.1. illustrates the cyclic nature of the
management and engineering processes that is
so important for learning and continuous per-
formance improvement.  Sequences of steps
are relatively easy to visualize and draw and to
scrutinize for repeatability, completeness, and
validity.  The rules and approaches that em-

body or overlay the functions aren’t as easy to
visualize, and take dwell time to absorb as part
of our understanding.

My job in this book is to include an under-
standing of both the engineering and manage-
ment processes, their functions, rules, and
their ways of thinking.  In management sys-
tems engineering, you don’t first do a manage-
ment process and then an engineering process,
or vice versa; the functions and approaches of
both are intertwined.  Therefore, I’ll disclose
the functions and approaches of the manage-
ment and engineering processes in the se-
quence I feel best supports learning manage-
ment systems engineering.

The Difference between The Engineering
Profession and the Engineering Process
I claim there’s a difference between the engi-
neering process and the engineering profes-
sion (and a difference between the manage-
ment process and the management profes-
sion).  Many people not in the engineering
profession practice the engineering process
very well and many people in the engineering
profession don’t practice the engineering pro-
cess very well.  Of course, I feel this situation
is unfortunate.  Engineers ought to be very
good at the engineering process.

Lou Middleman, the author of the writing text,
In Short, likes to tell the story that one time I
told him he was an engineer.  When he tells the
story, he feels he needs to explain why I would
call a person with degrees in math and English
an engineer.  He says, “Harold thinks anything
dealing with engineering is good.  He likes me
and thinks I do good work.  Therefore, he calls
me an engineer.”  The truth is: Lou Middleman
practices the engineering process but he isn’t
part of the engineering profession.

Some of the people who are best at the engi-
neering process are physicists.  I feel the rea-
son they’re so good at the engineering process
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is because they understand the laws of nature
in their gut.  They really learned sophomore
physics.  As a consequence they could walk
through a plant and smell out the relationships
and consequences of the many laws and prin-
ciples intertwined at play in the workings of
the plant.  They could design, build, and fol-
low-up with tools and equipment based on the
principles to meet the needs of the plant.  They
practice the engineering process but aren’t
part of the engineering profession.

A good engineer, and also a good manager,
must be able to walk the workplace and see
how natural laws work together to get the best
performance from the application system.  This
engineer or manager must understand cause
and effect among all the system’s parts and
between the parts and the whole.  Understand-
ing cause and effect requires profound knowl-
edge.

I believe there are sociologists, psychologists,
and teachers who can walk through an organi-
zation and smell out the relationships and
consequences of the many intertwined laws
and principles  at play in the human-oriented
workings of the organization.  When they
apply these principles through the scientific
method to the design, implementation, and
follow-up of improvements in the organiza-
tion within the context of the systems ap-
proach, they’re practicing the engineering pro-
cess.

I had a dentist who practiced the engineering
process.  I’ve known artists, clergy, physi-
cians, and farmers who practiced the engineer-
ing process.  In my heart, I believe the engi-
neering process is more important than the
engineering profession.  I would like for this
book to contribute to making the engineering
process more a part of the engineering profes-
sion and to convince engineers they can learn
and practice the engineering process in coop-
eration with people of different educational

and certification backgrounds.

In the engineering process we holistically mix
(balance) the system life cycle functions guided
by the systems approach.  The systems ap-
proach is based on a deep-rooted understand-
ing for and appreciation of the laws of nature
(both science and environment) under the ob-
jective of making application for the benefit of
people.  We consider the application through-
out its life cycle.

The problems we address in the world are
complex combinations of many factors.  We
can identify a number of good solutions to the
problem.  Because of the complexity of the
problem, finding the very best solution is dif-
ficult if not impossible.  In practicing the
engineering process, we know the balance for
choosing one of the short list of good solutions
and for searching for the best solution.  Often,
we can use a good solution and solve a prob-
lem for less time and energy than we would
spend finding the best solution.

Who has an understanding of and appreciation
for the laws of nature?  Under the risk of
generalizing, I’ll argue I’ve met three groups
who excel at the laws of nature.  First, the
indigenous people, and then physicists and
farmers.

I’m learning of the artists from Leonardo to
Cézanne to my oil painting teacher who under-
stand that before you can paint a tree well you
must know how a tree works and how and why
trees differ among species, during seasons of
the year, during their life cycle, what grows in
and on them, and so on.  To paint a building,
bridge, automobile, or person, you have to
have the same depth of understanding of the laws
of nature applying to what you’re painting.  Now
we know why artists like Rembrandt, Leonardo,
Durer, and Michelangelo studied and painted
cadavers—so they could learn the workings of
the human body and paint live people.
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fit together to serve the whole and the cyclic,
recursive relationship of all the functions in
the engineering and management processes
are prerequisites for applying tools and tech-
niques effectively and efficiently.  If you don’t
know the fundamentals of the engineering
process, the structure, natural laws, science
and math, and aim of the core application
system; and the fundamentals of the manage-
ment process, you’ll confuse techniques with
principles and not use the technique based on
a principle that reflects the needs of the user.

Figure 1.1.11.6.3.  We must apply the engineering process to the total application system we’re
working to benefit, comprising both the work process, or core application system, and the
management process that overlays the work process.

CHEMICAL ENGINEERING APPLIES THE ENGINEERING
PROCESS TO THE CHEMICAL PROCESS.

Builder

User

feedback

ENGINEERING
PROCESS

MANAGEMENT
PROCESS

ENGINEERING

Plant components, 
chemistry, and 

physics

CORE APPLICATION SYSTEM

TOTAL APPLICATION SYSTEM

Work Process Including
Chemical Processes

Apply the Engineering Process Properly to
the Right Thing
I discuss the domain of responsibility as a
management consideration and the unit of
interest, or application system, as an engineer-
ing consideration.  They’re really similar is-
sues.  Both are intended to ensure you focus on
the system, subsystem, or component you’re
responsible for.  You don’t want to work on the
wrong thing.

Understanding the aim of the application sys-
tem and how all the components of the system



92

BACKGROUND/INTRODUCTION/THE NEW (OLD) DISCIPLINE/RELATE ENGINEERING TO THE ENGI-
NEERING PROCESS

1.1.11.6.4.  FUNDAMENTALS  OF THE ENGINEERING  PROCESS

Webster defines a fundamental as, “one of the
minimum constituents without which a thing
or a system would not be what it is; serving as
a basis supporting existence or determining
essential structure or function.”  (Webster’s
Ninth Collegiate Dictionary)  The Random
House College Dictionary adds, “a basic prin-
ciple, rule, law, or the like, that serves as the
groundwork of a system; essential part.”  The
fundamentals of the engineering process are
the building blocks, without which we wouldn’t
have the engineering process.  We can’t prac-
tice engineering without understanding the
fundamentals of the engineering process.

One way to characterize engineering is through
its fundamentals.  We use the fundamentals to
understand specialties we synthesize through
the design process.  We use the fundamental of
an energy balance to understand thermody-
namics we synthesize with mechanics and
other specialties into the design of a steam
engine.

What are the fundamentals of the engineering
process?  Or, what knowledge and skills do
you need to practice the engineering process?
I list twelve: 1) language for communication,
2) problem solving and the scientific method,
3) drawing and understanding connections, 4)
the systems approach as a way of thinking, 5)
walking the workplace (application system),
6) the system life cycle as the framework of the
engineering process, 7) envisioning and imagi-
nation, 8) the collecting, converting, and con-
serving of energy, 9) knowledge of the lessons
of the past, 10) the philosophy of the aims of
the engineering process and the application
system, 11) teamwork, professionalism, and

empowerment, and 12) dedication to continu-
ous, vigorous, life-long learning.  I’ll expand
on each of the fundamentals in the following
paragraphs.

Language for Communication
We learn language through mathematics and
English (I’ll include art as a language for us in
this book.)  We also learn graphics (engineer-
ing drawing) and computer languages for com-
munication.  Language is a system we use in
conjunction with the process of communica-
tion, whose aim is the transfer of information.
Language is the system by which you capture
ideas and information and transfer the ideas
and information to others.

Because you’re applying natural laws for the
benefit of humans and their environment, you
must understand language for communica-
tion.  Engineering is the link between the
builder and the user as shown in Figure 1.1.6.2.
And the user must provide feedback to the
builder for evaluation and improvement of the
application system.  The engineering process,
which is crucial to the practice of engineering
as shown in Figure 1.1.11.6.1., requires a cycle,
and the cycle requires communication.  You
must be able to communicate using mathemat-
ics and models, graphics and other visual dis-
plays, computer programming, and verbal
sending (writing and speaking) and receiving
(reading and listening).  This thread is the
largest (We spend the most time on it.) and
most tightly interwoven of all threads in the
fabric.

In communication, you must be able to “write
it down and write it up.”  When you use words

You must know and practice the fundamentals first, most, and best to practice the
engineering process because the fundamentals are the threads that weave through-
out the fabric of the engineering process.



93

(text) or symbols (math) to think through a
situation, you’re “writing it down.”  When you
use words or symbols to communicate a situ-
ation, you’re “writing it up.”  Because they
have different purposes, “writing it down” and
“writing it up” are quite different activities.
“Writing it down” takes a good deal of “scaf-
folding” to set up and hold up ideas until you
get the kernel built.  When you find and com-
plete the kernel, you must strip away the “scaf-
folding” before you can communicate what
you have (“write it up”).  Communication is
itself a process.  Language is a system we use
in conjunction with the process of communi-
cation, whose aim is the transferring of infor-
mation.  “Writing it down” is transferring
information from the recesses of your mind
into some more-tangible form and “writing it
up” is transferring information from you to
someone else.

Problem Solving and the Scientific Method
Because you’re making things better by taking
action, you must know how to diagnose and
solve a problem, know how to use the scien-
tific method and design experiments, and prac-
tice and balance deductive and inductive rea-
soning (including strong inference).  In diag-
nosing a problem, you have to identify and
define the problem.  Most “problem solvers”
work up elegant solutions to the wrong prob-
lem.  The user prefers a mediocre solution to
the right problem over an elegant solution to
the wrong problem.  The engineering process
requires the ability to focus on the application
system and distinguish the problem to be
solved.  To be this kind of problem solver, you
must have a responsible attitude, be open
minded, and have an open and honest ap-
proach.  The Arizona State report on engineer-
ing education plays on Peter Drucker’s dis-
tinction between effectiveness and efficiency
by saying “engineering undergraduate cur-
ricula prepare engineers to deal almost exclu-
sively with [the question ‘Are we designing
the thing right?’] while seriously neglecting
[the question ‘Are we designing the right

thing?’]” (Engineering Education: Preparing
for the Next Decade, A Study by The Engi-
neering Curriculum Task Force, p. 47.).

Drawing and Understanding Connections
Through connections you can integrate and
synthesize.  The ability to consider technical,
social, economic, environmental, and many
other aspects of a problem is valuable.  To see
relationships and decipher cause-and-effect
relationships among the aspects is even more
valuable.  Most valuable is to be able to con-
nect components or ideas at an even deeper
level.  In her book Leadership and the New
Science, Margaret Wheatley tries to shift our
focus from things toward connections and
systems.  “Donella Meadows, a systems
thinker, quotes Sufi teaching that captures this
shift in focus: ‘You think because you under-
stand one you must understand two, because
one and one makes two.  But you must also
understand and’ (1982, 23).  When we view
systems from this perspective, we enter an
entirely new landscape of connections, of phe-
nomena that cannot be reduced to simple cause
and effect, and of the constant flux of dynamic
processes.” (Margaret J. Wheatley, Leader-
ship and the New Science: Learning about
Organizations from an Orderly Universe, 1992,
Berrett-Koehler Publishers, San Francisco, p.
9.)  To be a generalist or think like a generalist,
you must start by drawing and understanding
connections.  (I discuss the generalist perspec-
tive in modules 1.1.27.7. and 1.1.27.8.)

In the engineering process you must integrate
as well as differentiate.  You must synthesize
as well as analyze.  The systems approach
involves both analysis and synthesis, both the
Newtonian model of the world and the new
holistic view of the world.  (See my discussion
on the role of integrator in Module 1.1.27.2.).

The Systems Approach as a Way of Think-
ing
Because all applications are systems, you must
know how to think in systems terms, including
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the system, holistic, and generalist perspec-
tives.  The system perspective emphasizes the
components, their relationships, and the nec-
essary role each plays in meeting the system’s
aim.  The holistic perspective emphasizes the
gestalt in the system and its aim.  The general-
ist perspective emphasizes consistency among
systems and the transferability of lessons
learned from one system to another.  In prac-
ticing the systems approach, the three perspec-
tives are harmoniously blended into one inte-
grated way of looking at the world.  With the
three perspectives, we recognize the impor-
tance of each component, the supremacy of the
aim or purpose, and the significance of learn-
ing.  Under the systems approach, you must
perform both analysis and synthesis activities
and you must balance synthesis with analysis.
(By balance I mean get the right mix, not make
equal).  The engineer must see the total system
and be able to strip out the confusing, nones-
sential complexity to get to the essence of the
situation.

Walking the Workplace (Application Sys-
tem)
Because the application system embodies the
aim of the engineering process, you must know
the structure (components, attributes, and re-
lationships), natural laws, science and math
(physical, life, social, mathematical sciences),
and purpose (or aim of the application system)
of the application system so well you can
“feel” the cause-and-effect relationships of
the application processes.

The System Life Cycle as the Framework of
the Engineering Process
Because we always engineer a system, the
system life cycle is important.  Everything is a
system with a process.  The framework of the
engineering process shows the steps, or func-
tions, you must be able to do to carry out the
engineering process.  The framework is sup-
ported by rules and ways of thinking that show
how to do the functions.  The framework

includes the system life cycle functions and
the design process functions.  Design is the
stage of the system life cycle the other stages
support.  The closure of the cycle allows the
concepts of re-engineering and green engi-
neering in the engineering process.  To do the
framework functions of the engineering pro-
cess, you must know project management.
Project management is required for applica-
tion process and for performance improve-
ment.  Completion and improvement of the
application process and its performance is the
reason for the engineering process.  You must
be able to design an application system or its
products and services to perform throughout
the system life cycle.  You must design the
system to operate.  You must design the sys-
tem to manufacture.  And you must design the
system to decommission, disassemble, decon-
taminate, restore, and remediate.

Envisioning and Imagination
Because the engineering process requires in-
genuity, innovation, and creativity, you must
be able to envision and to imagine.  When we
learn descriptive geometry, we learn to envi-
sion.  We have to see in our minds what the
intersection looks like when we intersect an
object with a cone, for example.  Suzaki says,
“The history of mankind has taught us that if
we can imagine it, we can make it.”  Envision-
ing and imagination are needed throughout the
engineering process.

The Collecting, Converting, and Conserv-
ing of Energy
All application systems function by collect-
ing, converting, and conserving some form of
energy.  Mechanical systems include mechani-
cal and thermal energy.  Chemical systems
include chemical, mechanical, and thermal
energy.  Biological systems include these forms
of energy.  Organizational systems include
motivational energy.  By viewing energy in its
broadest context, no system functions without
energy.  For example, in the engineering pro-
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cess, you have to be able to transfer the idea of
entropy and the First Law of Thermodynamics
to biological and organizational systems.
Consider also that collecting, converting, and
conserving energy should be extended to mass,
momentum, electrical charge, etc.

Knowledge of the Lessons of the Past
You perform the functions of the engineering
process better because of knowledge of les-
sons of the past.  That’s why experienced users
of the engineering process are better problem
solvers.  You gain lessons of the past through
history, case studies, and anecdotes related to
both the engineering process and to the appli-
cation system.  When you learn from history,
you understand more than events; you learn
societal perspective of the impact of technol-
ogy and the engineering process and you learn
the economic perspective of financial issues
related to events.  In short you balance techni-
cal, societal, and economic perspectives.

The Philosophy of the Aims of the Engi-
neering Process and the Application Sys-
tem
If you don’t know the purpose, aim, or mean-
ing of the application system, you can’t im-
prove it.  You’ll most likely work up an elegant
solution to the wrong problem.  Without the
philosophy of the engineering process and the
application system you can’t diagnose the prob-
lem.

Teamwork, Professionalism, and Empow-
erment
Because the engineering process seldom is an
individual activity, you must know and prac-
tice teamwork, professionalism, and empow-
erment.  Teamwork carries the need for inter-
personal skills and an understanding of group
dynamics.    A successful team functions as a
cooperative community exhibiting team spirit
and mutual goals.  (See, for example, James A.
Autry, Love and Profit: The Art of Caring
Leadership, Avon Books, 1991, pp. 79-81.)

For success in teams, you must work well with
diversity and have a sense of grace, style, and
civility.  You must feel a genuine caring for
and intimacy with the work, the user, nature
and its laws, and, most of all, the people
involved in the application and its engineer-
ing.  Caring and intimacy relate to affection
for, and trust of, people and nature.  You must
be able to distinguish and balance cooperation
and competition, especially in relation to qual-
ity.  You must know and practice professional
and ethical standards, requiring an understand-
ing of social, ethical, political, and human
responsibility.  To succeed at these practices,
you must display integrity, maturity, judg-
ment, responsibility, and caring.

For teamwork and empowerment, you must be
able to confront issues with yourself and oth-
ers.  You must be able to understand and
resolve conflict (between one person and an-
other, one workflow and another, or one mate-
rial and another).

You must achieve balance between your rela-
tionship competency and your technical com-
petency.  You must exercise passion and inti-
macy in balance with your competence and
integrity.

Dedication to Continuous, Vigorous, Life-
long Learning
Because the engineering process must be cy-
clic to be successful through continuous per-
formance improvement, you must have a mo-
tivation and capability to continue the learning
experience on the job and through extracur-
ricular readings, meetings, workshops, and
degree programs.  The concepts of quality and
total quality management enter the engineer-
ing process through the cycle of continuous
learning and improvement.

How Well Do We Know or Teach the Engi-
neering Process?
If you accept all or part of my twelve funda-
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mentals of the engineering process, the ques-
tion now is whether anyone can do the engi-
neering process without them.  Or at least do
the process well.  Can a person only learn these
fundamentals on the job through experience,
or can we supply the principles and knowledge
behind these fundamentals in college so the
learning curve isn’t so steep on the job?  Con-
sider the fifth fundamental: the framework of
the engineering process.  I believe we can
teach the system life cycle and its 21 functions.
I believe we can teach the basics and the tools
of project management.  Sure, you’ll learn
these faster on the job; but I remember my
embarrassment and frustration when I found a
book on project management after I’d spent
two years being a project manager and learn-
ing the hard way.  With the principles and
basics in hand before I started, I believe I’d
have learned more and faster on the job.

I’ve listed a series of questions below to test
whether we now produce graduates who have
any understanding of the engineering process.

1) Can he or she envision (for problem
solving and for leadership) and imagine
(prerequisite for doing)?

2) Can he or she communicate—both “write
it down” and “write it up?”

3) Can he or she do synthesis as well as he
or she does analysis?

4) Can he or she make connections among
things or ideas and see beyond cause and
effect?

5) Can he or she design for disassembly and
clean up as well as he or she designs for
assembly (for operation and manufac-
ture)?

6) Can he or she practice the systems ap-
proach (system—with integration and
differentiation, holistic, and generalist

thinking)?

7) Does he or she understand system con-
cepts like: “If the parts are optimized, the
system won’t be.”

8) Can he or she figure out what problem to
solve so he or she solves the right prob-
lem?

9) Can he or she intelligently select when to
go with a good solution rather than put-
ting more time and energy into searching
for the best solution?

10) Can he or she walk the workplace and
understand cause and effect (govern-
ment offices, banks, hospitals, and in-
surance companies as well as manufac-
turing plants and chemical processing
plants)?

11) Can he or she logically construct an
approach to a problem founded on basic
principles stemming from the laws of
nature in addition to transferring the ex-
perience of solving a similar problem to
the problem at hand?

12) Can he or she manage a project to im-
prove a process or performance?

13) Can he or she balance art and science?

14) Can he or she figure out the system of
interest so he or she doesn’t suboptimize
or misoptimize the system by engineer-
ing the wrong thing?

15) Can he or she rapidly switch between
working in qualitative modes and quan-
titative modes?

16) Does he or she understand the effect of
the management process on the applica-
tion system, thereby affecting the engi-
neering process (e.g., increasing the
amount and rate of change and the diver-
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ment process, we’ll be able to fulfill our poten-
tial or satisfy our ambition as engineers, man-
agers, or management systems engineers.

The twelve fundamentals and associated skills
are diffuse and are best suited to teach through-
out the curriculum, starting with freshmen.
Possible exceptions to this diffuseness include
project management skills, which can be taught
as a course as well as throughout the curricu-
lum.  In either case, the relationships among
and the principles behind the project manage-
ment tools as they work in a complete project
management process are more important than
training the use of specific tools.  When the
skills for the twelve fundamentals are taught,
they’re spot taught and students forget them
after a semester or two because they’re not
reinforced throughout the curriculum.  People
learn them better on the job because the orga-
nizational culture reinforces them.  To teach
the engineering process, we must overcome
compartmentalized learning.

The fundamentals of the engineering process are
the roots of the tree.  We use the roots for stability
and sustenance.  If we build a good root system,
the tree will bear fruit.  The engineering process
can be applied to any application system.  Instead
of concentrating only on the core application
system, graduates will be stronger and more
productive if they understand the engineering
process fundamentals.

Where do you see the fundamentals of the
engineering process practiced?  If you answer
activities like scouting, the hospitality indus-
try, school systems, and other practices con-
sidered to be outside the engineering profes-
sion, you can see how much we have to learn
from others about our discipline.

Figure 1.1.11.6.4. extends Figure 1.1.11.6.3.
by showing the engineering process as a cycle
of functions, all being driven by the engineer-
ing process fundamentals.  By applying the
engineering process through its fundamentals

sity of the problems)?

17) Does he or she understand, or have the
potential to understand, human nature
and the beauty and laws of nature?

18) Can he or she contribute to a team work-
ing as a community, bound by a fellow-
ship of endeavor, committed to goals,
and dedicated to the quality of commit-
ment and effort in which people take
care of one another?

19) Can he or she think and act on an ethi-
cally moral level?

20) Can he or she see useful purpose in what
he or she is doing?

21) Can he or she balance lessons of history
or experience with theory, innovation,
and imagination?

22) Does he or she practice standards of
ethics and professionalism?

23) Does he or she intend to continue learn-
ing forever because he or she is excited
and enthusiastic to do so?

If we understand and can practice the funda-
mentals well, we can learn to do well at the
engineering process, which requires the inte-
gration and synthesis of the fundamentals.  I’ll
argue that the same twelve fundamentals are
the ones for the management process, although
the techniques might be different.  Instead of
converting mechanical or electrical energy,
supervisors convert human energy in the form
of motivation.  Supervisors see human energy
dissipate from friction in the form of conflict.
The fundamentals are the same and the pro-
cesses are similar.  However the functions and
the application systems are different.  When
we learn the fundamentals and the application
system and their sameness for engineering and
management and when we learn the functions
of the engineering process and of the manage-
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to the total application system, we can engi-
neering either applications of traditional disci-
plines like chemical and mechanical engineer-
ing or the management systems by which we
manage the core application systems.  In Mod-
ule 1.1.20.1., I’ll describe the 22 functions of

the engineering process as a closed cycle.  In
Module 1.1.11.7.,  I’ll group the engineering
process functions into five categories showing
the ability of the engineering process to achieve
continuous improvement.

Figure 1.1.11.6.4.  Through its fundamentals, we apply the engineering process to the applica-
tion system to benefit the user.  The engineering process, the application process, and the
builder-user feedback loop provide for learning and improvement.

BOTH THE ENGINEERING AND THE APPLICATION
PROCESSES CONTAIN FUNCTIONS.

Builder
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feedback

Structure, natural
laws, science and

math, and aim

TOTAL APPLICATION SYSTEM
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BACKGROUND/INTRODUCTION/THE NEW (OLD) DISCIPLINE/RELATE ENGINEERING TO THE ENGI-
NEERING PROCESS

1.1.11.6.5. TEACHING  AND LEARNING  THE ENGINEERING  PROCESS AND

MANAGEMENT  SYSTEMS ENGINEERING

Unfortunately, engineers aren’t necessarily educated or trained to be good at
the engineering process or to understand management systems engineering.

in the literature) that management schools
don’t teach management students the manage-
ment process very well and engineering schools
don’t teach engineering students the engineer-
ing process as well as they should.  The conse-
quence is that the people we expect to have
profound knowledge of these crucial processes
don’t.  I believe we have to support and learn
from those who do know and practice the
processes.  We also need to make sure we don’t
neglect the fundamental processes when we
teach engineering and management.  I worry
that in our effort to teach the fundamental
knowledge and practices we fail to teach the
process.

I’m concerned that our design courses don’t
adequately teach the fundamentals of the sys-
tems approach.  One of the tenets of a system
is that it must have an aim—a purpose.  The
aim carries us beyond the what to the so what.
The aim is philosophical.  All our systems
ultimately involve people; that’s where the
application part of engineering is consum-
mated.  We need to know the psychology and
sociology of people as individuals and in
groups.

The issue of focusing on the right unit of
interest, or right application system, is a huge
issue.  I believe as engineering faculty most of
us turn out extremely bright, hard-working
young people who go out into the world and
work diligently to produce perfectly elegant
solutions to the wrong problem.  We never
teach young professionals how to figure out
what the problem really is or what to focus on.
So they reach into the quiver of solution tech-
niques we teach them and pull out the arrow

Given the amount and importance of technol-
ogy in our daily lives, engineering should be
the liberal education of today.  But engineer-
ing won’t be if we teach engineering more as
a profession than as a process balancing art and
science.  I believe a liberal education is one
where we prepare a student for the world
they’ll inherit by instilling a thirst for the
learning process and introducing them to a
comprehensive understanding of fundamental
laws and principles behind people, technical,
and economic systems.  The world they’ll
inherit surely includes technology and every-
thing from the refrigerator at home to the
computer in the workplace.  In engineering
we’re requiring courses in humanities.  The
only problem is that we don’t show the con-
nection and importance to the engineer’s world
and we don’t practice the connections as role
models.

In education in the United States, we do too
much training of the discipline as a profes-
sional school and not enough education of the
approach and the process as an evolving stage
of thinking in dealing with the world and its
problems and opportunities.  The engineering
approach is today’s liberal education and needs
art for engineers and technology for social
scientists to be implemented successfully by
people in those professions.

In chemical engineering, we learn both about
the chemical process and the operations mak-
ing up a chemical process and about the engi-
neering process.  In management systems en-
gineering, we must learn about both the man-
agement process and about the engineering
process.  I claim (with some degree of support
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that they understood best in school or the
arrow that was the favorite of their best teacher.

For the most part, engineering faculty do teach
tools and techniques for solving a wide range
of problems.  However, we don’t teach how to
select the right technique based on determin-
ing the absolutely right problem and how to
integrate the right tools and techniques to
solve the more-complex problems of today.
We depend on on-the-job-training to teach
these things.  But what about the education
behind the on-the-job-training?  We have to
teach the principles and fundamentals behind
figuring out the right problem and using the
right techniques.  We won’t be able to teach
this understanding of the right problem, select-
ing the right technique, and integrating tools
and techniques until we teach the systems
approach, the engineering process, and the
management process.

Management systems engineering is a disci-
pline, like electrical engineering, and as such
needs courses focusing on the core application
system—the organization, the management
system, the management process, manage-
ment tools, and performance improvement.
When these discipline-oriented courses are
combined with the traditional mathematics,
physical science, and applied with math and
science courses of engineering and with man-
agement, social science, and applied statistics
and business courses, we have a management
systems engineering discipline.  However,
these courses or this type of instruction doesn’t
improve our understanding of the engineering
process.

The fundamentals of the engineering process
are best learned when integrated—really when
they are subsumed or dominate—into the exist-
ing courses of the engineering (or other disci-
plines) curriculum.  The system life cycle
should be learned early and continuously.  The
cycle applies to everything.  Learning how to
communicate comes when we change the way

students participate in class and on homework
and tests.  The systems approach must be
disclosed continuously throughout all courses.
Most engineering process fundamentals won’t
be learned well without effective role models.
You can’t help a person learn a way of thinking
or a way to approach the world if you don’t
think or approach the world that way yourself.
Most engineering process fundamentals aren’t
recipes to follow (Plug numbers into this for-
mula and get the prescribed answer.)  or tasks
to do.  The fundamentals are ways of being that
must be shown through attitudes and behavior
in all facets of our life.  Those who are good at
the engineering process don’t just practice
those fundamentals part of the time in their
office or on the job in the field.

As we consider the way to teach the engineer-
ing process, I must share a lesson I learned
from my father.  He said, “We can’t teach
anything.  We can only help people learn.”
Today I recognize  there’s more to the story.  If
we help someone do something, we can cause
more harm than good.  Therefore, I say we
must support people as they learn.  Peter
Senge, in his book, The Fifth Discipline (The
book introduces organizational learning; but
the fifth discipline is systems thinking.)  quotes
Bill O’Brian of Hanover Insurance, who says,
“[Hunger for learning] is as fundamental to
human beings as the sex drive.’  (p. 14.)  If
people are driven to learn, our job is to support
them and to remove barriers.  When we help
them we stifle their hunger, their individuality,
and their self-empowerment.  When we teach
them, we do nothing.  (I learned the concept of
supporting versus helping from Kellie Wells
of First Union Bank.)

How do we support people as they learn?  Most
of all we set good role models and demonstrate
the fundamentals through our attitudes and
behaviors.  Then we provide information and
experiences from which people can derive
their own understanding of the fundamentals.
Then we provide opportunities for people to
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try out the fundamentals so they can study the
results and the process of what they tried.

The consequences of not supporting people as
they learn the engineering process and its
fundamentals are frightening.  In engineering
education, we fixate on the core application
system to the detriment of everything else.  We
ignore the management process.  Therefore,
we don’t understand the total application sys-
tem we’re dealing with.  We short-shrift the
engineering process.  The consequence of these
practices is that engineers have trouble switch-
ing core application systems.  That is, aeronau-
tical engineers can’t switch to mechanical en-
gineering applications when the aeronautical
industry is depressed.  Chemical engineers
wouldn’t think of applying their abilities and
experience to manufacturing engineering
needs.  Mechanical engineers and electrical
engineers don’t see the similarities between
the control systems they work on and the
organizational systems that are trying to deal
with disturbances and optimize their opera-
tion.  (I’ll discuss the organization as  a control
loop in Module 1.1.21.9.)  If we emphasize the
engineering process and its fundamentals, we
empower the flexibility to apply that process
to any application system.

I believe management systems engineering
tends to emphasize the engineering process

because of the wide range of seemingly differ-
ent application systems we deal with.  While
banks, chemical plants, government offices,
and manufacturing plants are all organizations
with similar characteristics, they seem differ-
ent because of their markets and products.
Also, management systems engineering is in-
fluenced by the more-qualitative and social
science differences in the application system,
thus focusing attention on the broad nature of
the engineering process fundamentals.

In Figure 1.1.11.6.5., I’ve emphasized the en-
gineering process by indicating the groups of
functions in the engineering process frame-
work.  The framework doesn’t show the fun-
damentals or the philosophy behind the pro-
cess.  We see the process here as a series of
steps.  Since the steps are shown as a cycle, we
see that we never finish the sequence.  We
continually improve.  We stop when we aban-
don the process.

I wasn’t taught about life cycles for bridges or
sanitation plants in civil engineering and I
wasn’t taught about life cycles for nuclear
reactors or nuclear fuel in nuclear engineering.
In short, I was never taught the framework for
the engineering process.  I wasn’t taught the
systems approach either.  I was another engi-
neering professional who didn’t know the en-
gineering process.
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Figure 1.1.11.6.5.  The steps of the framework for the engineering process show the functions for
the engineering process but don’t show the fundamentals or philosophy of the process.  Tradi-
tionally, in school we learn about analysis and design, but all the rest is left to on-the-job train-
ing.

YOU NEVER FINISH THE ENGINEERING PROCESS,
YOU ONLY ABANDON IT.
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BACKGROUND/INTRODUCTION/THE NEW (OLD) DISCIPLINE

1.1.11.7.  THE FRAMEWORK  FOR THE ENGINEERING  PROCESS

Many people with varied backgrounds practice the engineering process when they
use fundamental principles to analyze a need and convert the analysis into the design,
implementation, and follow-up of a solution to meet that need within the context of the
systems approach.

The engineering process is part a way of think-
ing and part a series of functions as steps
toward an end guided by rules.  The functions
display a cyclic, recursive nature.  I can show
the functions in a framework.  The rules and
the way of thinking must be discussed and
thought through.  I’ll show an overview of the
framework now.  I’ll develop the engineering
process in later modules.

Figure 1.1.11.7. shows as ovals five categories
of functions of the engineering process.  I’ll
expand the categories into 21 functions later.
In Figure 1.1.11.7., notice how each category
of functions is tied to the other functions.  The
engineering process isn’t something you start
at the beginning and end at the end.  The
engineering process is a continuing flow of
learning, doing, and improving steps.  When
we apply the engineering process, we never
finish it, we only abandon it—hopefully only
for a short time to be picked up and worked yet
again.

The engineering process, as I’ve shown in
Figure 1.1.11.7. and will expand later, reflects
a model I call the system life cycle, Blanchard
and Fabrycky’s system engineering functions
listed in Module 1.1.9.2., the design process in
Figure 1.1.11.6.2., and the project manage-
ment process.  The functions of the framework
are important to the user and the builder of the
result of the engineering process.  The people
involved are shown as rectangles in the figure.
The engineering process is as important to the
user of the result as it is to the builder of the
result.  In management systems engineering,

we’ll apply this engineering process to the
management process.

Figure 1.1.11.7. identifies categories of func-
tions of the engineering process.  Figure
1.1.11.7. is a framework because it shows
neither the rules governing the functions nor
the overarching philosophy directing the func-
tions.  In the engineering process, we analyze
a need and design and implement a solution.
We’ve learned that implementing a solution
isn’t the end of the process.  We must follow-
up with maintenance, upgrade, retirement, or
cleanup.  Also we must follow through as we
work the other categories with documentation,
evaluation, and project management.  The
framework emphasizes the cyclic and highly-
recursive nature of the engineering process.
We never absolutely finish the job.  We some-
times put the process on hold for a time,
especially after a new implementation, to come
back to continue the job later.

Figure 1.1.11.7. includes the analysis and de-
sign steps (actually groups of functions)  many
people think constitute engineering.  The pro-
cess also includes the implementation step to
study the results of our design and the follow-
up step to use the lessons learned from our
study to do better analysis and design.  The
follow-through step includes documentation
and project management functions  that we do
throughout the other steps.  I’ll provide details
for the general framework  in Module 1.1.20.1.
When we consider the design step as what
engineers do, the analysis (plan), design (do),
implementation (study), and follow-up (act)
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steps of the engineering process parallel the
famous plan-do-study-act steps of the man-
agement process.  The parallel is reasonable
since both cycles derive from the scientific
method.

One of the most complete published versions
of the system life cycle is that of Blanchard and
Fabrycky.  I’ve listed their functions in Mod-
ule 1.1.9.2.  They allude to follow-through
type activities and follow-up type activities in
their discussion.  For follow-through they ask,
“How is the system to be supported throughout
its life cycle?  This includes a definition of
levels of maintenance, functions at each level,
and anticipated logistic support requirements
(i.e., test and support equipment, supply sup-
port and spare/repair parts, personnel and train-
ing, transportation and handling requirements,
facilities, and technical data).” (Benjamin S.
Blanchard and Wolter J. Fabrycky, Systems
Engineering and Analysis, Prentice-Hall, Inc.,
1981, p. 23.)  I see follow-through functions as
those you do for each of the other functions in
analysis, design, implementation, and follow-
up to make sure you support or follow-through
on all the steps of the life cycle.  I’ll include
functions like project management, documen-

tation, and evaluation in the follow-through
step because you need to perform each of those
functions continuously throughout the life
cycle.

For follow-up, Blanchard and Fabrycky ask,
“When the system becomes obsolete and/or
when items are removed from the inventory,
what are the requirements for disposal?  Can
specific items be reclaimed and recycled?  What
are the effects on the environment?” (p.23.)  In
their diagram of the life cycle they include a
dotted box for “phase-out, disposal, reclama-
tion, and/or recycling”  (p. 22.), but don’t
include that box as one of the functions they
list for the life cycle.  I see follow-up as
perhaps the most important step, because it’s
the learning step.  With follow-up, we learn
from functions like operation; maintenance;
upgrade; obsolescence and replacement; and
clean-up, restoration, and remediation so we
can continuously improve our analysis and
design and to better serve the user.  To me,
follow-up means after we install the object of
our analysis and design we must continue our
attention to meeting the needs of the user and
follow-up to ensure we do what is needed.
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Figure 1.1.11.7.  The cyclic, recursive nature of the engineering process serves the user of the
results of the process as well as the person who conducts the process, whom I call the builder.
The process serves the user and builder over the life of the need or the solution.



107



108

BACKGROUND/INTRODUCTION

1.1.12.  PERSPECTIVE THROUGH ILLUSION —SANDRO BOTTICELLI
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I intend for this book to describe and explain a systems-oriented paradigm for
understanding and implementing processes for engineering and management,
focusing on the role and improvement of management tools and their use within
a discipline having the ability to do and teach 1) describing and evaluating the
organization as a system that incorporates management tools, 2) determining
what tools will work, 3) prescribing how to get or build the right tools, 4)
prescribing how to use the tools best for that organization, 5) predicting the
resulting organizational performance from using the tools, and 6) practicing the
skills and techniques to get the most out of the tools and the organization.

Foreground
Private and public sector managers need tools
to do their job.  What they have are tools that
work both against one another and collectively
against managers.  Indeed, many managers are
slaves to some modern management tools.
Today’s computer-based tools or participative
management techniques don’t work equally
well (if at all) in every situation.  To manage
today’s uncertain, rapidly-changing organiza-
tions, we must evolve the science of building
effective tools and the art (skill) for applying
them.  The future manager will apply tools
across interdependent groups of highly-spe-
cialized professionals in a world with immedi-
ate communications involving huge amounts
of rapidly-changing data and with interna-
tional, if not interterrestrial, scope.  The con-
cept of interdependency carries the idea of and
the need to manage cooperation for continual
performance improvement.  The environment,
work force, and technology are changing to
force success or failure based on our ability to
build and use management tools.

What we need is a paradigm (engineer’s sys-
tems approach to management) with associ-
ated methodologies (integrated sets of tools
for representation, analysis, and prescription
consisting of models, frameworks, theories,
and procedures); operational strategies (gen-

BACKGROUND/INTRODUCTION

1.1.13.  PURPOSE OF THE APPROACH—THE VISION

Background
For a total of 35 years, roughly equally divided
between university research and industrial in-
volvement in management systems, processes,
and tools, I’ve worked with managers frus-
trated by unsuccessful tasks trying to fix their
situations.  The great lesson learned is, no
matter what the industry or agency, unless
management tools fit each other, the manager,
and what is managed, they overwhelmingly
fail.  And unless the manager, the managed,
and the tools reflect the internal and external
forces on the organization, the organization
cannot meet its goals and objectives.  The fit is
a function of the tool and associated guide and
of the process the tool works through.  The
tools must work together and support the man-
ager or they work at odds with each other and
against the manager.

Anecdotal evidence, corroborated by reaction
from managers and information specialists,
indicated that, unfortunately, 70 percent of all
management tools fail.  MIS’s are unused,
plans sit on the shelf, and no one believes the
organization structure chart.  Furthermore, the
people in the organization don’t buy into the
tool or the process using the tool.  The result is
a loss in confidence in the tool(s), the process,
the manager, the organization, and the
organization’s aims.
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eral sequences of activities designed to achieve
some end); and techniques (discrete proce-
dural sequences resulting in outcomes of a pre-
specified form) with which any manager can
evaluate any set of responsibilities and pre-
scribe with predictable levels of confidence
the best management tools, guides, and pro-
cesses, and from which an academic discipline
of management systems engineering can be
taught—all within the future world just de-
scribed.

The individual, old-time furniture maker folds
art into his or her work, but his or her basic
tools have been painstakingly understood,
documented, taught, and improved for genera-
tions.  The science of the right tool for the piece
being worked, fitting comfortably in the
carpenter’s hands, will get the prescribed re-
sults.  The master craftsperson can make a tool
work in less-than-optimum situations, whereas
for the rest of us, put the wrong tool in the
wrong hands and the piece gets butchered or
the handler injured.

Today’s furniture maker is different.  He or she
doesn’t use one-person tools to completely
make one piece of furniture by himself or
herself.  He or she works in teams, sharing
tasks, tools, and information to make large
numbers of pieces of furniture.  Much is auto-
mated where he or she deals more with infor-
mation about what is being done to the furni-
ture rather than doing that thing to the furniture
himself or herself.

Carpentry tools can be grouped by function,
with dozens of different saws, for example, to
ensure the right one fits each nuance of the
function.  We also can master our management
tools and leave room for the creativity and
flexibility of the artist.  Like the carpenter, we
can understand our work so well that we know
all the nuances before they arise and are pre-
pared with just the right tool to do the job.

Without the luxury of generations of time for
evolving tools and teaching their use—and
with breakthroughs in terms of years as op-
posed to centuries—we also must group our
management tools by function and perfect
each one for its specific purpose.  Building or
using a tool for the tool’s sake doesn’t lead to
a successful application.  For success, each
tool must be built and used as part of a process
in a productive system.

The skill by which the master carpenter ap-
plies the proper technique is learned and per-
formed by the carpenter alone, for the object of
his or her skill is mere matter—albeit for a
human customer.  Management skills and tech-
niques, however, must be learned and applied
by both the supervisor and his or her subordi-
nates—human beings.  Thus, the variables of
interest increase geometrically as we consider
the relationships between the supervisor and
the subordinates.

Today’s (and especially tomorrow’s) manager
is less apt to work alone.  With modern data
and information sharing tools (e.g., networks
and shared data bases) and participative man-
agement, the manager works with and makes
decisions with others.  Working together re-
quires reaching consensus on many broad-
ranging and diverse issues affecting many
different people with many different agendas.
An understanding of the various organizations
managers deal with and their cultures helps
managers understand the processes, rules, and
precedents that guide organizational behavior
and decision making.  The complex and dy-
namic nature of the information needed to
support these decision-making processes re-
quires a thorough understanding of the
organization’s stakeholders and systems to
assemble, integrate, and portray this informa-
tion effectively to managers.  This information
gathering, manipulating, and portrayal be-
comes especially important when managing in
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situations of large, rapid change.

Vision
Imagine a management systems engineer in
the future addressing a new set of responsibili-
ties that needs improvement.  By asking the
right questions and observing the right indica-
tors, the management systems engineer scopes
the situation and classifies the organization
according to a number of parameters that will
characterize the organization in terms relating
to management tools and their use.  Based on
the classification of the organization and its
decision maker, the management systems en-
gineer identifies which management tools are
working well and which aren’t and why.  Then
the management systems engineer determines
which new management tools can be selected

and which need to be built to help make the
needed improvement.  The management sys-
tems engineer helps select the right person to
build the new tools or builds them himself or
herself.  The management systems engineer
supports the manager in prescribing how to
use the tools in that unique situation.  Then the
management systems engineer predicts the
resulting organizational performance from
using the tools and the extent of other improve-
ments directly or indirectly affecting perfor-
mance.  The management systems engineer
either helps find or provides training and ad-
vice to identify and teach the needed skills and
techniques to get the most out of the new and
continually improving set of tools and out of
the organization.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS I

1.1.14.1.  SOME GENERAL  CONCEPTS DEFINED QUICKLY

In addition to obvious concepts and their asso-
ciated definitions, like management, system,
and engineering, a number of other concepts
mean different things to different people.  To
make sure we’re all on the same wavelength,
I’ll discuss and define fundamental concepts
before you’ll need them to understand the
ideas and models in this book.  Introducing a
new discipline brings a lot of new concepts.
So, I’ll try just-in-time definitions to keep
from having to deal with too many new con-
cepts or concepts with slightly different mean-
ing than you’re used to by spacing out a num-
ber of fundamental concept modules.  How-
ever, the concepts are cumulative and you’ll
have to carry a concept throughout the rest of
the book.

To have profound knowledge of any subject,
we need operational definitions.  W. Edwards
Deming says, “An operational definition puts
communicable meaning into a concept. ....  An
operational definition is one that reasonable
men can agree on.”  (W. Edwards Deming, Out
of the Crisis, Massachusetts Institute of Tech-
nology Center for Advanced Engineering Stud-
ies, 1986, pp. 276-277.)  In scoping the man-
agement systems engineering discipline, I must
set up new concepts and revisit old concepts.
So I can communicate and we can agree on
meanings, I’ll need to establish operational
definitions for many concepts.  Deming fur-
ther says, “An operational definition is one
that people can do business with.” (p. 277.)  So
we can do business with the engineering pro-
cess, the management process, and the sys-

To help communicate ideas and models for management systems engineering,
discussions of fundamental concepts need to show definitions of terms, relationships
to other terms, and meaning of the terms for a) semiotics;  b) domain; c) responsi-
bility, authority, accountability, and delegation; d) organization; e) decisions and
problem solving; f) manager and management; and leader and other roles.

tems approach, I’ll provide definitions pro-
gressively throughout the book, starting with
this module.

Deming derived his understanding of opera-
tional definitions from Shewhart’s idea of op-
erational meaning.  (Walter A. Shewhart’s,
Statistical Method from the Viewpoint of Qual-
ity Control, Dover Publications, Inc., 1986,
pp. 130-132.)  Operational meaning leads to
consistency, reproducibility, accuracy, and
precision.  We can translate those objectives
into communication for profound knowledge.

Beware of circular definitions.  Such defini-
tions are non-operational.  If I say manage-
ment is something done by a manager or a
manager is someone who does management, I
might be correct, but we can’t understand
management any better from the definition.

The concepts in the next several modules fol-
lowing this one take relatively more discus-
sion.  The concepts in this module take rela-
tively less discussion, and I’ve grouped them
in this general heading.

We have to have a foundation (concepts) to
build on.  Foundation concepts have the char-
acteristic of an assumption.  Another person
might assume differently.  Like all models,
you must know the assumptions from which
the model is derived before you can use the
model.  I’ll put a definition module (glossary
of terms) at the end of the book.  The difference
between the glossary and the foundation con-
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ity and be balanced with other components.

I’ll use flow charting as another example.
Defining symbols and their meaning is seman-
tics.  (Rectangle is action, diamond is deci-
sion.)  Stating the rules for what to do and what
not to do in combining the notions is syntactics.
(One arrow from an action to a decision is OK.
Two arrows from the same action to the deci-
sion isn’t OK.)  Telling why we do this is
pragmatics.  (We use the symbols and rela-
tions to show work flow; to show start, end,
and direction; and to clarify.)

Domain
Generally speaking, a domain is a sphere of
influence or activity.  We say the king’s do-
main.  In mathematics, a domain is the set of
elements to which a mathematical or logical
variable is limited.  A domain implies ele-
ments, components, or parts, as in a system.  A
domain implies boundaries, across which
things flow.  For example, capital, labor, equip-
ment, or material (CLEM) can flow from out-
side your domain to inside your domain, or
vice versa.  If you’re responsible for every-
thing inside your domain, whatever flows in
becomes your responsibility.

I’ll use domain to clearly distinguish sets of
responsibilities.  I want to use the idea of
boundaries, flowing in and flowing out, and
influence and activity to help define what is
inside a domain and what is outside.

Responsibility, Authority, Accountability,
and Delegation
I’ve taken definitions of responsibility, au-
thority, accountability, and delegation from
the glossary in Management by Patrick Mon-
tana and Bruce Charnov: “accountability  the
obligation to give account for the results ex-
pected ..... authority  the power to act for
someone else ..... responsibility  the duty or
task to be performed ..... delegation  the art of
assigning responsibilities to others together

cepts modules is the difference between se-
mantics and semiotics.

Semiotics
I’ll borrow the concept of semiotics from lan-
guage.  Semiotics comprises semantics,
syntactics, and pragmatics.  The definition of
semantics is:  “the study of meanings, includ-
ing theories of denotation, extension, naming,
and truth.”  Terms are semantics.  So, the
glossary defining terms is like semantics.  The
definition of syntactics is: “the study of the
rules of syntax, which is an orderly or con-
nected system of arranging words or symbols
as in language or calculus.”  Constructing
rules of the relation between a term for a notion
and terms for other notions is syntactics.  Mod-
els are the syntactics.  Sentences, statements
using the terms, make up syntactics.  The
definition of pragmatics is: “a branch of
semiotics that deals with the relation between
signs or linguistic expressions and their us-
ers.”  Purpose, or what I want to do, is the
pragmatics (the message—what I want to say).
So, the modules on foundation concepts will
include definitions, relationships of terms, and
meaning.  The foundation concept will include
the notion (words), the model (relations), and
the meaning (purpose).  The definitions of
notion are:  “(1) an individual’s conception or
impression of something known, experienced,
or imagined; (2) an inclusive general concept;
(3) a theory or belief held by a person or
group.”

I’ll use the foundation concept of “manager”
as an example.  1.  Define the notion: The
manager is a decision maker.  2.  Relate the
notion to other notions: Problem solving is a
set of related decisions made by a manager.
The manager makes decisions about his or her
responsibilities using his or her management
tools.  3.  State the purpose or meaning; state
the message: Managers make decisions to get
insight and improve their domains;  the man-
ager must fit within the domain of responsibil-
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with the delegated authority commensurate
with the responsibilities for the accomplish-
ment of results.” (pp. 441-449, Barron’s Busi-
ness Review Series, 1987)  (Notice the circular
definition of accountability.)

Adizes says, “Delegation is the process of
transferring tasks down the organization hier-
archy and creating a sense of commitment for
carrying them out.  The task can be to make
decisions or to implement the decisions.  When
the task is to implement a decision that has
already been made, and the authority given is
only tactical in nature, it is called delegation.
If the task is to initiate decisions, that is to
make decisions as to what should be imple-
mented, it is decentralization.” (Ishak Adizes,
Corporate Lifecycles, Prentice-Hall, 1988, p.
40.)

Accountable relates to account as in financial
account and reasoning as in setting an account.

I have someone build steps to my house.  I
delegate authority to bring people and materi-
als together to do the job.  They are responsible
to use people and materials to meet specifica-
tions on time within cost.  Someone falls on my
steps.  Who pays?  Me.  I’m accountable.

Max DePree says, “At the heart of being ac-
countable is the matter of caring.”  (Max
DePree, Leadership is an Art, Dell Publishing,
1989, p. 41.)  When you’re accountable, you
need to care.  When you care, you’ll want to
hold yourself accountable.

The concepts of responsibility, authority, ac-
countability, and delegation are related and
work together as described by Daniel L.
Babcock in his book, Managing Engineering
and Technology (Prentice Hall, 1991).  “Three
interrelated concepts of importance are the
assignment of duties, delegation of authority,
and exaction of accountability, as shown in

[Figure 1.1.14.1.1.].  Managers use their au-
thority to assign duties to subordinates, mak-
ing them responsible for carrying out the speci-
fied activities.  This assignment proceeds in
stages from top management down.  A com-
pany president may assign responsibility for
all technical matters to the vice president for
research and engineering; the vice president
may assign responsibility for all project mat-
ters to a chief project engineer, who in turn
assigns the duty of carrying out a specific
project to engineer X.

Once a subordinate has been assigned tasks to
perform, it is important to provide him or her
with the resources needed to carry out the
assignment.  This is called delegation of au-
thority and can include authority over people
who will be needed to carry out the assign-
ment, financial authority to acquire the equip-
ment, perform the travel, or make other com-
mitments of resources needed.  Like assign-
ment of duties, delegation of authority pro-
ceeds in stages from top management down.  It
is an essential management precept that ‘au-
thority should be commensurate with respon-
sibility,’ so that a subordinate has enough
authority to carry out assignments effectively.
Unfortunately, in many cases (especially in
managing projects) the engineer is not given
enough authority, and must rely on personal
influence, persuasion, or the threat (veiled or
not) of appeal to higher authority.

When the manager has assigned duties to a
subordinate and delegated authority to carry
them out, he or she is still not through.  The
manager must exact accountability from the
subordinate by making the subordinate re-
sponsible to the manager for carrying out the
duties and reporting progress periodically.  The
manager has now made the subordinate ‘re-
sponsible for’ the task and ‘responsible to’
report progress, but the manager is still ac-
countable (responsible) to the next higher level
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of executive to assure that the task is effec-
tively carried out—hence the saying ‘you can’t
delegate responsibility.’” (pp. 111-112.)

I prefer to use supervisor for the word manager
in Figure 1.1.14.1.1.  Both the supervisor and
the subordinate are managers, or decision mak-
ers.  Now, in addition to providing subordi-
nates the resources to carry out an assignment,
the supervisor has to ensure the subordinate
has and knows the process for using the re-
sources, or as Deming would say, “Know the
method.”

Define Organization
“The word organization is used to describe
two very different aspects of getting work
done: the structure and the people who inhabit
the structure.” (Gabriel A. Pall, Quality Pro-
cess Management, Prentice-Hall, Inc., 1987,
pp. 182-183.)

We use the organization structure aspect of
getting the work done to help us assign (del-
egate) and communicate responsibility and
authority and to access accountability.  The
organization structure typically is functional,
sorting people and responsibility by the kinds
of work people do so they can share the opera-
tions tools they need to do their work.  The
people in a given box in the classical organiza-
tion structure do similar kinds of work, have
similar backgrounds, and use similar tools.
We use the people who inhabit the structure
aspect of getting the work done to move the
product or service through the organization to
satisfy our customers.  People’s work tends to
be cross functional.  That is, we depend on
people in a different function from ours, and
those who depend on us are in a different
function from ours.  Therefore, the difference
between the classical structure and the logic of
people’s work is the difference between func-
tional (considered to be a vertical look at the
organization) and cross functional (consid-
ered to be an horizontal look at the organiza-

tion).  (See Modules 3.4.1.1.1. through
3.4.1.1.3.)

Decisions and Problem Solving
I discussed the concepts of decisions and prob-
lem solving in Module 1.1.11.2.  Since man-
agement is decision making and engineering is
problem solving and the two are closely re-
lated, these concepts are important in and of
themselves and in relation to other concepts,
like responsibility, domain, and leadership.
Figure 1.1.14.1.2. shows a decision making
process model.  The manager uses information
from decision or management tools to render
decisions regarding a problem.  The decision
maker should make decisions that lead to ac-
tions only on those things for which he or she
has authority.

“The contingency model of decision making
states that the selection of a decision strategy
is contingent upon problem characteristics and
decision maker characteristics.  Kurstedt, Polk,
and Hughes (1989) have expanded this model
by adding decision tool characteristics and
decision characteristics.” (Thomas E. Polk,
Decision Making Strategies: The Influence of
Task Complexity, Decision Importance, Deci-
sion Maker Impulsivity, and Decision Maker
Gender, p. 7.)  “Figure [1.1.14.1.2.], The De-
cision Making Process Model, shows the model
with its four components.  The problem, man-
ager, and decision components are essential
for all decision making.  This is consistent with
Gorry’s (1971) model where he shows only
one component, the manager, with informa-
tion as input and decisions as output.  The
decision tools component is considered an
auxiliary component.

Kurstedt et al divide the problem component
into two subcomponents: decision task and
constraints.  Decision task is further divided
into a question (or series of questions) and a set
of available information external to the deci-
sion maker.  Comparing this with Gorry’s
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model, the question, information, and con-
straints are all information input to the man-
ager.  Another point worth noting is the Kurstedt
et al model makes the components of the
problem explicit.  In the real world, one piece
of information might trigger the manager to
realize there is a problem.  Representing such
a case in the Kurstedt et al model might indi-
cate the question, set of information, and con-
straints are sometimes implicit in the initial
presentation of the problem to the manager.

Managers are complex and there exist a num-
ber of ways to view a manager as a component
in a process.  Kurstedt et al emphasize two
subcomponents: resources and personality.
The resources include knowledge, experience,
ability, and intelligence.  Kurstedt et al say the
manager’s personality ‘determines how the
(manager) uses the resources’ (Kurstedt, et al,
1989, p. 59).

‘The decision component contains a plan of
action designed to answer the question or
questions set forth in the task’ (Kurstedt, et al,
1989, p. 59).  It’s not clear in the literature what
is a decision and what is the result of a deci-
sion.  Webster’s (1989) definition includes the
word ‘the act or process’ which would indicate
a decision is a process.  Kurstedt et al use the
term as a ‘plan of action’ which results from a
process.

The decision tools component may or may not
be used by the decision maker.  The decision
tools consist of devices external to the man-
ager, used to manipulate or store data and
information to support the manager.  The deci-
sion tools might include a wide range of tools

from pencil and paper to sophisticated com-
puter models for cost-benefit analysis.  The
decision tools also might include people: ex-
perts, analysts, and information coordinators
who support the manager.

Information constitutes the interface between
the manager and the decision tools.  The man-
ager may request information of and/or pro-
vide information to the decision tools.  The
decision tools provide information to the man-
ager.” (R. Martin Jones, The Strategic Deci-
sion Processes and Information Needs of
Nuclear Government-Oversight-Agency  Man-
agers, 1990)

Manager and Management
I discussed the concepts of manager and man-
agement in Modules 1.1.11.2. and 1.1.11.3.
I’ll tie one and only one manager to a domain.
If one manager passes responsibility and deci-
sion making authority on a task to someone
else, that task is in the someone else’s domain.
A manager may share authority but, until ac-
countability passes, the task remains in the
original domain.  Of course, domains are hier-
archical.  There’s a one-to-one correspon-
dence between a domain and a manager.  If
domains overlap, expect problems.  Since do-
mains are hierarchical, your domain is also
part of the domain of your supervisor.

Leader and Other Roles
Leadership is a role people play that typically
has certain types of decisions that go along
with the role.  All leaders are decision makers.
Therefore, they’re managers.  As a manager
you may or may not play a leadership role at a
particular point in time.
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Information

Decision Tools

Problem

•  Decision Task
•  Constraints

Manager

•  Personality
•  Resources

Decision

Figure 1.1.14.1.2.  The decision making process model (adapted from Kurstedt, et al, 1990).  This
figure came from Martin Jones on our work together on his PhD dissertation during his tenure at
Virginia Tech.

Assigns
duties

to

Delegates
authority

to

Exacts
accountability

from

Manager

Subordinate

Figure 1.1.14.1.1.  Delegation, authority, and accountability (taken from Daniel L. Babcock)
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RESPONSIBILITY

Responsibility is a unique concept:  It can only reside and in-
here in a single individual.  You may share it with others, but
your portion is not diminished.  You may delegate it, but it is still
with you.  You may disclaim it, but you cannot divest yourself of
it.  Even if you do not recognize it or admit its presence, you
cannot escape it.  If responsibility is rightfully yours, no evasion
or ignorance or passing the blame can shift the burden to
someone else.  Unless you can point your finger at the man
who is responsible when something goes wrong, then you have
never had anyone really responsible.

H.G. Rickover

Responsibility is at the heart of our work; and, if we depend on others and others
depend on us, responsibility is at the heart of those dependencies.

Situation Description
Consider the quote in Figure 1.1.14.2. from
Admiral Hyman G. Rickover.  Rickover was
very successful in the startup and direction of
the nuclear energy programs.  His personality
and style are largely held in question today.
However, his success isn’t disputed.  Today,
we look to people to be self-motivated and we
search for dignity in a productive workplace.
(Consider Weisbord’s book: Productive Work-
places.)

Exercise
Evaluate Rickover’s quote on responsibility.
What are the important components of respon-
sibility?  From where does responsibility origi-
nate in an organization?  How many people
can be responsible for the same thing at the
same time?  What thoughts do you find ques-
tionable or objectionable in the quote?  Re-
write the definition of responsibility to be
more in line with thinking like that of Weisbord.

BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS I

1.1.14.2.  EXERCISE ON RESPONSIBILITY

Figure 1.1.14.2.  What are the parts of Rickover’s definition of responsibility that support
modern thinking like that of Weisbord?
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS I

1.1.14.3.  DEFINE DOMAIN  OF RESPONSIBILITY

Simon says management is synonymous with
decision making.  Decision making about what?
Forrester says management is the conversion
of information to action; and the conversion
process is decision making.  Information about
what?  Action on what?  I call the what in all
these questions a person’s domain of responsi-
bility.

Domain implies limits and scope.  That is, we
can lay out a domain and figure out what’s
inside the domain and what’s outside.  A
responsibility requires an agent.  That is, a
human being who has the power to act and
who’s answerable or accountable for some-
thing.  And this assumes that person has some
measure of power, control, or authority over
that something.  A responsible person has
some burden or obligation.  So, a domain of
responsibility must have an accountable per-
son tied to it—a manager who uses informa-
tion to make decisions leading to actions af-
fecting the domain.

Each domain has only one person accountable
for the responsibilities in the domain.  That one
person may practice teamwork, seek partici-
pation, and delegate responsibility within the
domain.  However, that one person will ulti-
mately be held accountable for the domain.

A domain of responsibility is a connected,
identifiable object of authority—a set of re-
sponsibilities—for which a person is account-
able.  Everyone has one or more domains of
responsibility; and, using Peter Drucker’s idea
of an executive (see The Effective Executive),
each such person uses information to make
decisions resulting in actions affecting what is
managed within that domain.

I subscribe to the meaning of management,
and of manager, characterized by Simon and
Forrester.  Precisely, management equals de-
cision making.  A manager is a decision maker.
In this context, every person is a manager of
something.  In Figure 1.1.14.3, the young boy
is using information to make decisions about
his marbles.  He is responsible for them, what
is done to them, and the outcome of using
them.  His actions have a purpose or aim;
perhaps enjoyment or to win a match.  In this
case, the boundaries of his domain of respon-
sibility are clear.  He’s drawn a line around his
marble game.  He has delimited his domain of
responsibility.

Later, we’ll treat the boy’s delimited domain
as a system—a management system.  And, as
such, the boy’s system is part of a larger
system—in this case, his father’s farm.  The
father’s domain of responsibility is also easy
to delimit.  Just look for the boundary fences.
The father is responsible for everything inside
the fence and nothing outside the fence.  Let’s
look one more step.  The father’s management
system is part of a larger system—the domain
of the king in Figure 1.1.14.3.

Most management systems, or domains of
responsibility, are not so easy to delimit.  Per-
haps one of the hardest things in management,
in addition to dealing with personnel, is delim-
iting clearly and concisely our domain—ex-
actly what it is we’re responsible for.  Often
our professional domain comprises many seem-
ingly unconnected subdomains.  Each
subdomain can be considered a domain of
responsibility if we’re interested in doing some-
thing to improve that subdomain or our man-
agement of it.  We can make matters more

You can’t manage well if you don’t know exactly what you’re responsible for.
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confusing by including one or more of our
personal subdomains for which we’re respon-
sible, together with our professional domain.
In an organization, we must clearly understand
what is our domain and what is somebody
else’s.  In Citibank, they’ve built into their
culture a handy way to distinguish among
many domains of responsibility.  If you walk
around the halls of Citibank (literally distrib-
uted all over the world) you’ll hear someone
talk about Joe’s world, or Jane’s world, or
whomever’s world.  “George is in Pete’s
world.”  That is, Pete is responsible for George.
“Our accounting function is in Sally’s world.”
That is, Sally is responsible for our account-
ing.  “The building on Fifth Avenue is part of
Anne’s world.”  That is, Anne is responsible
for that building.

The use of the word world works for Citibank.
Citibank people are forever distinguishing
among their responsibilities.  So, they make
fewer mistakes in not carrying out a responsi-
bility somebody thinks is theirs.  And they
don’t act on something that isn’t their respon-
sibility.  (Later I’ll talk about problems result-
ing in suboptimization when you isolate your
world by  drawing boundaries around it.  How-
ever, I believe you build bridges best between
yourself and others after you understand and
feel good about yourself and what you do.  In
a real world, sometimes you have to concur-
rently define your domain and bridge your
domain to others.)

Not only in managing something do you need
to know exactly what you’re dealing with.
Also, in the business of building management
tools, you need to know precisely what the tool
is supposed to work on and whom the tool is to
work for.  Assume you manage, among other
things, people; and you decide to hire someone
and bring an additional person into your do-
main of responsibility.  Now everything you
use to manage that reflects numbers and types
of people, locations, and arrangements has
changed.  Many more changes and your man-
agement tools won’t work like they did before.
Your world has changed.

Your domain is connected to other domains,
just as a subdomain within your responsibility
is connected to other subdomains in your do-
main.  If you draw a line around your domain,
you can find other similar domains (in many
ways similar to but not identical to yours) that
you’re horizontally (functionally) related to.
You can also find different types of domains
yours is related to.  And you can find domains
accountable for everything in your domain,
and more.  Your domain relates to these verti-
cally or hierarchically (structurally).  As we
think about management tools and how they
should help the manager, we’ll worry about all
these other domains the domain of the man-
ager is related to.  Thus, our domain of respon-
sibility is an open system with many interac-
tions with its environment.
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Figure 1.1.14.3.  The domain of the young boy is within the domain of the farmer, which, in
turn, is within the king’s domain.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS I

1.1.14.4. DETERMINE  YOUR UNIT  OF INTEREST

Most engineering faculty turn out extremely capable graduates who work hard and
produce wonderfully elegant solutions to the absolutely wrong problem.

I’m discussing the domain of responsibility as
a management consideration and the unit of
interest as an engineering consideration.
They’re really similar issues.  Both are in-
tended to ensure you focus on the system,
subsystem, or component you’re responsible
for.  You don’t want to work on the wrong
thing.  What makes a thing wrong is 1) when
you work up a perfectly wonderful solution to
the wrong problem or 2) when you and some-
one else are unknowingly working and acting
on the same or overlapping problems, which
leads to errors of omission or contradiction.

We don’t teach young people how to deter-
mine the unit of interest.  Part of the problem
is that the things engineers and managers work
on are systems.  Systems have subsystems and
are part of larger systems.  The confusion over
unit of interest can be either the wrong system
or the wrong level in the hierarchy of systems
and subsystems.  By the way, figuring out what
the right problem is, or determining the unit of
interest, is a strategic endeavor (as opposed to
a tactical or operational endeavor).  That’s
why determining the unit of interest or delim-
iting the domain of responsibility seems hard
to do.  Strategic endeavors aren’t as well
defined and we have fewer automatable tools
to help.  But more about that later when I
discuss strategic decision making.

Understanding the aim of the system and how
all the components of the system fit together to
serve the whole and the cyclic, recursive rela-
tionship of all the functions in the engineering
and management processes are prerequisites
for applying tools and techniques effectively
and efficiently.  If you don’t know the theory,
you’ll confuse techniques with principles and

not use the technique based on a principle that
reflects the theory.

A good engineer, and also a good manager,
must be able to walk the workplace and see
how everything fits and works together to get
the best performance from the unit of interest.
This engineer or manager must understand
cause and effect among all the system’s parts
and between the parts and the whole.  Under-
standing cause and effect requires profound
knowledge.

Some people might use the term unit of analy-
sis for unit of interest.  I choose unit of interest
on purpose.  We will do analysis, synthesis,
and any other scrutinizations on the unit of
interest.  Perhaps, unit of focus is a good
alternate term.

An important issue behind my unwillingness
to use the term unit of analysis is that analysis,
synthesis, and other scrutinizations can work
within the systems approach.  There is a differ-
ence between analysis within and not within
the systems approach.  Analysis looks at the
components of a system.  In the systems ap-
proach, you look at each component in terms
of how that component works toward the
whole—how it works toward the aim of the
system.  You must coalign the aim of each part
and the whole.  Even though the aims may not
be the same (I’m considering intensive and
extensive qualities as described in Module
1.1.16.2.), they must work together.  For ex-
ample, the accounting department (compo-
nent) organizational culture may be different
from the culture of the larger organization
(whole), but the aims must work together.
Specifically, the accounting department aim
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must work toward the aim of the larger organi-
zation.

You can do analysis where you look at each
component in a vacuum.  This isn’t the sys-
tems approach.  If you optimize the compo-
nent, you get the best out of the component.  In
the systems approach you work on the compo-
nent as best you can to get the best out of the
whole.  Recall the statement of Deming from
Module 1.1.11.5. on defining a system: “If the
parts are optimized, the system will not be.  If
the system is optimized, the parts will not be.”
That quote is worth repeating any number of
times.  The quote negates the notion that if all
the departments in an organization are the best
they can be, then the organization is the best it
can be.  One or more departments must
suboptimize for the benefit of the other depart-
ments and the whole.  For example, the pur-
chasing department may have to spend more
money to get something besides the cheapest
part so the engineering department can put a
dependable part in the product the organiza-
tion makes.

Many students don’t read (study) their mid-

term questions carefully and do a beautiful
answer to something I didn’t ask for.  I’m torn
between giving a good grade for a good job
and a bad grade for the wrong job.  In business,
you fail.  This usually happens to the brilliant
students.

Part of understanding the problem is the con-
cept of ownership.  In discussing ownership,
Max DePree says, “Good readers take posses-
sion of what they are learning by underlining
and commenting and questioning.”  (Max
DePree, Leadership is an Art, Dell Publica-
tions, 1989, p. 4.)  Once you own the problem,
you’ll solve the right one.  When I discuss a
quality culture (Module 3.3.1.), I'll show the
importance of the value of learning to con-
tinual improvement and to management sys-
tems engineering.

In summary, you can do analysis within the
systems approach—if you keep the whole and
its aim in mind as you scrutinize its parts.  Most
people lose the forest for the trees and scruti-
nize the part for its own sake.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS I

1.1.14.5. DEFINE A MANAGEMENT  SYSTEM

A system is defined as something that changes
inputs into outputs, resulting in throughput, all
to meet a common aim, with measures of
performance to ensure you’re meeting that
aim.  Your domain of responsibility, or your
management system, meets this definition.
The domain of responsibility takes many types
of inputs from its environment and converts
them to outputs.  To be successful, your man-
agement system must work toward a common
aim.  I discuss in some detail later the need to
define and measure the performance of the
management system in meeting its aim.

I think viewing an organization as a  manage-
ment system is fundamental to industrial engi-
neering.  So, let’s look at the definition of
industrial engineering as adopted by the Insti-
tute of Industrial Engineering and quoted in its
publications: “Industrial Engineering is con-
cerned with the design, improvement, and
installation of integrated systems of people,
materials, information, equipment, and en-
ergy.  It draws upon specialized knowledge
and skill in the mathematical, physical, and
social sciences together with the principles
and methods of engineering analysis and de-
sign to specify, predict, and evaluate the re-
sults to be obtained from such systems.”

Figure 1.1.14.5.1. is a simplistic representa-
tion of an integrated system including the
elements in the definition of industrial engi-
neering.  I’ve put the resources inside a bound-
ary to delimit the domain of responsibility for
these particular capital, people, equipment,
materials (CLEM), energy, and information.
(I’ve added capital to the list of subsystems the
industrial engineer is concerned with integrat-

ing.)  These resources come into, go out of, and
get transformed in an organization.  After
putting the resources in Figure 1.1.14.5.1. in
place, they have to be managed as a system.
That is, they need a manager within the system
to get the system to do anything.

Figure 1.1.14.5.2. shows the elements required
to perform any managerial activity now sepa-
rated into three components.  These compo-
nents must be included in our study of how to
engineer integrated management systems.  By
placing the manager in an integrated system
context, I’ve defined a domain of responsibil-
ity, the domain of that manager.  That is, if we
look inside a domain of responsibility, or a
management system, we’ll see the compo-
nents in Figure 1.1.14.5.2.

The manager is one component of a manage-
ment system.  The manager makes decisions
for the components in the management sys-
tem; but, as we learned from Forrester, the
manager needs information to make decisions.
We must recognize the importance of the
mechanisms that provide the information.  If
decision making is converting information to
action, we must also recognize the converting
of data into information—the data indicating
the results of the actions the manager takes.
These information-providing mechanisms are
a component of the system.  I call the compo-
nent management tools.  Collectively, the re-
sources are the physical responsibilities of the
manager and are a component of the system,
which I call the operation.  The operation
embodies the work process. From the perspec-
tive of the management systems engineer, the
three components are functionally indepen-

If you consider your domain of responsibility as a system, you have a management
system.
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dent, but interconnected, within the domain, as
seen in Figure 1.1.14.5.3.

In Figure 1.1.14.5.3., I’ve shown the three
components as functionally different, separate
but overlapping.  One of the dangers in analyz-
ing a system is taking components that are
intertwined and separating them apart for con-
venience of study, observation, or explana-
tion.  For convenience and simplicity, I’ll
separate the components further later.  Please
always remember their oneness within the
context of a management system.

The description represented by these figures
doesn’t mean the domain is completely de-
scribed.  Other perspectives exist that require
focusing on different components; for example,
the human factors engineer may be concerned
with the amounts of light and noise in the
workplace, or the sociologist may be con-
cerned with interpersonal communication pat-
terns or office arrangements.

In Figure 1.1.14.5.4., I’ve not only dropped the
details of the components by giving them
functional names, I’ve changed the overlaps
among the components into interfaces between
pairs of components.  The interfaces will serve
us well as we engineer the management sys-
tem and especially as we study the building
and use of management tools, which convert
data from what is managed into information
for who manages to use in making decisions.
Our study of management systems engineer-
ing will focus on the interfaces within the
context of the systems approach.  Your man-
agement system is connected to other manage-
ment systems, just as domains of responsibil-
ity are connected, which I discussed at the end
of Module 1.1.14.3.

The management systems engineer studies the
relationships between the components of the
management system and their interfaces as
shown in Figure 1.1.14.5.4.  Despite my show-
ing a functional separation between the com-

ponents, they’re still integrated together within
the system.

Note that I’m defining a system, not a process.
I’ll define a process, which is related to a
system, later in Module 1.1.16.5.  I’m also not
including the systems approach, which I’ll
define in Module 1.1.16.2.  In defining a sys-
tem, I must define components, attributes, and
relationships.  I focus on components in Figure
1.1.14.5.4.   By stressing interfaces I imply
relationships, which I’ll fully describe in Mod-
ule 1.1.18.1.  I’ll describe the attributes of
components in a management system in Mod-
ules 1.4.2.6.1. through 1.4.2.6.3.  I’ll review
processes for building and using management
tools within the context of the management
process in Modules 1.1.21.2. and 1.1.21.4.
The management systems engineer applies the
engineering process to the management pro-
cess under the purview of the systems ap-
proach.

The what is managed component represents
the work process of the management system—
the core application system (See Module
1.1.11.6.3. on the engineering process.) to
which management systems engineers apply
the engineering process.  This component lists
capital, labor (people), equipment, and materi-
als (CLEM) and energy.

Behind the model in Figure 1.1.14.5.4. is a
more basic model that says anything can only
be 1) matter, 2) energy, and 3) information.
Matter includes CLEM.  However, we often
use capital as a surrogate or a yardstick for
anything.

Consider a classroom a domain of responsibil-
ity as described in Module 1.1.14.3.  The who
manages is the professor.  The what is man-
aged includes students, the room, books, and
other physical responsibilities.  The what is
used to manage is the data and information in
the grades, homework, rolls, and other infor-
mation-oriented tools.



132

WE NEED THE MANAGER IN AN
INTEGRATED MANAGEMENT SYSTEM.

ENERGY

EQUIPMENT
CAPITAL

PEOPLEMATERIALS

INFORMATION

M
AN

AG
ER

Figure 1.1.14.5.2.  The manager is a mandatory component in an integrated management
system.

INTEGRATED SYSTEMS INVOLVE
PEOPLE, MATERIALS, EQUIPMENT,

ENERGY, CAPITAL, AND INFORMATION.

ENERGY

INFORMATION

PEOPLE

MATERIALS
CAPITAL

EQUIPMENT

Figure 1.1.14.5.1.  An integrated industrial engineering system involves people, materials,
equipment, energy, capital, and information.
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Figure 1.1.14.5.4.  Management systems engineering focuses on the interfaces between three
components: who manages for the decision maker, what is managed for the collection of re-
sources working together in a work process called the operation, and what is used to manage for
the management tools that convert data about the operation into information for the decision
maker.

Figure 1.1.14.5.3.  The integrated management system has three functionally different
components.

What
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MANAGEMENT SYSTEMS ENGINEERING
FOCUSES ON THE INTERFACES.

THE INTEGRATED MANAGEMENT SYSTEM HAS
THREE FUNCTIONALLY DIFFERENT COMPONENTS.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS I

1.1.14.6. EXERCISE ON DOMAINS  OF RESPONSIBILITY

Situation Description
Sally and Bob graduated from Virginia Tech
together five years ago.  Sally, an engineering
graduate, has been successful in technical sales
for a major chemical company.  Bob, a busi-
ness graduate, has been an administrative offi-
cer for a small company.

Based on their success in working for others,
they both wanted to go into business for them-
selves.  They bought a small shoe store in
Blacksburg, Virginia, close to their alma ma-
ter.

Bob and Sally agreed that Bob would invest
10% more than Sally and thus be the control-
ling partner in the business.

Sally does the inventory and customer end of
the business and Bob does the purchasing and
financial end of the business.  Sally hired John
to carry much of the day-in-day-out customer
service.  John has a flair for decorating and
advertising.

Sally and Bob want to get their management
started right.  They perceive that there might
be gaps or overlaps in their responsibilities.
They’ve recently had a situation where they
each gave John assignments that competed for
the same time.  They don’t want conflicts and
errors resulting from confused or undefined
responsibility.

You've been hired as a management consult-
ant to advise them.  Your first task is to delimit
the necessary domains of responsibility.

Exercise
Consider the hierarchical domains of respon-
sibility in the situation description.  Think
about who is responsible for what inside the
domain of the shoe store.  Make sure all needed
responsibilities are covered.  Write a memo to
the right person delimiting the domain(s) of
responsibility.

Make sure you indicate similarities and differ-
ences among the domain and the relationships
among the domains.  For example, is Sally or
Bob responsible for John or are all three inde-
pendent?  In what way is someone responsible
for someone else?

Comment
Most of the time on my exercises, midterms,
and exams and in real life, you’ll have to make
some assumptions to be able to solve a prob-
lem or answer a question.  Make assumptions
and indicate what they are.  Your success
usually hinges on how good your assumptions
are.  Don’t assume away something that is
given but you don’t like.  If you do, you’re sure
to work up a wonderful solution to the wrong
problem.

When you work together with other people, you must know what your responsibili-
ties are and are not or you’ll be stepping on the toes of others by either duplicating,
and probably contradicting, decisions and actions or by overlooking and neglecting
decisions and actions.
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BACKGROUND/INTRODUCTION

1.1.15.  THE SYSTEMS PERSPECTIVE—AUGUSTE RODIN (ETERNAL

SPRINGTIME)

Simply put, you’ll not understand and be suc-
cessful at either the engineering process or the
management process until you understand and
internalize the systems approach.  Both pro-
cesses (and probably all processes) operate
under the purview of the systems approach.
From Taylor to Deming, we learn about and
evolve our understanding of the systems ap-
proach.  Because the systems approach is
conceptual rather than tangible, many people
never understand the systems approach.  The
systems approach is more than a mind issue;
it’s a heart and a gut issue.  Artists tend to be in
touch with their heart and gut as well as their
mind.  Therefore, I believe we can learn a lot
from those artists who understood and tried to
capture the systems approach through images
or their creative process.

I don’t believe you learn the systems approach
progressively, like you do math or science.
Also, I can’t give you a pill that you can take
today and tomorrow you’ll be cured of non-
systems thinking.  You have to immerse your-
self in thinking about the whole and what that
means and about everything around you being
a system with its associated processes; and
then one day the systems approach will reveal
itself to you.  I suggest that considering the
paintings or sculptures of the artists who came
to know the systems approach is a good place
to start your immersion.

I’ll try to give you a feel for the systems
approach by taking the dangerous path of
analyzing the systems approach.  I’ll describe
the systems approach through three perspec-

tives: the system, holistic, and generalist per-
spectives.  I’ll use Rodin’s sculptures to high-
light the system perspective.  I’ll use Monet’s
paintings to highlight the holistic perspective.
I’ll use Magritte’s paintings to highlight the
generalist perspective.  The danger in showing
three perspectives for the systems approach is
that the perspectives aren’t truly separable.
It’s like looking at an elephant.  If you look at
the rear, you see a tail.  If you look at the front,
you see a trunk.  If you look at the side, you see
a large mass.  But none of those views or the
sum of the views is a true understanding of an
elephant.  Somehow, you have to see enough
of the elephant that the views, or perspectives,
blend into the whole and you lose the indi-
vidual views but gain a total understanding.

Among others, Rodin, Monet, and Magritte
help me come to grips with the systems ap-
proach.  Rodin’s sculpture clearly embodies
the systems approach (and the engineering
process) and blends the three perspectives.
Yet, I’ll use his sculpture to highlight the
system perspective.  His sculpture couldn’t
highlight the system perspective if the sculp-
ture didn’t embody all three perspectives.

I’m fascinated by the fact that I discovered
Rodin’s Eternal Springtime and Monet’s O
Degelo (Breaking up of Ice on the Seine near
Vertheuil) in adjoining rooms in the Gulbenkien
Museum in Lisbon and saw how clearly each
highlighted one of the perspectives within the
context of blending the three perspectives.
Rodin and Monet knew each other, exhibited
together, and were born two days apart.  The

In the system perspective, you must recognize the significance of every system
component in its relationship to the whole or you’ll have the wrong components or
too many or too few components.
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influence they had on each other and the result
of having the same historical environment
influence them is hard to measure.

As we look at Rodin’s sculpture, consider the
balance in each work.  Rodin strove for
dynamicism and movement from within the
piece.  Not surface movement, but movement
rising out from inside the moment he captures
in the sculpture.  A person couldn’t hold some
of his poses for long; the work shows a snap-
shot of movement.  Ingrained in the snapshot
is extreme balance.  The sculpture shows mo-
tion and feeling but they are solid and stable.
Biographers of Rodin say, “He loves life: ‘
Sculpture does not need to be original, what it
needs is life’, [Rodin] says.  And to him life
means movement, action. .... [Rodin said] ‘I
used to think that movement was the chief
thing in sculpture and in all I did it was what I
tried to attain.  My Gates of Hell is the record
of these strivings... There I have made move-
ment yield all it can.’ .... But [Rodin] does not
think of movement simply as the transition
from one attitude to another, a gesture or the
shifting of an object in space.  Movement is a
way of expressing inner life, it is the emotional
impulse that causes his sculptures to thrill and
surge from within. .... ‘Grief, joy, thoughts—
in our art all becomes action’, [Rodin] said. ....
Movement foments and exalts matter: it is the
subjective drive that animates objective form.
All feeling is expressed by an inner move-
ment.  Movement also signifies becoming.
The concept of time joins that of space, giving
a new dimension to the work of art.” (Ionel
Jianou, Rodin, Editions du Musee Rodin, Paris,
1990, p. 14.)

Rodin said, “Intelligence designs but the heart
does the modelling.” (Ionel Jianou, Rodin,
Editions du Musee Rodin, Paris, 1990, p. 7.)
Design is central to the engineering process
and comes from the head.  The engineering
process I’ve described goes beyond design
and intelligence into meaning and feeling.  To

model the organization well with people in it,
you must go beyond intelligence into the heart.
Review the fundamentals of the engineering
process in Module 1.1.11.6.4. and discover
how significant role modelling and models
(equations or algorithms) are for understand-
ing the laws of nature and interacting with
people.  To do the management process, you’ll
need to use your head and your heart and gut.

In the system perspective, we emphasize the
necessity of each of the components of the
system and its importance in moving toward
the system’s aim.  When Blanchard and
Fabrycky talk about a system comprising com-
ponents and their attributes and relationships,
we don’t know if they mean relationships
among the components, relationships between
each component and the whole, or both.  Rodin
clearly means relationships between each com-
ponent and the whole.  By exhibiting this
preference, Rodin ties the system perspective
to the holistic perspective and brings forth the
systems approach.

Rodin said, “Great artists proceed as Nature
composes, not as anatomy describes.  They do
not carve a particular muscle or nerve or bone
for its own sake.  They see and express the
whole and by broad planes their work throbs
with light or sinks into shade...  The expression
of life, to preserve the infinite suppleness of
reality, must never be frozen and fixed.”

His biographer continues, “This concept of
composition is best explained by contrast with
construction.  Composition leads to a balance
of forces, construction to a balance of masses.
One is like music in orchestration of harmo-
nies and concordances, the other like architec-
ture in disposition of volumes.  In composition
a plane is seen in relation to the whole, in
construction in relation to other planes.  Com-
position suggests motion and ‘the infinite
suppleness of reality’, while construction
achieves the solid structure of finite static



138

forms.” (Ionel Jianou, Rodin, Editions du
Musee Rodin, Paris, 1990, pp. 15-16.)

Value analysis, or value engineering, is an
important activity in continual improvement.
Value analysis focuses on the value of each
component of a system relative to the purpose
of the whole.

“‘An artist is Nature’s confidant’, said Rodin.
‘Trees and plants talk to him like friends.’ ...

‘Everything in Nature has character,’ Rodin
said.  ‘Character is the vital truth of any spec-
tacle, ugly or beautiful.  In art, only that which
has character has beauty.  What is ugly in art is
that which is false, artificial, trying to be pretty
or handsome instead of being expressive, that
which is genteel and affected, which smiles for
no reason, is mannered without cause, all that
is show of beauty or grace, all that lies.’

This is the most outright rejection of the theo-
ries of the academic school, who saw art as an
illusion designed to make life more bearable
by showing the image of an ideal world that
would make us forget the miseries of everyday
existence.” (Ionel Jianou, Rodin, Editions du
Musee Rodin, Paris, 1990, pp. 20-21.)

To do the systems approach, you have to be in
tune with nature and the laws of nature.  Rodin
said the trees and plants talk to the artist.  Here,
he’s referring to the life sciences.  As a man-
agement systems engineer, you have to be in
tune with the physical sciences, the life sci-
ences, and the social sciences so you can feel
the cause and effect situations in the work-
place.

“Rodin said: ‘ The artist is the seer.  He is the
man whose eyes are open and to whose spirit
the inner essence of things is made known, at
any rate, as a fact of existence... I reproduce
only what I have seen and what anyone else
could see if they would take the trouble; but
then I am always looking and I know there

remains to be found out infinitely more than I
shall ever have time to discover.’” (Ionel Jianou,
Rodin, Editions du Musee Rodin, Paris, 1990,
p. 13.)

We’ll learn an important rule governing the
management process: Practice inquisitiveness
with everything you touch.  To comply with
this rule, you have to be observant, you have to
care about what you do and whom you do it
with, and you have to search out the laws and
principles governing your work.  Like the
artist, you have to be a knowledgeable seer,
open to the inner essence of things.

When Deming talks about the important things
in an organization being unknown and un-
knowable, he isn’t saying that measurable
things are good and unknowable things are
bad.  He’s simply addressing the relative im-
portance of the things we can measure versus
the things we can’t measure.  How do you feel
about having some things unknown in your
workplace?  How do you feel about having the
most important things unknown?

Rodin addresses the unknowable.  His biogra-
pher says, “By [his] union of becoming and
duration [motion], art ‘advances to the pre-
serve of the Unknowable.’”

“To express in sculpture the new balance be-
tween duration and becoming, substance and
mobility, Rodin used three processes which
shocked his contemporaries: composition,
unfinished form and modelling from within.”
(Ionel Jianou, Rodin, Editions du Musee Rodin,
Paris, 1990, p. 15.)

‘Great works of art say all that can be said
about man and the world, and then convey that
there is something more that cannot be known.
Every masterpiece has this quality of mystery.’

Rodin’s sculpture approaches the Unknow-
able and make us realize its existence.  There
is no art without mystery or without poetry.
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Look at Eternal Springtime in Figure 1.1.15.1.
Is this a system?  Does this system have
components?  Are the people components?
How about a foot or an arm?  What happens if
you change one of the components?  Move a
foot or a hand.  Change a position.  Then does
the sculpture meet its aim?  Have we disturbed
the exquisite balance of the sculpture?

I can show you another sculpture by Rodin
called Illusions Received by the Earth (or The
Fall of Angels).  The woman in this sculpture
is essentially the same woman in Eternal
Springtime.  Now, I’ve implied the compo-
nents are interchangable.  That is, a component
can play one role in one system and another
role in another system.  Each role is necessary
for each of the systems to reach its aim.

What is the aim of Eternal Springtime?  Rodin’s
biographer says, “Eternal Springtime is the
image of love in all its fervor.  The purity of the
sculpture is assured by the exaltation of the
forms.  By the force of generalization and the
intensity of plastic expression, Rodin rises
above sensuality and the particularly case.”
(Ionel Jianou, Rodin, Editions du Musee Rodin,
Paris, 1990, p. 61.)

Is Rodin portraying passion, ecstasy, or rap-
ture?  Is the woman in the sculpture showing
exhaustion, submission, or rapture?  The
answers to these questions address the move-
ment Rodin is bringing from within the sculp-
ture.  He is modelling from within.  Is the
sculpture aimed toward intimacy?  Rodin
integrates the components to achieve his
aim.

What about a different system?  Include the
observer with the sculpture in a system.  Now
what’s the aim of the system?  Does the feeling
or thought of the observer affect the new
system?  This sculpture comes from The Gates
of Hell.  Within The Gates of Hell, the sculp-
ture in Figure 1.1.15.1. is a component.  Now,
what role does the sculpture play toward a

The ‘leaving unfinished’ technique helps to
express better the mystery of form awakening
in the stone.” (Ionel Jianou, Rodin, Editions du
Musee Rodin, Paris, 1990, p. 17.)

His biographer further says, “By extending the
realm of art to the confines of the Unknowable,
[Rodin] restored the mystery of things and the
search for their inner truth.  Thus the artist
became a true creator, instead of remaining a
mere imitator.

Rodin helped his contemporaries and succes-
sors to understand that art is an unrelenting
battle that leads to the very heart of things
where the being finds his essential truth.

In our day, when man aspires to explore the
galaxies, Rodin’s art reminds us that an im-
measurable vaster universe still remains to be
discovered in the human soul and its yearning
for the absolute and eternal.” (Ionel Jianou,
Rodin, Editions du Musee Rodin, Paris, 1990,
p. 120.)

The unknowable in our work gives our work a
sense of mystery.  That mystery makes life
worth living.  We must continually search for,
discover, and learn about the mysteries in our
work processes and in the people we work
with.  A system is more than components.  The
systems approach contains the mystery of an
immeasurable vaster universe yet to be dis-
covered.  When we understand our responsi-
bilities as a system, we find the mystery to-
gether with the tangible.

Rodin said, “Force creates charm.  I have
charmed force.” (Ionel Jianou, Rodin, Edi-
tions du Musee Rodin, Paris, 1990, p. 30.)

His biographer said, “The names of Cezanne
and Rodin will live for ever in the glory of
eternal light as two geniuses to whom we
owe our completely renewed vision.” (Ionel
Jianou, Rodin, Editions du Musee Rodin,
Paris, 1990, p. 29.)
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system’s aim?  Do you see the sculpture in a
different light?

I saw Eternal Springtime in one setting, or
environment.  As part of a system including
me, the observer, the environment had dra-
matic effects on the system.  In another place
and another time, I might not have had the
same relationship with the sculpture.  (That’s
why the frame on a painting is important.)  The
business environment has the greatest effect
on an organization.

When we discuss organizational culture and
the organization as a system, we’ll find that the
business environment and the organization’s
role in a larger system affect how we see the
organization.

Figure 1.1.15.2. is another component of The
Gates of Hell.  The Thinker is usually seen as
its own system.  As the significant top part of
The Gates of Hell, The Thinker contemplates
the plight of the human race.  Now The Thinker
has something to think about.

A fascinating aspect of Rodin’s life was his
relationship with his fellow sculptress and his
mistress, Camille Claudel.  No doubt, Claudel
influenced Rodin and his insight.  When we
consider the artist as seer and the person with
his or her eyes open, we search for the insight
of the artist.  While Claudel contributed to
Rodin’s understanding of the systems ap-
proach, we can see from Figure 1.1.5.3. that
Claudel forfeits balance and stability for move-
ment and emotion.  Much of Claudel’s emo-
tion included despair and pain.  The Imploring
in Figure 1.1.5.3. shows clearly the movement
of despair from within the sculpture.

Rodin’s sculptures have balance.  Rodin’s
sculptures show not only motion and passion
but, unlike the sculpture of Claudel, are solid
and stable.

The movie Camille Claudel with Gerard
Depardieu and Isabelle Adjani presents many
questions about Claudel’s influence on Rodin.
We’ll never know how much of Rodin’s work
was influenced by Claudel and, in fact, how
much of his work is hers.

We’ll never know how much Rodin contrib-
uted to Claudel’s eventual lunacy.  The lunatic
mind isn’t too far from the mind of the genius.
Consider Van Gogh, Edvard Munch, and
Camille Claudel.  They were able to get in
touch with the deep pain and imploring and
other struggles of us all.  Rodin was not a kind
person and treated everyone badly, especially
his fellow sculptors and his mistresses.

“Anatole France wrote in 1900: ‘Insult and
outrage are the wages of genius and Rodin
after all only got his fair share.’” (Ionel Jianou,
Rodin, Editions du Musee Rodin, Paris, 1990,
p. 7.)

One of the contributions of the impressionist
movement was the surfacing of women artists
known in their own right, artists like Camille
Claudel, Mary Cassatt, Lila Cabot Perry, and
Berthe Morrisott.  These women all influenced
and were influenced by male impressionists
like Degas, Monet, and Rodin.

“The liberal middle classes, who had opposed
the despotism of Napoleon III, came to power
after the disastrous war of 1870 and the trag-
edy of the Commune.  Enriched by the indus-
trial revolution, economic expansion and fi-
nancial speculation, these middle-class liber-
als were not bound by tradition. ..... The mytho-
logical and historical subjects of the academ-
ics were ill attuned to the tastes and aspirations
of this rapidly rising new class.  Realists in
their enterprises and speculations, they ex-
pected art to be true and draw its inspiration
from contemporary life. ..... Rodin and the
impressionists nourished [the ideas of inde-
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pendence, sincerity and individualism].  To
apply them, they sought the most appropriate
means and thus came to invent a new language
of art completely opposed to that of the aca-
demic school.” (Ionel Jianou, Rodin, Editions
du Musee Rodin, Paris, 1990, pp. 12-13.)

Rodin said, “‘I have come to realize that geom-
etry is at the bottom of sentiment or rather that
each expression of sentiment is made by a
movement governed by geometry.  Geometry
is everywhere present in Nature.  A woman
combing her hair goes through a series of
rhythmic movements which constitute a beau-
tiful harmony.  The entire rhythm of the body
is governed by law...  Nature is the supreme
architect.  Everything is built in the finest
equilibrium; and everything too is enclosed in
a triangle or a cube or some modification of
them.  I have adopted this principle in building
up my statuary, simplifying and restraining
always in the organization of the parts so as to
give the whole a greater unity...  Cubic reason
is the mistress of things, not appearance.’”
(Ionel Jianou, Rodin, Editions du Musee Rodin,
Paris, 1990, pp. 23-24.)

“Much has been made of the sensuality of
some of Rodin’s sculptures.  Indubitably, he
did know how to render tactile values in marble,
the thrill of a caress and the frenzy of desire.
But his sculpture is never vulgar, for the soul
is always present: he so exalts form that it is
transfigured; he rises above mere sensuality
and the particular case by the power of generali-
zation and the intensity of plastic expression.

Concern for truth in Rodin is always coupled
with the urge to approach the essence of things.
How can this be attained if not by passion?”
(Ionel Jianou, Rodin, Editions du Musee Rodin,
Paris, 1990, pp. 22-23.)

“To Rose Beuret [Rodin’s mistress, whom he
married at the end of her life—less than three
weeks before her death] he wrote, .... You will
not be surprised to hear that from the minute I

reached Florence I have been studying
Michelangelo and I believe the great magician
is letting me into some of his secrets...  In my
room, at night, I make sketches, not of his
works, but of what I imagine as his framework
and the various systems I invent to try to
understand his methods; well, I think I succeed
in giving them that look, that indefinable some-
thing which he alone could give.’

The encounter with Michelangelo’s work was
decisive to Rodin’s evolution, as he confessed
in a letter to Bourdelle, in 1906: ‘I owe my
liberation from academism to Michelangelo.’

He refused to copy or imitate Michelangelo’s
sculptures for he was seeking a much more
fruitful lesson, striving to discover the great
master’s secret and understand how he cre-
ated.” (Ionel Jianou, Rodin, Editions du Musee
Rodin, Paris, 1990, pp.40-41.)

The artist and the management systems engi-
neer must not only look for the inner essence in
nature but also the inner essence of the pro-
cesses with which we produce things.  Not
until we understand the secrets of the pro-
cesses (not just the steps but the meaning of it
all) can we produce better results.

The concepts I intend for you to remember and
will reinforce during the book are:

• To be a successful management systems
engineer, you must understand and inter-
nalize the systems approach.

• The system perspective highlights the ne-
cessity of each system component and its
  importance to achieving the system’s aim.

• Systems show internal movement, always
changing; and a balanced system has both
motion and stability.

• Good models include what we know in our
heart and gut as well as in our mind.
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• Artists and management systems engineers
want to emulate nature by balancing forces
in composition, which relates each com-
ponent to the whole instead of just to other
components.

• The laws of nature drive everything.

• The thrill and joy of mystery in the work-
place come from the unknown and un-
knowable, which are the important things
in an organization.

• A system not only has components but is
always a component of a larger system
with a larger aim.

• The role a component plays depends on the

system the component is part of.

• As an observer, we become part of and,
therefore, change the system.

• In our work, we influence and are influ-
enced by other people and distinguishing
who did what refutes the systems nature of
things.

• In the late 1800’s and early 1900’s, we
made a step function advancement in be-
ing able to see beyond our eyesight to the
inner meaning of nature—in physics, in
psychology, in art, and in management.

• To get better results, dig into the heart of
the process.

Figure 1.1.15.1.  Rodin’s Eternal Springtime highlights the necessity of each component of the
system and the important role each plays in achieving the aim of the system.
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Figure 1.1.15.3.  Claudel’s The Imploring shows how out of balance the pain of imploring can be.

Figure 1.1.15.2.  Rodin’s Illusions Received by the Earth shows the woman as an interchangable
component with Eternal Springtime.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.1. MORE GENERAL  CONCEPTS DEFINED QUICKLY

The concepts in the next several modules fol-
lowing this one take relatively more discus-
sion.  The concepts in this module take rela-
tively less discussion, and I’ve grouped them
in this general heading.  As before, the con-
cepts are cumulative and you’ll have to carry
a concept throughout the rest of the book.

Analysis/Synthesis
In management systems engineering, you’ll
be doing both analysis and synthesis activities,
and frequently and regularly switching from
one to the other.  Analysis is defined as:
“separation of a whole into its component
parts.” (Webster’s Ninth New Collegiate Dic-
tionary)  Blanchard and Fabrycky talk about
analysis of systems.  “The analysis of systems
to be brought into being (or already in being)
may take one of two forms, process analysis or
outcome analysis.  Process analysis subjects
the system to study as a number of related
subsystems and components.  The intermedi-
ate outputs of the system are studied to find the
means whereby they comprise serially related
processes. ..... Outcome analysis, on the other
hand, is usually applied to systems not yet in
being.  It is a macroscopic approach, which
treats the system as a whole.  Focus is placed
on the end result rather than upon intermediate
results and means.” (p. 24.)

We often practice analysis for tractability.  We
divide a problem up into parts because each
part can be handled.  In nuclear engineering,
we analyze the neutrons in the reactor core by
separating the Boltzmann equation (the equa-
tion containing time, space, energy, and angle

To help communicate ideas and models for management systems engineering,
discussions of fundamental concepts need to show definitions of terms, relation-
ships to other terms, and meaning of the terms for a) analysis/synthesis, b) synergy,
c) balance, and d) functions.

functions of the neutrons) into diffusion equa-
tions for space, kinetics equations for time,
group equations for energy, and transport equa-
tions for space.  We can solve each equation
type if we ignore the interplay of all the other
types.  We can’t solve the Boltzmann equa-
tion.  We assume that when we get each type
solved we can somehow assemble the solu-
tions together in such a way that we understand
what neutrons do in a reactor.  When we solve
diffusion equations, we lose the forest for the
trees.  That’s because the forest for neutrons is
intractable for our tools and techniques.

If we practice analysis under the umbrella of
the systems approach, we never lose sight of
the forest.  Each step of an analysis, whether of
the process or the outcome is aimed at the
objective of the whole.  In the systems ap-
proach, analysis of the process is the heart of
the matter because the process begets the out-
come.  Analysis of the outcome is after-the-
fact and is useful to get a window into the
process.  In short, you can separate the whole
into its component parts and either focus on the
aim of the whole or focus on the aim and
functioning of the part.  In the systems ap-
proach, you do the former.

In analysis, we run the risk of losing sight of
the whole and the role the part plays in the
mission of the whole.  Figure 1.1.16.1.1. illus-
trates analysis in a work-breakdown-structure
format.  The arrows show the direction of
focus away from the whole.  The figure also
looks like the typical organization chart, which
Deming argues is dysfunctional.
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Synthesis is defined as: “the composition or
combination of parts or elements so as to form
a whole.” (Webster’s Ninth New Collegiate
Dictionary)  Blanchard and Fabrycky say,
“Synthesis refers to the combination and struc-
turing of parts and elements in such a manner
so as to form a functional entity.  System
synthesis has been achieved when sufficient
trade-offs and preliminary design have been
accomplished to confirm and assure the com-
pleteness of system performance and design
requirements allocated for detail design.” (p.
272.)

Figure 1.1.16.1.2. illustrates synthesis in a
work-breakdown-structure format.  The prob-
lem with Figure 1.1.16.1.2. is that the figure is
an analytical look at synthesis.  The figure
does show the direction of focus toward the
whole.  In synthesis, the parts don’t add up to
the whole.  Assembling the whole isn’t simple
addition or multiplication.  The parts interact
and intermingle to ensure the whole reaches its
aim.  Synthesis mirrors the systems approach.

I believe both analysis and synthesis can be
microscopic and macroscopic.  The difference
between analysis and synthesis is the differ-
ence between separating and melding.  Sepa-
ration includes intervening space.  Melding
includes blending and losing distinction among
the parts.  You can do that at broad or at
specific levels of scrutinization.  You can do
analysis and synthesis activities together.  As
you analyze the unit of interest, you can do
synthesis steps, and vice versa.  You can say
you’re doing mainly analyzing or synthesiz-
ing, but you can’t say you’re exclusively only
doing one or the other.

Whether as a child when you’re responsible
for your pet or as an adult when you’re respon-
sible for a business or your family, you’re
responsible for something.  You’re a manager
because you’re responsible for something.  You
actually manage when you use information to

make decisions affecting your responsibili-
ties.  Management system analysis helps you
figure out exactly what you’re responsible for
and what’s different in what you manage from
what others are responsible for.  Based on a
clear understanding and characterization of
your responsibilities, management system
analysis helps identify, design, and build all
the different management tools you need to
help you convert data into information so you
can make good decisions and to identify, de-
sign, and build productivity and performance
evaluation, maintenance, and improvement
systems to get the most out of your responsi-
bilities.  Management system synthesis helps
you use your management tools and perfor-
mance systems to be successful in doing what
you want to do with your responsibilities.

Synergy
Synergy is defined as: “combined action or
operation.” (Webster’s Ninth New Collegiate
Dictionary)  This term is popularly used today
to mean the ability of a system to total more
than the sum of its parts.  The implication is
that you can get more out of something than
you put into it.  We know that notion violates
the First Law of Thermodynamics.

A graphic example of what popularly is meant
by synergy is the situation where a basketball
team with no superstars outperforms another
basketball team with all or mostly superstars.
We know this phenomenon exists—especially
when it’s the other team who wins without
stars.  The phenomenon is important in man-
agement systems engineering because we want
to manage or help someone manage a winning
organization.  What we’re looking at is
suboptimization as opposed to optimization.
Remember Deming’s words, “If the system is
optimized, the parts will not be.”  When all the
parts of a system are there and working at peak
performance toward the aim of the system, we
see a step-function improvement in the perfor-
mance of the system.  That’s synergy—if the
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unit of interest is the system.

Balance
When we first think of balance or being in
balance we think of a beam freely supported in
the center that has two pans of equal weight
suspended from its ends.  We also think of
equilibrium or steady state.  I don’t mean
those.  By balance, I mean for a system to be so
constituted such that when perturbed the sys-
tem can and will come back to a level of equal
or improved performance.  The system is stable.
Balance applies to everything.  When a gym-
nast is on the balance beam and something
goes awry, if they’re in balance they’ll come
back to the same or better position on the
beam.

A system has subsystems and components.
The balance of the system depends not on the
components, rather on the interactions and
interfaces among the components.  For the
system to succeed under pressure or crisis, the
components or subsystems have to work to-
gether synergistically through their relation-
ships.  In Figure 1.1.14.5.3., I showed a man-
agement system with three functionally differ-
ent components and, in Figure 1.1.14.5.4., I
transformed the overlap or intermingling of
the components into interfaces.  I’ve manufac-
tured the interfaces to represent the interac-
tions between pairs of components.  Then, the
balance of the management system depends
on the interfaces and how well they work.

A marble in a trough is stable, or type I,
balance.  A marble on top of a culvert is
unstable, or type II, balance.  Neither is desir-
able for the organization.  Type I is a deadlock
and no improvement is possible.  Type II is a
fake—you think you’re in balance and you
are, but the slightest disturbance will cause a
catastrophe.  My definition addresses neither
of these.  In balance, the organization in bal-
ance can and will come back to a better state
after a disturbance.  We call this kind of

organization a learning system, or a learning
organization.  In imbalance, the organization
can or will come back to an equal or worse
state after a disturbance.  This leads to my
analogy of organizational acupuncture.  A
complex system stays in a “flow balance” even
if there’s a disturbance from outside.  You
can’t do this in a simple system.  This is
homeostasis and is used in chaos theory.

Organizational acupuncture is a catchy notion
implying that we can cure an organization if
we know where to stick the needle.  In the
Chinese culture, yin yang means that the
human’s organs must be in balance for a healthy
system.  Once out of balance one organ can
affect another and the body can get progres-
sively worse in a vicious cycle.  However, if
we can slightly perturb the system in exactly
the right way, we can break the vicious cycle
and start the system back to good health.  In the
organizational analogy, a sick organization
gets progressively worse with all organs inter-
acting negatively.  Our challenge is to know
what little perturbation we can make to break
the vicious cycle and start the organization to
recover progressively getting better as the or-
gans interact in positive ways to bring the
system to good health.

Function
I’ll describe a number of engineering and
management process functions in this book.  A
function is part of a process.  Together, the
functions done correctly constitute the accom-
plishment of the system’s aim.  The function
has the potential to serve a purpose in playing
a part in the process.  You make the function
real (more than potential) by skillfully using
tools and their guides.

In a process, you do steps, each of which
serves a function.  In mowing the lawn with a
gasoline-powered lawn mower, you start the
mower.  The purpose or function is to energize
the mechanics of the machine.  The system
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includes you, the lawn mower, and the lawn.  If
your responsibility is maintenance on the lawn
mower, your unit of interest doesn’t include
the lawn and the aim of the system is different
from mowing the lawn.  The step of starting the
lawn mower and the function of energizing the
mechanics of the machine are essentially the
same thing.  Either statement tells you where
you are in the process.  The function is realized
through the process.  In Figure 1.1.11.4., for
our intervention, we exercise the tools and
guides and techniques through one or more
functions in the organizational model to get
the performance or success criteria we want.
We can look at the function from the perspec-

tive of the user of the tool.  The user interprets
what he or she wants the tool to do and why.
For example, a user can choose to use a salt
shaker to distribute salt or to pound a nail.
From the perspective of the user, a function is
“the action for which a person or thing is
specially fitted or used or for which a thing
exists.” (Webster’s Ninth New Collegiate Dic-
tionary)  If we operationalize the definition by
substituting the tool for the person or thing, we
get: A function is the action for which a tool is
specially fitted or used, or for which a tool
exists.  The idea of the function carries the
action and the purpose of the action—if you
will, the step and the purpose.

Figure 1.1.16.1.1.  In analysis, we look toward the parts of the whole so we can better deal with
each part.
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Figure 1.1.16.1.2.  In synthesis, we look toward the whole so each part can contribute to the aim
of the whole.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.2. DEFINE THE SYSTEMS APPROACH

To distinguish the subtle, but important differ-
ence between a system and the systems ap-
proach, I’ll start with another definition of a
system.  (We defined system earlier in Module
1.1.11.5.)  Weinberg, in his book An Introduc-
tion to General Systems Thinking, also defines
a system.  “What is a system?  As any poet
knows, a system is a way of looking at the
world.  The system is a point of view—natural
for a poet, yet terrifying for a scientist! (p. 52)

“With ‘man-made’ systems, we talk about
‘purpose,’ whereas such language is forbidden
for ‘natural’ systems.  Yet much of the dissat-
isfaction with our man-made systems stems
precisely from disagreement about what the
‘purpose’ of the system is: that is, what the
system ‘really’ is.  The answer, of course, is
that the system has no ‘purpose,’ for ‘purpose’
is a relation, not a thing to ‘have.’  To the junk
dealers, General Motors does exist to put out
scrap metal, yet the stockholders probably
couldn’t care less whether General Motors is
producing cars or string beans, as long as it is
producing profits.” (p. 57.)

“The role of observer is usually ignored in
systems writing.  The most popular way of
ignoring the observer is to move right into a
mathematical representation of a system—a
so-called ‘mathematical system’—without
saying anything about how that particular rep-
resentation was chosen.  For example, Hall
and Fagen (Arthur D. Hall and R.E. Fagan,
‘Definition of system.’ In Modern Systems
Research for the Behavioral Scientist, Walter

Buckley, Ed. Chicago: Aldine, 1968.) give
this definition: A system is a set of objects
together with relationships between the ob-
jects and between their attributes.  Where did
these objects come from?  Hall and Fagen give
no clue.  They might have dropped from the
sky, except we happen to know they came
from the mind of some observer.

Hall and Fagen rightly emphasize ‘relation-
ships’ as an essential part of the system con-
cept, but fail to give the slightest hint that the
system itself is relative to the viewpoint of
some observer.”  (p. 63.)

Weinberg uses the term quality instead of the
term property used by Blanchard and Fabrycky
discussed in Module 1.1.11.5.  Weinberg says,
“Scientists sometimes speak of two kinds of
qualities—extensive and intensive—accord-
ing to what happens to the quality when the
system is divided into parts.  If we break a
chocolate bar in two pieces, each piece has a
different mass than the original: thus mass
would be called an extensive quality, since it
depends on maintaining the full extent of the
system.  On the other hand, when we break the
chocolate bar in half, each piece retains the
same ‘chocolateness’; which is therefore said
to be an intensive quality.  Or, to take a more
physical example, each half has the same den-
sity, so density is said to be an intensive
quality.” (p. 152.)

When we look at the organization as a system,
we’ll deal with its states and qualities, or

The systems approach is a way of looking at the world and seeing consistency,
meaning, and relationships among all things.  In this way, the organization is like
a living system, a mechanical system, an electrical system, a system of language,
or any other system; and the lessons learned from experience with any system are
transferrable to organizations in the ways the system and the organization are
similar.

Larry Mallak
Highlight
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properties.  Since organizations have subunits,
we’ll need to characterize both the system and
the subsystems.  When we consider cultural
strength of General Motors in relation to the
cultural strength of the engineering depart-
ment, are we talking about an extensive or an
intensive quality?  If cultural strength is exten-
sive, how do we determine the cultural strength
of General Motors by surveying its people?

Recall the definition of a system in Module
1.1.11.5. and compare the classical definition
of system by Blanchard and Fabrycky to the
definition of Weinberg.

I don’t accept the apparent contradiction in the
two definitions of a system.  In fact, I see the
two as mutually supporting the idea of sys-
tems.  The Blanchard and Fabrycky classical
definition of a system for systems engineering
sees a system as something with components
or parts working together toward the benefit of
the whole.  This system is a thing.  The
Weinberg definition of a system is a way of
looking at the world.  This system is a mean-
ing.  I believe the first is a system and the
second is the systems approach.  They go
together, but are different in subtle but impor-
tant ways.  Most people don’t differentiate
between a system and the systems approach
and their preference for definition reflects what
they’re trying to do with the definition.  To
resolve the apparent difference, we must look
below (or perhaps above) the surface to find
deeper understanding.

First, I accept the classical definition with
components, attributes, and relationships as a
system.  The systems approach is subtly differ-
ent.  The systems approach includes at least
three perspectives, or viewpoints: 1) the sys-
tem perspective, 2) the holistic perspective,
and 3) the generalist perspective.  In the sys-
tem perspective, each of the parts of the system
plays a specific and necessary role in the
working of the whole.  If one of the parts

changes its function, the system isn’t the same.
The combination changes and the meaning is
different.  In the holistic perspective, we get a
gestalt.  Changing one of the parts doesn’t
change the system.  If there are a lot of parts,
changing several of the parts doesn’t affect the
meaning.  In the generalist perspective, mother
nature is consistent.  The principles and les-
sons learned from one system transfer to an-
other system.  I’ll discuss the system, holistic,
and generalist perspectives in more detail in
Modules 1.1.16.6., 1.1.27.3., and 1.1.27.6. re-
spectively.

The issue of changing parts affecting the sys-
tem contrasted between the system and holis-
tic perspectives may seem contradictory.  The
problem is I’m discussing the systems ap-
proach analytically.  I’m dividing up some-
thing that shouldn’t be divided up.  Each part
of the system is necessary for the system’s aim
but each part only contributes to the meaning
of the system.  If we look at the system from
one perspective, like seeing an elephant from
one side, we can better understand that per-
spective but don’t get the whole picture.  I
believe the important subtlety of each part of a
system (e.g., person in an organization) being
necessary and important from the system per-
spective and the meaning of the system being
bigger than the system or its parts from the
holistic perspective will be clearer when I
discuss the perspectives in more detail.

Let’s apply the three perspectives to the situa-
tion of the Blanchard and Fabrycky and
Weinberg definitions for system.  The gener-
alist will accept two agreed-upon, apparently-
contradictory definitions as mutually support-
ive.  The generalist wants to see the supporting
contributions and transfer the lessons learned
reciprocally between the definitions.  The ho-
listic perspective steps back to get the broader
view and lose the individual definitions in the
true meaning of the concept.  For a holistic
perspective, the two definitions describe the
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same concept, only with different intent.  The
systems perspective recognizes the important
specific contributions of each to work toward
a common understanding and seeks the right
roles of each to get the best result.

The three perspectives work together to sup-
port the systems approach—a way of looking
at the system in question, with its parts, its
input, output, and process, and its aim or
objective.  The systems approach contains
more of the aim of the system and the system
contains more of the objective.  I’ll discuss the
three perspectives and the differences between
aim and objective later.

I’ll define a management system with its com-
ponents, attributes, and relationships.  I’ll ar-
gue that the management process requires func-
tions and rules within the system but also
requires the systems approach with its three
perspectives.  So does the engineering pro-
cess.  To be successful at the management
process or at the engineering process, you’ll
need profound knowledge of systems.

The definition of a system and of the systems

approach isn’t all there is to understanding
systems.  I’ll round out (add to) our under-
standing of systems later when I discuss the
complementary notion of a process.  The no-
tion of a process is important in management
systems engineering because of the centrality
of the engineering and management processes.

The systems approach is a way of looking at
the world that affects your behavior.  That is,
you do the systems approach, or better stated,
you do things a certain way because of the
systems approach.  When you do the systems
approach, you 1) clearly define and scope the
unit of interest; 2) exercise the system, holis-
tic, and generalist perspectives; 3) apply sys-
tem models like input/output models, feed-
back loops, and influence diagrams; 4) under-
stand and focus on the process; 5) understand
and exercise the power of the iterative, recur-
sive, and reversing nature of the system life
cycle; 6) establish or distinguish the aim of the
system; and 7) exercise analysis and synthesis
within the aim of the system.  Each of these
practices are important to management sys-
tems engineering and I’ll discuss each in some
detail later.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.3. STATIC  AND DYNAMIC  SYSTEMS

Blanchard and Fabrycky define static and dy-
namic systems.  “A static system is one having
structure without activity, as exemplified by a
bridge.  A dynamic system combines structural
components with activity.  An example is a
school, combining a building, students, teach-
ers, books, and curricula. ..... It is recognized
that a system is static only in a limited frame of
reference.  A bridge is constructed over a
period of time, and this is a dynamic process.
It is then maintained and perhaps altered to
serve its intended purpose more fully.” (p. 8.)

Notice the implication of the bridge as a sys-
tem within the larger highway system within
the even larger transportation system.  Notice
the implication of construction as a process
and the interchangeability of the terms.  We’ll
distinguish between the two.

The idea of static is relative.  There’s no such
thing as a 100% static system in tangible
systems.  If something is tangible, it deterio-
rates.  The first basic law of reliability theory
is that the reliability of the system is zero at
time equal to infinity.  Consider an abstract
system, such as the system of chemical ele-
ments, to be 100% static.  Abstractly, the
system exists and we just discover a new
element from time to time.  The potential of the
element always exists.

For tangible systems, static depends on time
constraints.  When we look at a Rodin sculp-
ture, we say the object, or system, doesn’t
change.  But what the object does to people
does change over time.

An organization is clearly a dynamic system,
although we’ll first model the organization as
a static system.  Of course, we have to make
approximations to do so.  The results are good
in those areas where the approximations are
valid.  We model mechanical systems first as
static then as dynamic.  The environment and
the decision maker are the forcing functions
that cause the organizational system to be
dynamic.

We model an automobile using both statics
and dynamics.  In statics, we’re interested in
equilibrium, stability, or steady state.  I’ll use
the word balance.  Also, in statics we’re inter-
ested in the strength of the components and the
relationships among the components.  When
we’re interested in the change in the automo-
bile over time, we use dynamics.  When we
think of dynamics and an automobile we think
of the velocity and acceleration of the automo-
bile as it changes position during a time period.
We can also think of the velocity and accelera-
tion of the deterioration of the car over time.
Each model teaches us something about how
automobiles work and how well a particular
automobile is performing.  In management
systems engineering, we’ll have our versions
of statics and dynamics for the same purposes.
We’ll use statics for balance and strength of
components.  We’ll use dynamics for change
and the influence of the environment in caus-
ing change.

Organizations change position and they dete-
riorate during a time period.  Often, we have to
rebuild an organization.  The organization can

Organizations are dynamic systems; but we can model the organization as
either a static or dynamic system depending on the purpose of the model.



157

change market position, product position, and
staffing position.  Organizations have life
cycles, just like automobiles do.  Marketing
and sales are crucial functions for organiza-
tions, because these functions are forcing func-
tions.  They beget change.

Organizations have time constants, as do all

systems.  The time constant is a function of the
business environment, the leadership, and the
staff.  In the limit, as we consider the time
period of interest as approaching zero, sys-
tems, such as organizations, look static and
closed.  I’ll discuss closed and open systems in
the next module.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.4. CLOSED AND OPEN SYSTEMS

Organizations are open systems, but we can model organizations as closed or
open systems, depending on what we want to learn about the organization,
taking into account the approximations we make when modelling an organiza-
tion as a closed system.

Blanchard and Fabrycky define closed and
open systems.  “A closed system is one that
does not interact significantly with its environ-
ment.  The environment only provides a con-
text for the system.  Closed systems exhibit the
characteristic of equilibrium resulting from
internal rigidity that maintains the system in
spite of influences from the environment.  An
example is the chemical equilibrium eventu-
ally reached in a closed vessel when various
reactants are mixed together.  The reaction can
be predicted from a set of initial conditions.
Closed systems involve deterministic interac-
tions, with a one-to-one correspondence be-
tween initial and final states.

An open system allows information, energy,
and matter to cross its boundaries.  Open
systems interact with their environment, ex-
amples being plants, ecological systems, and
business organizations.  They exhibit the char-
acteristics of steady state, wherein a dynamic
interaction of system elements adjusts to
changes in the environment.  Because of this
steady state, open systems are self-regulatory
and often self-adaptive.

It is not always easy to classify a system as
either open or closed.  Open systems are typi-
cal of those which have come into being by
natural processes.  Man-made systems have
characteristics of open and closed systems.
They may reproduce natural conditions not
manageable in the natural world.  They are
closed when designed for invariant input and
statistically predictable output, as in the case
of an aircraft in flight.

Both closed and open systems exhibit the
property of entropy.  Entropy is defined here as
the degree of disorganization in a system, and
is analogous to the use of the term in thermo-
dynamics.  In the second law of thermodynam-
ics, entropy is the energy unavailable for work
resulting from energy transformation from one
form to another.

In systems, increased entropy means increased
disorganization.  A decrease in entropy takes
place as order occurs.  Life represents a transi-
tion from disorder to order.  Atoms of carbon,
hydrogen, oxygen, and other elements be-
come arranged in a complex and orderly fash-
ion to produce a living organism.  A conscious
decrease in entropy must occur to create a
man-made system.  All man-made systems,
from the most primitive to the most complex,
consume entropy: the creation of more orderly
states from less orderly states.” (p. 9.)

Being open or closed, like static or dynamic, is
also a relative term.  In the definition of a
closed system, Blanchard and Fabrycky show
the relativity through the words “does not
interact significantly with its environment.”
[Italics added]  Closed systems are only closed
in relation to energy and matter.  They aren’t
closed in relation to information, because in-
formation doesn’t consume time or space.  The
Rodin sculpture may look like a closed system
because it doesn’t trade materials, people, or
energy with the environment.  However, the
sculpture must interact with the environment
for the work of art to achieve its aim.  (In the
classical sense, we’d say no energy is trans-
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ferred to the viewer, information is.)

An organization is clearly an open system.
However, we can consider the organization as
a closed system for  some analyses.  In trying
to regain control of a floundering organiza-
tion, sometimes we circle the wagons, look
inward, and get the system working for itself
before we build bridges to the environment.
At best this practice is an approximation in that
we can never forget the customer, who is a key
element in the environment.  However, in
certain circumstances our focus causes the
system to look like a closed system.  Closed
system models help in static studies and in
situations where the organization needs to get
a grip on its internal strength.

I’m not searching for closed systems.  I’m
using the closed system as a useful approxima-
tion (a useful step in thinking).  There aren’t
any truly closed systems.  When we talk about
the organization’s stakeholders, we include
the staff and owners as inside the organization
and the customers, neighbors, and vendors as
outside the system.  Depending on the size of
the frame you draw, or the unit of interest, you
would consider at least parts of the customers,
neighbors, and vendors as receiving interac-
tion from the system.  As we focus on the
importance of customers, for example, we
tend to draw them inside the system.  How-
ever, customers have more in their lives than

our organization, and, therefore, are part of the
organization’s environment.  Customers yield
the standards or reference inputs into the orga-
nizational system.  Therefore, marketing, sales,
and customer service are crucial forcing func-
tions in the organization.   Forcing functions
come from the environment when considering
the organization as an open system and from
the manager when considering the organiza-
tion as a closed system.

When we look at the components of the orga-
nization, we can distribute the inputs to the
organization (capital, labor,  equipment, mate-
rials, energy, data, and information) to these
components.  Capital, labor, equipment, mate-
rials, and energy come into and out of the work
processes of the organization.  Data comes
into the management tools, which convert data
to information.  Information comes into the
decision maker.

The difference between open and closed sys-
tems is important as we work toward quality
and good management.  “An open system may
‘actively’ tend toward a state of higher organi-
zation; that is, it may pass from a lower to a
higher state of order, as a result of conditions
in or actions upon the system.  The notion of
continuing quality improvement is based on
this principle.” (Gabriel A. Pall, Quality Pro-
cess Management, Prentice-Hall, Inc., 1987,
p. 160.)
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.5. DEFINE PROCESS

A process is a collection of well-defined, repeatedly-used functions and rules carried
out under an overarching approach.

Just as guides tell us how to use tools (e.g., the
user’s manual in the box for the radial arm
saw), rules tell us how to perform functions in
a process.  The rules include directives (spe-
cific), norms (unwritten), and principles
(broad).  The process acts under the umbrella
of a philosophy or approach.  A manufacturing
process could act under the philosophy of
maximizing throughput, for example.  The
overarching philosophy I’ll espouse for the
engineering process and for the management
process is the systems approach.

Webster defines process as: “a series of ac-
tions or operations conducing to an end; espe-
cially a continuous operation or treatment.
(Webster defines conduce as: to lead or tend to
a particular and usually desirable result.)
(Websters Ninth New Collegiate Dictionary)
I’ll operationalize the definition for process by
substituting the words functions and rules for
actions or operations.  My view of the dictio-
nary definition is: A process is a series of
functions and rules conducing to an end; espe-
cially a continuous operation or treatment.
The end we’re conducing to is the aim of the
system (at least for a system made by people)
as dictated by the systems approach.  We
especially want a continuous operation or a
cyclic arrangement.

A process is conceptual.  When we add people,
materials, or mechanisms to the concept we
have in mind, we restrict the operationalization
of the concept.  Remember the process you
want and be open to mechanizing the process
in different ways as you learn what restrictions
affect the aim of your process or associated
system differently.  When we define the func-

tions of the management process, we’ll use
concepts like setting expectations and survey-
ing work.  When we choose the tools and skills
for setting expectations (e.g., priority lists or
scoping agreements) or surveying work (e.g.,
flow charting or input-output analysis), we
constrain the management process to a par-
ticular organization and lose the generality or
ultimate power of the management process.
However, we focus and implement the man-
agement process to a particular situation.

Figure 1.1.16.5.1. is taken from Chemical
Engineering edited by J.M. Coulson and J.F.
Richardson, Volume 6: An Introduction to
Chemical Engineering Design by R.K. Sinnott,
Pergamon Press, 1983, p. 5.  Sinnott describes
the figure as “the basic components of a typical
chemical process, [in which] each block repre-
sents a stage in the overall process for produc-
ing a product from the raw materials.  Figure
[1.1.16.5.1.] represents a generalized process;
not all the stages will be needed for any par-
ticular process, and the complexity of each
stage will depend on the nature of the process.
Chemical engineering design is concerned with
the selection and arrangement of the stages,
and the selection, specification and design of
the equipment required to perform the stage
functions.”  Sinnott uses the word stage where
I’ve used step.  Sinnott uses the word equip-
ment where I’ve used tools and guides.  Sinnott
describes components as blocks or compo-
nents of the diagram and stages as containing
tools required to perform functions of the
stages.

Figure 1.1.16.5.1. shows sequential functions
or steps with a start (stage 1), an end (sales),
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feedback (recycle), and outputs (product, by-
products, and wastes).  Figure 1.1.16.5.2. shows
a cyclic process within a system.  This figure
implies we can enter and leave the process at
any step or function.  In practice, the manage-
ment process and the engineering process are
very much like Figure 1.1.16.5.2.  James A.
Kowal, in Analyzing Systems says, “A PRO-
CESS is a defined activity or task that can be
accomplished completely in a finite period of
time.  It is used to transform input data flows
into output data flows.” (p. 5, Prentice Hall,
1988.)  Kowal sees a process more like Figure
1.1.16.5.1. than like Figure 1.1.16.5.2.  We’ll
think in terms of Figure 1.1.16.5.2.

Many people see process and system as one
and the same thing.  From Figure 1.1.16.5.2.,
you can see that I see process and system as
different.  The process goes on in association
with the system.  Since there’s a one-to-one
relationship between process and system, if
you identify one you identify the other.  I say
that processes are associated with a system.  A
system has subsystems, and processes have
subprocesses.  Systems have components we
usually identify in diagrams as nouns.  Pro-
cesses have functions, or steps, we usually
identify in diagrams as verbs.  Nouns give us
subject and object.  Verbs give us action.  For
example, the design process and decision mak-
ing process are subprocesses of the engineer-
ing process and the management process, re-
spectively.  Whether a process is within a
system or vice versa is unimportant.  However,
since we’re going to get into the details of two
processes less tangible than say a manufactur-
ing process, I need to distinguish between
system and process.  I’ll give two examples of
related systems and processes to help make the
distinction between system and process.

My first example is for the system of language
we use for communication.  The system of
components, attributes, and relationships (for
example, language system) aims at transfer-

ring information (the systems approach)
through the communication process, which
includes steps, functions, and rules.  We learn
tools and guides to help us communicate.
Then, system, process, and systems approach
aren’t exactly the same.  But one can’t get
along without the other two.  This subtle dif-
ference is important to be successful at the
management and engineering processes.  I’ll
recapitulate the distinction between system
and process later when I compare these terms
with function, systems approach, and tools
and guides.

Is the process of communication within the
system of language?  I don’t know.  But I do
know the difference is subtle and important
and that one is already associated with the
other.  Is there more than one communication
process within the language system?  Or do we
have subsystems?

My second example is for the school system
we use for teaching (or better yet, learning).
The school system aims at education (or learn-
ing) through the teaching process.  The school
system has components, including buildings,
students, teachers, books, and so on.  A county-
wide school system has subsystems in each
school and is part of the state school system.  If
we practice the system, holistic, and generalist
perspectives, we address education through
the systems approach.  The teaching process
includes a series of steps, or functions, and
involves a number of tools and guides to sup-
port the steps.  A good teaching process is
iterative, recursive, and reversible.

The importance and confusion of the concept
of process is described by William W.
Scherkenbach in his book, Deming’s Road to
Continual Improvement.  “One of my biggest
frustrations, as I help others improve, is the
difficulty I have in getting them to recognize
that everything they do can be described in
terms of a process.  This is not a trivial matter
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because if one does not believe that everything
he does is a process, then he might not be
compelled to learn more about how to better
manage that process.  Every expert and ‘guru’
on Quality are in agreement that processes are
everywhere. ..... Processes apply not only to
manufacturing, but in the management of ev-
ery size and shape of organization.  In fact,
most of the opportunities for improvement are
in non-manufacturing processes. ..... In the
early 1980’s, at Ford, I argued with financial
and purchasing and computer people who cat-
egorically stated that they managed ‘systems’
not ‘processes.’  No amount of logic could
convince them otherwise.  So we compro-
mised: we used both words.  Even today, I
believe, Ford does not use the word ‘process’
by itself, but rather the term ‘process/sys-
tem,’” (pp. 5-6.)

Scherkenbach then defines process: “What is
this process that many people find so difficult
to understand?  It is virtually everything you
do and everything you think.  Whether you
manage a company or manage to get by, plan
an attack or plan a party, do a pilot study or do
lunch, check a mistake or check out, act on
impulse or act your age, write a check or write
a book, drive to work or drive a golf ball,
conduct a meeting or conduct an orchestra,
make a decision or make a sandwich, assemble
a satellite or assemble a crowd, you do it
through a process.” (p. 7.)

Scherkenbach further says, “The outputs of
any organization are the result of an interde-

pendent network of processes.  If you took
away all of the organizational, geographical,
and functional boundaries that management
has created, you would be left with a process
flow which I call the ‘micro-transactions’ of
an organization (see Figure [1.1.16.5.3.]).

This is the ‘informal organization,’ or the way
the work gets done.  There could be any and
every combination of vertical, horizontal, and
diagonal customer and supplier transactions,
as seen in Figure [1.1.16.5.3.].  Real organiza-
tions cannot, and should not, be described by
the neat and orderly columns and rows, as
graphically described by many of the organi-
zation charts that are seen in companies every-
where.”  (pp. 10-11.)  Although Scherkenbach
chooses not to recognize the difference be-
tween system and process,  I believe he reflects
the difference between a system and a process
when he recognizes that the organization (the
system) produces outputs resulting from the
processes (the work and management pro-
cesses).

“A management system can be defined as the
method by which an enterprise, making use of
available resources, directs and controls its
business processes to meet established goals.”
(Gabriel A. Pall, Quality Process Manage-
ment, Prentice-Hall, Inc., 1987, p. 171.).  I
argue that Pall is addressing the process asso-
ciated with the system.  This distinction is an
important one for you to address and resolve
for yourself as you learn to do the systems
approach.
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Figure 1.1.16.5.1.  The anatomy of a chemical process shows a sequential process with feed-
back.  (taken from Sinnott, p. 5)
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Figure 1.1.16.5.2.  A cyclic process is associated with a system.

Figure 1.1.16.5.3.  If we put an arrowhead on the line connecting any two elements of the pro-
cess, we then know what the relationship between the elements is.  (taken from Scherkenbach, p.
10)
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.6.  DEFINE SYSTEM PERSPECTIVE

In the system perspective, for the whole to meet its aim every component of the whole
has a well-defined and necessary role to play in relationship with other components.

A system includes components, attributes, and
relationships.  In the system perspective, we
recognize the importance—actually neces-
sity—of each component (For reliability we
can have more than just the necessary compo-
nents, called redundancy.  However, one of the
redundant components is necessary.)  If we
change a component or the relationship of a
component to other components, we run the
risk of changing the system and its aim.

We say if we touch a system anywhere, we
touch it everywhere.  This statement is more
true for tightly-coupled systems.  In a tightly-
coupled system, the relationships are stronger.
A loosely-coupled system may not act as a
system.  Consider an object with a temperature
distribution throughout the object.  In a tightly-
coupled system, if you change the temperature
at one corner of the object, the entire distribu-
tion changes proportionally with a short time
constant across the entire object.  In a loosely-
coupled system, a temperature change at one
corner takes so long to be felt at the farthest
corner of the object, some other temperature
change at the original corner could have started
in the meantime.  In the loosely-coupled sys-
tem, one corner of the object hardly knows
what the other corner is doing.

Relationships among components of a system
are most important in the system perspective.
Strong relationships make tightly-coupled sys-
tems.  Well-defined relationships ensure each
component plays its role in causing the system
to carry out its mission to meet its aim.

The implications for organizations are impor-
tant.  In a tightly-coupled organization, a change
in one person or group or department affects

everybody right away.  The communication
channels and dependencies among people,
materials and so on are so strong, nothing acts
by itself.  This kind of system can react imme-
diately to a change in its environment.  This
kind of system also absorbs perturbations
throughout the domain so the effect of the
perturbation isn't pinpointed in one place.
When a perturbation is pinpointed at a single
place in the organization, the potential for
damage before the organization can recover is
greater.  The chances for balance in the orga-
nization are fewer.

In the system perspective, we look at each
component to make sure it can play its role as
well as possible.  However, that role is a role
within the whole and not a role for the benefit
of the component.  In this way, we recognize
the importance of the individual and the
individual’s need for recognition.  People need
both to stick out and to be part of a team.  Peters
and Waterman, in their book In Search of
Excellence found that excellent companies
recognized the importance of each person.  “In
short, we found the obvious, that the indi-
vidual human being still counts.  Building up
organizations that take note of his or her limits
(e.g., information-processing ability) and
strengths (e.g., the power flowing from com-
mitment and enthusiasm) was their bread and
butter.” (p. 8.)

The system perspective works together with
the holistic perspective and the generalist per-
spective to make up the systems approach.
The system perspective emphasizes the com-
ponents of the system and the role each plays
in meeting the system aim.  The holistic per-
spective emphasizes the gestalt in the system
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and its aim.  The generalist perspective em-
phasizes consistency among the systems and
the transferability of lessons learned from one

to the other.  I’ll discuss the holistic and
generalist perspectives in more detail in Mod-
ules 1.1.27.3. through 1.1.27.7.
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1.1.16.7.  INFORMATION  BIASING—ANNE-LOUIS GIRODET  DE ROUCY

TRIOSON
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.8.  DEFINE TOOLS AND GUIDES

We use tools every day.  We brush our teeth
with tools; we hang a picture with tools; we
communicate with tools; we get to work with
tools; we type a letter with tools.  We manage
our domain of responsibility with tools.

Behind each of our tools is a guide, such as a
procedure or set of instructions telling us how
to use the tool.  A tool is fine; but, if we don’t
use the tool right, we’ll probably fail and hurt
ourselves.  We don’t think about a written set
of instructions for using a tooth brush and
tooth paste.  We probably never looked for the
instructions on the box the tooth brush came in
or on the tooth paste tube.  Our parents or
dentist told us the instructions and we keep
them in our head.

The tooth brush and tooth paste tube are tools.
The instructions are a tool also.  Even though
we keep the instructions in our head, we could
make them physical by putting them on a piece
of paper or on the tooth paste tube.  The tooth
brush is a physical tool we can’t keep in our
head.  I call that tool an operations tool because
the tooth brush is part of the what is managed
component of a management system.  Yes,
brushing your teeth is a process.  The guide, or
list of instructions, is also a tool, which you can
keep in your head—but don’t have to.  I call
that tool a management tool because we use it
to convert data to information.  The manage-
ment tool is part of the what is used to manage
component of a management system.

What happens if we write down the instruc-
tions?  Then the piece of paper is an operations
tool and the information on the paper is the
result of a management tool.  In your head you

have a guide for using the piece of paper to get
the instructions from.  So, you have a guide for
using the piece of paper embodying the guide.
Guides are management tools that play the
special role of helping us use other tools, our
resources, and our processes well.

Materials flow through a process.  Tools don’t.
Unless, of course, you’re manufacturing tools.

Webster defines a tool as: “an instrument used
or worked by hand; something (as an instru-
ment or apparatus) used in performing an
operation, or necessary in the practice of a
vocation or profession; a means to an end.”
(Webster’s Ninth New Collegiate Dictionary)
The instrument used by hand fits for an opera-
tions tool as part of the what is used to manage
component.  If I operationalize vocation or
profession into management, and management
is decision making, I substitute management
and decision making into the definition and
get: A management tool is something used in
decision making or necessary in management.
I especially like the idea of a tool being a
“means to an end.”

We must distinguish between our means and
our ends.  Let’s look at the management sys-
tem.  Our ends are the operation, what we
manage.  Our ends are physical and measur-
able.  Our means are the management tools,
what we use to manage with.  Our means are
conceptual.  To get all our management tools
to work together for us, we must focus on our
ends.  The user of our management tools
includes both the manager and the operation
being managed.  To be successful, the tools
must fit both.  Einstein has warned us against

Tools are a means to an end.  You want them to work together,  not at odds with one
another and to work for you, not against you.
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confusing our means and our ends.

If you manage a construction project, you’re
responsible for ladders, hammers, and trucks,
as shown in Figure 1.1.16.8.  These are the
operations tools.  They are some of your ends.
In your head, you keep a plan for the project,
a budget for the cost, and information on
progress I’ll call an MIS.  They are some of
your means.  You use the plan, budget, and
progress information to manage the ladder,
truck, and hammer.  If you manage an office,
you’re responsible for word processors, copy
machines, and pencils.  These also are opera-
tions tools.  You’ll use a plan, budget, and
progress information to manage the word pro-
cessors, copy machines, and pencils.

I’ll illustrate the difference between means
and ends through a story.  Some years ago, I
regularly drove from Blacksburg to Maryland
to work on a research project for the Depart-
ment of Energy.  I always left Blacksburg after
work and stayed at the same hotel.  My secre-
tary always made reservations and guaranteed
late arrival using my credit card.  Often arriv-
ing at the hotel in the wee hours of the morning,
I soon learned what guaranteed late arrival
meant.  If I fail to arrive, they charge my credit
card.  If they fail to have a room, they have to
find another in the vicinity.  Since I arrived so
late, the hotel felt they could get double the
return on the room by renting the room to a
weary traveller at their desk late at night.
When I finally arrived, there was no room at
the inn and they would find me another room
50 miles away.  Since I had a job to do early the
next morning, the 100 mile round trip meant I
lost about two of my three hours sleep.  I
wasn’t a happy camper.

The problem was that my secretary was con-
fusing means with ends.  She figured that her
job was to do the paperwork—make the reser-
vation, get a confirmation number, and put the
information on my itinerary.  Those are the

means.  Her job really was to get my weary
body into a bed near the Department of Energy
building for as long as possible, given my
driving schedule.  Those are the ends.  The
ends are physical.  The means are concep-
tual—even though we might claim the paper
itinerary is physical.  When we focused on the
ends, we found the answer.  Call the hotel
before quitting time, when we know for sure
I’m leaving that night, and preregister me in a
room.  The room is then mine.  As far as the
front desk is concerned I’m in the room.  The
not-so-bad part of the solution is that if some-
one called for me at the hotel, the clerk would
say I had checked in.  The moral of the story is
that paperwork is a management tool.  If pa-
perwork is used as an end, you’ll have big
problems and hate paperwork.  (We all do,
don’t we?)  If paperwork is used as a means to
an end, you’ll solve problems.  Some people
become convinced paperwork is the end and
their job is to do paperwork.  Isn’t that sad.
With a slight change in orientation we can
change a demeaning job into a focused, stimu-
lating one.

One of the interesting mind games you can
play with many of these systems concepts is
when you work the concept against itself.  For
example, what about the person responsible
for the company’s budget having a budget for
his or her responsibility?  Then the company’s
budget is the ends and the person’s budget is
the means.  Some companies use management
information systems to help produce manage-
ment information systems.  We can have pro-
cesses for processes and systems of systems.
Be careful to sort out your thinking before you
get into an infinite do loop on one of these
concepts.  One of the keys to being able to sort
out your thinking is to clearly define your unit
of interest.

The bottom line on tools, and especially man-
agement tools, is that they should work to-
gether and not at odds with each other and they
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should work for us and not against us.  If tools
aren’t working right, then we must fix them.
There’s no good reason for living with that
frustration and waste.  Most management tools
don’t work right.  Plans sit on shelves.  The

Figure 1.1.16.8.   The person in the illustration is dealing with physical operations tools and
conceptual management tools.

management information system is ignored.
And we all know the organization chart really
isn’t how things work around here.  The man-
agement systems engineer’s job is a big one.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.9.  COMPARING  SYSTEMS-ORIENTED  CONCEPTS

Let’s first sort out the concepts of systems
approach, system, and process.  Then we’ll fit
in the concepts of component, function, tool
and guide, and data and information.  For
management systems engineers, the objective
of all this is to use the engineering process with
its functions to get tools to provide the right
information to managers for making decisions
within their management process with its func-
tions so their management system, or domain
of responsibility, will meet its aim.

I list systems approach, system, and process in
that order because there’s sort of an hierarchy
involved.  Look at Figure 1.1.16.9.  I show the
systems approach as a cloud because the sys-
tems approach, with its three perspectives, is
conceptual.  As you approach your responsi-
bilities, you look or work through three lenses
I call perspectives.  The systems approach is a
way of looking at your world, a way of think-
ing, a way of being.  The systems approach is
almost religious.  The systems approach is
global and can apply to anything.

The system tends to be physical, or at least
tangible.  In Figure 1.1.16.9., I show the sys-
tem as a box with arrows for its input and
output.  A specific system is easier to describe
because you can sense a system; that is, you
can touch, see, hear, smell, and/or taste a
system.  Even for a system of measurement,
you can sense an inch and can relate an inch to
a foot or even a meter.  For a system of
government, you can sense the system either
directly or indirectly, through its components.

The process is also tangible in that a process is

something you do.  You do steps or stages or
activities of a process.  In Figure 1.1.16.9., I
show a process within the system box.  I mean
for the process to be shown as associated with
the system.  I show the process as a cyclic
series of steps, or functions, connected by
arrows showing sequence.  Since system and
process are like different understandings of
the same thing, be careful.  But I only have two
dimensions on a piece of paper and we may be
talking four dimensions here.

A system has parts, or components.  A system
is something that is.  The more physical the
system is, the more we can separate the system
into its parts and lay them out in front of us.  I
don’t show components of the system in Fig-
ure 1.1.16.9.

A process has steps or functions.  A process is
something we do.  The more physical the
process is, the easier it is to see us doing one
function followed by the next.  I do show
functions of the process in Figure 1.1.16.9.

A component is a part, like a carburetor in an
automobile engine.  In the system concept, the
part can have parts, and a carburetor does.  One
part may do or participate in one or more
functions.  One component may play more
than one role.  For example, the CV (constant
velocity) joint is part of the steering subsystem
in the automobile and is also part of the sus-
pension subsystem in the automobile.  These
two subsystems have separate aims and in-
volve different processes.  A function is an
action, like mixing gas with air.  A tool is used
to help build or do the function, like a carbure-

Systems-oriented concepts center around a system designed and operated to meet an
aim.  Management systems engineers follow the systems approach and focus on the tools
and the management and work processes of the management system.
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tor or a wrench.  A tool can be applied to any
number of functions or components.  A com-
ponent is integral to the process.  In terms of
means and ends, a component contributes to
the ends.  A tool is brought in to apply to the
process.  A tool contributes to the means to the
ends.

The system has an aim.  The system’s aim
relates to the meaning, purpose, and results
(output and outcome) of the system.  The
process is the system’s way of accomplishing
its aim.  Therefore, the process is more impor-
tant than the results of the system because it’s
through the process that the system begets its
results, not vice versa.

In Figure 1.1.16.9., I show the tool and guide
as within one of the functions of the process.  In
reality, the tool is applied to the function; and
the tool could be applied to other functions too.
The tool could be an operations tool or a
management tool, depending on whether the
tool could be in your head and yields informa-
tion or not.  The guide is always a management
tool.

Depending on the unit of interest, a tool can be
a system or a subsystem, a component can be
a system or a subsystem, and a function can be
a process or subprocess.

To stress the importance of understanding
systems, subsystems, and components in or-
ganizations, consider this analogy of automo-
bile manufacturing.  If someone works on
manufacturing steering wheels and only knows
steering wheels, they’re in the steering wheel
business.  From the perspective of the automo-
bile as the system of interest, they’re
suboptimizing.  However, if someone works
on manufacturing steering wheels and knows
about the linkages and drive train and the rest
of the automobile, they’re in the automobile

business.  The latter people will manufacture
steering wheels that make a better automobile.
However, the first group may make the best
steering wheels that end up in the worst auto-
mobiles.  As always, you must know your
world, your domain of responsibility, your
unit of interest; and you must know your unit
of interest in context with its place in a hierar-
chy of systems.  (The automobile manufactur-
ing analogy was suggested to me by Brian
Kleiner one day over lunch.)

Let’s compare the analytic approach with the
systems approach.  We want to do analysis and
synthesis on systems and their processes.  (See
Module 1.1.6.2.)  We can do both within the
systems approach if we focus on the aim of the
system in doing each.  However, we can con-
trast the analytic and systems approach by
looking at the perspectives of each.  The ana-
lytic approach emphasizes analyst and spe-
cialist perspectives.  The systems approach
emphasizes the system, holistic, and general-
ist perspectives.

Consider also the integrative and differentiative
perspectives—perspectives I see as part of the
system perspective.  In the integrative per-
spective, we emphasize the importance of find-
ing, designing, and working linkages among
components.  We look for connections, or
bridges.  In painting, for example, we carry, or
connect color, an idea, or a theme from one
part of the painting to other parts.  This practice
gets all parts to work together as a system.  In
the differentiative perspective, we distinguish
key connections or attributes to work with.  In
sensitivity analysis, we distinguish which pa-
rameter is sensitive to change in other param-
eters, the system, or its environment.  In paint-
ing, for example, we show little details that
carry great significance to the meaning of the
painting or make other parts or details of the
painting more meaningful.
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Figure 1.1.16.9.  The systems approach is an overarching philosophy for the system that contains
one or more processes.  The tools and guides help us do the functions making up the process.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.10. DEFINE DATA  AND INFORMATION

If you don’t distinguish between data and information, you’re sure to suffer from a bad
case of DRIP: Data Rich, Information Poor.

With computers today, you can be inundated
with data.  The only data you need are those
that yield the information related to the deci-
sions you make.

Management tools convert data to informa-
tion.  For management tool design to move
from an art to a science, we need a detailed
understanding of data, information, and the
conversion process for making information
from data.  The what is used to manage com-
ponent of the management system includes all
management tools.  Each tool can be a system,
for example, a management information sys-
tem.  These systems include processes for
converting data to information.  We need a
clear understanding of the difference between
data and information; and most people use the
terms interchangeably.  They confuse data
with information.

Boland says, “Data becoming information is
what information systems are.  Data becomes
information in the consciousness of a human
subject, and that is where we must look if we
are able to understand information systems.”
(Richard J. Boland, Jr., Phenomenology: A
Preferred Approach to Research or Informa-
tion Systems, Research Methods in Informa-
tion Systems, 1985.)  Note from Boland’s brief
statement that 1) data and information are
different, 2) we have to do something to data to
make them information, 3) information is in-
put to human decision makers, and 4) manage-
ment tools like information systems must take
into account the conversion of data to informa-
tion and the delivery of information to deci-
sion makers.

Others have started to define the distinction
between data and information.  I’ll need to

carry the distinction even further here so we
can study the conversion processes in manage-
ment tools.  Sherman C. Blumenthal in his
book, Management Information Systems: A
Framework for Planning and Development (p.
30.), says, “A datum is an uninterpreted raw
statement of fact.  Information is data re-
corded, classified, organized, related, or inter-
preted within context to convey meaning.”
Daniel S. Appleton, in his article Organizing
and Managing Information Resources in the
Data-Driven Enterprise (Industrial Engineer-
ing, June 1986, pp. 62-72.) says, “‘Just give
me the facts,’ said Inspector Poirot, interview-
ing yet another suspect on the Orient Express.
This one query was intended to provide him
with some information, which, when com-
bined with some other information, would
help him to validate his facts, analyze them
and finally discover the truth.

But how would Poirot know the truth when he
finally found it?  Especially when he could not
tell whether the information he was collect-
ing—some of it from the bad guy—was true or
false.

The answer is simple.  He did not evaluate each
piece of information he had received to deter-
mine whether it was intrinsically true.  Instead,
he sorted through the responses to find the
facts presented in those pieces of information.
He knew that within each piece of informa-
tion, the facts would be consistent, but that the
truth would be discovered when the facts were
consistent among all of the various pieces of
information he had collected.

Today’s knowledge worker is not unlike In-
spector Poirot.  He is constantly bombarded
with pieces of information, each one contrib-
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Recall the first of Appleton’s three important
ideas.  We know what Appleton means for the
purpose for information: decision making.  His
thought of demand in that idea has important
consequences for us.  The demand for infor-
mation comes before the information, setting
up a sequence for something—we’ll learn that
something to be building management tools.
You don’t need information unless you have a
decision to make.  Then, information is pur-
poseful even though the purpose may be a
potential purpose.  Since one person may have
a purpose for a given set of information and
another person may not, the “information” is
data or noise for one and information for the
other.

To carry the difference between data and in-
formation further, I’ll quote from a paper sum-
marizing Steve Berube’s thesis work at Vir-
ginia Tech (D. Steven Berube, Harold A.
Kurstedt, Jr., and R. Martin Jones, A Frame-
work for Data and Information,  Proceedings
of SETIMS, 1989, pp. 266-268.).

Data and data components
“Data are what are commonly referred to as
facts.  They serve as a surrogate for the things
we manage by identifying the attributes of the
things we manage.  Bender defines data as
symbolic representations of reality.  These
symbolic representations, or facts, describe
reality through its attributes.  If we want to
know the performance of a machine, we mea-
sure attributes of the machine, such as its
operating speed, its throughput, its downtime,
or others.  Each attribute is a symbolic repre-
sentation of the machine, and each is a datum.
There are two components of each datum: a
kernel, and a set of specifiers.  The kernel is the
actual value of the attribute.  The kernel is
called a ‘fact’ by Appleton and Ijiri.  A kernel
has the potential to mean something to a man-
ager, but by itself, a kernel is meaningless.  We
have to add ingredients, called specifiers, to
get meaning.  Specifiers are called ‘meaning’
by Appleton.  Appleton’s ‘meaning’ can apply

uting its own set of facts, and yet many of them
inconsistent.  He knows that the truth lies in the
fundamental consistency among the facts—
not in what any one piece of information
presents to him.  He also knows that if the facts
are fundamentally consistent, all of the various
pieces of information containing them will be
consistent as well, and that if his various pieces
of information are inconsistent, he does not
have the real facts. .....The relationship of
facts, data, and information is very complex.
Information can be defined as ‘an aggregation
of data needed for a specific purpose.’  This
implies three important ideas.  First, informa-
tion cannot exist if there is no purpose (de-
mand) for it.  Second, information and a datum
are different ideas.  Third, one information, if
you will, is made up of at least one datum, but
probably several data.  This means that from
400 data we could create 10869 informations.
Thus, by managing a few data directly, we
indirectly manage a bunch of informations.

But what is a datum?  This question is even
more difficult than the first.  Some people
believe that 12345 is a datum.  It is not.  It is a
fact.  Also, M is a fact, and so is 10.

The problem with these facts is that we do not
know what they mean.  The numeral combina-
tion 12345 is a part number.  It is also the zip
code of Schenectady, New York.  M stands for
male; it is also a letter of the alphabet.  The
symbol 10 could be an age, or it could be a
pseudonym for Bo Derek.

To have a datum, then, we must have two
things: a fact and a meaning.  A fact alone is
nonsense.  But, [for] each meaning we can
have zero, one, or many facts.

Therefore, the problem for data management
is not managing the facts.  It is managing
meanings.  This is because for each meaning,
we can have many facts.  The meanings (not
the facts) define an organization’s (or a
person’s) concept of reality.”
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to zero, one, or many ‘facts’, but my set of
specifiers uniquely defines one kernel.  Re-
cording data kernels removes them from con-
text.  Specifiers are used to carry the context of
the kernel to the manager who uses the data.
When I measure the throughput of a machine
as 23 units, it’s easy for me to see that the units
are widgets, and the measurement was taken at
3:00 PM on July 22.  When I record the number
23 on the data collection sheet, all the specifi-
ers are lost and the kernel has no context.
Specifiers must be included with the kernel to
convey the context of the data to the manager.
Specifiers fulfill the requirement of data by
Ijiri, who says data must be well-specified.

Two data types make information
Peterson says data acquire meaning when com-
pared to other data.  Peterson uses the word
‘meaning’ to denote something managers can
use to make decisions.  Comparison is the way
data become information.  The comparison of
any two data produce information.  Each da-
tum plays a special role in producing informa-
tion.  One datum is selected to provide infor-
mation to the manager.  This datum I call an
indicator.  To use this indicator to produce
information, a benchmark must be selected to
compare the indicator against.  This bench-
mark I call a reference.  Kurstedt shows data
being compared to setpoints or references to
generate information.  Together, one indicator
datum and one reference datum make an infor-
mation packet. In this information packet are
all the ingredients to produce information.
[Peterson’s “meaning” is different from
Appleton’s.  Appleton’s “meaning” puts the
datum into context.  Peterson’s meaning re-
lates to the idea of bias, or what makes infor-
mation.]

The information packet is evaluated in two
steps to produce information.  Recall that the
indicator and the reference are both data, and
each has a kernel and a set of specifiers.  In the
first step, the indicator kernel is compared to

the reference kernel to determine the differ-
ence.  This comparison may be expressed as a
percentage or as the numeric difference be-
tween kernels.  The second step is to compare
indicator specifiers with the reference specifi-
ers.  [Some reference specifiers are implicit,
others are explicit.]  The specifier differences
describe what the kernel differences can be
attributed to.  To evaluate the production of a
machine this week, I might compare it to the
production of the same machine last week.
The difference in the number of units pro-
duced each week is the kernel difference.  The
specifier difference is last week as opposed to
this week.

Quantitative information is produced by evalu-
ating the information packet.  Quantitative
information describes the differences between
the indicator and the reference datum.  Quan-
titative information might be ‘widget produc-
tion for machine A is up 12% this week from
last week’.  The comparison of the indicator
and reference data through evaluation of the
information packet is evident in the quantita-
tive information.  The difference in specifiers
is the week during which each datum was
collected.  The kernel difference is 12%, so the
indicator kernel was 12% greater than the
reference kernel.

Qualitative information supports a
manager’s decisions
The manager now has quantitative informa-
tion that widget production for machine A is
up 12% from last week.  Is this good or bad?  It
would be good if the manager needed more
widgets, but what if the manager is over-
stocked with widgets?  Quantitative informa-
tion will not support managers’ decisions with-
out further processing.  The quantitative infor-
mation must be converted to qualitative infor-
mation to be used for decisions.  Qualitative
information are the triggers to action for man-
agers.  Qualitative information is the subjec-
tive interpretation of quantitative information,
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and is expressed in terms of good, bad, too
much, too little, go, no go, etc.

The process of going from quantitative to
qualitative information is complex.  The
amount of quantitative information required
to produce qualitative information varies ac-
cording to the type of decision being made.
Gorry and Scott Morton use Thompson’s two
decision dimensions to describe unstructured
and structured decisions.  Decisions are either
certain or uncertain in two dimensions: beliefs
about cause/effect relations, and preferences
regarding possible outcomes.  Structured deci-
sions have certainty in both causation and
preferences regarding possible outcomes, while
unstructured decisions have uncertainty in both
dimensions.  Semistructured decisions have
uncertainty in either the causation dimension
or preferences regarding possible outcomes.
For a structured problem, a manager needs
only a few pieces of quantitative information
to make logical qualitative extrapolations with
confidence.  If the manager faces unstructured
problems, where uncertainty exists in causa-
tion and preferences regarding possible out-
comes, more pieces of quantitative informa-
tion are needed to make logical qualitative
extrapolations with confidence.  These quali-
tative extrapolations from quantitative infor-
mation are qualitative information, which can
be used in decision-making.

Summary of the data-to-information pro-
cess
Data are representations of reality.  They rep-
resent reality by describing attributes of real-
ity.  A datum consists of a kernel and a set of
specifiers.  The kernel is the actual value of the
attribute, and specifiers uniquely define the
kernel and provide context.  When a manager
needs information, two data types are needed:
an indicator and a reference.  The indicator
datum represents what the manager wants in-
formation about.  The reference datum is se-
lected as a benchmark to evaluate the indica-

tor. An indicator datum and reference datum
make up an information packet, which can be
evaluated to produce quantitative informa-
tion.  The evaluation is two steps: the indicator
and reference kernels are compared, and the
indicator and reference specifiers are com-
pared.  Quantitative information is generated
by evaluating an information packet, and ex-
presses the indicator datum in terms of the
reference datum.  Qualitative information is
the subjective evaluation of quantitative infor-
mation.  As the problem becomes more un-
structured, more quantitative information is
needed before qualitative information can be
produced.  Qualitative information are trig-
gers to action, and can be used in decision-
making.”

Another Data-Information Illustration
Consider a tradition still carried on in the
middle east today.  Shepherds keep track of
their flocks with stones.  When a sheep leaves
the pen each morning, the shepherd reaches
down, picks up a small stone, and puts it in a
sack.  When a sheep returns to the pen each
night, the shepherd tosses a stone out of the
sack.  When the shepherd thinks the sheep are
home, he or she looks in the sack.  What’s the
datum and what’s the information?  What
information is missing?  Why?

DRIP
Figure 1.1.16.10. illustrates a bad case of DRIP:
Data Rich, Information Poor.  (See Module
1.1.25.6. for the origin of DRIP.)  I’ll bet the
illustration looks familiar.  You have more
data than you know what to do with, and you
still can’t answer the question.  You may have
great amounts of the wrong data or may have
unrefined data you can’t work with.  To reduce
the DRIP syndrome, you must distinguish
between data and information and have man-
agement tools that give you the information
you need for your decisions.  Superfluous data
and information cause an expensive waste of
time, energy, and resources.  We must concen-
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trate on what is really information and what is
just data.  Even though automation generally
leads to a data-rich, information-poor situa-
tion, the manager still receives copious quan-
tities of both and truly suffers from informa-

tion overload.  Admiral Rickover, the father of
the nuclear navy, once said to Marjorie Holt, a
congresswoman from Maryland, “The paper-
work for an aircraft carrier weighs more than
the carrier itself.”

Figure 1.1.16.10.  “I’ve got the answer to your question here—somewhere—boss.”
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.11.  ALL  INFORMATION  IS BIASED

If you believe all information is biased, the crucial question then becomes: Whose bias
should be in the information a manager uses to make decisions with?

Data are valuable resources of the domain of
responsibility.  They’re the ore from which we
refine information.  But what happens to the
information due to our choice of reference
point?

Data Are Assets
Data are like all resources; they’re assets of the
organization.  Data are like ore.  Until they’re
refined, they’re potentially valuable.  Appleton
talks about data as assets.  “However, re-
sources cannot be reused unless they have
been designed expressly for that purpose; i.e.,
unless they are assets. ..... The most reusable
information resource is data.” (p. 72.)  In fact,
data are a key corporate resource because
without data on other resources, there can be
no effective control.

When people diagram the inputs to and out-
puts from (resources) an organizational sys-
tem they include capital, labor, equipment,
and materials (CLEM) and energy and data/
information.  Later, I’ll distinguish among
CLEM and energy as input to the operation,
data as input to management tools, and infor-
mation as input to the decision maker.  To-
gether, the operator, the tools, and the decision
maker constitute an organizational system.

Data are some of your most important assets.
When you manage data as a resource, like
other resources, you gather, verify, store, re-
trieve, update, and process data efficiently and
effectively and convert those data into infor-
mation to make decisions and take action.  In
module 1.1.16.12., I’ll show the processing of
data to be similar to processing materials in a
refinery and later I’ll show that storing data is
similar to storing groceries in an inventory
management problem.  Decision makers at all

levels in the organization and working at tasks
of differing complexity and significance need
the best possible data.  Data are perishable and
have a shelf life.  You have to watch data in
storage to make sure you replace bad or old
data.  Since data often are combined to make
information, rotten data will affect good data.
Data are not only valuable assets, but they’re
perishable.

All Information Is Biased
Consider Figure 1.1.16.11.  The temperature
in the room is 72 degrees Fahrenheit.  What’s
the kernel?  Fact?  Specifier?  Reference point?
Datum?  Information?  You can’t yet answer
all these questions.  The number 72 is the
kernel, or fact.  Degrees Fahrenheit is a speci-
fier.  The datum is 72 degrees Fahrenheit.  I’m
the man in the illustration.  I prefer the room to
be 68 degrees Fahrenheit.  Now can you an-
swer the other questions?  My preference is the
reference point.  The quantitative information
is that the room is four degrees too hot for me.
The qualitative information is that I’m uncom-
fortably hot.  With this information, I can make
a number of decisions leading to actions.  I can
decide to turn on the air conditioner.  I can
decide to open a window since it’s cold out-
side.  I can’t make a decision on the datum, but
I can on the information.  With the qualitative
information, anyone can decide to open the
window.  But, you’d need the quantitative
information to decide how long to keep the
window open.

The woman in Figure 1.1.16.11. is my mother.
She prefers the room to be 78 degrees Fahren-
heit.  You can answer all the questions above;
but, you get different answers—because you
have different information.  The datum is the
same—72 degrees Fahrenheit.  The reference
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point is my mother’s preference.  The quanti-
tative information is that the room is six de-
grees too cold for her.  The qualitative infor-
mation is that she’s uncomfortably cold.  Your
decision is the opposite.  Close the window or
turn up the furnace.

Based on the information we each have, I’m
opening the window and my mother is turning
up the heat.  The reason is that our respective
information is biased differently.  My infor-
mation is biased by my preference and her
information is biased by her preference.  The
bias comes in through the reference points.
We’ll learn that the reference points in an
organization are the preferences of the cus-
tomer or the user.  We’ll also learn that infor-
mation comes from comparing the voice of the
process (72 degrees Fahrenheit) to the voice of
the customer.

Assume you’re a supervisor and need to make
decisions on allocating resources to activities
in a project.  You ask a subordinate to find out
which activities are in trouble or need addi-
tional resources to keep on schedule.  Your
subordinate prepares a spreadsheet listing all
activities whose end points are within five
days of overrunning the schedule.  Do you
have data or information?  The datum is the
date of the end point of an activity.  The
reference is not only the due date but whether
the due date is within five days of the end point.
The information is the activity within five days
of overrunning the schedule.  What’s the bias?
The five days.  Who set the bias?  The subor-
dinate.  Who should set the bias?  You, of
course.  Otherwise, who’s really making the
decision on resource allocation? The subordi-
nate.  Did you delegate that responsibility?
You might feel that allocating resources to
activities within ten days of the end point is the
right move.

The supervisor must establish and communi-

cate his or her bias.  The bias is usually based
on the customer.  The relative value of data and
information depends on whether you know the
bias (reference point) and whether or not it’s
the bias you want.  Data (indicators) aren’t
worth much without knowing the reference
point—but at least you have the indicator to
compare to some reference point.  With the
wrong reference point and not knowing the
indicator, information is even less valuable.
Bias in information isn’t necessarily bad.  It’s
just the choice of reference point.

Information Is Power
People say information is power.  They mean,
if you know what’s going on, you’re in control
of the situation.  Which is more important to
know in an organization, data or information?
Remember, while data may have measure-
ment bias (yet another discussion), informa-
tion has interpretation bias.  Which is more
important to know if you’re going to second
guess a decision, data or bias?  This concern is
what causes some people to hoard data and
information.  As a valuable resource, we can’t
afford for people to hoard data.  Do we care if
they hoard information?  Is sharing data fright-
ening?

Walter Wristen, past CEO of Citicorp said,
“Information about money is almost as impor-
tant as money itself.”  We’ll all agree that
information is powerful either in doing good
or doing harm.  Some will say that information
allows for potential control.  For this reason
many people hoard data, especially in big
organizations or between organizations.  Data
provide control only if the bias is known; for,
without knowledge of the bias, the conclu-
sions and resulting decisions cannot be pre-
dicted.  Therefore, there is no need to hoard
data if the bias isn’t known.  Then, the database
can be opened to anyone with a “need to
know.”  Of course, once someone has the data,
acquiring knowledge of the bias (or guessing it
correctly) unlocks the door.
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Figure 1.1.16.11.  “Your bias is a hot one.”
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.12. THE PROCESS FOR CONVERTING  DATA  INTO  INFORMATION

One person’s information can be the next person’s data.

Let’s extend the idea of the room temperature
from Module 1.1.16.11.  This time we’re in a
conference room listening to a boring speaker
and the temperature is 72 degrees Fahrenheit.
The consensus is that the temperature should
be 68 degrees Fahrenheit.  If I were respon-
sible for the room and/or the meeting, I can
take the indicator datum and the reference
datum and make information to make the de-
cision to turn on the air conditioner.  But, this
room doesn’t have its own thermostat.  My
boss is responsible for the department and the
people in the offices on the floor believe the
temperature should be at 74 degrees Fahren-
heit.  My boss determines the reference to be
74 degrees Fahrenheit and my four-degree,
too-hot situation becomes a datum to use with
other data from the offices to compare to the
reference datum to make information.  My
boss’s boss is responsible for the whole build-
ing and isn’t only concerned about comfort but
energy savings.  The information on the tem-
perature change for the floor becomes data for
my boss’s boss.

You can see the multi-stage process occurring
in this example.  Consider Figure 1.1.16.12.1.
This figure illustrates a multi-stage conver-
sion process like for a chemical plant.  Each
conversion process would include the stages
from Figure 1.1.16.5.1.  The product stream
from one conversion process can be tapped for
product or passed as feed material to the next
conversion process for additional refinement.
Now consider Figure 1.1.16.12.2.  This figure
illustrates the example of passing the informa-
tion from one data-to-information conversion
process on as data to the next data-to-informa-
tion conversion process.  You can see why we
want source-point data capture.  But, how can

we be sure we’re at the initial source.

In the flows in Figure 1.1.16.12.2., data and
information, unlike other types of feed and
product streams, aren’t used up.  Sharing in-
formation isn’t like sharing cookies.  The same
information can be used by many people.  I’ll
discuss this concept more in modules about
information sharing.

I’ve mentioned measurement bias in getting
original data and the problem in finding the
initial source of data.  I’ve stressed interpreta-
tion bias and the importance of the reference
point in making information from data and the
fact that such information can be the data for
the next conversion process.  Clearly, infor-
mation is not only crucial for decision making
but it’s perishable stuff with a limited shelf
life.  How many people accept data and infor-
mation as gospel, especially if they come from
a computer?  But more about that later.

Bryce says, “The organizations that will [ex-
cel] will be those that manage information as
a major resource...Managing the information
resource essentially means gathering, storing,
and processing data so efficiently and effec-
tively that organizations produce the best in-
formation with which to make decisions and
take actions—both on operational and corpo-
rate levels.”  (Milton Bryce, “Information Re-
source Mismanagement”, Infosystems Maga-
zine, February 1983, p. 88.)  I’ll consider the
decision maker using information to make
decisions and take actions later when I look
more closely at the interfaces between pairs of
components in the management system in Fig-
ure 1.1.14.5.4.
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Figure 1.1.16.12.1.  We can refine materials to add value at many stages.

Figure 1.1.16.12.2.  We refine information in a multi-stage conversion process.
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.13. A MANAGEMENT  SYSTEM ISN’ T AN INFORMATION  SYSTEM.

People often confuse the terms management
systems, management information systems,
information systems, and computer-based in-
formation systems.  I see a management sys-
tem as a domain of responsibility, where the
what is used to manage component is manage-
ment tools, which includes management infor-
mation systems.  I see management informa-
tion systems and information systems as the
same thing, since the purpose of information is
for management, or decision making.  I see
computer-based information systems as an
information system involving a computer rather
than, or in addition to, another mechanism,
such as a magnetic board, a rolodex, a file
cabinet, or a notebook.  That is, magnetic
boards and the like play similar roles to the
computer.  The computer has certain handy
advantages when the amount of data and infor-
mation or the rate of change of the data and
information is great.  In cases where these
conditions aren’t met, I find the computer
often does more harm than good.  The note-
book, for example, continues to be a handy
mechanization for managing information.  We
often make our lives harder and sometimes
unreasonably so by using a computer just to be
part of a fad.

A management system is a domain of respon-
sibility, which is a system that includes a
management process for converting interven-
tions into performance.  An information sys-
tem is a system for producing information that
involves a process for converting data into
information.

Milton Bryce states the problem well.  (Infor-

A management system is a domain of responsibility, converting capital, labor,
equipment, materials, energy, and data and information inputs into outputs.  An
information system regularly and frequently converts data and information inputs
into outputs.

mation Resource Mismanagement,
Infosystems Magazine, February 1983, pp.
88-92.)  “To put it bluntly, most corporate
executives and managers do not really under-
stand information and information systems...or
how to build them.  And frankly, neither do
most people in computing.  If companies built
bridges the way they have built information
systems for the past two decades, this would be
a nation dependent on ferryboats.

There are exceptions:  good systems have been
built, enlightened management can be found.
But generally, organizations continue to be
plagued with complaints of information sys-
tems that do not meet the needs of users and are
not easily adaptable to ever-changing require-
ments.  As if that weren't enough, add severe
cost overruns (100 percent is not uncommon),
incessant delays, lack of standards, terrible or
nonexistent documentation, and modifications
and maintenance that consume 85 percent of
staff time.”

The fact that Bryce’s words are as true today as
they were in 1983 attests to the notion that
technology isn’t the answer to these problems.
Bryce implies that the cause of the problems
rests on two misconceptions:  1) people equate
information and data and 2) they equate infor-
mation systems and computer systems.  No
more profound causes of these problems were
ever made.  As we deal with domains of
responsibility and building and using manage-
ment tools for providing good information for
decision making, we must address and correct
these misconceptions.  Not correcting them
has led managers to failure for decades.  Be-
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To illustrate information systems without com-
puters, I like to use the information system in
Figure 1.1.16.13.  When I was young and went
to a baseball game, I received a scorecard.  I
recorded the lineup by player’s name and
position, in batting sequence.  I tracked the
game’s events using detailed symbols for base
hit, strike out, fly to the center fielder, and so
on.  I could store and retrieve data for tallying
batting averages, fielding percentages, wins,
losses, and much more.  I used source-point
data capture.  My data came from direct obser-
vation, biased only by my eyes and ability to
use the scorecard.  I got quite good at it at a very
early age.  That manual system was a manage-
ment information system.  The person who
used it for real, as we see in the illustration,
wore the word “manager” on the back of his
jacket.

Today, with computers, we can tell you what
percentage of the time a batter swings at the
second pitch or a runner tries to steal on left-
handed pitchers and blond catchers on the first
pitch, and so on.  I wonder if the computer has
made things worse or better.  In my day, Bob
Gibson or Don Drysdale could pitch nine, ten,
or eleven innings (whatever it took) every
fourth day, month after month.  Today the
computer tells us what to do with pitchers and
we can’t seem to get a pitcher to complete a
nine inning game once a month.

cause of these misconceptions, information
specialists don’t ask the right questions and
they look to hardware and software as the
centerpiece of solving an organization’s prob-
lems.  Managers, on the other hand, don’t
express what they need and why they need it.

Information systems don’t have to be com-
puter-based, and most aren’t.  In my manage-
ment information systems classes, my cardi-
nal rule is that we won’t use the word computer
or use the computer for more than a word
processor.  I’ve found that including the com-
puter in the classes distracts the students from
the important issues—the value and use of
data and information.  They want to deal with
the more tangible subject of the workings of
hardware and software, which are no more
important to management information sys-
tems than are the workings of notebooks, file
cabinets, and rolodexes.  Hardware and soft-
ware may be more exotic, but they’re not more
important to understanding systems of infor-
mation to help manage with.  Including the
computer in information systems design classes
focuses the students on the solution before
they even understand or have defined the prob-
lem.  They want to discuss and integrate com-
puters before they know what to integrate
them in to.  I’m afraid students aren’t the only
kinds of people easily distracted by computers
in this way.



192

Figure 1.1.16.13.  “Who’s on first?”
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BACKGROUND/INTRODUCTION/FOUNDATION CONCEPTS II

1.1.16.14. EXERCISE ON SYSTEMS-ORIENTED  CONCEPTS

We distinguish between subtly different concepts to gain sufficient depth of under-
standing to diagnose, explain, design, implement, and upgrade the building and use
of management tools and the management process.

Situation Description
As you think about baking a birthday cake for
your roommate in your kitchen, you decide to
treat the project as a domain of responsibility.
Being in a management systems engineering
class, you distinguish concepts for a deeper
understanding of the effort you’re about to
start.

Your father gave you his mother’s recipe that
you have on a three-by-five card in a metal box
on a shelf.  You have a modern stove and all the
necessary utensils.  You’ve bought all the
ingredients and they’re in the refrigerator and
in the pantry.  You’re going to decorate the
cake with Virginia Tech colors and turkeys.

You have some artistic talent and expect to do
a realistic representation.

You expect a number of people to eat the cake
and will prepare the cake a day ahead of time
because you have classes most of the day of
your roommate’s birthday.

Exercise
Identify in whatever portrayal format you like
the various systems-oriented concepts we’ve
discussed.  Include concepts like system, pro-
cess, systems approach, functions, rules, man-
agement and operations tools and guides,  data
and information, information systems, and bias.
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BACKGROUND/INTRODUCTION

1.1.17. KNOWING THE LAWS OF NATURE UNDERNEATH THE PICTURE—
MICHELANGELO , THE SCULPTOR (DAVID, THE PIETA)
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BACKGROUND/INTRODUCTION/THE MANAGEMENT SYSTEM MODEL

1.1.18.1.  DESCRIPTION OF THE MANAGEMENT  SYSTEM MODEL

The Management System Model describes the components and relationships in the
management system and highlights the need for balance obtained by matching the
interfaces between pairs of components for the domain of responsibility to perform
well.

I’ll describe the Management System Model
as a simple but robust framework for showing
the interplay among the concepts I defined in
Sections 1.1.14. and 1.1.16. within the context
of the management system defined in Module
1.1.14.5. I’ll extrapolate from Figure 1.1.14.5.4.
The Management System Model represents a
structured approach for understanding, build-
ing, and using management tools.  The Man-
agement System Model gives us a simple
framework for describing a management sys-
tem defined in Module 1.1.14.5., its compo-
nents, and their relationships.  I’ll discuss the
attributes, or characteristics, of a management
system as a series of frameworks in later mod-
ules in Section 1.4.5.  I’ll describe the at-
tributes of the components of the Management
System Model in Modules 1.4.2.6.1. through
1.4.2.6.3.

Figure 1.1.18.1.1. repeats the three essential
components of a management system shown
in Figure 1.1.14.5.4. but separates the three
components and uses arrows to show that one
component affects the others.  Don’t confuse
the arrows in this model with flow.  The arrows
show sequence, or relationships.  The who
manages component, or the manager, is any-
one who uses information to make decisions
resulting in actions affecting what is managed.
The what is managed component, or the opera-
tion, includes the tangible things the manager
is responsible for.  The what is used to manage
component, or the management tools, com-
prises tools we could keep in our head, like
organizational structures, plans, and informa-
tion systems.  The Management System Model
explicitly separates the means of the manager,
or what is used to manage, from the ends of the

manager, or what is managed.  A common
source of management tool failure is empha-
sizing what is used to manage as the ends
rather than the means.  The Management Sys-
tem Model implies the focus of management
attention is the tangible operation, or work
process, that constitutes what is managed.  The
arrows in Figure 1.1.18.1.1. show that 1) the
manager makes decisions resulting in actions
affecting the operation, 2) by measuring indi-
cators in the operation we get data to feed into
our management tools, and 3) the management
tools portray information to be perceived by
the manager to support decision making.

A successful domain of responsibility bal-
ances the three components in Figure
1.1.18.1.1.  Without balance, you and your
domain fail.  I’ve found that management tools
fail when they’re not in balance with who
manages and with what is managed.  Con-
versely, those tools that succeed do achieve
the required balance.  If a management tool is
too sophisticated for a manager, the balance is
lost.  If a management tool doesn’t reflect the
operation, the balance is lost.  If the manager
doesn’t provide the right intervention to the
work process, the balance is lost.  A system out
of balance is out of control.  The question is:
How do we identify, achieve, and maintain
balance among the components of a manage-
ment system?  The answer is to focus on the
interfaces between pairs of components iden-
tified in Figure 1.1.18.1.2.

Figure 1.1.18.1.2. distinguishes and empha-
sizes the interfaces between pairs of compo-
nents by dividing the arrows in Figure
1.1.18.1.1. into pairs separated by an interface
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screen.  You get balance among the compo-
nents by paying close attention to the inter-
faces between the pairs of components.  Each
interface matches what one component yields
with what the following component requires.
You want to match the information portrayal
from your management tools, what is used to
manage, with your, who manages, preferred
information perception.  Your characteristics
(attributes) for cognitive style affect how you
like to see or hear information and are impor-
tant in making the match.

You also want to match the decisions you, who
manages, make with the actions you take af-
fecting your operation, what is managed.  I
show this match in Figure 1.1.18.1.2. as the
interface between you and your operation.
Likewise, I show a needed match between
measurement of your operation, what is man-
aged, and the data you feed into your manage-
ment tools, what is used to manage.  You
should be able to see Forrester’s model from
Figure 1.1.11.2. in Figure 1.1.18.1.2.

If you consider the framework for the manage-
ment process in Figure 1.1.11.4. from the
perspective of the center box being the opera-
tion, or what is managed, (one of the dual
personalities) and Forrester’s model from Fig-
ure 1.1.11.2., you’ll see an overlap with the
Management System Model (MSM).  Forrester
focuses on who manages in terms of informa-
tion in and decisions and actions out.  The
interventions-organization (operation)-perfor-
mance of the management process framework
shown in Figure 1.1.11.4. focuses on the ac-
tions into the what is managed component, the
work process of what is managed, and the
performance of what is managed in terms of
what is measured to become data about perfor-
mance.

Figure 1.1.18.1.3. illustrates the Management
System Model, which describes any domain of
responsibility as a management system.  As in
all aspects of life, balance is vital for the

components in the MSM.  For management
systems engineering, we need a structure to
model the domain of responsibility as a system
to make the domain work well—or more likely,
to make it work better—so we can see with
comprehensive clarity what the system com-
ponents are and how they relate to one another.

The MSM illustrates many important manage-
ment principles, including: 1) management is
decision making; 2) the decision maker con-
verts information into decisions; 3) decisions
are valueless unless they result in appropriate
actions; 4) actions cause your operation to
change; 5) you must know what to measure
before you get useful data; 6) all management
tools convert data into information; and 7)
when you portray information, you must con-
sider how the information will be perceived;
and many more.

Each component of the MSM is a subsystem
and contains one or more processes.  The
manager, or who manages, is a subsystem that
converts information into action through a
decision making process.  The operation, or
what is managed, is a subsystem that converts
action into performance through the work pro-
cess.  The management tools, or what is used
to manage, is a subsystem that converts data
into information through a comparison and
interpretation process.  One of the types of
management tools is called a management
information system, emphasizing the hierar-
chical nature of systems and subsystems.

The MSM does not include a representation of
the environment around the domain of respon-
sibility.  Therefore, the MSM is a closed sys-
tem look at an open system.  That is, a manage-
ment system is an open system; the MSM is a
closed-system model.  I’ll discuss strengths
and weaknesses of the MSM later.  You can’t
model reality completely; all models are ap-
proximations.  The trick to using a model is
knowing where the model works well and
where it doesn’t.
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Recognize that the MSM doesn’t include the
environment of the domain.  Recognize also
that the model doesn’t include the inputs from
and the outputs to the environment.  The MSM
deals only with internal inputs and outputs
between the components.  I’ll use other mod-
els later to deal specifically with environmen-
tal inputs and outputs.  However, think about
the operation, or what is managed component,
for a moment.  The operation not only converts
managerial action into performance in the form
of measurements and data, the operation also
converts capital, labor, equipment, materials,
(CLEM) and energy inputs into similar out-
puts in the form of products and services from
the work process.  Beware that data, informa-
tion, authority, and other inputs from the envi-
ronment and outputs to the environment come
into and go out of the management system but
not the operation.  The other components, the
manager and the management tools, also have
environmental inputs and outputs separate from
the operation.  Of course, the environmental
inputs and outputs of any component are also
inputs and outputs of the management system.

Since the MSM and the management process

center on decision making, the conversion
processes in the MSM and the management
process center on the inputs and outputs of
decision making.

The MSM represents an application system
for the engineering process, as described in
Module 1.1.9.2.  The core application system
(as described in Module 1.1.11.6.3.) is the
what is managed component.

Always remember that I formed the MSM by
sorting the entities in Figure 1.1.14.5.1. into
three groups and evolving the three compo-
nents from overlapping first to touching and
then to separated with interfaces.  I’ve found
great advantages in defining components, get-
ting separations, and showing relationships.
However, inputs don’t go to one component or
another; they go into the domain where the
components are totally intermingled.  But, as
I’ve designed the MSM, data and information
aren’t input to the operation, they’re input to
the management tools and to the manager,
respectively.

Figure 1.1.18.1.1.  A management system has three essential components.

THE MANAGEMENT SYSTEM MODEL HAS 
THREE ESSENTIAL COMPONENTS.

WHO
MANAGES

WHAT IS
MANAGED

WHAT IS USED
TO MANAGE
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Figure 1.1.18.1.3.  A successful management system balances three essential components.

Figure 1.1.18.1.2.  We get balance by considering the interfaces.

WE GET BALANCE BY CONSIDERING
THE INTERFACES.
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BACKGROUND/INTRODUCTION/THE MANAGEMENT SYSTEM MODEL

1.1.18.2.  ORIGINS OF THE MANAGEMENT  SYSTEM MODEL

The Management System Model began as a structure to identify impediments to
the building and use of management information systems.

Because of my decades-long concern for the
many failures in management tools, in the
winter and spring of 1984, I was particularly
intrigued with an important booklet by Henry
Mintzberg called Impediments to the Use of
Management Information. (copyright by Na-
tional Association of Accountants, 1975)
Mintzberg says, “In recent years, those spe-
cialists concerned with the design of the for-
mal management information system (MIS)—
notably accountants, MIS specialists and man-
agement scientists—have shown considerable
interest in how the manager makes use of the
information such systems provide.  More to
the point, these specialists are concerned that
the manager does not use their information as
they believe he should, and they would like to
know why. ..... This paper reviews the litera-
ture in the search for answers to the question,
‘Why do managers not use information as they
apparently should?’  Ten answers are pro-
posed which fall into three domains—the in-
formation, the organization and the brain.  In
effect, this paper suggests that the ‘blame’ lies
in three areas: inappropriate information, prob-
lems in the functioning of organizations, and
design features of the human brain.  The basic
premise of this paper is that the use of manage-
ment information is determined by the com-
plex relationships between the information
made available to the manager, the pressures
imposed upon him by the organization in which
he works, and the ways in which his brain
receives and processes the information avail-
able.

The first section of the paper contrasts the
formal with the informal information system
in order to explain why managers often favor
the latter.  Four basic weaknesses of the MIS

are highlighted:

1. The formal information system is too lim-
ited.

2. Formal information systems tend to ag-
gregate data; as a result much of the
information produced is too general for
the manager.

3. Much formal information is too late.

4. Some formal information is unreliable.

There is a tendency on the part of specialists to
lay all the blame for misuse of information on
the manager.  Thus, the faults in the formal
information system are discussed first to em-
phasize that problems exist on both sides of the
issue—the way information is provided as
well as the way it is used.

In the second section, the organization is treated
as the problem.  Specifically noted are:

5. Organization objectives are often rigid
and dysfunctional and encourage the man-
ager to use inappropriate information.

6. The power and political situation within
the organization may cause the manager
to ignore or distort information related to
overall effectiveness.

7. The nature of his work drives the manager
to favor verbal channels and neglect docu-
mented sources for information.

In the third section, we delve briefly into
cognitive and personality psychology and treat
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the brain as the difficulty.  The three conclu-
sions are:

8. The manager suffers from cognitive limi-
tations that restrict the amount of informa-
tion he can consider in complex decision
processes.

9. The brain systematically filters informa-
tion in line with predetermined patterns of
experience.

10.Psychological failures and threats further
impede the brain’s openness to informa-
tion.

The body of this report discusses these ten
points in some detail.  Two final sections then
present a summary review of the impediments
to the use of management information and
some implications for the design of MIS.
Before proceeding with this description, we
must clarify the use of the term formal infor-
mation.  As is evident above, a clear (perhaps
overly sharp) distinction is made between the
information provided by formal systems and
the rest of the information to which the man-
ager has access.  Such formal information
includes accounting, manufacturing, market-
ing and other reports, is typically presented on
a regularly scheduled basis, and is largely
quantitative in nature.  This information nor-
mally is produced by an in-house MIS and is
designed and operated by specialists who of-
ten rely extensively on computer processing.
The manager’s other information may include
a vast array of inputs—gossip, ideas, news and
so on, provided through less formal (and ir-
regularly reporting) channels.  These may in-
clude personal contacts, trade organizations
and informal subordinate contacts.” (pp. 1-2)

The impediments I’ve just listed are shown in
Mintzberg’s figure, which I’ve repeated here
as Figure 1.1.18.2.1.

Mintzberg discusses each of the impediments
under three major headings he calls 1) the
formal information at fault, 2) the organization
at fault, and 3) the brain at fault.  He then lists
eight implications for the design of the MIS: 1)
Managers need broad-based formal informa-
tion systems, in large part independent of the
computer; 2) In an ideal MIS, the rate of
information bombarding the manager would
be carefully controlled; 3) Concentration on
intelligent filtering of information is a key
responsibility of the MIS; 4) Careful determi-
nation of channels is necessary in MIS design;
5) The formal information system should en-
courage the use of alternative and in-depth
sources of information; 6) Stored information
must be conveniently available to the man-
ager; 7) The information specialist must be
sensitive to the manager’s personal and orga-
nizational needs; and 8) The MIS should be
designed to minimize some of its disruptive
behavioral effects.

Not only did Mintzberg’s three major head-
ings become information, organization, and
brain leading to management tools, operation,
and manager, but the impediments and impli-
cations affected the thinking of many of the
concepts later evolved from the MSM.

Several years before reading Mintzberg’s book-
let, I read Peter Drucker’s The Effective Ex-
ecutive.  Drucker insists that decisions must
have actions tied to them.  I had always been
interested in the problem of perceiving infor-
mation depending on how the information was
portrayed.  As a result I drew the Management
System Model (MSM) with its components
and relationships.  The only difference then
was that the model was arranged with a counter-
clockwise sequence rather than the clockwise
sequence shown in Figure 1.1.18.1.3.  My
students argued that the who manages compo-
nent should take a more prominent position in
the MSM and I seemed to satisfy them by
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changing the arrangement and putting who
manages in the upper left part of the diagram.
Immediately, I found an added benefit when I
had the what is used to manage component at
the bottom of the diagram where I could ex-
pand the management tools component for
discussion because I had room on a vertical
sheet of paper.

After reading Simon and Forrester, I con-
firmed the interfaces surrounding who man-
ages.  Blumenthal’s (Sherman C. Blumenthal,
Management Information Systems: A Frame-
work for Planning and Development, Prentice
Hall) torturously detailed diagram confirmed

all the pieces of the MSM in his definition of
a management information system.  I’ve re-
produced Blumenthal’s diagram (p. 34.) as
Figure 1.1.18.2.2.  Can you find the compo-
nents and interfaces of the MSM in the figure?

Others confirm the MSM.  Harry Snyder
showed me Alphonse Chapanis’ book Man-
Machine Engineering with an MSM-like dia-
gram on page 20 of the book.  Principles of
Information Systems for Management by Niv
Ahituv and Seev Neumann shows or implies
the components and interfaces in a diagram on
page 100 of their book.

Figure 1.1.18.2.1.   A general view of impediments to the use of management information (adapted
from Mintzberg, p. 18)
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Figure 1.1.18.2.2.  Schematic representation of [management information system]. (taken from
Blumenthal, p. 34)
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BACKGROUND/INTRODUCTION/THE MANAGEMENT SYSTEM MODEL

1.1.18.3. THE CYCLIC  NATURE OF AN EFFECTIVE  MANAGEMENT  SYSTEM

By changing our view of a management system from a closed loop to a sine wave, we
can get a view of changes in task performance, management performance, and
organizational learning as a function of time.

The Management System Model
The Management System Model is a closed-
loop cycle representation of an organization’s
three components: the decision maker, the
work process, and the information-converting
management tools.  The closed-loop represen-
tation emphasizes the importance of the inter-
faces: decision to action, measurement to data,
and information portrayal to information per-
ception.

The Management System Model is a closed-
system look at an open system.  The Manage-
ment System Model is a closed-loop, closed-
system model.  The strength of the Manage-
ment System Model is that it can describe and
explain the management principles listed in
Module 1.1.18.1.  The weakness of the Man-
agement System Model is that it doesn’t in-
clude a representation of the environment
around the domain of responsibility.

By showing the cyclic nature of the Manage-
ment System Model in a different representa-
tion, we can see the effects of the environment
on the domain, even though we don’t include
the environment in the model.  This other
representation shows the cycle not as a closed
loop but as a sine wave.

The Sine-Wave Representation of the Or-
ganization
Within our domain of responsibility, we solve
problems resulting from sequences of related
decisions.  By participating in problem-solv-
ing experiences, we learn lessons.  Each per-
son involved in the problem-solving experi-
ence learns his or her set of lessons.  Depend-
ing on how well we observe and remember

what we see in our work process, we learn
from the problem-solving experience differ-
ently.  Depending on how well we access,
interpret, and act on what we learn, we go into
the next problem-solving experience differ-
ently.

When we take our lessons learned into the next
problem-solving experience, we change our
task performance.  When we decide and act
differently based on what we learned from the
previous problem-solving experiences, we
change our management performance.  When
we store and refine our lessons learned from
our previous problem-solving experiences, we
change the content of our organizational
memory.  The change in organizational memory
constitutes organizational learning.

I represent the influence of learning on subse-
quent problem-solving experiences as a sine
wave shown in Figure 1.1.18.3.  First, notice
the changes in task performance, management
(decision-making) performance, and organi-
zational memory in moving from problem-
solving experience to problem-solving experi-
ence, from decision to decision, and from
information storage content to information
storage content, respectively.  Second, trace
through the sine-wave representation to pick
up the what is managed, what is used to man-
age, and who manages components of the
management system.  Third, identify the mea-
surement to data, information portrayal to in-
formation perception, and decision to action
interfaces between pairs of components.

The sine-wave representation of the organiza-
tion emphasizes the continual repetitive na-
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ture of the learning cycle and process.  When
we consider a single person’s learning from a
particular problem-solving experience, we have
a representation of individual learning.  When
we consider the collective lessons learned by
people in the organization, we have a repre-
sentation of organizational learning.

If I represent the components and interfaces of
the Management System Model as a sine wave,
I emphasize the place of the components in the
organizational learning cycle and the effects
of the environment on the components and on
the learning cycle.  The work process, or what
is managed, contains the actualization of the
problem-solving experiences.  Since each per-
son observes or experiences something differ-
ent in the problem-solving experience, each
person learns a different lesson.  Each ob-
server has a different learning experience.

The information-converting management tools
yield information from a process of storing
and refining data into memory.  In Figure
1.1.18.3., I show the continual change in learn-
ing experiences and update to the contents of
organizational memory in subsequent crests
and valleys of the wave.

The decision maker retrieves information from
memory and interprets the information for
decision and action.  The action adjusts the
next problem-solving experience and yields
an updated learning experience.

The sine-wave representation emphasizes the
importance of the components.  The sine-wave
representation gives us the advantage of dig-
ging into the organizational learning charac-
teristics of the management system.

The sine-wave representation doesn’t show
the environment acting on the organization.
Instead, the sine-wave representation shows
the effects of the environment on the organiza-
tion.  The sine-wave representation includes
the effects of the environment by showing the

difference in problem-solving experiences at
times t

1
, t

2
, t

3
, etc.  These times represent

snapshots of the organization at the time the
organizational memory is updated.

Including the effects of the environment on the
organization is a model representation prob-
lem not a problem in seeing the change in the
organization resulting from the effects of the
environment.  The change will happen due to
the environment acting on the organization.
The sine-wave representation includes the re-
sults of the interaction.  But the sine-wave
representation doesn’t include a representa-
tion of the interaction.

The implied axes of Figure 1.1.18.3. are time
and knowledge or performance.  For learning,
the dimensions are best interpreted as time and
knowledge.  For improvement, the dimen-
sions are best interpreted as time and perfor-
mance of the operation or of the manager.
Performance and knowledge are related.

In Figure 1.1.18.3., the what is managed com-
ponent of the Management System Model is
also labeled source or object.  The physical
responsibilities, or operation, or work process
is the source of data and the object of action.
As we discuss management tools (what is used
to manage) more, we’ll partition the data-to-
information convertion process into functions,
including storage and refinement of data.  The
storage of data represents memory of the man-
agement tool.

As a conceptual entity, rather than a physical
entity, the management tool is the place where
we store data in our memory.  Any decision
maker in the organization can retrieve and
interpret the organizational memory to sup-
port his or her decision making.  The source
that feeds the organizational memory is the
problem-solving experience in the work pro-
cess.  The object that receives the action of the
decision making is the work process, which
becomes the next problem-solving experience.
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I discovered the sine-wave representation of
the Management System Model when work-
ing with Tim Kotnour on his dissertation (Timo-
thy G. Kotnour, The Effect of Lessons-learned
Sharing Processes for Organizational Learn-
ing on Decision-making Performance, unpub-
lished PhD dissertation, Virginia Polytechnic
Institute and State University, Blacksburg,
Virginia, 1995).  Kotnour says, “The four
functions of organizational learning, as I de-
fine organizational learning, are shown as (1)
problem-solving or learning experience, (2)
storage and refinement, (3) retrieval, and (4)
interpretation.”

Using the Sine-wave Representation
By comparing successive similar positions in
the peaks and valleys of the sine-wave repre-
sentation in Figure 1.1.18.3., we can focus on
learning, performance improvement, or man-
agement improvement.  In this way, we see

change in the organization as a function of
time.  Learning is the change over time shown
as the valleys of the sine-wave representation.
Task, or performance, improvement is the
change over time shown as the crests of the
sine-wave representation.  Management im-
provement is the change over time in the
decisions shown in the ascending part of the
sine-wave representation.

For organizational learning, we do the updat-
ing of memory with the purpose of improving
management (decision making) which, in turn,
improves performance (the work process and
thereby the products and services of the orga-
nization).  This sequence from memory to
management to performance helps explain the
link between knowledge and performance that
I mentioned when characterizing implied axes
for Figure 1.1.18.3.

Figure 1.1.18.3.  The sine-wave representation of the organization shows learning, performance
improvement, and management improvement resulting from lessons learned about problem solving
or learning experiences.
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1.1.18.4. BALANCE  IS THE ANSWER FOR THE MANAGEMENT  SYSTEM

MODEL.

The Management System Model helps us understand a management system like
statics helps us understand a mechanical system.

When we model any system, we design the
model based on our objectives in understand-
ing the system.  For a complex system, no one
model will serve all purposes.  So, we make
assumptions about the system we’re modeling
to get the form of the model and then we apply
boundary and initial conditions to apply the
model to a specific type of system.  The most
important assumption in the Management Sys-
tem Model (MSM) is the assumption of no
external forces on the system.

In the MSM, we look for balance in the domain
of responsibility.  We focus on the compo-
nents of the domain and the relationships among
them.  We don’t look at changes over time.
The MSM is like snapshots of the domain at
points in time.  (You need more than one
snapshot to investigate balance.)

In Figure 1.1.18.4., I show the three compo-
nents of the management system as three blocks
(masses) connected by springs and dash pots.
The springs and dash pots represent the inter-
faces between pairs of components.  I show no
connections to anything outside of the three-
component system.  If we perturb one of the
blocks, the system will respond and either go
out of control or return to steady state.  My
concept of balance not only requires a return to
steady state but a return to at least as good a
steady state.  In a management system, per-
turbing a block would include changing the
manager of the domain (who manages), chang-
ing the work process (what is managed), or
adding a new management tool (what is used
to manage).  In this book, I’m most interested
in the effects of changing a management tool
or adding a new one.  This is one perspective
for approaching the management system to

improve performance.  Other perspectives in-
clude improving the work process and im-
proving the decision making process.

For balance in a management system, we’ll
concentrate on the attributes of the system and
of its components and on the relationships
among the components and their attributes.
I’ll use an information system example to
illustrate balance.  Today, in every magazine
or journal for management, people espouse the
importance of color graphics for portraying
information.  Color graphics is an attribute of
some mechanisms of management tools—a
way of portraying information.  Color graph-
ics is also an attribute of some people’s prefer-
ence for perceiving information.  Given the
same information content in a spreadsheet and
in a color graphic, not everyone prefers the
color graphic.  If a decision maker is sold on
color graphics by the magazine and really
prefers a simple spreadsheet, the who manages
and what is used to manage components of the
management system won’t be in balance.
Researchers argue that intuitive people prefer
pictures and color in perceiving information
and sensing people prefer numbers and struc-
ture.  Intuitive people prefer color graphics
and sensing people prefer spreadsheets.  Since
75% of the people in the United States are
considered to be sensing (by the Myers-Briggs
Type Indicator studies), most people won’t
like color graphics for information perception.
They may like color graphics to keep up with
the fad or to look high-tech.  Of course, we
hope they’ll prefer the portrayal with the best
information.  But, if the information content is
the same, you most likely will perceive the
information better in spreadsheet form.  My
experience in industry and government set-
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Figure 1.1.18.4.  Three blocks connected by springs and dash pots form a system analogous to the
Management System Model.  (This analogy was developed during my interaction with Larry Mallak
during his Master’s degree work at Virginia Tech.)

tings supports this result.

One of the frightening issues in the relation-
ship between success of the organization and
balance in the MSM is that if you dramatically
change a component, you threaten the balance
and, hence, threaten success.  For example, if
we design and build management tools that
promote balance in the MSM and the manager
is changed, the whole system can go out of
balance.  The first place we usually see the
balance problems for a new manager is his or
her dislike and immediate refusal to use the
management tools of his or her predecessor.
Until we build adaptive management tools,
able to immediately and inherently adapt to a
new user or manager, we’ll find problems with
some management tools each time the man-
ager changes.

Some years ago I built a milestone tracking
system for a Department of Energy office
director.  He, the decision maker, influenced
the design of the system.  He, his deputy, and
other direct reports used the system monthly to
ensure all projects were on track.  The system
was successful.  When he left for a new job, his
deputy replaced him and, based on his previ-
ous involvement with the system, continued to

use the system successfully.  Later, a new
person appeared on the scene.  The original
deputy was promoted and the new office direc-
tor had never dealt with the milestone tracking
system.  The system died on the spot.  The new
person didn’t like the system.  The balance
between the tool that was used to manage and
the decision maker was lost.  Either he couldn’t
feel ownership, he was uncomfortable with the
guiding process, he didn’t like the portrayal
format, or he had other mismatches at the
information portrayal, information perception
interface.  The management system compo-
nents fell out of balance when the decision
maker was changed.  Obviously, the tool could
be successful and was with two different man-
agers.  But the tool failed because the manage-
ment system components disconnected when
the new manager arrived.

For the overlap of the management system
components in Figure 1.1.14.5.3. and for the
interfaces between the components in Figure
1.1.18.1.3., the meshing or matching of the
components’ attributes spells balance and suc-
cess.  One way to characterize a successful
domain of responsibility is for the system to be
in balance.
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1.1.18.5.  USES OF THE MANAGEMENT  SYSTEM MODEL

The Management System Model (MSM) is a
descriptive model and to some extent an
explanating model, but the MSM doesn’t help
for prescriptive or predictive purposes.  Later,
I’ll describe similar models we can use for
prescription or prediction.  As a descriptive
model, the MSM shows components and rela-
tionships in the system so we can discuss and
learn about how the components and relation-
ships work.

Starting with description and explanation isn’t
near to us.  To begin learning how an automo-
bile works, we first need to know the sub-
systems and components, how they work, and
how the components affect each other.  Much
later, we need to know how to build or drive an
automobile.  Later yet, we can predict how a
change in the automobile will affect its perfor-
mance or prescribe what to do to the automo-
bile to get desired performance.

I’ll use the MSM to single out a component or
a relationship to discuss.  The MSM not only
helps single out (analyze) a component but the
MSM also helps tie the component (synthe-
size) back together with other components in
how the component contributes to the larger
system.

The MSM brings us back to the big picture and
puts us in touch with the fundamental compo-
nents of our domain of responsibility.  We’ve
been distracted from the big picture—first
since the 1950’s and 60’s by operations re-
search models, and second since the 1970’s
and 80’s by the computer.  We must concen-
trate on the big picture and manage all our

tools so that they will work for us.

Strengths and Weaknesses of the Manage-
ment System Model
Simplicity is the greatest strength of the Man-
agement System Model.  The greatest weak-
ness of the MSM is that the MSM is in a
vacuum—there are no interactions with the
environment.  This strength and this weakness
give us the age-old dilemma of simplicity
versus accuracy.  All models are approxima-
tions.  Where the assumptions fit, the MSM
works well.  When we look at the domain by
itself and we want internal relationships and
the strength of the components, we won’t be
affected by the MSM’s weakness.

I use the MSM to understand the inside world
of the domain first.  I want to figure out how the
organization works within itself before worry-
ing how it interacts best with the outside.  I’ll
use other models to understand the outside
world and the relationship of the MSM to the
outside world.

 I believe you shouldn’t try to modify the
MSM to include the effects of other domains
or of the environment.  You then complicate
the MSM and lose its strength.  And you only
patch over its weakness.  If you want to show
interactions with other domains, use another
model designed for that purpose.  I’ll describe
several later.

The second greatest strength of the MSM is its
robustness.  The simple model includes the
concepts of Sections 1.1.14. and 1.1.16. and
the teachings of Simon, Forrester, Taylor,

The Management System Model is a simple, robust, closed-system descriptive
model for looking at an open system—a domain of responsibility—most useful for
learning about the relationships between the essential components of a manage-
ment system.
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Drucker, Mintzberg, and others.  We can use
the MSM as a foundation model to build other
important concepts.

The Management System Model doesn’t work
well to show teamwork, participative manage-
ment, and interactions among decision mak-
ers.  Some people like to include more than one
decision maker in the who manages compo-
nent.  An important point made with the MSM
is that even though a number of decision mak-
ers may work together, each has his or her own
responsibilities with corresponding authority
and accountability.  Responsibility can be del-
egated.  Responsibilities can overlap.  Respon-
sibilities can change.  But, one person ulti-
mately must be accountable for each task at
any given point in time.  (Unfortunately, some-
times a task is forgotten or not delegated to
someone.)  Cooperation and teamwork (im-
plied in multiple decision makers) are crucial.
But, so are coordination and knowing expecta-
tions (implied in a single decision maker).

The Power of Simple Models
I learned the power of simple models when I
was responsible for the kinetics (time-depen-
dent) analysis of a small, solid-metal nuclear
reactor for the United States Army.  When I
arrived on the scene, the scientists using the
reactor to study radiation effects on equipment
were using a relatively sophisticated space,
time, and energy dependent computer model.
The problem was that the model wasn’t pre-
dicting the results of their experiments.  The

computer package was a standard in the indus-
try and the scientists had confidence in the
package’s reliability.  The direction to me was
to increase the number of space nodes and/or
energy groups, because surely we didn’t have
enough detail in the model.  Instead, I tried a
simple, back-of-the-envelope model that in-
cluded no spatial or energy variation.  This
model treated the reactor as a point in space (or
essentially a volume with constant energy and
spatial distribution of neutrons, where any
point could be normalized to represent the
entire reactor).

To make a long story short, my simple model
worked beautifully.  In hindsight, a more so-
phisticated model would have been worse than
what they started with.  The reasons my model
worked so well were: 1) the tightly-coupled,
fast-neutron reactor core, in fact, acted like a
point and the assumptions of the simple model
fit, and 2) I didn’t need accurate measurements
of many input parameters or coupling coeffi-
cients because the model didn’t include the
variables or the coupling equations; so I could
concentrate on the accuracy of the few param-
eters I did need.

This convincing experience turned me on to
simple models.  I like the idea of doing some-
thing easier and better at the same time.  A
simple model is usually easier, but is only
better when the assumptions behind the model
fit the application.
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Should we include other components of a
system in the MSM?  Is there a component
between the decision and action?  For ex-
ample, are there decision making tools, like
actuators, that convert decisions into actions?
How do we show interfaces with other do-
mains of responsibility?

We’re always tempted to add just one or two
items to a simple model to make the model
better.  A better model would be one that suits
your specific application more closely.  We try
to adjust the model to compensate its weak-
nesses or to enhance its strengths.  Most of the
time, however, we do the opposite.

I’ve seen a number of different types of exten-
sions and modifications made to or argued for
the MSM.  A few I believe capture yet another
piece of understanding of a management sys-
tem.  Most, however, lose more than they gain.
Some of the types of changes I’ve seen are:

1) more than one decision maker in who
manages,

2) various connections with other domains or
the environment of the domain,

3) additional components and/or subcompo-
nents

4) a distinction between physical and con-
ceptual interfaces.

These are all worthy thought exercises.  I hope
the MSM stimulates that type of thinking.  My
experience is that to show any of these, you’re
better served to develop another model.  Put-
ting a bandaid on a model doesn’t often work.
Use the MSM to do what the MSM does best.
Use another model to make other or additional
contributions.  Then integrate the understand-
ings of the two models.

BACKGROUND/INTRODUCTION/THE MANAGEMENT SYSTEM MODEL

1.1.18.6.  EXPANDING  AND MODIFYING  THE MANAGEMENT  SYSTEM MODEL

When you change a model designed to meet certain needs, you risk failing the
original needs while trying to be new needs with a model designed for something else.
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1.1.18.7.  THREE DIFFERENT  MANAGEMENT  SYSTEM MODEL PERSPECTIVES

The perspective you take to the Management System Model directs the type of
performance you see.

Figure 1.1.18.7. shows three different views
from which we can view the Management
System Model.  Each of the views centers on
one of the components.  In fact, if we view the
MSM globally, we could include a fourth
perspective.

I’ve labeled each view in terms of the type of
performance motivating my looking from a
perspective in the first place.  The perspective
of primary concern in this book is the view
from the bottom, toward the what is used to
manage component.  This is the management
tool perspective and the one suited to engi-
neering the engines of the management pro-
cess.  This view gives us information-oriented
performance.  Information-oriented perfor-
mance includes issues like the timeliness, ac-
curacy, and relevance of data and information.
Management tools can be measured in terms
of productivity, quality, efficiency, effective-
ness, and other measures.  In a later module,
I’ll expand on these measures for information-
oriented performance.  The Management Sys-
tems Laboratories (MSL) focuses on the info-
oriented performance perspective within the
context of the MSM and the other perspec-
tives.

Another equally important perspective is look-
ing from the right in the figure, toward the
what is managed component.  This is the
perspective of most students of productivity
and quality.  This view gives us operation-
oriented performance.  The what is managed
component converts interventions into perfor-
mance data.  In converting capital, labor, equip-
ment, materials, and energy inputs into prod-
uct and service performance, the operation
yields productivity, quality, efficiency, effec-
tiveness, quality of work life, and other mea-

sures.  Be careful to note that when you look
strictly at the work process, or the operation,
your productivity and other measures don’t
measure the performance of management tools.

At Virginia Tech, we have the Virginia Pro-
ductivity Center (VPC).  Like other productiv-
ity centers in other states, VPC looks at im-
proving the performance of organizations.  VPC
focuses on operation-oriented performance
within the context of the MSM and the other
perspectives.

The third equally important perspective is look-
ing from the left in the figure, toward the who
manages component.  This is the perspective
of management schools teaching people to be
managers.  This view gives us personal perfor-
mance—a crucial function in the management
process.  We measure our decision making
effectiveness and quality so we can improve.

Business colleges look at developing manag-
ers and improving individual and organiza-
tional effectiveness.  A business college fo-
cuses on personal performance within the con-
text of the MSM and the other perspectives.

Finally, the global perspective looks at the
entire figure.  This is the perspective manage-
ment schools, engineering management pro-
grams, and management systems engineering
programs need to understand better.  This view
gives us organization performance, which rep-
resents a holistic combination of the other
three perspectives.  In management systems
engineering, we want to work toward organi-
zational performance.

I’ve found that you can quantify measures for
management tool performance.  When build-
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Figure 1.1.18.7.  The Management System Model can be viewed from a global and three directed
perspectives.  (This diagram was developed during my  interaction with David Hill during his
master’s degree work at Virginia Tech.)
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Our goal is to improve the organization’s per-
formance.  The Management System Model
(MSM) says we can choose among three com-
ponents to affect the organization in such a
way we improve its performance.  We can
focus on the manager, the work process, or the
management tools.  We can determine success
in the organization as good and improving
performance.  I’ve spelled success as balance
in the MSM.  If the MSM is out of balance for
an organization, to bring the organization back
into balance for success, we can adjust one of
three components: who manages, what is man-
aged, and what is used to manage.

Situational leadership theory (Kenneth
Blanchard and Paul Hersey, Management of
Organizational Behavior, Prentice Hall, 1982)
says managers need to use different leadership
styles based on the maturity of their followers.
Follower maturity is defined in terms of their
ability and willingness in regard to various
tasks.  The idea here is to get the manager to
adjust—in my terms, to bring the MSM into
balance.

Fred Fiedler (The Contingency Model: A
Theory of Leadership Effectiveness, Problems
in Social Psychology, McGraw-Hill, 1970)
says, “The model also points to a variety of
administrative and supervisory strategies which
the organization can adopt to fit the group-task
situation to the needs of the leader.”  Fiedler,
other researchers, and practical experience
suggest that a way to get balance in the MSM
is to adjust the organization or the operation to
the needs of the manager.

These two adjustments—change the manager
or the work process—seem to be ways we try
to fix organizations.  Changing the operation
seems to be the easy way out.  If things aren’t
working, change the staff or adjust a part of the
work process so the manager fits the situation.
The next easy way out is to change the man-
ager, either by training or reassignment.  You
know which is easier.  Each of these two
adjustments is worth considering; and in some
cases, is the way to improve performance.

The MSM suggests a third adjustment—a third
way to keep the organization in balance for
success.  Adjust the management tools.

I’ve learned in industry and government that
you can’t easily jerk around someone’s work
process, and certainly not without justifica-
tion.  I see us streamlining the work process to
reduce waste and frustration and to save time,
steps, and paperwork; but I don’t see us chang-
ing the operation to make a better match with
the manager or the management tools.

I believe you want to take advantage of a
person’s strengths in interest and ability.  So,
I don’t like to cause people unnecessarily to do
something in a way they aren’t good at or don’t
like to do.  I would be careful in changing a
person’s style.  Training in skills is one thing,
changing style is another.  Certainly, inflex-
ible decision makers or work processes ulti-
mately are problematical.  But, I think we have
another good, yet neglected, alternative.

The component we can adjust with the greatest

The objective of the approach is to build and use management tools in such a way the
tools can be the means for adjustment in the management system to balance the
Management System Model and gain success for the organization.  The objective of this
book is to give the reader the understanding to meet the approach’s objective.

BACKGROUND/INTRODUCTION/THE MANAGEMENT SYSTEM MODEL

1.1.18.8.  OBJECTIVE OF THE APPROACH
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performance is to build adaptive tools—tools
that inherently adjust to the user and to the
operation.  I’ll describe adaptive tools later.  In
short, all ways of improving balance in the
MSM and of improving performance are im-
portant.  I believe focusing on adjusting the
tools and on improving information-oriented
productivity needs to be emphasized because,
relatively speaking, that perspective has been
neglected.

My objective in this book is to use the manage-
ment tools as the significant influence on bring-
ing the MSM into balance.

promise of bringing balance to the MSM is the
what is used to manage component.  People are
reluctant to adjust management tools today
because they’re afraid of the information spe-
cialist who wants to save a nanosecond of
computing time regardless of the cost in hu-
man time.  I believe improved performance of
the organization is more important than the
elegance of the mechanization of the manage-
ment tool.

Information-oriented performance as discussed
in Module 1.1.18.7. is important when linking
management tools use to organizational per-
formance. One way to directly link tools to
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1.1.18.9.  SCOPING YOUR DOMAIN  CLARIFIES  YOUR RESPONSIBILITIES

Throughout the previous discussions, I’ve used
the term domain of responsibility in a way to
make its meaning implicitly clear.  Now, in
light of what has come before, I can define it
explicitly.  Your domain is a system, a system
fully represented by the Management System
Model (MSM).  It has extent; it has bound-
aries.  Shifting the boundaries in your mind
every time you consider another tool or appli-
cation will cause those tools or applications to
reflect slightly different domains and not work
together as well as they should.

If you add another person to your domain of
responsibility, everything you use to manage
that reflects numbers and types of people,
locations, and arrangements has changed.
Many more changes and the tools won’t work
together.

Your Domain Has Boundaries
In your mind or on paper you should be able to
draw a circle around your domain to isolate it
both horizontally (functionally) from other
systems with which it interacts and vertically
or hierarchically (structurally) from a larger
system of which it is a constituent element.
Although I have come many paragraphs from
our opening, I am, with the concept of the
domain of responsibility, conceptually as well
as practically at my starting point, the heart of
the matter.  The systems approach to manage-
ment must begin with a clear look at a manager’s
domain.

Through the boundaries of your imaginary
circle (your domain of responsibility) con-
sider the information flows in and out which
tie your domain to the rest of the world.  These
are your information inputs and outputs.  And
everything outside your domain of responsi-

bility, from a systems perspective, is the envi-
ronment of your management system.  Your
circle with inputs and outputs is Ed Yourdon’s
context diagram.  (Tom deMarco, Structured
Analysis and System Specification, Prentice-
Hall, Inc., 1978, pp.75-76.)  You’ll practice a
context diagram in the next module.

The person for whom the management tools
are to be built and what is managed in terms of
physical extent, mission, and objectives must
be clearly identified at the outset, or there is
considerable risk that the wrong management
tool will be built for the wrong person.

To be able to manage well, you must know
your role and responsibilities.  Consider the
predicament shown in Figure 1.1.18.9. of the
construction foreman who was out on the job
one day.  He asked a man sawing boards what
he was doing.  The man said, “I’m a carpenter
and I’m sawing boards.”  He asked a man
laying bricks what he was doing.  The response
was, “I’m a brick-layer and I’m laying bricks.”
Then he asked the pipe fitter, shown in the
illustration, what he was doing.  The pipe fitter
said, “I’m toiling with my fellow workers to
build a cathedral to the glory of God.  All the
peoples of the earth can come as one to wor-
ship the Lord.”  The foreman fired him—
because they were building a gas station.

Your System Is Tightly Coupled
What is a system?  A system converts inputs
into outputs resulting in throughput to meet
some objective(s) and incorporates measures
of performance to determine how well the
objectives are being met.  A measurable change
in any one of a system’s parts will cause a
measurable change in all the other parts.

If you haven’t scoped your domain of responsibility, you don’t know what you’re
doing and will probably work up a wonderful solution to the wrong problem.
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Now we can see why the MSM is such a
powerful tool—for, whether we like it or not,
to touch a system anywhere is to touch it
everywhere, especially for a tightly-coupled
system.  Within a system, it is impossible to do
just one thing.  This has always been true, but
it is especially critical now.

Today, information technology advances so
rapidly, providing such a vast array of prod-
ucts and services, that most become outdated
before the ink dries on the user’s guides.  Now
as never before, a manager must be able to
understand how his or her domain of responsi-
bility behaves as a system, converting inputs
into outputs, without thinking in terms of com-
puters or other electronic wizardry at all.

Information technology is a fast track, which
most managers are already on.  If you are not,
you will have to get on soon, because the
changes released by microprocessors are now
part of the woodwork, entrenched and irre-
versible.  When the automation specialist, in-
house or out, comes to the door of your do-
main, you need to know how to help him or her
help you—and how to prevent him or her from
inadvertently doing serious damage.  Getting
the right equipment to provide the right ser-
vices to the right people at the right time—and
being able to use the equipment for even two
years—is, given the bewildering selection,
partly a matter of luck.  But luck, as Pasteur
said, favors the prepared mind.

The systems approach taken here is different
from that suggested by Ed Yourdon.  Yourdon
advises the system designer, or the manager
who must help the system designer, to begin at
the smallest partitions of a domain and to
create, bottom-up and step-by-step, a context
diagram for the whole system.  I suggest that,
though the bottom-up approach is valuable,
even necessary, it should come second, after
the domain has been seen as a functioning
whole through a top-down application of the

MSM and in the light of the four external or
contextual frameworks I’ll discuss later in
Section 1.4.5.  In other words, I favor a dual-
path approach, which incorporates the strengths
of both classical approaches.

The Systems Approach Helps Management
Transition toward a Science.
I’ll extend slightly the quote in module 1.1.8.
from the first page of Jay Forrester’s landmark
book, Industrial Dynamics.  Forrester says
“Any worthwhile human endeavor emerges
first as an art.  We succeed before we under-
stand why.  The practice of medicine or of
engineering began as an empirical art repre-
senting only the exercise of judgment based on
experience.  The development of the underly-
ing sciences was motivated by the need to
understand better the foundation on which the
art rested... Management is in transition from
an art, based only on experience, to a profes-
sion, based on an underlying structure of prin-
ciples and science.” (p. 1.)

Here we are, decades later.  Certainly at strate-
gic levels, management remains an art focused
on unstructured decisions involving “judg-
ment based on experience.”  We have no real
experts upon which to base an expert system.
The developing science is working at opera-
tional and clerical levels.  “Art” re-enters the
picture as a guide to proper use of the tools of
science.

You can find anybody who is good at the
science of making or adjusting tools.  You
can’t find many who know the art of what to
make or what to adjust them to—that requires
an understanding of what is managed and who
manages and how they relate.  The MSM is
valid at strategic levels because it is still quali-
tative, it hasn’t yet been restricted through
quantification.

For the MSM and the contextual frameworks
described in later modules, conceptual quali-
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tative models are presented based on qualita-
tive observation and experience.  The ap-
proach to these conceptual models is adapted
from Glasner’s constant comparative method
for systematizing qualitative data.  I consider
a need of or a perspective for a tangible man-
agement situation.  The nine steps to the model
are: 1) list everything that applies, 2) identify
categories and define their properties, 3) com-

pare items within categories, 4) integrate cat-
egories and their properties, 5) test the catego-
ries by fitting new items, 6) delimit the theory,
7) iterate often, 8) write or structure the theory
that relates the categories to one another, and
9) test the theory through experimentation.
Thus, the resulting theory behind the qualita-
tive model is grounded in the data originating
from the management situation.

Figure 1.1.18.9.  “Next, I work on the baptismal font.”
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BACKGROUND/INTRODUCTION/THE MANAGEMENT SYSTEM MODEL

1.1.18.10.  EXERCISE ON SCOPING A DOMAIN  OF RESPONSIBILITY

Explanation
For this exercise you’ll do a context diagram.
The idea is to place the domain in question into
context with its environment.  Probably the
most significant issue in managing, and in
building management tools, is to make sure
you know what’s inside and what’s outside
your domain of responsibility.  One way is to
do an input/output analysis on the manage-
ment system.  There are a number of other
ways.  Since information into and out of the
system, or domain, overlays the other inputs
and outputs, a simple way to get a first look at
boundaries around the domain is the context
diagram.  The objective of the context diagram
is to show all information flows into the do-
main from outside domains and all informa-
tion flows out of the domain to outside do-
mains.  These information flows are shown as
arrows across the boundaries of the domain.
The arrow head shows the direction of the
flow.  The domain in question is shown as an
oval.  The domains outside the domain in
question are shown as rectangles.  (Ovals,
arrows and rectangles are convention for con-
venience and consistency.  There’s no special
significance in the symbology.)

Situation Description
Sally and Bob graduated from Virginia Tech
together five years ago.  Sally, an engineering
graduate, has been successful in technical sales
for a major chemical company.  Bob, a busi-
ness graduate, has been an administrative offi-
cer for a small company.

Based on their success in working for others,
they both wanted to go into business for them-
selves.  They bought a small shoe store in

Blacksburg, Virginia, close to their alma mater.

Bob and Sally agreed that Bob would invest
10% more than Sally and thus be the control-
ling partner in the business.

Sally does the inventory and customer end of
the business and Bob does the purchasing and
financial end of the business.  Sally hired John
to carry much of the day-in-day-out customer
service.  John has a flair for decorating and
advertising.

Sally and Bob want to get their management
started right.  You've been hired as a manage-
ment consultant to advise them.

Exercise
Start with the domain of responsibility repre-
senting the shoe store.  Who’s the who man-
ages?  Never forget the human decision maker.
Draw an oval representing the shoe store.
Iterate between imagining the information
flows and the outside domains.  Information
flows help you think of outside domains and
vice versa.  Draw and label the rectangles for
the outside agencies and lines for the informa-
tion flows.  Now you’ll have trouble with some
of the information flow’s directions.  You
don’t have to have them correct, but the arrow-
heads help visualize what’s going on in the
system.  Here’s the lesson on information
flows and direction:  Each arrow is a pipeline
through which information can flow in both
directions, and information usually does.  If
you send an order out to Acme Shoe Manufac-
turers, Inc., you’ll get an invoice back (and
probably a packing list) and you’ll send pay-
ment in return.  In your information transfer

A context diagram is a handy way of scoping a domain of responsibility.
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back and forth with Acme, you’ll identify the
linkage with Acme and establish that you
don’t produce at least the type of shoe you buy
from Acme.  That fact that there is such a flow
is pretty obvious.  Since you’re reaching out to
Acme to buy shoes, I’d show the direction as
out of your domain.  But, what about preparing
ads for the newspaper?  Do you do that in
house or do you contract ad preparation out to
a graphic arts firm?  I’ll know the answer to
that when I see your context diagram.  Then I’ll
know whether that responsibility is inside or
outside the domain.

Since the situation description doesn’t tell you
about who does graphic arts, or shoe manufac-
turing for that matter, you’ll have to make up
what you put on the diagram.  In a real situa-
tion, you can ask or assume.  If you assume,
you can show the store management a draft
and get quick feedback on what you assumed

wrong.  If you ask, “What are your information
flows across the boundaries of your domain?”,
you probably won’t get a good answer.  You
might lose your consulting job, because if the
management could quickly complete the con-
text diagram, they wouldn’t need you.  You’re
paid for your ability to think of things not
obvious to management, even though they’re
up to their ears in shoe store stuff.  You’re the
management and information counselor.  I’ve
started the context diagram for you in Figure
1.1.18.10.  Don’t be limited by the number of
arrows and rectangles.  Do be limited by one
oval.

Thought Question
What would the context diagram look like for
one of the subdomains within the shoe store?
One of your jobs as consultant would be to
produce context diagrams for each and all of
the domains (systems) involved.

Figure 1.1.18.10.  This generic illustration of a context diagram shows the form and symbology,
but doesn’t show the large number of information flows into and out of even the simplest organi-
zation.
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BACKGROUND/INTRODUCTION/THE STRUCTURE OF THE ENGINEERING PROCESS

1.1.20.1.  OVERVIEW  OF THE SYSTEM LIFE CYCLE

The engineering process is framework and
philosophy underpinned by fundamentals of
teamwork, communication, and application.
The systems approach and the scientific method
are the heart of the philosophy of the engineer-
ing process.  In engineering we apply the
engineering process to an application system.
The framework of the process fits within the
five categories of functions of Module 1.1.11.7.
as shown in Figure 1.1.11.7.  The complete
framework includes the functions and steps
for using the tools and guides.  This well-
known framework reflects the scientific method
and has been shown in any number of forms.

A system life cycle is a means of organizing
the thousands of individual, interrelated tasks
to be completed in the building and imple-
menting of any management tool.  Also, the
life cycle provides a means for control—to
make sure tool development remains within
cost and time constraints, that the tool is of
high quality, and most important, that the
resulting tool meet the user’s needs.

Figures 1.1.20.1.1.a. and 1.1.20.1.1.b. show a
detailed diagram of the framework of the engi-
neering process, known as the system life
cycle.    To be consistent with the literature, I
might call the system life cycle the system
development life cycle.  I choose system life
cycle to emphasize the need to include the non-
development functions.  However, you could
argue that, generally speaking, development
as a broad term includes even disposal.  These
figures provide a process-oriented view of the
engineering process.  The diagram is long
enough to require two figures to hold the entire
cycle of functions.  The system life cycle and

the engineering process are cyclic and recur-
sive, centering on the design function(s), which
in itself is a process as we saw in Figure
1.1.11.6.

The categories of functions from the frame-
work shown in Figure 1.1.11.7. are carried
over into Figures 1.1.20.1.1.a. and 1.1.20.1.1.b.
through the dotted lines.  The 22 engineering-
process functions are shown as rounded rect-
angles.  These functions are generic, appli-
cable to any engineering activity.  The results
of conducting the engineering process func-
tions for building and using a management
tool are shown in the figure on the arrows
leaving each function.

To show the engineering process framework
comprehensively, I’ve shown more formal
results typical of a large effort and a complex
management tool.  For smaller efforts and
simpler tools, some results could be informal
communications.  I’ve also shown several
players in the user role.  These players could be
the same person for a simple situation.  The
manager plays the decision-making role.

Figures 1.1.20.1.2.a. and 1.1.20.1.2.b. provide
the legend for the players shown as rectangles
in the management process structure and for
the destinations (shown in the diagram as
numbers in circles) of the results of conducting
some of the functions.  The numbers in circles
show connections.  Some of the connections
are user and builder input.  Some results of
functions flow directly to other functions and
don’t need connections.  The results are iden-
tified as information documents.  Many of the
functions in the engineering process will yield

The system life cycle represents the framework of the engineering process, includ-
ing the 22 functions and their results.
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hardware, software, and other more-equip-
ment-oriented results.  However, the informa-
tion documents overlay whatever type of re-
sult comes from the functions and therefore
make consistent surrogates for results of all the
functions.

I’ll dedicate a significant portion of this book
to the 22 engineering process functions as I
will the five building-tool functions and the
nine using-tool functions of the management
process.  I’ll orient my discussions of all func-
tions toward management tools in the context
of the other two components in the manage-
ment system.  I’m looking at the Management
System Model from the perspective I called
information-oriented performance in Module

1.1.18.7.

Figure 1.1.20.1.3. shows a control-oriented
view of the framework for the engineering
process.  The control-oriented view focuses on
the manager shown as the left-hand rectangle
at the top of the process-oriented view diagram
in Figures 1.1.20.1.1.a. and 1.1.20.1.1.b.  I’ve
shown each of the functions in the flow of the
engineering process framework; and I’ve iden-
tified each information input to the manager in
Figures 1.1.20.1.1.a. and 1.1.20.1.1.b. as the
same circled numbers from those figures.  The
diamonds represent decisions.  The flow of the
figure doesn’t include the negative side of the
decisions.  I only want to show the information
and decision linkages.
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Figure 1.1.20.1.1.a.  In a process-oriented view of the system life cycle applied to building and
using a management tool, we emphasize the information outputs from the functions. (Part 1)
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Figure 1.1.20.1.1.b.  In a process-oriented view of the system life cycle applied to building and
using a management tool, we emphasize the information outputs from the functions. (Part 2)
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LEGEND

Manager: The person who needs the information from the management tool to make decisions
(who manages)

Operator: The people who convert data to information using the management tool (They operate
the tool and bridge data and information.)

Worker: The people who produce the product or service that generates the indicators to be
measured to yield data for input to the management tool (These people are a key part
of what is managed.)

User: All those who depend on the management tool to convert data to information in a
given domain of responsibility—the manager, the operator, and the worker, collec-
tively

Builder: The people who design, develop, and install the management tool (responsible for
what is used to manage)

Note:  Sometimes, the worker and the operator are the same person.  Sometimes, the operator and
the manager are the same person.  Sometimes, the operator and the builder are the same person.
The builder must suit the operator and the manager.  If the tool isn’t workable for the operator, the
tool will fail.  If the tool doesn’t generate the right information for the manager, the tool will fail.

1. Operator and Worker together determine existing management tool description

2. Existing management tool description from Worker and from Operator to Hardware Study,
to Conceptual Design, and to Conversion

3. Project scope from Survey to Manager, to Operator, to Documentation, and to Project
Management

4. Tool requirements from Survey to Structured Analysis, to Acceptance and Evaluation Bases,
and to Documentation

5. Workflow charts and indicators from Survey to Documentation

6. Updated scoping agreement from Investigation to Manager

7. Feasibility document from Investigation to Manager and to Operator

8. Status and Progress Reports from Project Management to Manager and to Operator

9. All documents in Documentation from Documentation to Builder

10. Detailed project management charts, including budget from Structured Analysis to Project
Management, to Documentation, and to Manager

11. Concept of Operations from Conceptual Design to Hardware Study

12. Physical Configuration from Hardware Study to Construction and to Evaluation

Figure 1.1.20.1.2.a.  A legend for information outputs helps us easily follow the connections in
the process-oriented view of the system life cycle. (Part 1)
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13. Development and installation plan from General Design to Documentation, to Manager, and
to Operator

14 Prototype results from General Design to Documentation

15. Success factors and evaluation criteria from Acceptance and Evaluation Bases to
Documentation and to Manager

16. Success factors and evaluation criteria from Acceptance and Evaluation Bases to Testing

17. Detailed cost/benefit analysis from Detailed Design to Project Management, to
Documentation, and to Manager

18. Final design specifications from Detailed Design to Documentation

19. Test plan from Detailed Design to Documentation

20. Training documents from Procedure Description to Documentation

21. User’s manual from Procedure Description to Documentation and to Operator

22. Differences in tool operation from Conversion to Training

23. Demonstrated performance features from Testing to Procedure Description

24. Demonstrated performance features from Testing to Documentation, to Manager, and to
Operator

25. Acceptance certification from Testing to Documentation

26. Training certification from Training to Documentation and to Operator

27. Installation record from Installation to Documentation, to Operator, to Project
Management, and to Evaluation

28. Operating characteristics and problem list from Operation to Documentation, to Manager, and
to Operator

29. Performance verification from Evaluation to Documentation, to Operator, and to Builder

30. Tool performance history from Operation to Documentation and to Project Management

31. Corrective action from Maintenance to Documentation, to Operator, and to Project
Management

32. Modified tool characteristics from Upgrade to Documentation, to Operator, and to Project
Management

33. Retired tool justification from Obsolescence and Replacement to Documentation and to
Operator

34. Statement of impact and status of tool environment and purpose from Obsolescence and
Replacement to Documentation and to Manager

Figure 1.1.20.1.2.b.  A legend for information outputs helps us easily follow the connections in
the process-oriented view of the system life cycle. (Part 2)
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Figure 1.1.20.1.3.  In a control-oriented view of the system life cycle, we emphasize the decisions
the manager makes in building and using a management tool.
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BACKGROUND/INTRODUCTION/THE STRUCTURE OF THE ENGINEERING PROCESS

1.1.20.2. APPLYING  THE SYSTEM LIFE CYCLE  FUNCTIONSWITHIN  THE

ENGINEERING  PROCESS

Typically, engineers learn those laws of nature
that apply to a particular type of machine; e.g.,
mechanical machines, electrical machines,
chemical machines, machines for mining,
machines for aerospace, and so on.  I use the
word machine in a general sense.  A machine
can be a chemical processing plant, an evapo-
rator, or a wrench.

For management systems engineering, our
machines look less like machines yet they act
according to the laws of nature like their more
tangible counterparts.  The machines of man-
agement systems engineering are organiza-
tions, management tools in a closed set, an
individual management tool like a manage-
ment information system or an organization
chart, the work process, a stage in the work
process, and many more.  We can even analyze
the who manages component of the Manage-
ment System Model like a controller in an
electrical or mechanical servomechanism.

Each of these machines are systems and sub-
systems, depending on our unit of interest, or
in management system terms, domain of re-
sponsibility.  We apply the functions of the
system life cycle to any of these machines, or
systems.  We apply the functions to the pro-
cessing plant, the evaporator, the wrench, the
organization, the management information
system, the work process, and more—even the
manager.  In the engineering process, when we
apply the functions, we must use the systems
approach by understanding the system, the
laws of nature behind that system, and the aim
of the system.

The structure of the system life cycle is the
body, or skeleton and muscles, of the process;
applicable laws of nature are the brain; the
application is the heart; and the systems ap-
proach is the soul.  They work together to give
the engineering process intelligent life.  How’s
that for practicing the generalist perspective
and transferring concepts from one discipline
to another?

The structure of the engineering process, the
system life cycle, is the easiest part of the
engineering process to lay out, pull apart, and
study in detail.  We can and will study the
functions of the engineering process and the
tools and skills you need to do the engineering
process functions well.

Shortly, I’ll describe the management process
with its structure and philosophy.  We can and
will study the functions of the management
process and the tools and skills you need to do
the management process functions well.

We can’t combine the engineering process and
the management process functions into a grand
structure like we can’t combine the engineer-
ing process and the chemical process func-
tions into a grand structure to diagram in a
figure.  However, we do blend the processes
together with their structures and philosophies
like we blend yellow and blue to get green.
The result of blending the engineering and
management processes together gives differ-
ent shades of the blend depending on our
objective.

The system life cycle integrates with the laws of nature, the application, and the systems
approach to bring the engineering process to life.
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BACKGROUND/INTRODUCTION/THE STRUCTURE OF THE ENGINEERING PROCESS

1.1.20.3.  ORIGINS OF THE SYSTEM LIFE CYCLE  FUNCTIONS

When I came to Virginia Tech in the summer
of 1974, I discovered the almost-deliberate
ignoring of the nuclear-fuel life cycle by the
nuclear engineering community.  The words
fuel cycle meant how to shuffle fuel in a
nuclear reactor during periodic refuelings.  I
had never been taught in school or industry,
and the discipline had been put on the back
burner, the cradle-to-grave fuel cycle starting
from the raw uranium ore in the ground to the
ultimate disposal of nuclear waste and the
remediation and restoration of the environ-
ment affected by converting the fuel into waste.
Joel Nachlas (of the Industrial Engineering
Department) and I (of the Nuclear Engineer-
ing Program) found we could combine under-
standings of nuclear and industrial engineer-
ing in better management of the nuclear fuel
cycle.  We team-taught a course on the subject.
By May 1977, we had a research contract to
study management of the nuclear fuel cycle.
That research contract evolved over the years
into what was to become in 1981 the Manage-
ment Systems Laboratories.

I wasn’t taught about life cycles in civil engi-
neering or in nuclear engineering.  I was never
taught the framework for the engineering pro-
cess.  Engineers must learn and practice the
life cycle whether they’re building (analysis,
design, implementation, etc.) automobiles,
bridges, computers, nuclear reactors, or orga-
nizations.  When we talk about green engi-
neering today, we’re invoking the system de-
velopment life cycle.  Green engineering re-
quires a cyclic, recursive, reversible process.
Green engineering requires the rudiments of
management systems engineering.

I first recognized the system life cycle for what
it was in the spring and summer of 1984 when
I worked on the two-day workshop on office
automation for information systems designers
and manager-users in the United States De-
partment of Energy Senior Executive Service.
I had to speak to managing the life cycle for
information systems.  Hardware and software
typically had very short (and ever shortening)
life spans.  Organizations were looking at
replacing or upgrading their hardware and
software on an 18-month cycle.  Now, there’s
a life cycle we can get our arms around—quite
different from a 50-year life cycle for a bridge
or a nuclear facility.  We couldn’t practice
NIMPL (Not In My Professional Lifetime—
taken from NIMBY and NIMTO, popularly
known as Not In My Back Yard and Not In My
Term of Office) on computer projects.

I discovered a book by Edward Yourdon called
Managing the System Life Cycle (Yourdon
Press, 1982).  He says, “Recently, however,
the approach taken to systems development
has begun to change.  More and more large and
small organizations are adopting a single, uni-
form project life cycle—otherwise known as a
project plan or systems development method-
ology, or simply, ‘the way we do things.’
Usually contained in a notebook as ponderous
as the standards manual that sits (unread) on
every programmer’s desk, the documented
project life cycle provides a common way for
everyone in the EDP [Electronic Data Pro-
cessing] organization to go about the business
of developing a computer system. ..... Three
obvious objectives may be discerned from the
comments above: One purpose of the project

The system life cycle functions come primarily from the project management life
cycle and, more specifically, the computer information system life cycle, thus aiming
the functions toward the building of management tools.
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life cycle is to define the activities that must be
carried out in an EDP project.  A second is to
introduce consistency among the many EDP
projects in an organization.  A third objective
is to provide checkpoints for management
control and checkpoints for go/no-go deci-
sions.” (p. 36.)

Yourdon describes weaknesses in what he
calls the classical project life cycle and offers
his version of a structured life cycle.

He says, “The use of bottom-up implementa-
tion is, in my opinion, one of the major weak-
nesses in the classical project life cycle.  [The]
project manager is expected to carry out all of
his module testing first, then subsystem test-
ing, and finally system testing.  I’m not quite
sure where this approach originally came from,
but I wouldn’t be surprised if it was borrowed
from assembly-line industries.  The bottom-up
implementation approach is a good one for
assembling automobiles on an assembly line—
but only after the prototype model has been
thoroughly debugged!  Unfortunately, most of
us in the computer field are still producing
one-of-a-kind systems, for which the bottom-
up approach has a number of serious difficul-
ties ..... The second major weakness with the
classical project life cycle is its insistence that
the phases proceed sequentially from one to
the next.  There is a natural, human tendency to
want this to be so: We want to be able to say
that we have finished the analysis phase and
that we’ll never have to worry about that phase
again.  Indeed, many organizations formalize
this notion with a ritual known as ‘freezing the
specification’ or ‘freezing the design docu-
ment.’” (pp. 39-40.)

I’ve reproduced Yourdon’s figure for the struc-
tured project life cycle as Figure 1.1.20.3.1.
You can see the heavy branching among his
activities implying recursive, reversible se-
quencing.  The cyclic nature of the process is
implied in its title—life cycle.

Perhaps computer systems people were the
right ones to introduce me to the system devel-
opment life cycle because they seem to elevate
the idea of a system, and for some of those
people (like Weinberg), the idea of general
systems thinking to a prominent level.

Yourdon’s comments clue us into the idea that
life cycles are things project managers know
about.  Harold Kerzner addresses life cycles in
his book Project Management: A Systems
Approach to Planning, Scheduling, and Con-
trolling (Van Nostrand Reinhold, 1984).  “Ev-
ery program, project, or product has certain
phases of development.  A clear understanding
of these phases permits managers and execu-
tives to better control total corporate resources
in the achievement of desired goals.  The
phases of development are known as life-cycle
phases.  However, the breakdown and termi-
nology of these phases differ, depending upon
whether we are discussing products or projects.

During the past few years, there has been at
least partial agreement about the life-cycle
phases of a product.  They include:

• Research and development
• Market introduction
• Growth
• Maturity
• Deterioration
• Death

Today, there is no agreement among indus-
tries, or even companies within the same in-
dustry, about the life-cycle phases of a project.
This is understandable because of the complex
nature and diversity of projects.” (p. 71.)

I’ll address the difference in programs, projects,
and products later in a framework I call pur-
suits, which includes perplexities, problems,
programs, projects, and processes.  I’ll argue
that the system life cycle fits in whole or in part
to each of these pursuits.  Kerzner reaffirms at
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least the last three pursuits and the life cycle.

To me, the life-cycle phases, or steps, or func-
tions are consistent from project to project or
from projects to processes to programs when
you step back far enough to see the functions
generically.  Then the functions fit the industry
or pursuit as they are specified to address the
unique characteristics of their application.

I’ve reproduced Kerzner’s table of project life
cycle phase definitions for different industries
as Figure 1.1.20.3.2.  To me, each industry
group exhibits the same life cycle flow for the
project, except each group reflects the termi-
nology or emphasis of that industry.

The theoretical definitions of the life-cycle
phases of a system development are applied to
projects by Cleland and King in their Project
Management Handbook.  They say, “New
products, services, or roles for the organiza-
tion have their genesis in ideas evolving within
the organization.  Typically, such ‘systems’
ideas go through a distinct life cycle, i.e., a
natural and pervasive order of thought and
action.  In each phase of this cycle, different
levels and varieties of specific thought and
action are required within the organization to
assess the efficacy of the system.  The ‘phases’
of this cycle serve to illustrate the systems
development life-cycle concept and impor-
tance.” (pp. 210-211.)

Cleland and King list and describe the life-
cycle phases as the conceptual, definition,
production or acquisition, operational, and
divestment phases.  They continue, “Taken
together [the details of the phases] provide a
detailed outline of the overall systems devel-
opment life cycle.  Of course, the terminology
[used] is not applicable to every system which
might be under development, since the termi-
nology generally applied to the development
of consumer product systems is often different
from that applied to weapons systems.  Both,

in turn, are different from that used in the
development of a financial system for a busi-
ness firm.  However, whatever the terminol-
ogy used, the concepts are applicable to all
such systems. ..... Life cycle management re-
fers to the management of systems, products
or projects throughout their life cycle.  In the
context of the sales life cycle, life cycle man-
agement is usually called ‘product manage-
ment.’  In the development life cycle, it is
usually called ‘project management.’  In all
cases, life cycle management is needed be-
cause the life cycle reflects very different man-
agement requirements at its various stages.”
(p. 214.)

Starting in 1986, I used the book Computer
Information Systems Development: Analysis
and Design by Powers, Adams, and Mills
(South-Western Publishing Co, 1984) in my
undergraduate class on information systems.
The authors emphasize the life cycle and say,
“A systems development life cycle provides a
methodology, or an organized process, that
can be followed in developing any CIS [Com-
puter Information System]. Emphasis is on
organization.  In developing a CIS, thousands
of separate, individual tasks must be com-
pleted.  Some of these must be performed in a
certain given order.  Many people are in-
volved.  Their efforts must be coordinated.  By
organizing all of these efforts, the systems
development life cycle fulfills its main pur-
pose: It provides a basis for control.

Any systems development effort will be too
large to proceed without control.  The controls
needed are in the areas of:

• Functions
• Budgets
• Schedules
• Quality

To make sure that a system is being developed
with the proper and necessary functions, within
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budget, on schedule, and up to quality expec-
tations, a number of checkpoints are needed.
These checkpoints are important for assuring
that work is reviewed and decisions are made
on a timely, organized basis.  In other words,
checkpoints hold the key to control in systems
development.” (pp. 40-41.)

The functions of Powers, Adams, and Mills
are functions of the system, while my func-
tions are functions of the system life cycle.

The idea of checkpoints in the system life
cycle stimulated the idea of the control-ori-
ented life cycle diagram in Figure 1.1.20.1.3.
and the decision points shown in that diagram.

Finally, recall the discussion of Blanchard and
Fabrycky’s life cycle functions in Module
1.1.11.7.  Those functions included system
planning, system research, system design, pro-
duction and/or construction, system evalua-
tion, and system use and logistic support.

Figure 1.1.20.3.1.  The structured project life cycle reflects some computer system terminology but
can be applied generally to all systems.  (taken from Yourdon)
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Figure 1.1.20.3.2.  The project life cycle phase definitions for several industries show a consistent
flow among the phases and reflect the functions of the system development life cycle in Module
1.1.20.1. (taken from Kerzner)

ENGINEERING MANUFACTURING COMPUTER PROGRAMMING CONSTRUCTION

• Startup
• Definition
• Main
• Termination

• Formation
• Buildup
• Production
• Phase-out
• Final audit

• Conceptual
• Planning
• Definition and design
• Implementation
• Conversion

• Planning, data
gathering and
procedures

• Studies and basic
engineering

• Major review
• Detail engineering
• Detail engineering/

construction
overlap

• Construction
• Testing and

commissioning



247



248

BACKGROUND/INTRODUCTION/THE STRUCTURE OF THE ENGINEERING PROCESS

1.1.20.4.  ORGANIZATIONAL  LIFE CYCLES

We’ve looked at the system life cycle, which is
discussed most in terms of information tech-
nology or project management.  But, we know
products have life cycles too.  (Consider buggy
whips.)  If we consider the Studebaker car (or
the Packard or many others), we realize com-
panies have life cycles.  Some corporate life
cycles are short (80% of new companies last
less than two years—either due to
undercapitalization or to lack of commitment
on the part of the founder.) and other life cycles
are long.  Within corporations, groups (do-
mains of responsibility) are forever being re-
organized or terminated, having life cycles of
their own.

The problem with some of the life cycles I’ve
just described is that they’re once-through.
The corporation is born, grows, ages, and dies.
Sometimes the corporation doesn’t do much
growing and aging, just birthing and dying.
Where’s the iteration that makes life cycles so
powerful?  That’s the point.  Successful corpo-
rations, or organizations, do iterate through
the life cycle.  When they reach their prime,
they find ways for rebirth and continue through
another cycle.  (This stage is where you want
to do business process re-engineering, not
when the organization is in its death-throes.)
Since we don’t know exactly when we’ve
reached our prime and when exactly to con-
fuse the success with renewal and rebirth, we
often undershoot or overshoot a bit.

How many organizations last in their original
form (not merged or otherwise significantly
changed) more than a decade—at least those
not mandated (as in some government organi-
zations).  We each can identify a government

organization that has outlived its usefulness
and would be dead in an open marketplace.
Not many organizations last long, and we need
to know what happens to shorten their life
cycle and what to do the lengthen the life cycle
in healthy ways (not by mandate).

Adizes has made his career out of understand-
ing and intervening in organizational life cycles.
When he discusses the life cycles of organiza-
tions, he looks at the life cycles of building an
airplane (a project) and a marriage in parallel
with the life cycle of the organization.  He talks
of growth and aging in the corporation just as
we would in describing the life cycle of a
person.  One of his most interesting parallels
between people and organizations is his dis-
cussion of the idea that size and time aren’t
causes of growth and aging.  He says, “Grow-
ing means the ability to deal with bigger, more
complex problems.  The function of leader-
ship, then, is to manage the organization in
such a way that it is able to move to the next,
more demanding stage of the Lifecycle. ....
You can tell the ‘size’ of a person by the ‘size’
of the problems that preoccupy him.  Small
people spend their lives worrying about small
problems: what the neighbor did or did not do,
who wears what makeup or drives what car.
Big people worry about big problems, those
which are more complex to analyze and diffi-
cult to resolve.  They seek insight about their
own lives—about the nature of the environ-
ment, the quality of life, the political system,
the education of their children, and the next
generation.  A person must grow out of small
problems to free up the energy to deal with
bigger problems.  That is the process of grow-
ing and maturing.  The same applies to organi-

Organizations go through life cycles too, and we can use our understanding of the
organizational life cycle to determine the right intervention to use during a
particular stage of the organization’s growth and aging stages.
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jagged lines in Figure 1.1.20.4. are for painful,
intense, transition stages.  Notice how on the
growth side a painful transition is needed to get
to the good times.  If the organization survives
the adolescence stage, it gets to the prime stage,
the optimum point on the life cycle where the
organization is able to balance flexibility and
controllability.

The stable stage is the first of the aging stages
of the life cycle.  The organization is strong but
is starting to lose its flexibility.  When at this
stage, we have the greatest chance for a suc-
cessful renewal and rejuvenation.  The organi-
zation is strong and can support the needed
inward scrutiny for renewal.  If the organiza-
tion can’t or won’t change and renew itself, the
stages of aristocracy, early bureaucracy, bu-
reaucracy, and finally death follow.  As the
organization moves into the later stages of
aging, an interesting dilemma occurs.  First, the
organization faces clearer and more significant
threats.  To be motivated to go through the
great pain and effort of change in culture, you
need to face a threat to your survival or you
need very strong leadership, preferably both.
Second, the organization isn’t as strong as it
once was and has trouble devoting the re-
sources to the inward effort of changing cul-
ture.

Compare Adizes’ life cycle to the stages of the
system life cycle.  After all, the organization is
a system.  We do analysis during the courtship
and infant stages.  We do design during the
infant and go-go stages.  We do implementa-
tion during the go-go, adolescence, and prime
stages.  After those stages, we’re into follow-
up.  We do follow-through throughout the
stages.  Just as a project can be terminated
(early death) in early stages of the system life
cycle, an organization can die during the early
stages of the organizational life cycle.  Those
projects that don’t get beyond the early stages
of the system life cycle and those companies
that don’t get beyond the early stages of the

zations. .... Aging means there is a decreasing
ability to deal with problems. .... The purpose
of management is to provide for balanced
growth or rejuvenation and to bring the orga-
nization to Prime [one of his stages of the life
cycle] and keep it there.” (pp. 3 - 4.)

In Module 1.1.20.1., I’ve implied that a cycle
is a circle, which is correct.  However, a cycle
can also look like a sine wave.  That’s the form
Adizes chooses in his book, Corporate
Lifecycles: How and Why Corporations Grow
and Die and What to Do about It. (Prentice
Hall, 1988).  Figure 1.1.20.4. is from Adizes’
book. (p. 84.)  This figure and Adizes’ analysis
of the stages is another good diagnostic tool for
understanding your domain of responsibility.
Like the pursuits framework or the endeavors
framework, we can use Adizes’ life cycle
diagram to understand what interventions, like
management tools, need to be used to be suc-
cessful.

Consider Figure 1.1.20.4.  The courtship stage
occurs before birth and is the first stage of the
organizational lifecycle.  The organization ex-
ists only as an idea in the courtship stage.  In
the courtship stage, we find the process of
building commitment to the idea, which is
accompanied by excitement, enthusiasm, and
emotion resulting in “‘heat,’ as if energy is
coalescing to one point to be released.” (p. 12.)
Between courtship and infancy is birth.  Birth
occurs when the commitment is successfully
tested and risk is overridden.  If the test of
commitment fails, the idea was only an affair
and the lifecycle is over.  In infancy, manage-
ment is often by crisis and when the infant dies,
the causes are usually undercapitalization and
failure of the founder’s commitment.  The
third stage, the go-go stage, is euphoric.  The
organization can do no wrong, and the founder
is always in charge and usually right.

In going to the adolescence stage, the organi-
zation is reborn apart from its founder.  The
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organizational life cycle fail.  Those that work
the increasingly complex and interesting prob-
lems of the progressive stages of the life cycle

succeed.  Those that do reappraisal and re-
newal to iterate through the stages of the life
cycle find prolonged and progressive success.

Figure 1.1.20.4.  The organization grows and ages through early stages of high flexibility and late
stages of high controllability.  At the prime stage the flexibility and controllability are balanced.
(taken from Adizes, p. 84)
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BACKGROUND/INTRODUCTION/THE STRUCTURE OF THE ENGINEERING PROCESS

1.1.20.5.  A WORLD OF LIFE CYCLES
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BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.1.  ANALOGIES —RENE MAGRITTE
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BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.2.  ANALYSIS AND SYNTHESIS ORIENTATIONS  TO MANAGEMENT

TOOLS

What do you use to manage?  Information
from a  sophisticated computer system or a file
cabinet and a rolodex?  Information from an
automated manufacturing process line or a
word processor?  Corporate policy or operat-
ing procedures?  Optimization models or rules
of thumb?  Expansive and fashionable ap-
pointments and offices for people or a simple
office layout?  You need to get the most from
these management tools or you seem to get
further behind in meeting the objectives of
your responsibility.  You had hoped your tools
would work better, didn’t you?

Our jobs are faster moving, more complex,
always changing, requiring more and more
knowledgeable decisions.  In such a dynamic
environment we have to make sense of what
we do and have our tools work for us and not
against us.  In this day of modern computing
tools, we can empathize with the sad situation
in Figure 1.1.16.9.—the data-rich, informa-
tion-poor (DRIP) situation wherein the com-
puter produces so much and helps so little.

The 1912 publication of Taylor’s The Prin-
ciples of Scientific Management introduced a
new approach to decision-making based on
structure.  He was known for ideas founded on
quantitative measurement, such as time and
motion studies and standardized industrial
tools and procedures.  Moreover, Taylor
wanted managers to know not just that a
practice does or does not work, but why and
how the practice works.

What does structure mean to us in our work?
A science.  A frame of reference.  A handle to

hold onto to keep all our tools in order and to
choose the right one at the right time and have
it work because that tool, the operator (us), and
the operation to which we apply the tool all
match and work well together.

Through a series of simple and integrated
qualitative models, I structure what you man-
age, your objectives for developing your man-
agement tools (through automation, for ex-
ample), procedures for developing your tools,
and evaluation methods to gauge your success
with your tools.  As a group, the models
provide an integrated method from beginning
to end—from analyzing your situation to re-
solving your needs.

Most of our tools don’t work well.  I claim that
70% of all management information systems
fail and the little argument I get with the claim
is that the number may be low.  When our tools
fail, we fail.  The failure is largely due to a
confusion of ends and means—a confusion
between what is managed and what is used to
manage—and due to a lack of understanding
the significance of the preferences of who
manages (our preferences)—a tendency to bend
our needs to fit the tools rather than vice versa.

Focus on management tools and start with the
Management System Model (MSM).  What do
we want the tools for?  Ultimately to help in
decision making—in management.  So, the
starting point for building a tool is to know
what type of decision the tool will support
within the context of the domain of responsi-
bility.  Is the domain of responsibility a man-
agement systems engineering course with

We use an analysis orientation for building management tools and a synthesis orienta-
tion for using management tools all within the systems approach.
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Harold the who manages and the decision how
to grade midterms?  Is the decision which
classroom to use?  Is the domain of responsi-
bility Management Systems Laboratories?  The
answers to these kinds of questions about
domain and decision making starts the tool-
building process.  For goodness sake, don’t
start that process by saying, “Here’s a nifty
hardware or software package; we ought to be
able to work this in somewhere.”

By starting and focusing on the end use of the
tool, we’re embarking on an analysis effort
within the context of the systems approach.
I’ll start with a function for scoping the domain
and another function for identifying decisions
and related actions and use the MSM to direct
me through an analysis process for the build-
ing-management-tool part of the management
process—a process I call management system
analysis (discussed in Module 1.1.21.3.).
Clearly, the functions of the building-manage-
ment-tool part of the management process
structure and the functions of the engineering
process structure shown in Figures 1.1.20.1.1.a.
and 1.1.20.1.1.b. work hand-in-hand.  But they
aren’t the same.  The engineering functions are
analysis, design, and implementation oriented.
The management functions are decision, in-
formation, and data oriented.  Both start with
scoping the situation.

When using management tools we start where
the action is—in the work process by making
measurements to get data for the management
tools to convert into information.  I’ll start with
functions for setting expectations and survey-
ing the work process and use the MSM to
direct me through a synthesis process for the
using-management-tool part of the manage-
ment process—a process I call management
system synthesis (discussed in Module
1.1.21.5.).  The measurements and data are the

most rudimentary components of the manage-
ment system, and we synthesize them into
information for decision making.

The MSM directs and gives a sense to the
completeness of the sets of functions and their
sequence.  I use the MSM in a symbolic way so
I can tie together the building-management-
tool part of the management process structure
and the using-management-tool part of the
management process structure and the engi-
neering process structure.  The MSM has great
power in directing the three sets of functions,
but the MSM isn’t detailed enough and it
reflects its closed-system nature.  So I use the
MSM as a rallying point or an icon when
sorting out management system analysis and
management system synthesis functions.

We use management system analysis to get a
proper analysis of the problem; and we use
management system synthesis to get a proper
synthesis of the solution.  However, the target
for both management system analysis and man-
agement system synthesis is data.  When we
build a management tool, we want to find out
the necessary data and only the necessary data
to provide information for decision making.
When we use the management tool, we must
collect the right data or the tool will fail.

The bottom line for management system analy-
sis and management system synthesis and for
the engineering process is building and using
the right tool for the right application.  Figure
1.1.21.2. illustrates a much-too-common situ-
ation.  The wrench in the figure may be a visual
example of tool failure.  However, we try to do
the same sorts of things with management
tools.  The job of the management systems
engineer is to make sure the manager has the
right tool for the right job.
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Figure 1.1.21.2.  “This seems like an awfully hard way to do a simple thing.”
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BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.3.  THE FIVE  FUNCTIONS OF MANAGEMENT  SYSTEM ANALYSIS

Management Systems Laboratories (MSL) of
Virginia Tech evolved management system
analysis through the years 1982 to 1984 during
their work with government and industry re-
search sponsors.  MSL designed the analysis
to help managers determine which manage-
ment tools work best for them.  The analysis is
unique because of the role the human manager
plays in the heavily structured approach.  The
analysis is based on the Management System
Model (MSM).

People who study productivity and perfor-
mance call the combination of decision and
action in the MSM an intervention.  (See the
decision-to-action interface of the MSM in
Figure 1.1.18.1.3.)  An intervention includes
both a decision based on information about the
productivity or performance indicators and
the resulting action the manager takes to affect
what he or she manages.  Productivity and
performance people design interventions to
improve productivity and performance.  Be-
cause the analysis is oriented toward helping
the manager, productivity and performance
people have found MSL’s management sys-
tem analysis equally valuable in finding the
right interventions as MSL does in finding the
right management tools.  (Recall information-
oriented performance and operational perfor-
mance as two of the three perspectives for the
MSM in Module 1.1.18.7.)

The manager can find the right management
tools either by selecting one already available
or building a new tool to suit the needs of the
domain of responsibility.  This make-or-buy
decision is crucial and evolves from manage-
ment system analysis.  The manager, of course,

is the user of the management tools and is
responsible for the interventions for produc-
tivity improvement.

In its simplest form, management system analy-
sis includes five steps:

1.  Delimit the domain of responsibility and
understand the operation, or work process,
to ensure you know the problem before
starting on a solution.

2.  Determine the interventions (decision-ac-
tion pair) needed to improve the operation
or carry out the work process and the
manager’s role in making the needed deci-
sions.

3.  Figure out what information best supports
the decisions and which management-tool
features you need to get that information.

4.  Deduce what data make up the needed
information and what measurement means
are required to collect the data.

5.  Determine the indicators highlighting the
operation’s working and outputs that the
measurements measure and the relation-
ships among the identified indicators.

Figure 1.1.21.3. uses the MSM for direction
and as a rallying point for the five management
system analysis functions.  In the figure, I
include the MSM more as an icon than as the
framework for management system analysis.
You can see that the five functions of manage-
ment system analysis fit comfortably around
the MSM.  The MSM tells us we have a closed

The Management System Model points us to five functions for building management
tools, together making up management system analysis—the building-tool part of
the management process.
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set of functions for analysis by showing no
gaps and overlaps in considering the compo-
nents and interfaces of the MSM.  Through the
MSM, we have confidence that the foundation
concepts leading to the MSM are carried into
management system analysis.  Just as the com-
ponents and interfaces of the MSM are really
intermingled and have been pulled apart for
ease of discussion, the management system
analysis functions must work together within
the systems approach.  The cycle of the func-
tions includes sequence but allows the neces-
sary cyclic, recursive, reversible nature of the
management system.

Figure 1.1.21.3. labels the five functions as
CCW1, CCW2, and so on.  CCW1 stands for
the first counter-clockwise function.  The
management system synthesis functions go in
the other direction; so the labels distinguish
between analysis and synthesis and indicate
sequence.

The success of management system analysis is
in taking the functions in the proper sequence.
Notice how the functions of the analysis move
counter-clockwise sequentially around the
components and interfaces of the MSM.  We

want to get to functions 3 and 4.  But if we don’t
do functions 1 and 2 well and define decisions
and actions needed for the domain, our infor-
mation efforts won’t work well.  We must
tightly relate functions 2 and 3.  That is, we
have to key information to the decision the
information serves.  Function 5 completes the
loop.  We can’t measure the effect of interven-
tions without function 5.  In fact, we have a
loop we must iteratively work to design, cause,
and measure performance improvement.

After we use management system analysis to
analyze management tool selection or produc-
tivity or performance improvement interven-
tions, we use the management process to imple-
ment what we’ve learned from the analysis.
We use the measurements and log data for the
indicators.  We prepare the data for the man-
agement information system and organize and
present information.  Then we review status
and progress toward productivity or perfor-
mance goals and appraise the results.  In imple-
menting what we learn from management sys-
tem analysis, I’ve just worked my way back
clockwise around the MSM.  Now, I’m doing
management system synthesis.
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Figure 1.1.21.3.  The five management system analysis functions for building management tools
work counter-clockwise around the Management System Model.
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BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.4.  ORIGINS OF MANAGEMENT  SYSTEM ANALYSIS

For most of a decade, Management Systems
Laboratories built management tools knowing
you had to start with the application and work
your way toward data—the nitty-gritty issue
in any management tool.  During the period
1982 to 1984, the sequence of management
system analysis surfaced as an informal proce-
dure for building tools.

In the spring and summer of 1984, we were
asked to present a two-day workshop on office
automation for information systems designers
and manager-users in the United States De-
partment of Energy Senior Executive Service.
We knew the needs of these managers weren’t
how to use a spreadsheet package or a word
processing package.  Rather the managers
needed to know what tools they needed and
how to make decisions to ensure they got the
right tools.  The managers were used to going
to a contractor and asking the contractor to
build a tool for them.  The tools they got were
useless because they didn’t fit the operation or
weren’t comfortable for the users.

In discussing information processing as an
integrating concept in organizational design,
Tushman and Nadler say that their model’s
central hypothesis is that “...organizational
effectiveness is indeed associated with the fit
or match between the information processing
requirements facing an organization (and its
subunits) and the information processing ca-
pacity of its structure.” They define fit as
“Effectiveness is a function of matching infor-
mation processing capabilities with informa-
tion processing requirements.”  (Michael L.
Tushman and David A. Nadler, “Information
Processing as an Integrating Concept in Orga-

nizational Design,”  Academy of Management
Review, July 1978, p. 622.)

In producing large information systems for
wholesalers in 1973-1974, I discovered the
key to success was fit. We implemented the
same system in a large number of companies.
When the fit of the system to the operation and
the decision makers was good, the system
helped the company succeed.  When the fit
was bad, the system helped the company fail.
My experience, then, supports the Tushman
and Nadler hypothesis.

In the Senior Executive Service Workshop, we
discovered two important issues.  First, the
managers could use management system analy-
sis to start with what they knew best—their
operation—and work to what they knew next
best—the decision makers involved—and then
be able to specify to the contractors exactly
what they needed.  Second, the contractors
could never know the operation of the domain
as well as the managers did.  Through the
MSM and management system analysis, we
could show that without the manager making
a crucial contribution through functions 1, 2
and 3 to building the management tool, the tool
was destined to fail.  However, the manager’s
contribution required only familiarity with
management, information, data, and systems
approach concepts, not technical or specialist
expertise in hardware or software issues of any
kind.  They felt so relieved!  They didn’t have
to become expert in this strange technology to
stay up with a changing world.  But, they did
need to know more about their domain of
responsibility and associated decisions than
before.  They had to understand what they

Through their intimate knowledge of the first several steps of management system
analysis, managers play an instrumental initiating role in providing input to infor-
mation specialists when building management tools.
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managed well enough to work through the first
few management system analysis functions
and to tell someone else what they knew.  This
job was harder than you might expect, but a job
they needed to do to be successful in their
responsibilities.

We used Figure 1.1.21.4. to demonstrate the
crucial role the manager plays in building
management tools and the interface the man-
ager has with the information specialist.  The
manager contributes the management system
analysis functions around the upper part of the
MSM and the information specialist contrib-
utes the functions around the lower part.  The
manager’s functions come first.  Figure
1.1.21.4. shows the interfaces or the overlap
between the manager and the information spe-
cialist.  One overlap is at the information
portrayal/information perception interface of
the MSM.  The other overlap is at the mea-
surement, data interface.  These overlaps
were the two places where the manager and
the information specialist needed to under-

stand each other and communicate.

The two overlaps in Figure 1.1.21.4. highlight
the two classical ways of analyzing the need
for management tools.  The first way is to start
with what data is available and figure out how
to store, retrieve, and manipulate those data
and then how to make information out of them.
Most people do management tools this way.
That’s why you have so many notebooks, file
cabinets, and computer data bases with worth-
less stuff in them.  The second way is to start
with the decisions the management tools are to
support and strive for only the information
needed for the decisions and the data needed
for the information.  The first way started at the
measurement, data overlap between manager
and information specialist and the second
started at the information portrayal, informa-
tion perception overlap.  Management system
analysis clearly says that the best way is the
second.  The managers learned that lesson and
they’re glad they did.

Figure 1.1.21.4.  The manager and the information specialist overlap contributions toward building
management tools at two Management System Model interfaces.  Management system analysis says
the interface starting the interaction should be the information portrayal/information perception
interface.
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BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.5.  THE NINE FUNCTIONS OF MANAGEMENT  SYSTEM SYNTHESIS

To use management tools within the management process, we use nine management
system synthesis functions, best described in terms of the Management System
Model.

The nine functions of management system
synthesis serve two purposes.  First, they pro-
vide a map for continuous performance im-
provement.  The map is an embellishment of
Deming’s Plan-Do-Study-Act (PDSA) Cycle,
which is an embellishment of Shewhart’s
Specification-Production-Inspection Cycle,
which is an embellishment of the scientific
method.  Second, they tell us how to use
management tools.  Since the five functions of
management system analysis tell us how to
build management tools, the nine functions of
management system synthesis work together
with the five functions to provide a closed set
for directing us how to build the right tool and
then how to use that tool correctly.  The build-
ing and the using of the tools then aren’t
separated conceptually.

One group of people may build the tool and
another group may use the tool, but the map of
the management process structure, through
the 15 functions, ties everything together.  If
we do the functions correctly, the manager
(decision maker) is the consistent player
through the building and using directions of
the management process.

In its simplest form, management system syn-
thesis includes three groups of steps:

1. Three steps, or functions, for planning
what the manager will do with his or her
operation using the management tools
(Decide what to do. These functions relate
to the Plan part of the PDSA Cycle.)

2. Three steps, or functions, for executing the
plan using the management tools (Do what

you decided to do.  These functions relate
to the Do part of the PDSA Cycle.)

3. Three steps, or functions, for comparing
the plan with the execution to determine
status and progress (See how well you did
what you decided to do.  These functions
relate to the Study part of the PDSA Cycle.)

The groups of functions, and therefore the
functions, are cyclic.  So, after seeing how well
you did what you decided to do, you start all
over again by planning what to do to improve
based on what you learned in the preceding
cycle.  (The closing of the cycle and the impli-
cations for recycle relate to the Act part of the
PDSA Cycle.)  In this way you execute the
cycle and improvement spiral shown in Figure
1.1.9.1. in the module called Define Manage-
ment Systems Engineering.

Figure 1.1.21.5. uses the Management System
Model (MSM) for direction and as a rallying
point for the nine management system synthe-
sis functions.  In the figure, I include the MSM
more as an icon than as the framework for
management system synthesis.  You can see
that the nine functions of management system
synthesis fit comfortably around the MSM.
The MSM tells us we have a closed set of
functions for synthesis by showing no gaps
and overlaps in considering the components
and interfaces of the MSM.  Through the
MSM, we have confidence that the foundation
concepts leading to the MSM are carried into
management system synthesis.  Just as the
components and interfaces of the MSM are
really intermingled and have been pulled apart
for ease of discussion, the management system
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convert the data from the measurements into
information for the manager to compare to
expectation to determine new or better inter-
ventions for continuously improving perfor-
mance.

The success of management system synthesis
is in taking the functions in the proper se-
quence.  Notice how the functions of the syn-
thesis move clockwise sequentially around the
components and interfaces of the MSM.  We
want to get to the comparing functions.  But if
we don’t do the planning and executing func-
tions well, our comparisons will be worthless.
The verifying performance function completes
the loop.  We can’t determine how good our
expectations, work process, and measurements
are until we know what they yield in terms of
the aim of the management system.  In fact, we
have a loop we must work iteratively to design,
cause, and measure performance improvement.

Management system analysis and manage-
ment system synthesis work together.  I’ll
show how you can jump from analysis to
synthesis or vice versa.  For example, if you’re
working the synthesis loop (using manage-
ment tools) and converting data to informa-
tion, you may find that you need an improved
management tool to do what you want.  You
can continue the clockwise loop and simulta-
neously work counter-clockwise to improve
the tools you need to get the data.  Soon, I’ll
describe the inter-workings of management
system analysis and management system syn-
thesis within the management process.

synthesis functions must work together within
the systems approach.  The cycle of the func-
tions includes sequence but allows the neces-
sary cyclic, recursive, reversible nature of the
management system.

Figure 1.1.21.5. labels the nine functions as
CW1, CW2, and so on. CW1 stands for the
first clockwise function.  The management
system analysis functions go in the other direc-
tion, so the labels distinguish between analysis
and synthesis and indicate sequence.

In analysis, we separate the whole into its parts
so we can better deal with each part.  Under the
systems approach we analyze with the whole
and its aim always in mind.  In management
system analysis for management tools, we
start with the whole—an understanding of the
domain for which we intend to improve its
performance.  Then we separate the interven-
tion into the decisions needed in the process of
building and applying the intervention, the
information needed to support the decisions,
the data needed to make up the information,
and the measurements to collect the needed
data—a process continually moving us into
greater detail and specificity, an analysis.

In synthesis, we combine the parts to make up
the whole so we can make sure everything
works toward a common aim.  In management
system synthesis for management tools, we
start with the parts—the expectations of the
domain and its parts, the details of the work
process, and the indicators to be measured to
see the workings of the operation.  Then we
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Figure 1.1.21.5.  The nine management system synthesis functions for using management tools work
clockwise around the Management System Model.
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BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.6.  ORIGINS OF MANAGEMENT  SYSTEM SYNTHESIS

During the period 1972 to 1974, Pamela
Kurstedt and I worked with Management Ho-
rizons Data Systems, a company that provided
management, data, and information services
to wholesale warehousing companies.  Citicorp
had just assumed majority ownership and con-
trol of the company.  They applied the success-
ful Citicorp management techniques of the
1970’s and turned a failing company into a
successful one.  We didn’t know it then, but we
were part of management system synthesis.

In 1986, one of the Citibank executives who
participated in the informal, evolutionary de-
velopment of what was the successful Citicorp
management process of the 1970’s asked
Pamela and me to capture the management
style still practiced by some people in Citibank
and write an internal training manual.  His
objective was to recover and promulgate the
management process, what he called methods
for management.

The most exciting part of the management
process was a series of rules that had become
ingrained in Citibank’s culture during that
successful time period.  The less exciting, but
most important, part of the process was a
number of methods (That’s what Citibank
called them.) that were guided by the rules.  In
hindsight, Citibank’s methods included func-
tions and methods and other management tools.
For example, one method was work flow chart-
ing, which in this book is a tool to help do the
surveying your work function.  While work
flow charting is a superb tool, we can use other
good tools to help do that function.

The management process reflected the ideas

of the quality movement but neglected the
human flavor of willing workers doing their
best.  However, the parts of the process pro-
moted cooperation and continuous perfor-
mance improvement.

When the internal training manual was pub-
lished in 1988, we had defined eight of
Citibank’s methods.  The manual generated
much excitement and many thousands of cop-
ies were used throughout Citibank’s offices all
over the world.  Pamela and I helped install the
methods for management with the methods
and rules in a number of Citibank’s divisions
where the process had been forgotten or ne-
glected.

Later, we generalized the rules and methods
and helped government agencies and various
industries learn and practice the process.  Dur-
ing this time, we rewrote the rules so they had
broad application and less Citibank jargon.
We also discovered the inconsistency among
the function, tool, and method category of the
methods.  So, we deciphered the functions
behind the eight methods.

When we saw the functions, we discovered the
connections to the Management System Model.
As a result, we added the ninth function; and
one of the difficulties we had in the original
training manual was resolved.  Immediately,
we saw the reflection of Deming’s Plan-Do-
Study-Act Cycle in the functions.  We care-
fully adjusted the present labels for and imple-
mentation of the functions and the rules that
guide them so they center on the human as-
pects of continuous performance improvement.
Studying the management systems synthesis,

Management system synthesis originated in successful management practices for
continuous performance improvement.
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or using management tools,  part of the man-
agement process is essentially studying total
quality management.

I argue that from Taylor’s time until today
we’ve been evolving total quality manage-
ment and continuous performance improve-
ment to properly answer the time-honored,
fundamental management questions in Mod-
ule 1.1.4.  Management systems engineers are
well equipped to lead the answers to the ques-
tions.

The nine functions were always used to imple-
ment management with existing management
tools.  Clearly, they were using-management-
tool functions.  When people used the func-

tions well, they discovered ways to improve
their management tools.  So, we now see the
connection between the building-management-
tool and using-management-tool functions.

The origin of management system synthesis
was inductive.  Based on observations in orga-
nizations trying to use management tools and
trying to install and implement the functions
for using management tools, we developed the
closed set of nine functions and a set of eight
rules (described in Section 3.0 of this book) for
management system synthesis.  Management
system synthesis is empirically derived and
not derived from management theory.  In evalu-
ating management system synthesis, we see
the management theory at work.
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1.1.21.7.  MANAGEMENT  SYSTEM MODEL, MANAGEMENT  SYSTEM

ANALYSIS, MANAGEMENT  SYSTEM SYNTHESIS

If we look at an organization from the perspec-
tive of building and using management tools,
we can construct an organizational model based
on the five management system analysis func-
tions and the nine management system synthe-
sis functions as shown in Figure 1.1.21.7.  The
fourteen functions work around the Manage-
ment System Model (MSM).  The MSM acts
as an icon or rallying point for the two cycles
of functions.  The MSM made its contribution
in integrating the foundation concepts and
stimulating the creation of the two cycles.  The
MSM plays primarily a symbolic role in the
practice of the functions.

The direction of the sequencing of functions in
Figure 1.1.21.7. reflects the way the MSM is
drawn in Figure 1.1.18.1.3.  The clockwise
direction in the MSM goes from who to what
to what with.  You can find the starting points
for both management system analysis and
management system synthesis in Figure
1.1.21.7.  To build a tool well, you start by
understanding your domain and proceed
counter clockwise to the decisions you need to
make by working toward measuring indica-
tors to get data to convert into information to
support the decisions.  To use a tool well, you
start by surveying your work and proceed
clockwise to the indicators you must set to get
the data you need and work toward making and
communicating decisions to improve the or-
ganization.  The starting point is always pro-
found knowledge of the workplace by under-
standing your domain, or surveying your work.
Proceeding either counter clockwise or clock-
wise through the functions requires profound

knowledge of the management process and of
what Deming calls profound knowledge: the
theories of variation, systems, knowledge, and
psychology.

If you look back at Figures 1.1.21.3. and
1.1.21.5., you’ll be able to interpret connec-
tions between the clockwise and counter-clock-
wise functions.  In Figure 1.1.21.7., I’ve shown
these connections as two-headed arrows be-
tween the cycles.  The arrows in the figure
aren’t all there are.  The few I show represent
the crosswalk between management system
analysis and management system synthesis.
These arrows emphasize the idea that we can
be following one cycle in sequence, move to
the other cycle and proceed in the opposite
direction.  The combination of the cycles shown
in the figure emphasizes the reversible nature
of the management process.  Figure 1.1.21.7.
shows the complete structure for the manage-
ment process.  This structure, together with the
management process rules and the systems
approach helps us convert interventions into
performance improvement.

Here’s an example of what I mean by switch-
ing directions in the two cycles of functions
by moving from one cycle to the other.  As
you work on using a management tool
through management system synthesis and
are figuring out how to portray information
in CW6, you may realize you need to im-
prove the management tool and its data gath-
ering ability.  Then, you switch from using
the tool into building a better tool by moving
from the clockwise direction to the counter

Management system analysis and management system synthesis work their
functions around the Management System Model and their functions interplay
to help managers convert interventions into improved performance.
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Figure 1.1.21.7.  When we put the management system analysis and the management system
synthesis functions together around the Management System Model, we see the cyclic, recursive, and
reversible nature of the management system.
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clockwise direction.

Here’s another example.  As you work on
building a management tool and finding out
the information you need in CCW3 for the
decisions you make, you may want to look at
charts of the work flow to determine the pos-
sibility of operationalizing the measurements
of data to get that information.  Then you
switch from building the tool into using the
tool better by moving from the counter clock-
wise direction to the clockwise direction.

I’ve emphasized the management-tool (what
is used to manage), or information-oriented,

perspective from Figure 1.1.18.7. in develop-
ing and discussing the functions of the man-
agement process shown in Figure 1.1.21.7.
I’ve emphasized the engineer’s interest in the
machines of management.  The management
process and this figure apply equally well to
the perspectives emphasizing the operation
(what is managed) and the manager (who
manages).  Since who manages uses the man-
agement tools, the functions help the manager
determine how to build and use the manage-
ment tools.  Since the management tools are
used on what is managed, the functions tell us
how to apply the management tools to the
work process.
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1.1.21.8.  BEYOND THE MANAGEMENT  SYSTEM MODEL

In management systems engineering, we must
bridge our engineering and management think-
ing.  Management system analysis and man-
agement system synthesis form the structure
of the management process and represent man-
agement thinking.  When we make physical
science analogies, we put management issues
in physical science terms.  Applying the engi-
neering process is even more direct when the
object of the application is in physical science,
or engineering, terms.  We then generate solu-
tions to management questions or problems in
an engineering context.  If our analogies are
solid, we can transfer back the engineering
solutions to contribute to management solu-
tions.

To extend our thinking beyond the Manage-
ment System Model (MSM), we want other
simple models, each emphasizing and display-
ing management issues different from those
best addressed using the MSM.  A good ex-
ample of such an extension and one that illus-
trates the value of finding an analogous engi-
neering model is the control loop.  Recall that
the MSM is a descriptive model.  A major
contribution of the control loop is that it is
predictive.

To discuss the control loop analogy, I’ll quote
from Engineering Analogs in Management by
Kurstedt, Mendes, and Lee (Proceedings of
the Ninth Annual Conference, American Soci-
ety for Engineering Management, October,
1988, pp. 197-202.).  “Inspired by the MSM’s
circular loop (suggesting a feedback control
diagram), I decided to use an analytical frame-
work based on automatic control theory.  I was
trying to model the interfaces in the MSM by

looking at the relationships between the com-
ponents, and this is what control theory does.
(Control theory studies the dynamics of a
given ‘plant,’ and decides what is the best way
to make it track some desired behavior.  The
desired behavior corresponds to the engineer-
ing criteria.  In a management situation, these
criteria result from a (participative or not)
decision-making process.)  Control-based
management models are supported by the lit-
erature, either explicitly (e.g., Forrester, 1961)
or implicitly (e.g., Argyris and Schon, 1978).
As a point of interest, the MSM-based control
framework complements classical industrial
engineering (Herzog, 1985) and managerial
control theories (Amey, 1986).

My objectives are: (1) to get a generalized
model from the analysis of common classes of
variables and types of elementary components
found in different physical environments, and
(2) to use the meaning of variables and rela-
tionships in the general model to understand
and specify the meaning of variables and com-
ponents in the MSM (See Mendes, Kurstedt,
and Lee, An Information Strategy is Funda-
mental for Sustained Competitive Advantage,
Proceedings of the Ninth Annual Conference,
American Society for Engineering Manage-
ment, October, 1988 for an application of
these concepts.)  According to the preceding
definition of Industrial Engineering [See Mod-
ule 1.1.14.4.], predicting the behavior of engi-
neered systems is a major objective, attainable
through the formal application of scientific
knowledge.  Analogies between physical sys-
tems reflect general laws.  For example, the
continuity law is the basis of Forrester’s rate
equations, useful in modeling the operation

We can use the Management System Model to develop new models, compatible with
the Management System Model, that emphasize management parameters the
Management System Model doesn’t.
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(the ‘What is managed’ component in the
MSM):

(Flow into system) - (Flow out of system) =
(Time rate of change inside system).

To model each person’s management system I
use a control systems perspective.  Tosi (1983)
defines ‘the control structure [as] the set of
factors, and the relationships between them,
which elicit predictable performance from in-
dividuals and groups in organizations.’  He
sees control as influencing people to minimize
problems and insure compliance with norms
and goals.  Without going this far, the more
traditional control systems theory I subscribe
to supports the three stage maturity concept of
control: to maintain the values of an output
variable close to a preset value, and absorb
disturbances.

I use the MSM to understand the ‘inside world’
first, and the ‘outside world’ after, i.e., to
figure out how the organization works within
itself before worrying how it interacts best
with the outside.  I deal with shared informa-
tion processing (information for both the in-
side and outside world) through different in-
formation portrayals.  Now, to physically model
a management system, I represent the MSM as
a control loop in the lower part of Figure
1.1.21.8.  The MSM and the control loop are
placed together to show their analogous com-
ponents and relationships.  The controller in
the control loop is the ‘who manages’ in the
MSM, the plant is ‘what is managed,’ and the
sensors are ‘what is used to manage’; the
interfaces are intact.  The analog is complete
because the control loop shows the interac-
tions with the environment as inputs (set points),
disturbances, and outputs.  At this time I don’t
consider the interfaces.  Those are only re-
quired during implementation.

The analogy can be further explored.  When
something goes wrong and a manager is un-
able to control the operation as desired, either

the manager is replaced, the organization
changes, or both.  That corresponds to either
replacing the controller or facing an unstable
system.  Another alternative is to change goals,
but that corresponds to changing the inputs,
the desired system behavior.  Similarly, chang-
ing a manager’s attitudes is equivalent to tun-
ing the controller, and improving the tools is
like calibrating the sensors.

The control theory loop is general.  I use the
control theory representation of the MSM to
study the response of a management system to
changes in the reference input.  The compara-
tor [the little circle where the reference input
and results meet] shows the manager’s bias
relative to the incoming information, such that
managers in different positions in the organi-
zation will respond differently to the same
changes (See also Kurstedt, Berube, and
Mendes, We Bias Information Differently for
Managers at Different Organizational Levels,
Proceedings of the Ninth Annual Conference,
American Society for Engineering Manage-
ment, October, 1988.)  In physical systems,
sensors also have reference inputs, used for
calibration purposes.  Continuing with the
analogy, I say the management tools are also
biased relative to the incoming data.”

The interfaces of the MSM aren’t emphasized
in the control loop in Figure 1.1.21.8.  The
inputs and outputs to the environment are.  I
find that the functions of management system
synthesis lay on top of the control loop quite
well—better than they do the MSM.  We can
also find the ABC Model in the control loop
analogy.  The disturbance input represents C,
cater to crises.  Administer the work process,
A, is the action of the controller on the plant
based on the reference input.  When we extend
A to include administer the management pro-
cess, we include the feedback through the
sensors.  Build the business, B, occurs when
we set the reference to a new level and adjust
the plant accordingly.
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Figure 1.1.21.8.  The control loop analog helps make the Management System Model predictive and
extends the Management System Model to a new form emphasizing the interaction of the system with
the environment and the resulting dynamics of the system.  (The control loop analogy was
contributed by Pedro Mendes during our work together on his PhD dissertation.  Pedro has the best
understanding of anyone I know on how to extend the MSM.  In his dissertation, Pedro applied the
control loop analogy to an emergency management problem.  Later, I’ll use Pedro’s dissertation to
render the control loop into terms directly related to management questions.)

I argue that the control loop analogy is a good
way to extend the MSM.  Obviously, the
control loop stands on its own in modelling the
organization.  The MSM served its purpose in
giving us confidence that the analogy works.
Now we have two different models, each with
its strengths.

I prefer two different models rather than Rube
Goldberg type attachments or extensions to
either model.  I intuitively know we’ll find
more models, each serving a valuable purpose
in understanding the complex system we call
an organization.

THE CONTROL LOOP ANALOG
HELPS MAKE THE MSM PREDICTIVE.
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BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.9.  THE STATICS  VIEW VERSUS THE DYNAMICS  VIEW

When engineering a mechanical system, we
find value in taking both a statics view and a
dynamics view.  We use each view to learn
something about the mechanical system.  Each
view contributes something different to our
understanding, based on what that particular
view is best equipped to do.  Recall this discus-
sion from Module 1.1.16.3.

I’ll transfer the perspectives we’ve learned in
statics and dynamics to understanding how
organizations work.  Statics looks at balance in
organizations.  (Don’t imagine a scale—as in
the scale of justice—when I say balance.  Bal-
ance here is more like fit and adjustment to a
match or compatible and productive arrange-
ment.  I discussed the idea of fit in Module
1.1.21.4.)  Dynamics looks at change in orga-
nizations.  Since the organization is an open
system, the forces for change must include
external forces.  For a dynamics view of the
organization, we have to include external forces
on the organization.  The resistance to change
in an organization is internal.  In terms of
statics and dynamics, resistance to change
caused by an external force is friction.  Clearly,
we can use mechanics analogies to represent
organizations.  But, what can we learn from the
analogies?

The Management System Model (MSM) is a
closed system model and is most directly use-
ful for balance.  The MSM is an internal look
at the organization and includes the operation
as a subsystem acted on by interventions and
yielding measurements and data for manage-
ment tools.  Figure 1.1.21.9.a. shows the part
of the MSM where the operation is influenced
by actions internal to the organization.  In

Module 1.1.21.8., I showed another model for
the organization, a control loop analogy, to
help us look at dynamics of the management
system so we can study change.  The control
loop model looks at the organization under the
influence of the environment.  Figure
1.1.21.9.b. shows the part of the control loop
where the organization is influenced by the
vendors and the customers of the organization.

The control loop model incorporates all the
parts of the MSM, but can’t be called an
extension or modification of the MSM.  The
control loop is its own model.  The control loop
has been used in electrical engineering, me-
chanical engineering, psychology, and other
disciplines for many years to study the time-
dependent performance of a system under ex-
ternal forces.

Even though the MSM directed the develop-
ment of management system analysis and
management system synthesis, the MSM didn’t
carry into management system analysis and
synthesis its exclusion of the connections of
the management system to the environment.
As a result, management system analysis and
management system synthesis apply both to
balance and change.

I’ll illustrate how management system analy-
sis and synthesis have the ability to deal with
the organization’s environment.  My first il-
lustration is for using management tools—
management system synthesis .  If the survey-
ing your work, collecting and logging data,
and reviewing status and progress functions
shown in Figure 1.1.21.5. are internal, we deal
with internally stimulated change and resis-

Management system analysis and management system synthesis are equally good
for looking at balance—the statics view—and for looking at change—the dynamics
view—in an organization.
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on the operation’s performance.  However, we
can build management tools based on deci-
sions including external as well as internal
information, data, measurements, and indica-
tors.  Therefore, management system analysis
is just as valuable for change as for balance.
The same is true for management system syn-
thesis.

The MSM and statics lead to management
system analysis.  In building management
tools, we look for balance and strength of the
MSM components.  These activities relate
more to A activities (administer the work and
management processes) in the ABC Model
shown in Figure 1.1.7.

The control loop and dynamics lead to man-
agement system synthesis.  In using manage-
ment tools, we look for change in the MSM
components.  These activities relate more to B
activities (build the business) in the ABC
Model shown in Figure 1.1.7.  Soon, I’ll ex-
tend my discussions of the ABC Model and
how to use the model.

In summary, the MSM provides a statics-type
view of the organization.  We need the control
loop model for a dynamics-type view.  Man-
agement system analysis and management
system synthesis 1) overlay both the MSM and
the control loop model, providing both statics
and dynamics views; 2) can be confined inter-
nally for a view as a closed system, MSM, or
statics; and 3) can be extended externally for a
view as an open system, control loop model, or
dynamics.

tance to change.  (To continue the mechanics
analogy, we do so in terms of force, weight,
and friction.)  We’re considering the work
process as shown in Figure 1.1.21.9.a.  By
including the vendors on the input side of the
management system in Figure 1.1.21.9.b. and
the customers on the output side within the
three management system synthesis functions
I just listed, we include external forces for
change.

In working with management tools, we first
understand the tools we need by looking at the
organization internally—a statics view—and
focusing on the work process as shown in
Figure 1.1.21.9.a., where the tools directly
experience the data from the operation.  Then,
we refine our management tools by looking at
the organization externally—a dynamics
view—and adjusting our view of tools to in-
clude the environment as shown in Figure
1.1.21.9.b., where the tools indirectly reflect
measurements related to vendors and custom-
ers.  In the dynamics view, the tools include
both input effects of the environment and
output effects on the environment in relation to
the work process as used by the manager and
his or her understanding of data and informa-
tion not only coming from the operation but
coming from and going to the environment.

My second illustration of how management
system analysis and management system syn-
thesis include effects of the environment is for
building management tools—management
system analysis.  We can build management
tools based on decisions for actions on the
operation from the feedback within the MSM
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Figure 1.1.21.9.  The Management System Model focuses on the inner workings of the management
system for balance and strength of components, whereas a control loop model focuses on the external
effects on the management system for change.

Management System Model
a.

Operation

Manger’s
decisions

and
actions

Measurements

and data for
management tools

Control Loop
b.

Organization
Vendors Customers

Manager's
decisions



283



284

BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.10.  FORCES, ENERGY, AND FRICTION  IN THE WORKPLACE

Recall two of the time-honored, fundamental
management questions from Module 1.1.4.
How do I get useful information (the right,
high-quality information on time) about my
work to support the decisions I make?  How do
I improve morale and reduce fear in the work-
place?  When you’re responsible for the work
several people do and need to make decisions
on reliable, often-detailed data, you must in-
teract with people in non-threatening but pen-
etrating ways.

In trying to solve a problem, you must get to
the root cause of the problem.  One technique
is a Japanese technique called the five-whys
technique, where you ask why five times to dig
deeper and deeper into the problem to find the
root cause.  In this technique you depend on
information from the person you’re asking
why.  They must cooperate or you’ll never get
the information you need.  If they feel threat-
ened, they won’t cooperate.  So, you must
penetrate to the root cause without being threat-
ening.  In short, to be successful, you often
need a potentially-threatened person’s help.

Penetration requires specifics, not a broad
approach.  To penetrate to the specifics, you
must understand the technology of the work
process and of the management process.

Success in penetrating for information requires
1) understanding of the technology and 2) the
help of a potentially-threatened person.  For
success in penetrating into the specifics, you
must enhance driving forces in your penetrat-
ing skill and reduce restraining forces by re-
ducing barriers and resistance to penetrating.

Consider Lewin’s force field analysis described
in Chapter Three of Weisbord’s Productive
Workplaces.  I’ve set up a simplified force
field analysis diagram for the problem of inter-
acting in non-threatening but penetrating ways
in Figure 1.1.21.10.  The diagram is simplified
since I’m sure you can add both driving forces
and restraining forces to the diagram.  A valu-
able group activity in an organization would
be to complete the set of forces in the diagram,
determine the length of the arrows to represent
relative sizes of the forces, and discuss ways to
increase forces in the direction of desired
movement and ways to reduce forces opposite
to the direction of desired movement.  Re-
member that you get better results from reduc-
ing restraining forces because increasing driv-
ing forces begets increased restraining forces.

Our objective is to move the problem from the
status quo by increasing the drives or reducing
the restraints.  My point in all this is that in
raising the fundamental management question
and finding the answer we have developed a
diagram of forces on or within an organiza-
tion.  As engineers, we feel comfortable ana-
lyzing forces.

Our diagram looks a little like a free-body
diagram in mechanics for studying statics and
dynamics.  If the sum of the forces in the x
direction is zero, the system is in equilibrium
and the status quo is maintained.  If the sum of
the forces in the x direction is different than
zero, the system is going to move (change) in
the direction of the prevailing forces.  But the
forces aren’t like the ones we’re used to from
mechanics.  These forces have to do with

Analogous parameters from the physical sciences, so familiar and useful to engineers,
like forces, energy, and friction help us generate relationships for answering funda-
mental management questions.
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thermal energy)  and increasing friction does
this.  We know that intentionally producing
friction is a delicate matter because that energy
is usually lost or harmful to the system.  One of
the fundamentals of the engineering process is
knowing how to gather, convert, and conserve
energy.  This fundamental applies to engineer-
ing a management process too.  (Perhaps we
can find an analogy between friction in pipes
and delaying or distorting information flow.)

Through the mechanical analogy, I’ve set up
some relationships by which we can discuss
cause and effect in using forces to do work and
generate productive energy recognizing we
can waste it all through energy dissipated
through friction.  Eric Mills of my 1993 class
suggests that if friction is external resistance to
change, then inertia is internal resistance to
change.  I’ve set up relationships for dealing
with at least some of the fundamental manage-
ment questions in Module 1.1.4.  I discovered
these relationships by considering mechanical
analogies.  If any of the relationships makes
sense on the face of it, we can test the relation-
ship through observation and measurement.

We can find many analogies from the physical
sciences to develop useful parameters and
relationships, like control, force, work, en-
ergy, power, strength, and many others.  When
we have the analogies and have confidence
that, through the systems approach (generalist
perspective), the analogies apply, we can trans-
fer the relationships among variables and study
the sensitivity of one variable to changes in
another variable.  Today, we seldom are able to
plug in numbers and get quantitative results.
We can’t quantify fear in pounds or pounds per
square foot.  But we can get qualitative results;
and qualitative results aren’t only the starting
place, they’re the most potent results.

human characteristics like abilities and moti-
vation.  Yet they’re forces just the same.

What about continuing the analogy.  If we
apply a force through a distance, we get work.
What is distance in an organization?  I’ll argue
organizational distance ranges through people
or jobs up and down the organizational hierar-
chy and across people or jobs at a level in the
hierarchy.

The more broadly the force is felt, the more
positive or negative work done by the force,
where positive or negative depends on the
direction of the force.  Each force does work
that accumulates effort regardless of direction.
(You accumulate effort in the sense that if you
carry a brick up and down a hill to return to the
point of origin, you might do no work but you
still get tired.)  We know the work accom-
plished is the resultant force acting through the
distance moved and occurs only when some of
the forces prevail.

If we integrate the force through distance over
time, we get energy.  In an organization, we
find many types of energy, including motiva-
tion, joy, and frustration.

We know what time is in an organization.  We
can even develop an analogy for weight in the
organization.  Let weight be a function of size
and density.  Size we can handle, but what’s
density?  Perhaps influence on others and on
the work process.  If we’re moving an organi-
zation through or across another medium and
the organization has weight, we’ll get friction.
We know organizations get conflict and loss of
energy through friction.  Generally, we want to
reduce friction because friction results in a
dissipation of energy and a loss of work.  Some-
times we want to convert energy from one
form to another (e.g., mechanical energy to
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Figure 1.1.21.10.  A force field analysis diagram helps give us a handle on answering the question:
How can I interact with people in non-threatening but penetrating ways?

PROBLEM:  Need to penetrate for information

Driving
forces

Status quo
line

Restraining
forces

Knowledge of
technology

Fear

Something to
hide

Comforting style
for interaction

Direction of
desired movement



287



288

BACKGROUND/INTRODUCTION/BUILDING AND USING MANAGEMENT TOOLS

1.1.21.11.  THE CARE AND FEEDING OF ANALOGIES

Morris indicates that analogies are good start-
ing points for new models. (William T. Morris,
“On the Art of Modeling,” Management Sci-
ence, 13 (12), August 1967, p. B-709.)  He says
that analogies between the problem at hand
and some previously well-developed logical
structure help us make intuitive leaps.  Analo-

gies are effective when dealing with an emerg-
ing science in that they stimulate premises to
be proven or disproven through further study.
Engineering analogies help us with manage-
ment systems engineering and management,
which are emerging sciences.
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BACKGROUND/INTRODUCTION/OTHER USEFUL ORGANIZATIONAL MODELS FOR USING MANAGE-
MENT TOOLS

1.1.23.1.  ALTERNATIVE  MODELS FOR THE ORGANIZATION  IN THE

MANAGEMENT  PROCESS FRAMEWORK

Directed by the Management System Model,
management system analysis and management
system synthesis when assembled together as
the structure for the management process give
us one representation of the organizational
model called for in Figure 1.1.11.4. We’ll use
this structure most heavily as we study build-
ing and using management tools.

The manager conducts a number of broad,
focused activities when making decisions and
taking actions.  These activities include lead-
ership, culture management, and others and
are described in the form of an organizational
effectiveness model in Module 1.1.23.3.  The
manager needs his or her management tools to
support these activities.  Several ways of look-
ing at the organization consider these activi-
ties and the way management tools support
them.  One such model is Weisbord’s people,
technical, and reward subsystems for the man-
agement system shown in Figure 1.1.4.  This
model gives us another structure for the orga-
nization to help us build and use successful
management tools.  The structure I’ll use as the
primary organizational model in the center
box of Figure 1.1.11.4. is the dual cycle of the
fourteen management process functions shown
in Figure 1.1.21.7.  However, to help tie the
tools together to get synergy among them,
we’ll look at other models for structure.

Consider Figure 1.1.23.1.  Notice the relation-
ship of this figure to Figure 1.1.11.4.  What’s
inside the box called organizational models?
It depends on what you want to focus on.  Your
focus is directed by the environment of the
management system, or domain of responsi-

bility.  One of the traditional tenets of manage-
ment is that structure follows strategy, which
follows environmental change.

When your domain’s environment changes,
your strategy for operation and for dealing
with the environment should change immedi-
ately.  Your organizational structure, usually
thought of in terms of the wiring diagrams we
call organization charts (one of your manage-
ment tools),  should adjust to support the new
strategy.  However, as we look at a structure of
management process functions or a structure
of activities like leadership and culture man-
agement, your emphasis or connections among
the parts of the structure will change to meet
the need.  For example, a change in your
environment may cause you to change your
strategy in such a way you need to change your
emphasis from leadership-dominated activi-
ties to culture-management-dominated activi-
ties.  However, each of these activities is
tightly tied to the other.  Deal and Kennedy
(Corporate Cultures) say the business envi-
ronment is the most significant element in a
corporate culture.

The idea of structure following strategy, which
follows environmental change shouldn’t be
foreign to people who practice the engineering
process.  A need, or application, begets a plan,
which leads to the structure of the solution to
the need.

We’ll find in Module 1.1.23.3. that the activi-
ties-oriented structures for the organizational
model in Figure 1.1.23.1. draw heavily on
skills of the manager.  The management pro-

As we implement our strategy to address changes due to our organization’s environment,
we’ll need useful organizational models in addition to the structured fourteen-functioned
management process.
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process in much the same way as design is
central to the engineering process (as described
in Module 1.1.11.6.2.).  The management pro-
cess is about decision making and what pre-
cedes and follows from decision making.  The
engineering process is about design and what
precedes and follows from design.

As we expand and use Figure 1.1.11.4., we’ll
need one or more of the alternatives for the
organizational model in the center box.  In the
general sense, all the alternatives are inter-
mingled in the box.  If we were to consider
each of the alternatives as represented by a
different color, their integration in the center
box would make it a black box.  With all the
alternative models working together in the box
called organization, that box represents the
domain of responsibility not just the operation.

Figure 1.1.23.1.  We can represent the organization by a number of models as the structure
influenced by our strategy as we deal with changes in the organization’s environment.

INTERVENTIONS ORGANIZATION PERFORMANCE

ENVIRONMENT

STRATEGY

STRUCTURE

(Organization
Models)

cess functions draw on skills to build, use, and
integrate the management tools—skills for
building tools like system analysis, informa-
tion gathering, information analysis, and de-
veloping data and information stores and skills
for using tools like communication, getting
consensus, and sharing information.  I’ll dis-
cuss these skills as I detail the functions where
you need to use them.  The activities-oriented
structures for the organizational model draw
on skills not so keyed to management tools,
like envisioning for leadership and
cheerleading for culture management.  Activi-
ties-oriented structures emphasize the man-
ager and his or her roles.  Management-pro-
cess-oriented structures, like the one in Mod-
ule 1.1.21.7., emphasize decision making.

Decision making is central to the management
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BACKGROUND/INTRODUCTION/OTHER USEFUL ORGANIZATIONAL MODELS FOR USING MANAGE-
MENT TOOLS

1.1.23.2.  STRUCTURE RESPONDS TO STRATEGY  REFLECTING  CHANGES IN
THE ENVIRONMENT .

While structures in an organization, like reporting structures and geographic layout,
are visible and immediate, they can’t be developed properly until you have a strategy
based on your business environment.

Figure 1.1.23.2. contains a planning model
reflecting the thought process people in an
organization need to go through before they
can make effective interventions in the do-
main of responsibility.  The planning process
must be a closed loop.  Strategy and structure
are only of value when they result in actions
(interventions) changing the organization and
affecting the business environment.  The orga-
nization affects the business environment
through its merchandising (suppliers) and its
marketing (customers) strategies and inter-
ventions.

The process in Figure 1.1.23.2. is highly recur-
sive and you’ll find loops within loops.  The
environment plays the role of forcing function
on the organization.

I’ll discuss the steps in Figure 1.1.23.2. in the
modules about using management tools.  No-
tice, however, the sequence from environment
to strategy to structure.  Also, notice the deci-
sion/action interface (interventions) of the
Management System Model represented in
the last step.  These decisions and actions
become the interventions you make on the
organization affecting its structure of relation-
ships among people (organization structure),
tasks (work flow), and resources (for money,
chart of accounts or budget, and reporting
structure).

From Figure 1.1.23.2., notice that between the
business environment and the organization’s
strategy is the organization containing four
steps, or sets of characteristics, describing and
defining the organization.  Again, we find that
if you don’t have profound knowledge of your

domain of responsibility (the organization)
you don’t have the foundation to proceed intel-
ligently.  The organization steps in Figure
1.1.23.2. tell us we must know identity (who
we are), mission (what we do), vision (where
we’re headed), guiding principles (the rules
we follow), culture (what we stand for and
believe in), and strengths and weakness (inter-
nal and external barriers, threats, and con-
straints) before we can move forward in plan-
ning.  The box for strengths and weaknesses is
often called SWOT for strength/weaknesses/
opportunities/threats or SWOC for strengths/
weaknesses/opportunities/constraints.

In discussing organizational change, DeLisi
describes an experience he had at Digital.  As
part of their strategic planning intervention,
Digital was working on what was essentially a
SWOT analysis.  They were preparing the
background to work on strategic goals.  But,
they couldn’t bridge from SWOT to strategy
without dealing with the culture they had and
the culture they wanted.  In figuring out their
culture, they found they were caught in be-
tween an entreprenerual culture and a profes-
sional management culture.  This dilemma
was essentially what Adizes describes when
he discusses the nature of growing and aging in
an organization. (Ichak Adizes, Corporate
Lifecycles, Prentice Hall, 1988, p. 3, p. 227.)
The growing company is long on flexibility
and can change relatively easily because it has
a low level of control.  The aging company is
long on controllability and has little propen-
sity for change.  The dilemma is appropriate
because when an organization is both flexible
and controllable, the organization is neither
too young or too old.  It has the advantages of
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both growing and aging.

Before Digital could work out their strategy,
they had to deal with what kind of company
they wanted to be—organizational culture.
DeLisi says, “Before this time, key questions
masqueraded as structural issues (should we be
centralized or decentralized?), strategy issues
(should we strive for cost leadership or differ-
entiation?), and control issues (should we con-
trol more tightly or continue to give the divi-
sions autonomy?).  Now it was clear that the
fundamental question facing this company was
a cultural one.  The company already had a
highly entrepreneurial culture, but some man-
agers thought it needed to move toward profes-

sional management, now that it had grown
very large.  The professionally managed cul-
ture, however, represented values that contra-
dicted those of most individuals within the
organization; they had grown up with
entrepreneruial values.  Once the executive
committee understood that the core issue fac-
ing them was about culture, they decided to
reaffirm the values that had made their organi-
zation successful in the past.  Apparent issues
of strategy, structure, process, and informa-
tion technology suddenly fell into place.”  (Pe-
ter S. DeLisi, “Lessons from the Steel Axe:
Culture, Technology, and Organizational
Change,” Sloan Management Review, Fall
1990, pp. 83- 93.) [italics added]

Figure 1.1.23.2.  The planning process represents an organizational model emphasizing the effect
the environment has on the organization’s strategy, which absolutely must be known before anything
can be structured properly.
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MENT TOOLS

1.1.23.3.  THE ORGANIZATIONAL  EFFECTIVENESS PYRAMID

The organizational effectiveness pyramid tells us how to deal with four types of
activities the manager must work in balance to move the organization forward.

As managers build and use tools to support
their decision making, they have a number of
things to do and roles to play.  The pyramid in
Figure 1.1.23.3. includes a significant set of
activities at each apex: comprehensive plan-
ning, leadership, continuous performance im-
provement, and culture management.  To-
gether, the four significant sets of activities
contain the essence of the organization and
what the organization does.  What an organi-
zation does and believes in is displayed as
values, norms, and traditions.  Values are
long-term beliefs that are hard to change
[Atkinson].  Traditions are established or cus-
tomary patterns of action or behavior
[Webster].  Norms are unwritten rules of be-
havior [Perry Buffington].  Together, the four
significant sets of activities represent what the
people in the business college call organiza-
tional effectiveness.

The organizational models I’ll discuss as com-
panions to or alternates for the management
process functions all center on activities, tracks,
fronts, or pursuits—in short, broad sets of
things managers do and make decisions about
in dealing with their responsibilities.  I like the
organizational effectiveness pyramid because
of the raw strength, durability, balance, and
cohesiveness of it.  By its very nature, the
pyramid shows strength, durability, and tight
connections.  In civil engineering, we learn
what people have known since the pyramids in
Egypt were built.  In two dimensions, we gain
structural strength through the triangle; and in
three dimensions, we use the pyramid.

Peter DeLisi of Digital Equipment Corpora-
tion [in the Fall 1990 Sloan Management Re-
view, pp. 83-93] when discussing information
technology recalls the MIT framework for the

Management in the 90s program as “a model
of systemic interactions among organizational
elements (information technology, organiza-
tion and culture, strategy, individuals and their
roles, and management processes) with ‘man-
agement processes’ in the center. ..... I would
argue that ‘organizational culture and leader-
ship’ should be separated from organizational
structure and granted the central role in the
system.”  The original MIT framework has
been modified a number of times, including
DeLisi’s version, to search for what goes in the
center.  (DeLisi then discusses two models for
an organization: the original MIT framework
and DeLisi’s own model.)  In Figure 1.1.23.3.,
I show the kind of elements MIT uses in their
framework as apexes and see the center as soft,
human issues like values, traditions, and norms.
The pyramid doesn’t choose a central activity
or responsibility of management, but does
show cultural components as central, agreeing
with DeLisi.

I like the pyramid representation because no
apex is central.  All apexes must be imple-
mented.  If one is ignored or not properly
addressed, any short-term improvement will
fade away.  Since a manager can’t do every-
thing at once or is usually more capable or
interested in one or more apexes over the
others, the manager usually leads out with one
apex.  The pyramid says that if the manager
gets one apex too far out ahead of the others,
the strength of the pyramid is threatened.  I,
like Sherkenbach in his latest book [Deming’s
Road to Continual Improvement], see a
manager’s activities involving physical, logi-
cal, and emotional levels in dealing with an
organization.  I feel the continuous perfor-
mance improvement apex emphasizes the
physical, in that we need to get to specifics and
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measure something for continuous perfor-
mance improvement.  Customers demand qual-
ity rather than an illusion of it.  I feel the
leadership apex emphasizes the logical or
mental, in that we need to logically move from
the known toward the unknown in living up to
a vision.  I feel the culture management apex
emphasizes the emotional, in that we need to
rally people’s emotions around beliefs and
symbols to excite them in the mission, vision,
and guiding principles of the organization.  I
feel the comprehensive planning apex empha-
sizes a fourth level I’ll call the clairvoyant
level, in that we need to forecast the future in
all planning and have the vision to see things
that don’t exist.  (According to Webster, clair-
voyance is “the power to perceive matters
beyond the range of ordinary perception.”  In
the sense that Deming says management is
prediction, perceiving beyond ordinary per-
ception is necessary.)

A critical point in all this is that if you’re doing
continuous performance improvement, you
make progress through physical means and
arguments; whereas, if you’re doing culture
management, you make progress through emo-
tional means and arguments.  If the issue is
emotional, you address that issue with emo-
tional means.  Another critical point is that the
physical level has its place; but you must not
overdo it.  The emotional level has its place;
but, you must not overdo it.  If you push one
level, or apex, too far, the pyramid comes
apart.

The manager wants to work his or her organi-
zational effectiveness pyramid to take advan-
tage of its strength.  As you work one apex, use
the management tools appropriate to that apex
and based on the right level of effort.  But be
ready to bring along the other apexes with the
right tools to meet the needs of each apex.

Figure 1.1.23.3.  The organizational effectiveness pyramid shows the strength, durability, balance,
and interconnectedness inherent in balancing the activities for meeting a set of responsibilities.
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1.1.23.4.  ORIGINS OF THE ORGANIZATIONAL  EFFECTIVENESS PYRAMID

I’m always concerned about a framework’s
completeness.  I look for indications that the
entities in the framework form a closed set,
because I believe when you have a closed set
and work the set properly you get a step func-
tion increase in synergy.

The engineers working with the pyramid were
anxious about the emotional issues involved in
culture management.  The engineers knew
very well you couldn’t run things on emotion
for very long.  Emotion seems fleeting.  A
cheerleader charges you up today.  But the
realities of tomorrow have a sobering effect.
Clearly, facts, direction, and physical evidence
couldn’t be neglected.  But, I argued, neither
could the emotional side of the coin.  I suggest
using emotional means when dealing with
culture and its emotional underpinning.  I
suggest using physical evidence and facts when
dealing with continuous performance improve-
ment.  Emotion-based tools and guides have
their place, just as fact-based tools do.   The
four levels of physical, emotional, mental, and
forecasting (clairvoyant) filled the bill in
searching for balance and for confirming a
complete set of activities in Figure 1.1.23.3.

Steve Markham of Virginia Tech’s college of
business was involved in brainstorming a map
(flow diagram) for culture change in a discus-
sion including the organizational effective-
ness pyramid.  He said that the pyramid of-
fered nothing new in that the apexes were what
people in the business college call organiza-
tional effectiveness.  At this point I named the
pyramid.  I prefer to believe that what’s new is

Early in 1990, I was asked by a number of
Westinghouse divisions to work with them on
culture change.  One of the divisions was
responsible for operating the Department of
Energy facility at the Savannah River Opera-
tions Office in South Carolina.  At that time,
all companies operating DOE sites were work-
ing under Secretary Watkins’ direction that
the DOE complex would change its culture.

I found that Westinghouse at Savannah River
wanted to expand their safety culture into a
quality culture.  This direction spelled the tie-
in between continuous performance improve-
ment and culture management.  I was also
impressed with Edgar Schein’s book Organi-
zational Culture and Leadership.  As an old
civil engineer, the triangle of leadership, con-
tinuous performance improvement, and cul-
ture management displayed the strength that
this huge undertaking needed.  The graphic
representation of the triangle gained favor in
its ability to show strength and connections
among the several sets of activities.

As I worked with several of the Westinghouse
divisions over the next couple of years, our
efforts looked a lot like a very comprehensive
planning effort.  This observation became more
pronounced until I had no choice but to make
the triangle a pyramid.  In April, 1991, I made
a teleconference presentation on How to
Change to a Quality Culture in which I empha-
sized culture, culture change, quality, and the
management process.  I used the organiza-
tional effectiveness pyramid as the framework
and rally point for those discussions.

As you work two or more of the apexes of the organizational effectiveness
pyramid, you discover strong linkages among them, as in the case of culture
management and continuous performance improvement providing connections
for learning how to change to a quality culture.
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the engineer’s perspective of the strength and
cohesiveness of the pyramidal structure and
the emphasis the pyramid places on the inter-
dependency of the activities of the apexes.
That way, we don’t lose the forest as we
investigate the trees.  You can study any of the
trees (apexes) for years and believe that apex
is all there is and that following the apex spells
success.  Many have tried and failed.  I worked
with a person on a Citibank project who be-
lieved he could ride culture management to
ultimate success.  As a result, he lost his
company.  The pyramid says you can’t forget

the forest (the four sets of activities and how
they connect) or you’ll fail.

Steve Van Aken reflects on the idea that in
materials science a pyramid is a tight, well-
bonded (covalent) unit, a diamond.  The pyra-
mid is shaped like a diamond, although the unit
cell of a diamond is a face-centered cubic.  I
like the analogy.  If we find the fundamental
activities of organizational effectiveness
bonded like a diamond, we find not only great
strength but great beauty.
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1.1.23.5. SUPPORT FOR THE ORGANIZATIONAL  EFFECTIVENESS PYRAMID

L INKAGES

The pyramid gets its strength through the link-
ages among the apexes.  I’ll show support for
the linkages shown in Figure 1.1.23.3. by
relating how each link is demonstrated by a
leading researcher or practitioner.

The advocates of the culture management/
continuous performance improvement link-
age are Philip Crosby who said, “Reaching the
desired [result is] a matter of culture change.
Keeping it there is a matter of management
style.” [Quality without Tears, p. 13], Kiyoshi
Suzaki in his book The New Manufacturing
Challenge: Techniques for Continuous Im-
provement, and John P. Kotter in his book
Corporate Culture and Performance (with
James L. Heskett).

An advocate of the culture management/com-
prehensive planning linkage is Ralph H.
Kilmann in his book Managing beyond the
Quick Fix (1989).  He says, “A multiple ap-
proach to organizational success must include
a variety of leverage points in order to con-
trol—hence manage—performance and mo-
rale.  A leverage point is anything that a
manager can change in the organization, such
as rules, procedures, objectives, and the acqui-
sition of skills.  The principle of multiple
approaches is demonstrated by the five tracks:
(1) the culture track, (2) the management skills
track, (3) the team-building track, (4) the strat-
egy-structure track, and (5) the reward system
track.  These tracks are designed to remove the
full range of at-the-surface and below-the-
surface barriers to organizational success.  Each
track consists of specific leverage points for
use by managers and consultants.

Furthermore, as a result of the
interconnectedness of every aspect of the or-
ganization, the five tracks must be conducted
in sequence—(1) through (5)—as multiple,
integrated leverage points.  The first track
develops a culture to foster trust, communica-
tion, information sharing, and willingness to
change among members—the qualities needed
to proceed with all other improvement efforts.
During the second track, all managers learn
new skills for solving complex problems.  In
particular, they learn the methods for uncover-
ing and then updating assumptions; without a
supportive culture, managers would keep their
assumptions under lock and key.  The third
track enables each work group to make daily
use of the new culture and updated skills for
solving important business problems; gradu-
ally, former cliques become effective teams.
The fourth track guides these effective teams
to address two of the most important yet most
sensitive problems an organization can face:
its own strategy and structure.  Once the orga-
nization and all its members are moving in the
right direction, the fifth track designs a reward
system to sustain high performance and mo-
rale into the future.  Naturally, the
organization’s functioning must be examined
periodically to evaluate whether fine tuning is
needed in any of the tracks.  Any external
changes in the organization’s setting may re-
quire corresponding internal adjustments, and
the cycle of planned change continues.

Multiple approaches to organizational suc-
cess, therefore, mean influencing all the
organization’s surface aspects and its cultural,
assumptional, and psychological aspects.  This

Researchers and practitioners in organizational effectiveness support the strength and
cohesiveness of the organizational effectiveness pyramid by demonstrating the impor-
tance of each link between apexes.
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point is so fundamental that it cannot be over-
stated.  I consider it foolhardy for managers
and consultants to try to solve today’s inter-
connected problems with a single approach
that uses only one leverage point.” (pp. 12-13.)
This quote shows the sequencing of tracks
from culture management (the culture track)
to comprehensive planning (the strategy-struc-
ture track).

I’ll discuss Kilmann’s ideas more when I de-
scribe his five tracks in another module.

Advocates of the leadership/comprehensive
planning linkage are Richard O. Mason and
Ian I. Mitroff in their book Challenging Stra-
tegic Planning Assumptions (1981).  They say,
“Today, few of the pressing problems
policymakers face are truly problems of sim-
plicity or of disorganized complexity.  They
are more like ... problems of organized com-
plexity.  These problems simply cannot be
tamed in the same way that other problems
can.  For this reason Rittle refers to these
problems of organized complexity as ‘wicked’
problems.

Wicked problems are not necessarily wicked
in the perverse sense of being evil.  Rather,
they are wicked like the head of a hydra.  They
are an ensnarled web of tentacles.  The more
you attempt to tame them, the more compli-
cated they become. ...Most policy planning
and strategy problems are wicked problems of
organized complexity.” (pp. 9-11.)  The au-
thors list six characteristics complex wicked
problems exhibit.  They are:

“1)  Interconnectedness—Strong connections
link each problem to other problems. ...

2)  Complicatedness—Wicked problems have
numerous important elements with relation-
ships among them, including important ‘feed-
back loops’ through which a change tends to
multiply itself or perhaps even cancel itself
out. ...

3)  Uncertainty—Wicked problems exist in a
dynamic and largely uncertain environment,
which creates a need to accept risk, perhaps
incalculable risk. ...

4)  Ambiguity—The problem can be seen in
quite different ways, depending on the viewer’s
personal characteristics, loyalties, past experi-
ences, and even on accidental circumstances
of involvement. ...

5)  Conflict—Because of competing claims,
there is often a need to trade off ‘goods’
against ‘bads’ within the same value system. ...

6)  Societal Constraints—Social, organiza-
tional, and political constraints and capabili-
ties, as well as technological ones, are central
both to the feasibility and the desirability of
solutions.” (pp. 12-13)

“The wicked problems of organized complex-
ity that policymakers face today have two
major implications for designing processes for
making policy:

1)  There must be a broader participation of
affected parties, directly and indirectly, in the
policy-making process.

2)  Policy making must be based on a wider
spectrum of information gathered from a larger
number of diverse sources.” (p. 13)

I read Mason and Mitroff’s suggestion for how
to deal with wicked problems as 1) involve the
stakeholders (participation—consensus) and
2) use systems thinking.  These ideas are two
main ideas I’ll discuss at length throughout
this book.  As you look at the characteristics of
wicked problems, I believe you’ll discover
that more and more problems are wicked to-
day.  The leadership and comprehensive plan-
ning linkage and the complete organizational
effectiveness pyramid address the ideas of
participation and systems thinking.
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The advocate of the culture management/lead-
ership linkage is Edgar H. Schein in his book
Organizational Culture and Leadership
(1985).

A advocate of the comprehensive planning/
continuous performance improvement link-

age is J.M. Juran in his book Juran on Plan-
ning for Quality (1988).

The advocate of the leadership/continuous
performance improvement linkage is W.
Edwards Deming in his book Out of the Crisis
(1982).
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1.1.23.6.  CULTURE , SYMBOLS , AND MODELS—EMANUEL  LEUTZE
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BACKGROUND/INTRODUCTION/OTHER USEFUL ORGANIZATIONAL MODELS FOR USING MANAGE-
MENT TOOLS

1.1.23.7. A STRATEGIC  PLANNING  FRAMEWORK  REFLECTING  ORGANIZA -
TIONAL  EFFECTIVENESS

We can determine a process model of the organization to reflect components of
organizational effectiveness and to incorporate planned or unplanned interven-
tions affecting performance.

In Figure 1.1.23.2., we saw the importance of
the environment and changes in the environ-
ment on the organization and its planning.
Management Systems Laboratories (MSL) has
developed a planning process that reflects the
cyclic, iterative nature of Figure 1.1.23.2.  I
show that process, which MSL calls its change
management model, in Figure 1.1.23.7.1. A
simpler version of Figure 1.1.23.7.1. is shown
in Figure 1.1.23.7.2.  Notice from Figure
1.1.23.7.1. that we best manage change through
a closed-loop process; to be successful in
change we need extensive training; and, to
implement change, we need basic skills in
project management (box number ten in Fig-
ure 1.1.23.7.1.).

MSL’s Approach
The planning process is the vehicle by which
the organization determines what is should be
about and how best to do it.  Even in the case
of public organizations whose missions are
dictated by precedent, statute, or regulation,
strategic planning is vital to insure all stake-
holders are considered in the operational plans
and that no part of the organization negatively
affects what the organization wants to do.  The
process in Figure 1.1.23.7.1. is modular and no
organization can perform every step completely
each planning cycle.  However, over a period
of time, the organization works through the
closed-loop process to improve performance.

Step 1.  Prepare the Organization for Plan-
ning
We identify a champion to implement the
planning process.  The champion wants the
planning process improved and can obtain the
necessary commitment from employees and
resources needed to accomplish the change.
We then do an organizational survey to deter-
mine the current climate and culture.  With the

survey, we interview key personnel who will
be involved in the planning process to provide
an overall assessment of where the organiza-
tion is in terms of knowledge and information
needed for an effective implementation pro-
cess.

Step 2.  Review Inputs, Assumptions, and
Constraints
We review key organizational documentation
related to mission, vision, principles, and or-
ganizational functions.  We review organiza-
tional requirements from higher levels of au-
thority (for public organizations, senior de-
partment and offices in government, Congres-
sional legislation, etc.; for private organiza-
tions, corporate headquarters, stockholders,
etc.) to place organizational planning within
the context of a larger system.

Step 3.  Define the Organizational System
We define the organizational system by look-
ing at inputs and outputs to the system or by
looking at the organization’s primary process.
We define inputs and outputs, suppliers, con-
sumers, customers, and stakeholders (both in-
ternal and external).  We want to think beyond
the traditional structure and look at the organi-
zation as a system.

Step 4.  Confirm the Organizational Func-
tions
We review organizational functions based on
the results of the previous step.  Organiza-
tional functions must align with the current
inputs, outputs, suppliers, and customers for
efficiency and mission effectiveness.  We as-
sess organizational teamwork and acceptance
of the responsibility for carrying out the func-
tions defined.

Step 5.  Conduct a Situational Analysis
We review current performance levels within
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the context of their internal and external envi-
ronment.  We analyze internal strengths and
weaknesses and external opportunities and
constraints to set the stage for defining goals
and strategies for the organization.

Step 6.  Define the Strategic Path
At this point, we have the necessary informa-
tion to define strategic goals for the organiza-
tion.  Strategic goals state what must be done
to accomplish the organization’s mission in
pursuit of its vision.  They represent a desired
future state without quantification or time defi-
nition.  We define strategic goals.  We define
near-term operational objectives to achieve
the strategic goals from the bottom up based on
the environmental analysis completed in Step
5.

Step 7.  Define Strategies
Now, building on the results of Steps 1-6, we
define strategic programs to build on strengths,
correct weaknesses, take advantage of oppor-
tunities and deal with constraints.  We give the
programs that are associated with a particular
goal identified in Step 6 priority based on
availability of resources and importance to the
mission.

Step 8.  Review the Current Mission
Here, we take a longer view of the strategies
being developed and their alignment with the
organization’s mission.  In Step 2, we re-
viewed the mission as input into the planning
process.  In this step, we review the mission for
content to ensure it aligns with the goals,
objectives, and strategies defined in Steps 5-7.
If we find little or no alignment, then we either
revise the mission statement or develop new
strategies that fit the mission.  If the mission
isn’t aligned with the goals, objectives, and
strategies and remains unaligned, inefficient
work processes and ineffective decision mak-
ing processes will emerge over time.  This
emergence will cause the organization to be-
come unstable and adversely affects its ability
to react appropriately to changes in the envi-
ronment.

Step 9.  Review Organizational Structure
Prior to implementing strategic planning ef-

forts, we must review the organizational struc-
ture and its alignment with the chosen strate-
gies.  Does the organizational structure sup-
port the successful accomplishment of the
goals, objectives, and strategies?  If the current
structure hinders achievement of strategic
goals, we need to consider alternative struc-
tures.  Occasionally, organizations can’t re-
structure.  In such a case, we at least identify
structure as a constraint and plan around the
constraint.

Step 10.  Develop Action Plans
Here we develop the action steps to success-
fully implement the strategies.  The level of the
organization doing the planning will deter-
mine the specificity of the action steps.  For
instance, action steps at corporate headquar-
ters are usually broader and more strategic
than those at the field level.  At this time, we
need to define the measures necessary to track
progress toward achieving our goals.  These
action plans form the basic components of the
five-year plan.

Step 11.  Measure Progress
Assessment of progress toward the implemen-
tation of strategies and accomplishment of
strategic goals is an ongoing process.  We must
monitor action plans with measures of merit
and then adjust accordingly.

Step 12.  Assess the Situation
In today’s dynamic environment, we must
continually monitor our external conditions
and adjust to the changing situation.  The
strategic plan identifies most likely forces to
significantly affect an organization’s opera-
tions and anticipates how these forces might
change over time by the use of structured
planning tools.  Periodically, we must assess
the current situation to ensure changes to the
internal and external environment haven’t made
goals or strategies obsolete.

Step 13.  Conduct Annual Review
Annually, we must review Steps 1-5 to revisit
our mission in light of the current situation and
assess progress toward achieving our goals for
the year.
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Figure 1.1.23.7.1.  The MSL Change Management Model, largely produced by Will Guerrero,
shows the closed-loop process nature of continuous improvement.
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Figure 1.1.23.7.2.  Brian Kleiner’s simplification of the change model highlights six major
phases of the change process.

3.1  Strategy/Function

3.0  Define
       Strategic Path

Start

2.2  Analyze Situation

2.1  Confirm Functions

2.0  Learn 
       Organizational
       System

4.2  Confirm Structure

4.1  Confirm Mission

4.0  Validate
       Organizational
       System

6.2  Annual Review

6.1  Assess Situation

6.0  Measure
       Progress

1.2  Review Inputs

1.1  Assess Readiness

1.0  Prepare to Plan

5.1  Project Management

5.0  Implement
       Action
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BACKGROUND/INTRODUCTION/OTHER USEFUL ORGANIZATIONAL MODELS FOR USING MANAGE-
MENT TOOLS

1.1.23.8.  WEISBORD’S PEOPLE, TECHNICAL , AND REWARD SYSTEMS

I introduced Weisbord’s model for people,
technical, and reward systems in Module 1.1.4.
when asking time-honored, fundamental man-
agement questions.  Weisbord’s model, repro-
duced in Figure 1.1.4., is especially useful
because of its simplicity, robustness, and uni-
versal application.  You can see these three
systems (or I prefer to call them subsystems of
the management system) at play everywhere.

Early in Weisbord’s career, he was introduced
to his model with the suggestion to “stop
building long lists of undifferentiated prob-
lems and instead think of [himself] as manag-
ing three related systems.”  In reviewing what
he calls “‘exemplary individuals’ in manage-
ment history,” Weisbord links pairs of the
subsystems.  Frederick Taylor took the
engineer’s technical approach to management.
Kurt Lewin and Douglas McGregor took the
social scientist’s people approach to manage-
ment.  Fred Emery and Eric Trist took a com-
bination, or sociotechnical, approach to man-
agement.  Weisbord says, “Trist coined the
phrase sociotechnical system to underscore
his observation that the interaction of people (a
social system) with tools and techniques (a
technical system) results from choice, not
chance.  Our choices are dictated by economic,
technological, and human values.” (p. 143.)

We know that people look at management
from the socioeconomic perspective and from
perspectives combining the economic (reward)
and the technical subsystems.  As a matter of
fact, Frederick Taylor was also known for
combining the economic and technical sub-
systems. (Weisbord, p. 64.)  Everyone asks
questions ultimately involving all three sub-
systems.  When they apply their expertise,

they tend to focus on the question from one or
two of the subsystem perspectives.

Weisbord says, “Trist invented a way of think-
ing about management more grounded in the
way businesses really run.  He called it ‘find-
ing the best match between social and techni-
cal systems.’  Emery, perhaps the first to apply
open systems thinking to social change, pointed
out that optimal results could be achieved only
when social systems, which obey the laws of
biology, psychology, and sociology, are de-
signed integratively with technical systems
following the laws of physics, chemistry, and
engineering.”  (p. 23, italics added)  As a
management systems engineer, you’ll need to
mix the quantitative sciences (technical sys-
tems) with the qualitative sciences (people
systems) with great facility.

Weisbord finds Taylor “a perfect projection
screen for the dialogue in each of us between
social and technological impulses ....” (p. 27.)
Throughout Weisbord’s book, he presents us
with the issue of balance—here the need to
balance people and technical aspects of man-
agement, later to balance the Theory X and
Theory Y impulses in all of us.

In discussing Taylor further, Weisbord says,
“His intent was to accumulate the best knowl-
edge available and ensure its quick transfer.
..... That is still our intent.  Productive work-
places require it.  Yet we know for certain now
that optimum productivity and human satis-
faction can’t be reduced to rules and formulas,
whether grounded in economics, engineering,
or human relations.  Indeed, high-quality work
requires a creative interaction of all three per-
spectives.  In successful workplaces workers,

The domain of responsibility considered as a management system includes three highly-
interactive subsystems: people, technical, and reward systems.
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managers, and staff specialists achieve a part-
nership, learning together, bringing skills, ex-
pertise, information, and mutual support to
economic and technical problems. ..... More-
over, we simply do not know enough about the
complex process of working to make a true
science of figuring out the right balance among
people, economics, and technology.  In each
place it will be different. ..... The important
thing to see is that three realities—social,
technical, and economic—must be simulta-
neously worked with if we wish to achieve
productive workplaces.  More, none of the
three bailiwicks can be left to experts.  Infor-
mation from and about all three must be freely
available to everybody, so that an organization
develops through mutual influence, knowl-
edge, and commitment, rather than coercion,
whimsy, or unilateral action.” (pp. 64-66.)

Weisbord considers his people, technical, and
reward systems to be the makeup of a produc-
tive workplace—if you will, a management
system.  He illustrates the fundamental nature
of the subsystems in a diagram I’ve repro-
duced here as Figure 1.1.23.8.  He says this
about the diagram: “If I have learned anything
from my time trip it is this: those who set sail
to improve innovation and stability, work and
working life, quality and output, always come
up short if they focus only on technology, only
on costs or profits, only on human resources.
Productive workplaces require that people—

you, me, everybody—be deeply engaged in
understanding and working with economic
and technological matters.  The only sensible
way to make real a commitment to ‘our people’
is to have our people work together in rethink-
ing their own work—as captured in [Figure
1.1.23.8.].  Figuring out how to do that has
been a dominant theme for workplace improv-
ers for two decades now.” (p. 180.)  In short,
balance is the answer.

In his last discussion of economics, technol-
ogy, and people, Weisbord says, “My major
ah-ha after finishing this book is how concepts
of improvement evolved over the last century,
from experts solving problems piecemeal
(Taylorism), to everybody solving problems
piecemeal (participative management), to ex-
perts improving whole systems (systems think-
ing), and now everybody improving whole
systems (third-wave stuff).” (p. 373.)

Later when I discuss the generalist perspec-
tive, I’ll argue the importance of drawing
connections among seemingly dissimilar
things.  Bühler, the psychologist, described the
ah-ha (or aha) experience.  Lou Middleman in
his book In Short says he defines an “Aha! as
a suddenly perceived connection between two
or more things you did not previously see as
connected.” (p. 17)  So, when we say we had an
aha we mean we understand a new connection.
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Figure 1.1.23.8.  A productive workplace includes people, economics, and technology subsystems
working within a whole system.  (taken from Weisbord, p. 180)
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BACKGROUND/INTRODUCTION/OTHER USEFUL ORGANIZATIONAL MODELS FOR USING MANAGE-
MENT TOOLS

1.1.23.9.  KILMANN ’S FIVE  TRACKS

Kilmann designed his five tracks (culture, skills, team-building, strategy-structure,
and reward system) to organizational success to act on five leverage points in his
Barriers to Success Model to transform all controllable barriers into channels for
success.

Kilmann’s Barriers to Success Model fits well
within the organization box of the manage-
ment process framework and, according to
Kilmann, approaches the world as a complex
hologram.

Kilmann describes his five tracks as actions on
five leverage points to transform controllable
barriers into channels for success in an organi-
zation in his book Beyond the Quick Fix.
(Jossey-Bass, 1984) Kilmann argues that past
approaches to organizational success (the right-
hand box in the management process frame-
work) have failed because each looked for a
single answer in a complex, open system.  He
indicates the human relations training of the
1940’s, management by objectives of the
1950’s, decentralization of the 1960’s, corpo-
rate strategy of the 1970’s, and corporate cul-
ture of the 1980’s (Salmans, 1983) weren’t
effective because their perspectives we’re too
narrow. (p. ix.)

Kilmann offers the solution.  He says, “Single
approaches are discarded because they have
not been given a fair test.  Essentially, it is not
the single approach of culture, strategy, or
restructuring that is inherently ineffective.
Rather, each is ineffective only if it is applied
by itself—as a quick fix. ..... The only alterna-
tive is to develop a truly integrated approach.”
(p. x.)  I like this thinking because Kilmann
doesn’t discard any of the previous approaches
as wrong.  Instead, he sees each as stepping
stones toward an integrated, effective solu-
tion.  Such a solution brings success defined as
achieving both high performance and high
morale over an extended period of time.
Kilmann lists five tracks within a complete

program to get this success.

“The complete program consists of five tracks:
(1) the culture track, (2) the management skills
track, (3) the team-building track, (4) the strat-
egy-structure track, and (5) the reward system
track.  If any of these tracks is implemented
without the others, any effort at improving
performance and morale will be severely ham-
pered.  Any benefits derived in the short term
may soon disappear.  Lasting success can be
achieved only by managing the full set of five
tracks on a continuing basis.” (p. x.)

You can see reflections of the other organiza-
tional models in Kilmann’s tracks.  You see
the culture management apex of the organiza-
tional effectiveness pyramid, the strategy-struc-
ture connection in the model linking structure
to strategy to environmental change, and the
reward system of Weisbord.

Kilmann further says, “The five tracks—in
contrast to a quick fix—are integrated in a
carefully designed sequence of action; one by
one, each track sets the stage for the next track.
..... To illustrate the integrated nature of the
five tracks, consider the following scenario: If
I could investigate only one aspect of an orga-
nization in order to predict its long-term suc-
cess, I would choose the reward system.  In
essence, if members feel that (1) the reward
system is fair, (2) they are rewarded for high
performance, and (3) the performance appraisal
system regularly provides them with specific
and useful information so that they know where
they stand and can improve their performance,
then, in all likelihood, all tracks have been
managed properly.  The reward system could
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not motivate members to high performance if
all the other barriers to organizational success
had not been removed by the preceding four
tracks.” (pp. x-xi.)

With this comment, Kilmann sets up the need
to remove barriers to success.  Recall Lewin’s
force field analysis, where we say the way to
move the status quo in the direction we want is
to emphasize reducing restraining forces over
enhancing driving forces.

Kilmann says, “Behind every approach to or-
ganizational success is a theory.  This theory
proposes how a change in one set of variables
will bring about change in a second set.  The
first set of variables usually includes leverage
points that are directly controllable by manag-
ers and consultants; the second set is the in-
tended result—organizational success.

The theory that supports a quick fix states that
a change in one independent variable, such as
strategy, is enough to change a desired out-
come, such as performance.  This type of
theory is as simple and machine-like as the
quick fix itself.  The theory that supports an
integrated approach states that changes in sev-
eral interrelated variables, such as strategy,
structure, and culture, are necessary to achieve
the intended results.  The theory behind the
five tracks, therefore, must show the complex
relationships among many different kinds of
variables.” (pp. 31-32.)

Recall that the framework for the management
process brings out relationships between vari-
ables related to the interventions, variables
related to the organization, and variables re-
lated to performance.  When we understand
the variables and their relationships we under-
stand the framework for the management pro-
cess.  I agree that high morale must be included
in the success criteria in the performance box
of the management process framework.

Kilmann introduces his model by saying, “Fig-

ure [1.1.23.9.] shows the theory behind the
five tracks in the form of a model.  The model
consists of five broad categories representing
the open systems aspects of an organization
plus, at center stage, three holographic aspects
that add the dimension of depth. ..... The double
arrows surrounding the ‘holographic diamond’
signify the strong reciprocal influence between
the three below-the-surface aspects and all the
other categories. ..... The purpose of the holo-
graphic model is to understand and master all
these ‘interrelated guesses.’” (p.32-33.)

The arrows in the management process frame-
work of Figure 1.1.11.4. between boxes and
within boxes represent hypotheses we need to
substantiate for a given domain of responsibil-
ity.  Kilmann’s model fits comfortably within
the organization box, except that the “The
Results” category belongs in the performance
box of Figure 1.1.11.4.  Kilmann calls his
model the Barriers to Success Model and he
identifies uncontrollable barriers and control-
lable barriers.  His five tracks relate to the
controllable barriers.

“Regarding the uncontrollable barriers, each
organization has three ‘facts of life.’  The first
is the setting in which the organization exists.
While dynamic complexity can be monitored,
it must be taken as a given.  The second
uncontrollable barrier is the human psyche—
deep-seated, relatively fixed styles to cope
with life’s problems.  The third such barrier is
assumptions—the unstated beliefs behind de-
cisions and actions.  While assumptions are
hidden from view, they can be updated to
reflect reality with proper management skills
and a supportive culture.” (p. 34.)

The setting in Kilmann’s model is the environ-
ment in some models, the category that allows
the model to represent an open system.  Notice
that the other categories flow from the setting
category in Figure 1.1.23.9.

Kilmann further says, “Regarding the control-
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lable barriers, each organization has five le-
verage points that can affect morale and per-
formance: (1) the firm’s culture, (2) the man-
gers’ skills for solving complex problems, (3)
group approaches to decision making and ac-
tion taking, (4) strategic choices and structural
arrangements, and (5) the purpose and design
of the reward system.  There also may be a
number of other leverage points whereby the
organization can be ‘touched’ directly, but
these other points tend to provide quick fixes
(such as replacing personnel or reclassifying
jobs) rather than long-term solutions to com-
plex problems.

The five tracks to organizational success were
designed to act on these five leverage points—
to transform all controllable barriers into chan-
nels for success.  The culture track is a series of
planned action steps to identify an outdated
culture, develop the new culture that will move
the organization forward, and then implement
the new culture into each work unit.  The

management skills track, as a series of action
steps, provides managers with the new skills
necessary to address dynamic complexity—
skills for surfacing, examining, and then up-
dating assumptions.  The team-building track
does three things to improve the quality of
group decision making in a series of action
steps: (1) keeps the troublemakers in check so
that they will not disrupt cooperative team
efforts, (2) brings the new culture and updated
assumptions into the day-to-day decision mak-
ing of each work group, and (3) enables coop-
erative decisions to take place across work
group boundaries, as in multiple-team efforts.
The strategy-structure track goes through a
step-by-step process to determine (or confirm)
the new strategic directions of the firm, includ-
ing the organizational structures that would
most support the accomplishment of the firm’s
mission.  The reward system track goes through
its action steps to design the compensation and
performance appraisal system necessary to
sustain the benefits from all the other tracks.”
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Figure 1.1.23.9.  Kilmann’s Barriers to Success Model identifies the leverage points where you can
apply the five tracks as channels for success.  (taken from Kilmann)
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BACKGROUND/INTRODUCTION/OTHER USEFUL ORGANIZATIONAL MODELS FOR USING MANAGE-
MENT TOOLS

1.1.23.10.  SINK ’S SEVEN FRONTS

Scott Sink brought to some mutual work we
were doing a concept of seven fronts for im-
proving performance within a grand strategy
perspective.  Under a grant for the United
States Department of Energy, one of the fronts
became more specific and another front was
added—at least for the grand strategy applica-
tion of the grant.  I’ll quote the seven fronts and
their use in developing a grand strategy from a
paper by Kent E. Williams, Harold Kurstedt,
and D. Scott Sink titled A Grand Strategy
System Helps Managers Continuously Improve
their Planned Strategies. (American Society
for Engineering Management, October 1991)

“Figure [1.1.23.10.] shows the conceptual
model [for] grand strategy [and] includes six
elements: past, present, future, fronts, integra-
tion within and among fronts, and feedback
across time horizons.  The systems, tools, and
procedures associated with managing perfor-
mance across the fronts, are implemented in
the present to become past strategy to be mea-
sured in terms of success or failure, and will
lead to future decisions regarding needed in-
terventions.  Future strategies for continuous
improvement must be influenced by what has
been done in the past to ensure constancy of
purpose (Deming, 1991).  There are seven
fronts: culture, measurement, planning, infra-
structure, rewards and recognition, education
and development, and politics.  Interventions
of one front may or may not affect other frontal
interventions.

Fronts include the systems and tools used to
manage and eventually improve the perfor-

mance of organizational activities.  If manag-
ers don’t manage these fronts synergistically,
they won’t satisfy four major success criteria:
cost, schedule, quality, and satisfaction of crit-
ics.” (p. 91.)

The seven fronts (or however many) can be
tied together hypothetically as an organiza-
tional model within the organization box of
Figure 1.1.11.4.  The success criteria belong in
the performance box.  Rather than using the
term procedures with the tools, I would use
guides to be consistent with the concept of
tools and guides in Module 1.1.16.8.  I’ll show
later that procedures are one type of guide.

Williams, et al continue, “The seven fronts
will be integrated as interventions incorpo-
rated into present strategy during the process
of formulating planned or future strategy for
desired organizational change.  These fronts,
therefore, are believed to affect the quality of
the grand strategy system process shown in
Figure [1.1.23.10.].  If the difference between
desired outcome of past and present strategy is
unacceptable, improvement to the organiza-
tion can be promoted by the intervention of
activities, tools, and systems associated with
each front.  As an example of implementing a
grand strategy system, planned strategy and its
implementation must be monitored by the ap-
propriate measurement system.  Formulating
planned strategy must integrate planning with
staffing, budgeting, sales, marketing, produc-
tion capacity, etc.  Likewise, activities associ-
ated with other fronts must be considered in
formulating planned strategy.  The seven fronts

The organization can be viewed as containing seven (or perhaps eight) fronts using tools
and guides to translate interventions into success criteria.  The eight fronts include
planning systems, culture management, infrastructure, education and development,
measurement systems, recognition and rewards, politics, and technology.
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defined are:

Planning Systems:  Interventions to enhance
the way the organization plans, particularly
planning for improvement (e.g., Total Quality
Management/Leadership implementation and
deployment), includes integrating planning
activities with other management functions
(e.g., budgeting, staffing, reporting).

Culture Management:  Interventions to iden-
tify, understand, and improve the
organization’s shared values, beliefs, and
norms.

Infrastructure:   Parallel structure (outside
the formal organization chart) established to
support a continuous performance improve-
ment implementation.

Education and Development:  A broad spec-
trum of interventions aimed at continuously
improving an organization’s base of knowl-
edge and skills.

Measurement Systems:  Interventions to en-
hance the indices the management team uses
to determine how the organization is perform-
ing (i.e., whether it is improving, and/or if it is
in control).

Recognition and Rewards:  Interventions to
improve the way an organization recognizes/

rewards employees on a formal and informal,
financial and non-financial, individual and
group basis.

Organization-Specific:  Areas of strategic
importance due to the organization’s current
internal and external environments.” (p. 92.)

The organization-specific front was oriented
toward politics, especially for a government
agency and defined in grant documents as
“The system that focuses on interorganizational
linkages, networking, maintaining essential
communication within organization and be-
tween organizations, upline posturing, influ-
encing decisions and actions within and around
the organization, managing the task environ-
ment (e.g., quality [checkpoints]), includes
the concept of political astuteness, incorpo-
rates informal organization theory.”  The eighth
front is technology.  The front is defined in
grant documents as “.... very generally ‘the
way things get done’.  To include software,
hardware, procedures, methods, processes.”
(From grant reports)

Fronts are called fronts because you don’t let
one get ahead of the other.  The word front is
a military analogy.  A front is an area of
emphasis to move on an objective.  If one front
gets too far ahead of the others, the front can be
cut off and you’ll fail the objective.
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Figure 1.1.23.10.  The Grand Strategy System concept emphasizes the past, present, and future
perspectives and the seven fronts for management as we advance from justification to prediction
approaches. (taken from Williams, et al)
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BACKGROUND/INTRODUCTION/OTHER USEFUL ORGANIZATIONAL MODELS FOR USING MANAGE-
MENT TOOLS

1.1.23.11.  HOW TO USE THE VARIOUS ORGANIZATIONAL  MODELS

My intent is to find a number of good models
to use individually or in combination concep-
tually within the organization box of the man-
agement process framework.  When the frame-
work is complete and the application deter-
mined, you can add a thorough understanding
of the natural laws at play under the umbrella
of the systems approach and deal with ques-
tions and determine answers to get the most
out of your domain of responsibility.

Your choice of model to represent the organi-
zation depends on the performance criteria
you want to study.  Choose a model that works
best with the criteria you want.  I’ll discuss a
number of sets of criteria in the modules in
Section 1.1.25.  Then, you’ll be able to do
some matching.

I emphasize management tools.  You can work
all the models together in your mind or select
one or two to learn about building and using
management tools.  Of course, in the cycle of
building and using management tools—work-
ing within the engineering process—I like the
management process functions.

There are more models out there, each based
on the author’s perspectives, experiences, and
needs.  As long as people express their indi-
viduality, we’ll continue to accrue more mod-
els.  I see this accrual as a good thing.  The more
arrows we have in our quiver, the more we’ll
be able to bring home the meat.

Like Kilmann, I say stay away from the quick
fix.  I recognize the complexity of the situa-
tion.  I’ve heard it said that problems are
simple; the solutions are complex.  I think the

strength of this book is that it doesn’t favor a
single model but provides a definition and
scope for a discipline involving the engineer-
ing and management processes and the sys-
tems approach in a way that the present and
future models can make a contribution.  If ever
there was a discipline where you can’t stop
growing and learning, it’s management sys-
tems engineering.

I showed a number of general management
questions in Module 1.1.4. and grouped them
by Weisbord’s systems.  You can use other
models to stimulate new questions, especially
more-detailed questions.

Your choice of model or models also depends
on how you want to slice the pie of your
domain and what you intend to apply the
model to.  You see a lot of overlap, but you also
see subtle differences among the models.  If
you want to look at verifying performance, use
the management process functions.  If you
want to look at appraisals, use Kilmann’s five
tracks.  If you want to look at rewards, look at
Kilmann, Weisbord, or Sink’s seven fronts or
a combination of the three.  If you want to look
at indicators or collecting data, use the man-
agement process functions.  If you want to
look at measurements, use Sink’s seven fronts.
If you want to look at projects, use the manage-
ment process functions and/or Sink’s seven
fronts.

If you want to emphasize your effectiveness as
a manager, try Weisbord’s people, technical,
reward systems.  If emphasizing grand strat-
egy and the comprehensive planning apex of
the organizational effectiveness pyramid, try

You can use the various organizational models to help stimulate and to help answer
management questions.  The choice of model or models depends on the question and
the situation.
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Sink’s seven fronts and a model for success
criteria I’ll discuss shortly.  If emphasizing
success, use one model.  If emphasizing pro-
ductivity, use another.  If emphasizing how
tools help managers save time and reduce
crises, use the ABC Model.  But, I’m getting
ahead of myself.

You can see culture as central to DeLisi, re-
ward as the culmination of Kilmann’s tracks,
and all apexes of the organizational effective-
ness pyramid as balanced.  When things rotate
around a focal point, you have centrality.  When
things flow, you have sequence.  When things
work together, you have balance.

You can see a great deal of overlap among the
models I’ve discussed.  I don’t think you can

link the models together very well.  You can
trace the similarities through the models, like
the issues of culture, rewards, and planning.  I
do think you should consider the biases and
strengths of each one and work them concep-
tually together in your mind and find the model
or the combination of models that points you in
the direction to answer the question you have.

The situation in an organization is quite com-
plex.  Figures 1.1.23.11.1. and 1.1.23.11.2.
illustrate an old analytically-oriented joke about
how to deal with such complexity.  Figure
1.1.23.11.1. asks the fundamental question:
How do you eat an elephant?  The answer is:
One bite at a time.  Figure 1.1.23.11.2. asks the
next fundamental question: Where do you take
the first bite?

Figure 1.1.23.11.1.  “How do you eat an elephant?”



326

Figure 1.1.23.11.2.  “Where do I take the first bite?”
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BACKGROUND/INTRODUCTION/OTHER USEFUL ORGANIZATIONAL MODELS FOR USING MANAGE-
MENT TOOLS

1.1.24. THE STRENGTH  OF THE PYRAMID —EUGENE DELACROIX

(LIBERTY LEADING THE PEOPLE)
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BACKGROUND/INTRODUCTION/PERFORMANCE AND SUCCESS CRITERIA

1.1.25.1. ALTERNATIVE  SETS OF CRITERIA  FOR PERFORMANCE IN THE

MANAGEMENT  PROCESS FRAMEWORK .

What are performance criteria for an organiza-
tion?  Status.  Progress.  Success.  Morale.
Competence.  Satisfaction.  Productivity.  These
and more.  The criteria you’re interested in
depends on what you’re looking for.  Also,
you’ll need to match the criteria with your
choice of organizational models.  Better put,
you need to choose a combination of organiza-
tional models and performance criteria that
help you trace the effect of an intervention
through the organization into the results of the
organization’s work.  For example, if your
domain is clearly a project, Sink’s seven fronts
model was designed to model the organization
doing projects.  I’ll soon describe the project
management pyramid for the success criteria
in projects.  The criteria of the project manage-
ment pyramid apply to more than just projects.
And the ABC Model applies to projects as well
as other pursuits of the organization.  The
seven fronts model applies to more than just
projects and the 14 functions of the manage-
ment process framework apply to projects too.
The bottom line is that you should consider the
various models and sets of criteria for figuring
out how to make interventions to improve the
performance of the organization.

As we review alternate sets of performance
criteria, we’ll think about looking at the orga-

nization, as shown in Figure 1.1.25.1.  We
must link the things we see to the things we do.
The organizational models reflect the things
we do in an organization.  The performance
criteria reflect the things we see as we do
things in the organization.  If you have visibil-
ity, for everything you do in the organization,
there’s something you see.  Some of the per-
formance criteria highlight this situation.  Criti-
cal success factors are things we do in an
organization and critical success criteria are
things we see.  As a manager, if you do some-
thing, you want to be able to see what you did
and the consequences of what you did.  Obvi-
ously, the issue of visibility and our ability to
identify what to watch and how to capture the
data will be critical to building and using
management tools.

Figure 1.1.25.1. is a slightly different version
of the framework we started discussing in
Modules 1.1.11.1. and 1.1.11.4.  In those mod-
ules, the flow went from the organization to
the performance criteria.  In Figure 1.1.25.1.,
we’re looking back at the organization.  We
haven’t changed what happens.  Instead of
positioning ourselves outside the boxes as we
did in Figure 1.1.11.4., we’re positioning our-
selves in the performance box looking for
performance criteria in the organization.

In addition to the ABC Model, you need useful alternative sets of criteria for
performance to use in the management process framework as we work to improve
performance, morale, and other measures of how well we’re doing.
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Figure 1.1.25.1.  We can use a number of sets of criteria for observing the organization to determine
its performance.

PERFORMANCEORGANIZATIONSINTERVENTIONS
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BACKGROUND/INTRODUCTION/PERFORMANCE AND SUCCESS CRITERIA

1.1.25.2.  ABC FUNDAMENTALS

[For now, see Section 1.3. on the ABC Model.]
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BACKGROUND/INTRODUCTION/PERFORMANCE AND SUCCESS CRITERIA

1.1.25.3.  PROJECT MANAGEMENT  PYRAMID

A new management approach recognizes the relationships of critics to the classical
success criteria: cost, schedule, and quality.

Successful project management has been de-
fined as balancing the triangle of the cost,
schedule, and quality criteria.  For example, if
the project manager must meet a tighter sched-
ule, he or she must know the effect on the
specifications and/or the cost.  Except in cases
of greater efficiency, the specifications must
relax and/or the cost must increase.  This
classical triangle applies to all levels of man-
agement, including program management.

For  classical project management, cost, sched-
ule, and quality are success criteria.  Success
criteria fit well within  our performance crite-
ria alternatives in Figure 1.1.11.4.  A new
management approach introduces a new crite-
rion outside the classical triangle, a qualitative
criterion I term critics.  Cost, schedule, qual-
ity, and critics are interdependent.  Not only
will managers have to include critics along
with cost, schedule, and quality; but cost,
schedule, and quality will be more affected by
critics than vice versa.  Success in the critics
criterion can buy latitude in cost, schedule, and
quality that these three criteria can’t buy with-
out it.  Critics criteria variables are dynamic,
making success even more complex.  Manag-
ers must recognize and be able to see, real-
time, the resulting dynamic relationship among
all four success criteria.

Compared to the critics criterion, the cost,
schedule, and quality criteria are relatively
static.  Since the criteria are so interdependent,
introducing such a dynamic criterion as critics
tends to make the entire system more dynamic.

I’ve highlighted the importance and complex-
ity of recognizing critics by putting it on the
same level as the classical criteria.  It’s hard

enough to succeed under the classical criteria
alone—management failures in the past have
occurred when critics didn’t play such a big
role in the manager’s responsibilities.  The
problem then, and the problem will continue to
be—only even more so—that all the criteria
are interrelated and that a successful manager
must be good at integrating them well.  The
new criterion  makes integration more difficult
because 1) we don’t understand the critics
criterion well yet, 2) we don’t recognize or
understand its relationships with the other cri-
teria, 3) we’re not good at showing the cumu-
lative result of the changes in criteria over time
and throughout organization levels, and 4) we
don’t have the tools with their guides and the
people who know how to use them to set up,
monitor, and affect the success criteria and
their relationships.

As a success criterion, critics should include
ideas like satisfaction of critics or “delight” of
critics.  The term critics includes two ideas:  1)
the critics are people who not only are inter-
ested in receiving information about what’s
managed but want to have a say about what
they know and most often want involvement in
what’s managed in such a way their involve-
ment affects what’s managed during planning
as well as executing and verifying activities,
and 2) critics include all stakeholders (custom-
ers, staff, neighbors, suppliers, and stockhold-
ers).

The new management approach makes the
two-dimensional problem (represented by the
triangle showing the interaction among the
cost, schedule, and quality criteria) into a three-
dimensional problem represented by the pyra-
mid shown in Figure 1.1.25.3.  The pyramid
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shows not only that the critics criterion must be
factored into managers’ thinking just like cost,
schedule, and quality, but also that this new
criterion is inextricably tied to the other three.

The importance of factoring in the new crite-
rion goes beyond the simple relationships with
the classical criteria shown in Figure 1.1.25.3.
All four success criteria must work together
holistically.  There is the opportunity for syn-
ergy (and the danger of compartmentalism)
among the four success criteria, and the new
approach to management must take advantage
of that synergy (or fail for the lack of it).

Today, qualitative issues dominate our top-
management resources.  The manager isn’t
going to get the qualitative issues to go away.
But he or she can get some of them under
control by predicting the issues and delegating
the lower-priority ones.  Predicting issues re-
lating to all four criteria requires good infor-
mation about the states of all criteria and

knowledge of the relationships among the cri-
teria.  Delegating issues of lower priority re-
quires knowing what the priorities are among
issues of all four success criteria.  The manager
must be able to distinguish the important or
difficult issues and intelligently allocate re-
sources and delegate responsibility.  The new
approach to management requires looking at
all issues (qualitative and quantitative) to-
gether equally, so intelligent priorities can be
discerned.

Since we can’t make the qualitative issues go
away, we must manage them better.  We need
not only to get the right information to set
priorities and delegate responsibilities but also
to automate the more-routine effort so we have
time to deal with uncertainty and surprises.
Until we understand the critics criterion and
how to deal with it better, this criterion will
hold the greatest uncertainty and by default be
the highest priority.

Figure 1.1.25.3.  The complexity of new management challenges is exemplified by the additional
dimension of management success shown in the pyramid.  The critics criterion is tied inextrica-
bly with the classical three success criteria: cost, schedule, and quality.

Critics

Cost Quality

Schedule
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BACKGROUND/INTRODUCTION/PERFORMANCE AND SUCCESS CRITERIA

1.1.25.4.  ORIGINS OF THE PROJECT MANAGEMENT  PYRAMID

A new criterion has entered the equation for successful management.

sources” and surrounded by “within good cus-
tomer relations.”  Kerzner says, “The objec-
tive of the figure is to show that project man-
agement is designated to manage or control
company resources on a given activity, within
time, within cost, and within performance.
Time, cost, and performance are the constraints
on the project.  If the project is to be accom-
plished for an outside customer, then the project
has a fourth constraint: good customer rela-
tions.  The reader should immediately realize
that it is possible to manage a project internally
within time, cost, and performance and then
alienate the customer to such a degree that no
further business will be forthcoming.” (pp. 5-
6.)  Kerzner’s figure is shown in Figure
1.1.25.4.2.

Figure 1.1.25.3. goes beyond Kerzner’s fig-
ure.  Critics include not only the customer, but
also other stakeholders.  Later, I’ll discuss
stakeholders at length.  For now consider a
stakeholder, or critic, to be anyone who has a
stake in the activity, project, or organization
under consideration.  Stakeholders include
customers, staff, owners, neighbors, and ven-
dors.  As opposed to “good customer rela-
tions” surrounding the classical triangle, Fig-
ure 1.1.25.3. emphasizes the tight linkage of
critics to the other criteria.

Ashley, et. al. give six criteria to measure
success of a project.  The six criteria are:
budget performance, schedule adherence, cli-
ent satisfaction, functionality, contractor sat-
isfaction, and project manager satisfaction.
(Ashley, D. B., Jaselskis, E. J., and Lurie, C.B.
(1987).  “The Determinants of Constructions
Project Success.”  Project Management Jour-

Traditional project management training cen-
ters on the tug of war among schedule, re-
sources, and quality illustrated in Figure
1.1.25.4.1.  The idea is that if you tug hard on
(change) any one of the criteria, the others are
necessarily affected.  We were able to transfer
this training and these success criteria to other
types of management.  The conventional wis-
dom was that if you met specifications, within
budget, and on time, you were guaranteed
success.  For decades, we lived by these crite-
ria and were rewarded according to the guar-
antee.  Lately, however, we find something
missing.  Often we meet specifications, within
budget, and on time and fail.  Even the idea of
simply meeting specifications is in question.
What then is the difference?  Has a new crite-
rion entered the equation?

As I've worked with environmental issues and
projects, clearly, stakeholders have entered
the equation in a big way.  Management Sys-
tems Laboratories received a grant to study
consensus.  In performing that grant, the idea
of critics playing a crucial role in managing
projects came out—especially in the public
sector.  At first, I thought the criterion should
be audience because of the need to communi-
cate with stakeholders.  Later, however, I
discovered the criterion had to include in-
volvement (both listening, responding, and
initiating) of the stakeholders; and thus I chose
the term critics.

Harold Kerzner, in his book Project Manage-
ment: A Systems Approach to Planning, Sched-
uling, and Controlling (Van Nostrand
Reinhold, 1984) shows the classical project
management triangle (p. 5.) surrounding “re-
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nal, V.  28, No. 2, pp. 69-79.)

The contribution of the project management
pyramid is the raising of the idea “good cus-
tomer relations” from Kerzner and “client sat-
isfaction, contractor satisfaction, and project
manager satisfaction” from Ashley, et. al. to a
level equal with time, cost, and quality.  The
idea of critics includes all stakeholders who
might want to know about and participate in
decisions about what’s being managed.  The

pyramid brings all the traditional concepts of
robustness, strength, and internal bonding de-
scribed in Module 1.1.23.4.  The point is that
as a success criterion, critics are at least as
influential as the other three.

You’ll find a number of terms used for the
different apexes of the pyramid.  Cost can be
resources of all kinds.  Quality can be perfor-
mance or meeting specifications.

Figure 1.1.25.4.1.  “Who’s going to win?”
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Figure 1.1.25.4.2.  The overview of project mangement shows constraints on the project.  (taken
from Kerzner, p. 4)
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In his book, Productivity Management: Plan-
ning, Measurement and Evaluation, Control
and Improvement, (Wiley, 1985) D. Scott Sink
calls his performance criteria “distinct, al-
though not necessarily mutually exclusive,
measures of ‘organizational system’ perfor-
mance.” (p. 41.)  As corroborated in discus-
sions with Sink, I find that in terms of the
Management System Model (MSM) the crite-
ria apply to the what is managed component
rather than the management system.  From
Module 1.1.18.5., we found that organiza-
tional performance in terms of the MSM would
include management tool performance and the
performance of the decision maker.  Later, I’ll
discuss similar criteria for measuring the per-
formance of management tools.  Here, I’ll
discuss Sink’s criteria for measuring the per-
formance of the operation.

Sink’s seven criteria are: 1) effectiveness, 2)
efficiency, 3) quality, 4) profitability, 5) pro-
ductivity, 6) quality of work life, and 7) inno-
vation.  He says, “Every organization in one
way or another has systems designed to moni-
tor, evaluate, control, and manage functions
utilizing one or more of these seven measures
of system performance.  Note that productivity
is only one measure of performance for a
system, and not necessarily the most important
one.  We might consider these measures of
system performance as a multi-attribute or
multi-criterion measurement system.” (p. 41.)

I’ll quote the definitions of the criteria directly
from pages 42-45 of his book.  “Effectiveness
is the degree to which the system accom-
plishes what it set out to accomplish.  It is the
degree to which the ‘right’ things were com-

pleted.  At least three criteria need to be used
to evaluate degree of effectiveness: 1. Quality:
Did we do the ‘right’ things according to
predetermined specifications?  2. Quantity:
Did we get all of the ‘right’ things done? 3)
Timeliness: Did we get the ‘right’ things done
on time?”  Peter Drucker defines effective in
his book The Effective Executive (Harper and
Row, 1966) as “get the right things done.” (p.
1.)

Gery Patzak defines effectiveness as actual
output divided by intended output.  Webster
defines effectiveness as “the power to produce
the intended result.”

Sink says, “Efficiency is the degree to which
the system utilized the ‘right’ things.  It can be
represented by the following equation:

Resources expected to be consumed
Resources actually consumed

From this equation, we can see that efficiency
is simply the comparison between resources
we expected or intended to consume in accom-
plishing specific goals, objectives, and activi-
ties and resources actually consumed.”  Peter
Drucker in his book defines efficient as “the
ability to do things right.” (p. 2.)

Sink says, “Quality  is the degree to which the
system conforms to requirements, specifica-
tions, or expectations.  Traditional definitions
of quality incorporate the conformity to speci-
fications and a timeliness criterion, which could
be considered simply as a kind of specifica-
tion.  The key element of quality that distin-
guishes it from effectiveness is the concept of

BACKGROUND/INTRODUCTION/PERFORMANCE AND SUCCESS CRITERIA

1.1.25.5.  SINK ’S SEVEN PERFORMANCE CRITERIA

We can use seven criteria to measure an organization’s performance; but we have to
weight and combine the measures with a measure of art to feedback the results for
improving the organization.
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quality attributes.  A quality attribute is a
specific quality characteristic for which a prod-
uct is designed, built, and tested.  Quality
attributes can be subjective or objective.”  You
can find any number of definitions of quality
and I’ll discuss those much later in this book.
However, Philip Crosby uses a similar defini-
tion in his book Quality without Tears
(McGraw-Hill, 1984) “The definition of qual-
ity is conformance to requirements.” (p. 59.)
The idea of quality as conformance to require-
ments is also in a book published before 1960
on industrial quality control by Schaafzma and
Williamze who worked for Philips Anthoven.

Sink says, “Profitability  is a relationship be-
tween total revenues (or in some cases, bud-
get) and total costs (or in some cases, actual
expenses):

Total revenues
 Total costs

Profitability can be measured in a number of
ways.  Typical financial measures of perfor-
mance are called ‘operating ratios’ or ‘finan-
cial ratios.’”  Over the years, profitability is the
best defined of all the criteria.  After the
publication of his book, Sink has come to call
this criterion “profitability/budgetability” in
deference to government agencies as organi-
zations.

I don’t like either profitability or budgetability
for the government because the government
manager doesn’t manipulate either profit or
the budget like a private sector manager does.
I prefer the term for this criterion to be stew-
ardship of funds.  The private sector manager
must be a good steward of available funds to
live up to his or her responsibility to the
owners of the business.  The public sector
manager must be a good steward of funds to
live up to his or her responsibility to the public
represented by the government agency.  A
good steward of funds gets the most out of the

funds available to him or her.  The private
sector manager has more flexibility in the
amount of funds available.

Sink says, “Productivity  is a relationship be-
tween quantities of outputs from a system and
quantities of inputs into that same system.”
Sink goes on to say that if we make a ratio of
the definition then the numerator contains an
aspect of effectiveness and the denominator
contains an aspect of efficiency.  Productivity
is another well-defined parameter of many
years standing.

Sink says, “Quality of work life  is the way
participants in a system respond to
sociotechnical aspects of that system.”
Weisbord asked Fred Emery, the father of
quality of work life, to define the term.  Ac-
cording to Weisbord, “Said he with a snort, ‘It
means get the foreman out of the system!’” (p.
165.)

Sink says, “Innovation can be defined as
applied creativity.  It is the process by which
we come up with new, better, more functional
products and services.”  Peters and Waterman
in their book In Search of Excellence (Warner
Books, 1984) quote Theodore Levitt as saying
“Creativity is thinking up new things.  Innova-
tion is doing new things.” (p. 206.)

Sink talks about how to use the criteria.  “.....
one important job of a manager is to determine

1.  What the appropriate priorities or relative
weights are for each performance measure

2.  How to measure, operationally, each per-
formance measure

3.  How to link the measurement system to
improvement

In other words, managers must determine how
to most effectively use the control system to
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cause appropriate changes or improvements.
It is clear that the priorities or weightings for
each of these performance criteria will vary
according to several factors (size of the sys-
tem; function of the system—marketing, manu-
facturing, research and development, etc.; type
of system—job shop, assembly line, service,
process industry, etc.; and maturity of the
system in terms of employees, management,
technology, organizational structure and pro-
cesses, etc.).” (p. 46.)

Sink likens a manager’s using these criteria to
a pilot’s using the gauges in an airplane.  You
can’t weight them and combine them into one

indication of how to fly the plane or the orga-
nization.  Part of the problem is that we can’t
operationally define and measure all these
factors in an operation, which would be easier
than for the entire organization.  There are too
many different types of inputs and outputs and
some of them are qualitative.  Later, I’ll show
that for management tools we have a some-
what easier time.  The input and output to
management tools are data and information,
respectively.  When we can quantify a datum
and a bit of information, criteria similar to
Sink’s criteria can be quantified.  We still have
trouble getting one overall factor.
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BACKGROUND/INTRODUCTION/PERFORMANCE AND SUCCESS CRITERIA

1.1.25.6.  CRITICAL  SUCCESS CRITERIA

Critical success criteria come out of the process for determining Critical Success
Factors, a concept for improving information systems to help managers focus on
the important rather than the urgent.

I extract the idea of critical success criteria
from Rockart’s critical success factors.  Sim-
ply stated, each manager can look at his or her
domain of responsibility and figure out those
factors, and herewith the criteria, that spell
success.  Being success criteria, we’d expect
overlap with the project management pyra-
mid.  The primary differences between the sets
of criteria are that critical success criteria are
more specific and operationalized and the pro-
cess for getting critical success criteria is a
participative evolutionary process.

Rockart defines critical success factors (CSFs)
as “CSFs are the limited number of areas in
which satisfactory results will ensure success-
ful competitive performance for the individual,
department, or organization.  CSFs are the few
key areas where ‘things must go right’ for the
business to flourish and for the manager’s
goals to be attained.”  (The Rise of Managerial
Computing, John Rockart and Christine V.
Bullen, Dow Jones Irwin, 1986, p. 385.)
Rockart developed CSFs to improve informa-
tion systems by reducing DRIP.

The idea of DRIP came from an article on
CSFs (INDICATIONS, A Publication of Index
Systems, Inc., Vol 1, No 2, Winter 1983) in
which the authors say, “Senior executives are
frustrated and incapacitated by systems which
leave them ‘data rich but information poor.’”
(See Figure 1.1.16.9.)  The authors continue,
“The effectiveness of managers is being seri-
ously impeded by systems which merely pro-
duce a glut of unfiltered information.  We have
begun to hear a common refrain from senior
executives who feel bound by the constraints
of ineffective information systems: ‘We no

longer know how to  interpret the information
we are getting.  We’re frustrated by systems
which provide too much financial data, unfil-
tered data, irrelevant operational data, and no
external environmental data.  We need infor-
mation about what really counts; just because
data is easily generated doesn’t mean it’s im-
portant.’”

Rockart developed CSFs as an interview tech-
nique for consultants to help managers find out
what information they need in information
systems.  The technique is supposed to distin-
guish between objectives and the activities the
organization should focus on to meet the ob-
jectives.  Once you know the CSFs, you can
communicate the important issues in the orga-
nization.  Rockart says, “Critical success fac-
tors are the relatively small number of truly
important matters on which a manager should
focus her attention.  For this reason, the term
‘critical success factors’ is aptly chosen.  They
represent the few ‘factors’ which are ‘critical’
to the ‘success’ of the manager concerned.
There are, in every manager’s life, an incred-
ible number of things to which her attention
can be diverted.  The key to success for most
managers is to focus their most limited re-
source (their time) on those things which re-
ally make the difference between success and
failure.” (388-389.)

Rockart’s interview technique can be extended
into a participative planning technique.  With
the CSFs, managers can distinguish between
the urgent and the important.  The critical
success factors process starts with the
organization’s goals and objectives.  Then the
consultant or participative group uses the ob-
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jectives to determine the specific factors most
influential on meeting the objectives.  These
factors are the CSFs.  Given the CSFs, the next
step is to determine the indicators that reflect
the CSFs.  Then we know what information
systems to build to convert the data from
measuring the indicators into information
managers can use to manage what’s important
in their organization.

When reflecting on this process, we can see
that the critical success criteria are the indica-
tors that reflect the CSFs.

The Index publication reports a study they
made on CSFs.  They report, “Recently, Index
conducted a study to determine the factors
which are most commonly cited by executives
as being crucial to the success of their busi-
nesses.  The study produced some surprising
results.  Using a sampling of managers from a
wide cross-section of industries, the study
revealed five general categories on which most
executives believe attention should be focused:
• Cost structure
• Product quality and innovation
• Customer satisfaction
• Management development
• Change in corporate culture and attitudes

It is interesting to note that only one of the five
factors is ‘tangible’ and reflects a traditional
concern with financial control; the other four
are ‘softer’ elements such as corporate culture
and employee development.  The CSF process
indicates that while executives do focus on the
tangible and measurable concerns of cost con-

trol and return on investment, they are at least
equally interested in the less tangible issues of
attitude and incentive.  A complete manage-
ment system, then, must include both hard and
soft data to be useful as a management infor-
mation system.”

As we focus on the indicators reflecting the
CSFs and what the organization is doing on
activities relating to the CSFs, we’re working
with what I call critical success criteria.  Com-
pare the five categories of the Index study to
the project management pyramid.  Notice the
importance of critics, where critics includes
the stakeholders of the company.

When developing critical success criteria, start
with the goals and objectives and then the
CSFs of the organization.  Answer questions
like those in Figure 1.1.25.6.  To deal with the
figure, you’ll have to distinguish between out-
comes and outputs of the organization.  Webster
(Webster’s Ninth New Collegiate Dictionary)
defines outcome as “something that follows as
a result or consequence” whereas output is
“something produced.”  Sink (Productivity
Management: Planning, Measurement and
Evaluation, Control and Improvement, Wiley,
1985, p. 25.) defines an output variable as “any
controllable factor or resource that results from
a transformation of the input variable (for
example, energy, people, services, and data/
information)” and outcome variable as “the
result(s) of selling and/or delivering an output
variable to persons or organizations in the
environment of an organization (This element
does not affect productivity, by definition.)”
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Figure 1.1.25.6.  Knowing your goals and objectives and thinking about CSFs, these questions will
help lead you to your critical success criteria as indicators to measure to improve performance.

• Who is your supervisor?

• Who is your customer?

• Who are your subordinates?

• Who are your neighbors?

• What qualitative outcomes must your domain achieve to be successful in the eyes
of your supervisor and/or your customer?  Are the outcomes necessary and/or
sufficient for success?

• What physical outputs must your domain produce to be successful in the eyes of
your supervisor and/or customer?  Are the outputs necessary and/or sufficient for
success?

• What activities must your domain conduct and what conditions must prevail in your
domain  for you and your subordinates to feel you’re performing at your best and
are contributing the most you can to the outcomes and outputs just mentioned?

• What can your domain do to contribute to a better quality of life in the community
outside your organization?

QUESTIONS LEADING TO CRITICAL SUCCESS
CRITERIA REFLECT YOUR STAKEHOLDERS.
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BACKGROUND/INTRODUCTION/PERFORMANCE AND SUCCESS CRITERIA

1.1.25.7.  GOLDRATT ’S CRITERIA

For a manufacturing organization, we can measure our goal of making money in
terms of throughput, inventory, and operational expense.

The book The Goal is popular in manufactur-
ing circles.  Eliyahu Goldratt and Jeff Cox tell
a story in novel form of how to figure out the
goal for a manufacturing organization.  I should
tell you that at the end of the novel, the ex-
change between the hero, Alex, and the guru,
Jonah, goes like this:  “‘Making money is the
goal for a manufacturing organization,’ he
says. ‘But it isn’t mine, and I don’t think it’s
yours.’

‘Then what is our goal?’ I ask.

‘What do you think should be the goal?’ he
asks.

And I say, ‘Well . . . ah, I don’t know.’

‘This is good-bye for now, Alex,’ Jonah says.
‘We’ll be in touch.  Meanwhile, I have a
suggestion for you.’

‘What’s that?’

‘Think about what the goal should be.’” (p.
262.)

In addition to setting up the sequel, the authors
ask a question each of us must answer for
ourselves.  In stretching ourselves to find the
answer, we must learn about ourselves and
about the world around us.

Performance is a goal when we envision what
we want the performance to be.  Performance
can be goal, status, progress, and more.  Per-
formance can relate to continuous success,
motivation, and other factors, measures, or
criteria of what you’re doing and how well
you’re doing it.  Later, I’ll discuss functions

for figuring out what you want to do, for doing
what you want, for comparing to see if you did
what you wanted to do, and for figuring out
something better to do based on what you
learned.  (In short, these activities parallel
Deming’s Plan-Do-Study-Act Cycle.)  For
now, I’ll discuss different ways of looking at
performance.  Goldratt’s way is for manufac-
turing organizations.

If you use and manage Goldratt’s measure-
ments, or criteria, experience has shown that at
the shop floor level, you get spectacular re-
sults.  But when you extend the criteria to other
parts of a manufacturing organization, like
sales, you don’t get the same results.  How-
ever, viewing the manufacturing organization
as a total system, we sell the product that takes
the most value from the bottlenecks.  Bottle-
necks are capacity constrictions on the manu-
facturing floor.  Bottlenecks apply in any orga-
nization.  Bottlenecks are one of the most
important factors to look for and manage in
your domain of responsibility.

From a general perspective, I might argue that
the goal is to have a process for continuous
improvement—a goal a management systems
engineer should be helpful in reaching.

In Goldratt’s story, the goal of a manufactur-
ing organization is to make money.  Every-
thing else is a means to get to that goal.  You
can express the goal in a number of ways, but
the goal stays the same.  Goldratt uses three
measures to express the goal.   You can use the
measures to develop operational rules for run-
ning a manufacturing plant.

The measures are throughput, inventory, and
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operational expense.  “Throughput [is] the rate
at which the system generates money through
sales. ..... Through sales—not through produc-
tion.  If you produce something, but don’t sell
it, it’s not throughput.” (p. 59.)

“Inventory is all the money that the system has
invested in purchasing things which it intends
to sell. ..... Operational expense is all the money
the system spends in order to turn inventory
into throughput.” (p. 60.)  All employee time,
regardless of direct or indirect charge, is op-
erational expense.

Goldratt summarizes the measures.  “Through-
put is the money coming in.  Inventory is the
money currently in the system.  And opera-
tional expense is the money we have to pay out
to make throughput happen.  One measure-
ment for the incoming money, one for the
money still stuck inside, and one for the money
going out.” (pp. 72-73.)

Operational rules based on the measures can
be condensed into “Increase throughput while

simultaneously reducing both inventory and
operating expense.” (p. 66.)  From this gener-
alization, we can develop any number of rules.
Sell more product.  Decrease inventories.
Reduce staff (or the cost of staff).  How does
increased efficiency affect the measures?
Depending on your answer, we can make a
rule about efficiency—or at least some par-
ticular efficiency.

Obviously, if your domain of responsibility is
a manufacturing plant, you should consider
using Goldratt’s criteria as the performance
measures in the management process frame-
work of Figure 1.1.11.4.  Goldratt argues that
the measures must be applied to the organiza-
tion as a whole—not the manufacturing de-
partment or one plant or one department in a
plant.  He wants to optimize at the global level
not the local level.  Indeed, the measures are
easier to use at the global level than at the local
level.  For example, we can see the throughput
of the organization, but can we identify the
contribution of each person in the organization
to throughput?

GOAL = MAKING MONEY

• Increase throughput

• Reduce inventories

• Reduce operational expense

Figure 1.1.25.7.  Goldratt’s measures for a manufacturing organization work toward making
money.
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1.1.25.8. HUMAN SUCCESS CRITERIA
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1.1.25.9. RELATIONSHIPS  TO INDICATORS, REFERENCE POINTS, STANDARDS,
AND MEASUREMENTS
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1.1.25.10.  EXERCISE ON PERFORMANCE  CRITERIA

Performance criteria need to be comprehensive, measureable, and important.

Explanation
Finding criteria you want to measure your
organization (and yourself) against is a diffi-
cult task.  What’s important?  What’s measur-
able?  Deming says the important things are
unknown and unknowable.  However, to im-
prove you need to measure something.

Situation Description
Sally and Bob graduated from Virginia Tech
together five years ago.  Sally, an engineering
graduate, has been successful in technical sales
for a major chemical company.  Bob, a busi-
ness graduate, has been an administrative offi-
cer for a small company.

Based on their success in working for others,
they both wanted to go into business for them-
selves.  They bought a small shoe store in
Blacksburg, Virginia, close to their alma ma-
ter.

Bob and Sally agreed that Bob would invest
10% more than Sally and thus be the control-

ling partner in the business.

Sally does the inventory and customer end of
the business and Bob does the purchasing and
financial end of the business.  Sally hired John
to carry much of the day-in-day-out customer
service.  John has a flair for decorating and
advertising.

Sally and Bob want to get their management
started right.  You've been hired as a manage-
ment consultant to advise them.

Exercise
Identify what performance criteria might be
good for the shoe store to use for continuous
improvement.  For this list, disregard how
difficult it might be to measure the criteria.
Which of your criteria are process-oriented as
opposed to results-oriented?  Which criteria
are for the organization as opposed to a per-
son?  Which criteria are most important for the
success of the organization?  Compare the
most important to the most easily measured.
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1.1.27.1. EVEN MORE GENERAL  CONCEPTS DEFINED QUICKLY
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BACKGROUND/INTRODUCTION/FUNDAMENTAL CONCEPTS III

1.1.27.2. DEFINE INTEGRATOR

script, lighting, sound, and rehearsals for a
successful production.  They have the ultimate
feel for what the play should mean to and do
for the audience.  When the director pulls all
the tools and arrangements together with the
ability and talents of the actors, their audience
and critics respond favorably.

An effective integrator in an organization must
integrate along at least four dimensions.  First,
they must differentiate and select between the
urgent and the important.  Second, they must
balance and address the priorities of the needs
of all their stakeholders.  Third, they must
distinguish and implement activities and re-
sources through the five groups of functions in
the system life cycle: analysis, design, imple-
mentation, follow-up, and follow-through.  In
this dimension, the integrator is using the
engineering process.  Fourth, they must build
and use a wide range of management tools to
provide information for decisions.  In this
dimension, the integrator is using the manage-
ment process.

The purpose of the integrator is to bring all the
appropriate pieces together to form a system
so each piece does its job and together the
pieces meet the aim of the system.  The steps
are 1) figure out what is moving the system
(precipitator), 2) figure out which are the right
pieces (participants), 3) figure out the aim of
the system (purpose), 4) figure out how the
pieces work together (participation), 5) figure
out what the system does (problem),  6) set up
a process for the system to meet its aim (pro-
cess), and 7) verify the product of the system
(product).

The integrator is a role a person plays in practicing the systems approach to optimize
the whole.  The integrator has authority over the parts of the system and understands
the working of those parts and their effect on the working of the system.

In an organization, we need a person to orches-
trate the parts of the organization into a blend
that produces true harmony among the parts
yielding the best the organization can do.
Leadership can come from anywhere in the
organization.  Doing integration must come
from someone in the organization who has
authority over the parts of the organization and
the relationships and interactions among those
parts.  Therefore, the contribution to leader-
ship for finding synergy and optimizing the
whole comes from someone with authority.
Without authority, the best you can do is
conceptual integration.  That’s why empower-
ment is important.  The organization needs
more than one person to make integration
happen.

Being an effective integrator is needed for a
leader.  Integration supports doing strategic
endeavors—those endeavors for figuring out
what the problems are.  Leaders must also be
role models.  As such, leaders aren’t necessar-
ily in positions of authority.  People in posi-
tions of authority in organizations today have
so many demands up and down the organiza-
tion, there’s little time for leadership.  How-
ever, some people in authority know how to
delegate and retain time and effort for effec-
tive leadership.  These people must be good
integrators; and integration is one vehicle
through which they exercise leadership.

An integrator is like a stage director.  The stage
director must orchestrate all phases and func-
tions in the play.  Stage directors set the stage,
the actors, and support people by producing,
coordinating, and directing all props, cues,
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The Effective Integrator Practices Integra-
tion and More.
Webster defines integrate as “to form, coordi-
nate, or blend into a functioning or unified
whole; to unite with something else; to incor-
porate into a large unit” and integration as
“incorporation as equals into society or an
organization of individuals of different groups;
coordination of mental processes into a nor-
mal effective personality of with the
individual’s environment; the operation of find-
ing a function whose differential is known; the
operation of solving a differential equation.”
(Webster’s Ninth New Collegiate Dictionary)
I’ll discuss the actions of forming, coordinat-
ing, blending, and more for being an integrator
soon.  Now let’s focus on bringing the parts
into their rightful roles in a system, the coordi-
nation of processes into the personality of a
system, and differentiation.  The integrator
must know and address the roles each resource
in an organization must play to get the best
from the resource and from the organization.
Organizations have personalities too.  These
personalities are significantly affected by the
processes of the organization: direct work pro-
cesses, support processes such as hiring and
job definition, and the management process.
Now, let’s discuss differentiation.

Integration is summation—the integral under
a curve.  The integrator is more.  Integrators
bring things together and get them to work
their attributes (differentiation) through their
mutual relationships toward the aim of the
system.  Integrators are able to filter (differen-
tiate) and find patterns.  They are able to
maintain balance and to blend for many com-
ponents, activities, approaches, issues, and
functions in an organization.  These activities
focus on the parts of the system; and, therefore,
are part of the system perspective.

Integration and differentiation are part of the
systems approach and are imbedded in the
system perspective.  The integrator has to

integrate and differentiate to do strategic en-
deavors—know what the problem really is.
The integrator must integrate and differenti-
ate the needs of all stakeholders of the organi-
zation.

The industrial engineering profession addresses
and certifies people to be systems integrators.
They describe the systems integrator as, “The
system, as used here, can refer to one isolated
system, or an integration of two or more sub-
systems.  Regardless of system type or size,
there are particular functions and processes
that should be completed to ensure successful
implementation and operation.  The Systems
Integrator must possess the knowledge and
skills necessary to ensure completion of sys-
tem planning, design, implementation and
control activities.  This individual may not
personally complete every activity himself,
but rather must manage the entire project with
the knowledge of the activities to be com-
pleted, the information, personnel and materi-
als required for completion, and the interface
of all involved functional areas to ensure total
communication and integration.  Along with
the functional areas of the organization, the
Systems Integrator must be aware of major
issues including technical and physical issues,
managerial issues, strategic/financial issues,
and operational and functional issues.”  (“IIE
Certification Program in Systems Integration,”
David W. Hess, in Guide to Systems Integra-
tion, Joe H. Mize, Editor, The Institute of
Industrial Engineers, 1991, p. 4)  The integra-
tor must know the system life cycle, including
planning (analysis), design, implementation
and control, follow up, and follow through.
Integration must follow the engineering pro-
cess.

Integrators provide continuity, comprehensive-
ness, and completeness for a system.  Through
integration, managers reduce redundancy and
capitalize on synergistic benefits.  The integra-
tor is a catalyst for making the necessary



366

interactions in a system happen.  Integrators
are good at setting priorities.  Integrators are
loop closers.  In closing process loops, integra-
tors provide for systems thinking, organiza-
tional learning, creativity, and empowerment.

If I had to classify integrators, I’d say the types
of integrators are coordinators, interdigitators,
blenders, and matchers.  Distinguishing the
contributions of each part of a system and
coordinating the interactions of the parts is
relatively easy.  To interdigitate means to
make the parts of a system interweave prop-
erly, like your fingers interdigitate when you
clasp your hands.  Matching is like fitting.
Finding the right fit for the parts of a system is
relatively hard to do.  I’ve discussed how
crucial it is to find the fit of an information
system to the decision maker and to his or her
responsibilities.  The most difficult part of
integration is finding a blend.  A blend implies
that the parts are so well coordinated,
iterdigitated, or matched that each part is in-
distinguishable from the others.  Each part is
lost in the functioning of the whole.

Industrial engineers aren’t the only people
good at integration.  But, industrial engineers
profess to know integration and, therefore, are
expected to understand integration.  The Insti-
tute of Industrial Engineers addresses systems
integration.  “The term ‘systems integration’
means different things to different groups of
people.  To an aircraft design team, system
integration deals with the problem of assuring
that all major sub-systems (airframe, propul-
sion, hydraulics, electronics, etc.) are properly
inter-related, such that the overall aircraft per-
formance is optimized. .... The major differ-
ence is that the industrial engineer must deal
with very large and ill-structured systems.
Indeed, the entire organization is the ‘system’
being studied, analyzed, rationalized, and hope-
fully optimized.  Rather than combining elec-
tronic components into a functioning system,
the industrial engineer must combine func-

tional organizations, equipment, material han-
dlers, policies and procedures, workers at all
levels, computer/information systems, suppli-
ers, etc., into a harmoniously working total
system.”  (Guide to Systems Integration, Joe
H. Mize, Editor, The Institute of Industrial
Engineers, p. 25)

Integration Brings the Parts Together into
the Whole.
Integrators integrate the interdependencies.
They see potential interrelationships among
all the parts of the system.  Integrators know
connections and can see potential connections
in an organization.  They know unique at-
tributes and contributions of each part of the
system.  Perhaps the integrator’s key job is
balance.  The integrator blends components
and gains harmony among components.  The
integrator finds links among the components
and focuses the linked components on the
needs of the system for system improvement.
Suzaki address this issue for manufacturing.
“Since the problems in organizations are often
found at the organizational boundaries, under-
standing the linkages among different groups
within the organization becomes critical for
streamlining operations.” (Kiyoshi Suzaki, The
New Manufacturing Challenge: Techniques
for Continuous Improvement, The Free Press,
1987, p. 4.)

They can mix so the components are still
distinguishable and mix so the components
aren’t distinguishable.  “Scientists sometimes
speak of two kinds of qualities—extensive and
intensive—according to what happens to the
quality when the system is divided into parts.
If we break a chocolate bar in two pieces, each
piece has a different mass than the original:
thus mass would be called an extensive qual-
ity, since it depends on maintaining the full
extent of the system.  On the other hand, when
we break the chocolate bar in half, each piece
retains the same ‘chocolateness’, which is
therefore said to be an intensive quality.  Or, to
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take a more physical example, each half has
the same density, so density is said to be an
intensive quality.”  (Gerald M. Weinberg, An
Introduction to General Systems Thinking,
John Wiley and Sons, 1975, p. 152)

An organization often brings a large number of
parts together and then has a gap.  In this case,
the parts don’t completely satisfy the needs of
the whole.  The integrator has to recognize the
gaps and then to learn whatever is needed to
fill the gaps.  Then, the integrator must not
only practice the systems approach for finding
the gaps, but must be able to learn enough
about the specific knowledge relating to the
gap to be able to communicate the need and fill
it.

Integrators must integrate the management
process into the organization’s daily work
activities.  The integrator must decide what
resources to spend on administering the man-
agement process and on managing brushfires.
The functions and rules of the management
process can make this balancing job easier by
giving the integrator visibility and control in
supporting decisions.

The role of the integrator is one of the most
difficult, important, and ill-defined roles in
managing major projects, programs, and orga-
nizations because of the multiplicity of activi-
ties at various levels needing to be coordi-
nated.  Consider the competing needs for time
and resources of the various stakeholders and
of individuals in any stakeholder group.  Con-
sider the different functions and activities of
the organization.  Blending all these activities
and needs to serve each one and to optimize the
whole organization takes profound knowledge,
the right information, and a real caring and
trusting attitude with people.  Recognize that if
you optimize the whole, you suboptimize at
least some of the parts.  The integrator must get
people to appreciate and commit to suboptimize
their part for the good of the whole.

The Integrator Practices the Systems Ap-
proach.
“W. Edwards Deming provides some insight
as to how organizational improvement might
best be achieved when he defines the three
primary roles of a top manager:

1.  Provide the theory upon which the indi-
vidual components of the system can re-
late to the purpose of the system.

2.  Transform the basic structure of the system
to one which uses more responsibly the
components available to the system.

3.  Keep the purpose of the company in har-
mony with the broader aspects of a healthy,
prosperous community and society.”

(“Fundamentals of Systems Integration,”
James A. Bontadelli and Kenneth E Kirby, in
Guide to Systems Integration, Joe H. Mize,
Editor, The Institute of Industrial Engineers,
1991, p. 47)  Clearly, to do integration, you
must view the organization from the systems
approach.

The manager must differentiate and balance
the urgent and the important and decide what
resources to spend on administering the man-
agement process and on managing brushfires.
The methods and rules of the management
process can make this balancing job easier by
giving the manager visibility and control in
supporting decisions.

The integrator must see cause and effect across
dissimilar activities.  Seeing cause and effect
in one part of a system or among similar parts
is relatively easy.  Seeing cause and effect
across dissimilar parts is relatively hard.  An
example of dissimilar activities is: How does
the installation of a new software package
affect the motivation of the worker and the
success of the organization?  Integrators are
able to carry over what they know from one
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activity or event to another activity or event
and to selectively fit (match) solutions to needs
in whatever situation arises.

An integrator practices the systems approach
with the three perspectives (system, holistic,
and generalist) and sets up, operates, imple-
ments, maintains, and dismantles systems.  An
integrator is an agent for systems.  Systems
come from somewhere.  Person-made systems
come from integrators.  The idea of integrator
goes with the systems approach.  Integrators
are generalists and transfer lessons learned.
Therefore, they need to be quick learns.

The Role of the Integrator Requires Infor-
mation.
The role of integrator in effectively imple-
menting the management process is the key to
reducing brushfires to provide time needed to
improve performance and advance the organi-
zation in the face of a changing decision-
making environment.  The management pro-
cess helps you select, use, and integrate man-
agement tools.  In getting the tools to work
synergistically together to support your deci-
sion making, you assume the role of integrator.
The integration role is critical for reducing the
number and disruptive effects of controllable
disruptions.

Integrator roles are difficult because of the
volume of information integrators must sift
through to make decisions.  Integrators can’t
integrate if they don’t have the right informa-
tion in the right place in the right format at the
right time.  Part of the solution to that problem
is mechanical and the other part is human.  It’s
the human part that distinguishes this discus-
sion of the role of the integrator.

Integrators have two information tasks that
compete for the same time and resources.  One
information task is to reduce equivocality so
the organization shares a common view of
events and alternatives.  We call this task

external interpretation (Weick, 1979).  The
other task is to process enough information to
coordinate the organization’s activities and
manage performance.  We call this task inter-
nal coordination (Galbraith, 1973).  People in
the role of integrator provide media high in
information richness to reduce equivocality
and large amounts of information to handle
interdependence in the organization.  Effec-
tive integration and portrayal of information
facilitates both external interpretation and in-
ternal coordination.

In considering the information needs of the
organization and the need for improvement,
Powers and Liotte address the idea of an inte-
gration engineer.  “If you think we have been
describing an expanded role for the Industrial
Engineer, a role as a partner with the IS [infor-
mation systems] community in support of the
customer, you are absolutely right.  Manufac-
turing and business process improvement re-
quires the power of data analysis and informa-
tion technology.  And the new role of the
Industrial Engineer is that of an INTEGRA-
TOR.  As a matter of fact, we have written a
theoretical job description of the Industrial
Engineer as an INTEGRATION ENGINEER.
THE INTEGRATION ENGINEER: AN IN-
DUSTRIAL ENGINEER WITH THE ABIL-
ITY TO INTEGRATE, POSSESSING THE
BACKGROUND AND THE CAPABILITY
TO THOROUGHLY ANALYZE AND DE-
FINE A PROBLEM WITH THE CUS-
TOMER; TO ACT AS AN INTERFACE
BETWEEN THE CUSTOMER AND THE
SYSTEMS COMMUNITY; TO SELECT
AND COMBINE VARIOUS TECHNOLO-
GIES INCLUDING INFORMATION TECH-
NOLOGY (THE BEST FIT SOLUTION FOR
THE CUSTOMER).  This Integration Engi-
neer is change oriented; and agent of change,
sensitive to the customer’s social and business
system with a specialty BUT willing to get out
of the functional silo.  (S)he is willing to test
new theories and willing to seek out and part-
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ner to fully utilize the skills of others and look
at the entire process.”  (“The Integration of
Work Redesign and Information Technology,”
John J. Powers and Anthony T. Liotti, in Guide
to Systems Integration, Joe H. Mize, Editor,
The Institute of Industrial Engineers, 1991, pp.
134-135)  As you think about the idea of an
integration engineer, think about the funda-
mentals of the engineering process.  Then, an
integration isn’t necessarily part of the engi-
neering profession.  I’d hope we could help
engineers learn to be good integrators.

Finally, how might we approach systems inte-
gration in an organization?  Badiru suggests
some questions that can help us with an ap-
proach.  “Systems integration is particularly
important when introducing new technology
into an existing system.  It involves coordinat-
ing new operations to coexist with existing
operations.  It may require the adjustment of
functions to permit sharing of resources, de-
velopment of new policies to accommodate
product integration, or realignment of mana-
gerial responsibilities.  Presented below are
important questions relevant for systems inte-
gration:

• What are the unique characteristics of each
component in the system to be integrated?

• How do the characteristics complement
one another?

• What physical interfaces exist between the
components?

• What data/information interfaces exist be-
tween the components?

• What ideological differences exist between
the components?

• What are the data flow requirements for
the components?

• Are there similar integrated systems oper-
ating elsewhere?

• What are the reporting requirements in the
integrated system?

• Are there any hierarchical restrictions on
the operations of the components of the
integrated system?

• What are the internal and external factors
expected to influence the integrated sys-
tem?

• How can the performance of the integrated
system be measured?

• What benefit/cost documentations are re-
quired for the integrated system?

• What is the cost of designing and imple-
menting the integrated system?

• What are the relative priorities assigned to
each component of the integrated system?

• What are the strengths of the integrated
system?

• What are the weaknesses of the integrated
system?

• What resources are needed to keep the
integrated system operating satisfactorily?

• Which section of the organization will
have primary responsibility for the opera-
tion of the integrated system?”  (“Achiev-
ing Systems Integration through Project
Management Techniques,” Adedeji B.
Badiru, in Guide to Systems Integration,
Joe H. Mize, Editor, The Institute of Indus-
trial Engineers, 1991, pp. 376-377)
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BACKGROUND/INTRODUCTION/FUNDAMENTAL CONCEPTS III

1.1.27.3. DEFINE HOLISTIC  PERSPECTIVE

“The significant problems we face cannot be solved at the same level of thinking we
were at when we created them.”  Albert Einstein

For technically-oriented people from western
cultures, the holistic perspective requires a
way of thinking we aren’t conditioned for.  We
can learn the holistic perspective from people
from eastern cultures and from the indigenous
peoples.  To engineer or manage the signifi-
cant problems we face today, we must think at
a different level from before.  We must push
the systems approach (something we’re not
too familiar with) to higher levels of philo-
sophical understanding.

Of the three perspectives I’ve identified within
the systems approach (system, holistic, and
generalist perspectives), the system perspec-
tive is more analytical and more in line with
our cultural and educational experience.  The
holistic perspective deals with ideas like mean-
ing, purpose, essence, and soul.

A few years ago, I was facilitating a group of
people representing a widely-varying range of
interest groups who were commenting on the
Department of Energy’s five year plan for
environmental management.  The representa-
tive from one of the American Indian groups
spoke to the group with great concern and
passion.  He said, “This plan has no soul!”
Somehow the plan didn’t include the essence
of the earth and its creator.  The plan failed to
reflect not only the culture of the Indian na-
tions but the culture of the environment itself.
The plan didn’t deal with the essence and the
values of the environment.  The plan didn’t
have the holistic perspective.

Being an engineer from a western culture, I
was struggling to understand.  My problem
was that I thought, no I knew, he was right.
But, I wouldn’t know if the plan had soul if I

saw it.  And I certainly wouldn’t know how to
put soul in the plan.  Yet, I believe if we can’t
get soul into our work, like the plan, we won’t
solve the significant problems we face today.

Webster defines soul as “the immaterial es-
sence, animating principle, or actuating cause
of an individual life; a person’s total self; a
moving spirit.” (Webster’s Ninth New Colle-
giate Dictionary)  The soul of an organization
is its spirit.  We’re familiar with the impor-
tance of esprit de corps as the common spirit
the members of a military group have for the
group and its aim.  The spirit inspires enthusi-
asm, devotion, commitment, dedication, and a
regard for the honor and the values of the
group.  Can a plan have this kind of spirit
among its components, attributes, and rela-
tionships?  I’ve made the definition of system
in Module 1.1.11.5. more inclusive and more
general by including the notion of spirit in the
system.

For the holistic perspective of the environment
(and consequently a level of understanding
necessary to solve environmental problems), I
look to the Native Americans.  They make a
unique contribution to our understanding of
the cultural perspective of the environment
because of their traditional norms, values, and
traditions regarding the environment.  Indian
culture is rooted in environmental culture,
whereas the dominant culture in the United
States today is not.  The holistic perspective of
the environment must include at least cultural,
technical, and institutional views of the envi-
ronment.

Delia Grenville in my management systems
engineering class extended the range of my
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holistic thinking discussion.  She writes, “I
come from Caribbean culture (very rooted in
African traditions).  As a child, I was allowed
to say that my spirit did not agree with some-
one elses, and that was enough.  That was
wholly acceptable as a reason not to like or get
along with the person.  There are so many
aspects of holistic thinking in Caribbean cul-
ture.  African Americans have had to unlearn
that to survive in the western world.”  As our
organizations reach for global markets and
resources, we must recognize, understand, re-
spect, and make room in our perspectives for
the traditions, norms, and values of other
people.  Holistic thinking is an example of an
extension those of us who practice analytic
thinking must make if we want to be systems
thinkers.

In my search for understanding of the holistic
perspective, I found Kosaku Yoshida, who
studied under W. Edwards Deming.  In the
abstract to his article, Deming Management
Philosophy: Does It Work in the US as Well as
in Japan?, Yoshida says, “Japanese business
success began when Western ideas were grafted
onto the traditional holistic orientation of the
Japanese.  The success of Deming’s philoso-
phy in Japanese business cannot be under-
stood in isolation from the Japanese environ-
ment.”  In discussing the holistic approach and
the Japanese culture, Yoshida says, “Under-
standing the essential difference between Japa-
nese and American thinking processes requires
some understanding of Japanese culture.  The
common heritage and value system of the
homogeneous Japanese population meant that
the way one Japanese thought tended to re-
semble how another Japanese thought.  This
foundation of similar thinking provided the
basis for a culture which implicitly encourages
individuals to ‘read between the lines.’

For example, in high school every Japanese
studies haiku, the traditional Japanese short
poem with only seventeen Japanese letters,

equivalent to seventeen syllables in English.
In a few phrases, haiku tries to express a deep
feeling or thought.  By studying haiku, Japa-
nese students are trained to perceive an entire
atmosphere or feeling by reading between the
lines, that is, by paying attention to subtleties
such as context and what is merely implied or
suggested.  A study has shown that Japanese
magazines devoted to haiku or waka (another
form of short Japanese poem) are widely cir-
culated among workers who have bought over
a million copies.  The spirit of haiku has had
such a tremendous impact on Japanese writing
in general that even scientific papers and legal
documents tend to be short and terse, similar to
haiku and very unlike American scientific and
legal documents.

Furthermore, the Japanese are educated to
pick up more meaning from blank spaces than
from written words.  Indeed, this ability is the
hallmark of the Japanese.  According to the
Japanese critic and philosopher Hideo
Kobayashi, this characteristic is largely the
result of the influence of Basho, the most
famous haiku poet of seventeenth-century Ja-
pan, who considered silence to be the most
eloquent expression of poetry.

Consequently, people accustomed by heritage
to these societal traits do not need detailed
specification of a corporate philosophy.  This
heritage is also the major reason why corpo-
rate philosophies exist in most Japanese com-
panies but in few American companies, al-
though a number of American companies have
established corporate philosophies in recent
years.  Unlike many Americans, the Japanese
are comfortable with far-reaching, broadly
encompassing, abstract statements unsup-
ported by specific examples or elaboration.

Eastern brush painting is another aspect of
Japanese culture that has influenced the Japa-
nese in ways apparent in Japanese business
today.  The Eastern brush painter traditionally
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works quickly, his concern being to capture
the total feeling about the perceived object
rather than individual details of the object
itself.  By contrast, the emphasis in traditional
Western art has been upon accuracy of detail.
In Western civilization, painting has gone
through a history of detailed drawing.  Simi-
larly, Western scientific development began
with the analytic approach, in which most
statements are detailed and specific.” (Colum-
bia Journal of World Business, Fall 1989, pp.
12-13.)

I’ve discovered one of the key elements of the
organization today is its MVP, or mission,
vision, and guiding principles.  MVP is a
statement of the present and future and beliefs
all the people in the organization buy into.
Through the MVP, the organization can achieve
a constancy of purpose and a consistency of
purpose needed for success.

In the holistic perspective, we have to be able
to read between the lines; interpret empty
space (blank space on a page or silence in
discussion); understand the flow and feeling
of a single line, word, or image; and realize the
meaning or essence of the system.  In this way,
a word, line, or image isn’t necessary to meet
the aim of the system.  The meaning, essence,
flow, or soul is.  The meaning comes as much
or more from what isn’t apparent than from
what is.  So, changing one tangible part of a

system doesn’t necessarily change its mean-
ing.

In the system perspective, each part of a sys-
tem is necessary to the aim of the system.  All
components play an important role.  In the
holistic perspective, we deal with the system at
a higher level than the components, thus ren-
dering the components to be contributors to
the essence of the system.  Each component
can add to the essence, but the essence so
permeates the system, removing a component
doesn’t hurt the aim.  We form closure around
the empty space.

We show a process as a flow diagram connect-
ing components, activities, and resources.  In
truth, the process is invisible.  What you see is
the individual worker, the individual machine,
the individual product.  You must look beyond
the physical into what the workers, machines,
and products are, what they do, and what they
do it for.  That’s the totality.  You must see the
forest rather than the individual trees.

In the systems approach, we need both the
system perspective and the holistic perspec-
tive—and one more perspective: the general-
ist perspective.  With the three perspectives,
we recognize the importance of each compo-
nent, the supremacy of the aim or purpose, and
the significance of learning.
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BACKGROUND/INTRODUCTION/FUNDAMENTAL CONCEPTS III

1.1.27.4. A HOLISTIC  MODEL HAS HUMAN  COMPONENTS AND RESULTS IN
SYNERGY.

Those of us who are rooted in Western, or
European, culture and are analytically trained
(e.g., engineering, accounting, sciences, law,
and medicine) have great trouble even con-
ceiving of how to go about holistic thinking,
let alone understanding holistic thinking well
enough to model it.  But, even the most de-
voted analytic thinkers may slip into holistic
thinking a time or two, when dating or buying
a house or a car, for example.  As Dr. Kosaku
Yoshida says when illustrating the holistic
approach:  “When you go out on a date, would
you evaluate whether your date has intelli-
gence: 95 points; Appearance: 96 points; Emo-
tional stability: minus 20 points?  Do you
evaluate your partner like that?  If you get a
date, turn off the light and get the smell and get
the total understanding.  You [are] not going to
analyze.  You’re going to capture the entire
feeling.  That I call ultimate understanding.”
(transcript of the videotape Made in Japan
“Whole”-istically , Petty Consulting/Produc-
tions, Cincinnati, Ohio, 1990, p. 11.)  In holis-
tic thinking, we strive for ultimate understand-
ing.  I believe a successful management pro-
cess or engineering process requires holistic
thinking through the holistic perspective and,
therefore, ultimate understanding.

Have you ever ranked alternatives when buy-
ing a car or house or choosing a school to
attend.  You carefully list all the criteria impor-
tant to your decision and even consider the
relative importance of the criteria.  By intu-
ition or calculation, one car, house, or school
clearly excels over the others.  But you buy a
different car or house or choose a different
school instead, just because it feels right!
Analyzing the date, car, house, or school
doesn’t work.  You can’t or don’t list all the

criteria and their importance.  You don’t want
to admit a gadget in the car or the personality
of the salesperson affects you.  Or, for holistic
thinking, you really aren’t hiding anything
from yourself; you just, in your heart, prefer a
particular car.

Industrial engineers call the process for iden-
tifying, weighting, and ranking criteria
multiattribute utility analysis.  They argue that
in complex evaluations you should decom-
pose the object of your evaluation into more
and more detailed parts.  The assumption is
that “the decomposition will lead to more
accurate solutions than direct or holistic meth-
ods.” (Young Jin Cho, Effects of Decomposi-
tion Level on the Intrarater Reliability of
Multiattribute Alternative Evaluation, Disser-
tation at Virginia Tech, July 1992, p. 2.)  The
problem here is that we have to define what we
mean by accurate.  Cho describes accuracy as
repeatability.  How would you like to
operationalize the idea of accuracy when you
tell your date that holistic thinking is inappro-
priate and you rank him or her a six out of ten?

Consider an example of setting priorities for
distributing limited funds to a wide range of
waste clean up needs.  The top government or
company official for environmental manage-
ment could turn off the lights (like in the
Yoshida example) and come up with the pri-
orities for the agency’s or company’s environ-
mental management funding.  That would be
an holistic approach.  He or she could either
forget the analytic model for priorities or com-
pare the results of the analysis to the holistic
result.  But, the top official’s analytic-thinking
constituents wouldn’t accept the result of his
or her individual holistic thinking.  (The con-

If we try to include the holistic perspective in a model, we must include humans who
can smell out the situation.
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stituents drive different cars, don’t they?)  If
any one constituent turned off the lights, he or
she would come up with priorities somewhat
different from the top official.  So how can all
the constituents collectively come up with
holistic priorities?  Not through an analytic
model and not by tallying up all our individual
results.  The constituents need to come to-
gether and work as a group so they get synergy
through the holistic perspective, and we get
more for our environmental management
money.

The way I know of for how to come up with
priorities as a group is to bring everyone, or
their representative, together who has a stake
in the priority decision and collectively derive
holistic priorities.  That’s the holistic perspec-
tive.  So far, only the human mind can come to
a conclusion with incomplete or missing data.
The human mind can come to a gestalt with
some criteria and importances clearly defined
and others only in their hearts, undefinable.
(I'll describe gestalt in the next module.)  A
group of human minds can consider things no
analytic model can and the group can render a
synergistic answer.  So, we have to figure out
how to effectively bring stakeholders together
to come up with the best answer through holis-
tic thinking.

I believe the holistic model requires human
minds rather than equations, algorithms, or
computers because only the human mind and
heart can bring together and relate all the
issues, characteristics, nuances, meanings, es-
sences, alternatives, and importances needed
for the holistic perspective.  My understanding
is that only humans can deal with soul.  Ani-
mals can’t; and computers certainly can’t.
(However, at a meeting I attended in the Neth-
erlands, researchers from the University of
Miami discussed computer systems with a
survival instinct.  At times like those, I’m glad
I’m as old as I am.)  The group of participating
stakeholders must include everyone (or their

representative) who will gain or lose by one
alternative being selected or ranked over an-
other.  This holistic model allows the emphasis
of perception over reality.  Analytic models
can’t deal with perception.  We must accept
that in endeavors like environmental manage-
ment a perceived barrier can be as effective as
a real one.  Until we include perception, we’ll
not get acceptable answers when solving envi-
ronmental problems.

Consider a note here on how decision makers
use the results of a model, whether it be ana-
lytic or holistic.  The model results aren’t
answers, they’re only suggestions.  However,
information is the difference between a guess
and a decision.  The decision maker will have
to use holistic model results just like they do
analytic model results--as input to their deci-
sion.  The decision maker knows an analytic
model’s results are only as good as the vari-
ables and their relationships in the model, the
boundary conditions, and the data put into the
model.  Likewise, an holistic model’s results
are only as good as the representativeness of
the stakeholders thinking and feeling together,
the data or information they have to work with,
and the process through which they interact.
The decision maker can use the holistic model
as support for their decision just like he or she
would use an analytic model.  The decision
maker can show the results of the model and
describe the makeup of the model and how it
works, describe the strengths and weaknesses
of the model, and state the decision.  The
advantage of the holistic model duplicates the
advantage of holistic thinking—synergy.  Syn-
ergy is what you get when the holistic perspec-
tive is working.  In synergy the whole is greater
than the sum of its parts.

Deming uses the example of an orchestra.
Each musician can play his or her part per-
fectly and the orchestra doesn’t sound right.
After much practice, the orchestra sounds bet-
ter and better until one day the orchestra soars—
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it’s wonderful.  On that day the orchestra
achieved synergy.  You can analyze the music
and technique of each musician and all musi-
cians together and never get synergy.  Some-
thing you can’t analyze, clearly hidden deep in
the hearts and minds of the musicians one day
clicks and you get synergy.  The same thing is
true with a basketball team or the cast of a play
or movie.  If the humans involved click to-
gether you get a championship or an oscar.
Otherwise, you have an okay team or movie,
but no synergy.

If we consider the holistic model to be getting
the right human minds together to solve a
problem, we need a uniform value system
among participants and a vision for the group
to build or implement the model successfully.
For an analytic model, we need correct vari-
ables and relationships and we need accurate
data for input.  The holistic model tends to be

qualitative or human—a meeting of the right
people with mutual respect, good communica-
tions, a good process for participation, and a
shared purpose.  The analytic model tends to
be quantitative—a computer with algorithms.
If we use an analytic model to support decision
making on the significant problems we face, 1)
it can’t incorporate a vision, 2) we’ll spend
more time than we have debating acceptability
in criteria and importance, and 3) probably
we’ll never get data everyone agrees on to put
in the algorithm.

The answer is to optimally blend holistic and
analytic thinking and to trade off individual-
ism and technology against unified values and
management.  Holistic thinking is in itself
oriented toward this blend.  The significant
problems of today deserve a profound under-
standing of the harmonious blend of science
and management.
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BACKGROUND/INTRODUCTION/FUNDAMENTAL CONCEPTS III

1.1.27.5. THE HOLISTIC  PERSPECTIVE INCLUDES GESTALT .

You use gestalt when you fill in the blank spaces and read between the lines to apply
the holistic perspective.

Webster defines gestalt as “a structure, con-
figuration, or pattern of physical, biological,
or psychological phenomena so integrated as
to constitute a functional unit with properties
not derivable from its parts in summation.”
(Webster’s Ninth New Collegiate Dictionary)

The idea of gestalt has been studied by psy-
chologists as gestalt psychology and gestalt
therapy and has been applied to organizations.
Gestalt involves interactions among the parts
of the whole that we don’t understand.  But, the
key to gestalt is the interactions.  The interac-
tions are what makes the whole work, and
most of all work synergistically.  Likewise the
holistic perspective must key on interactions,
interactions among the minds, feelings, and
perceptions of the stakeholders of the activity
being managed.  In the gestalt idea, you’re
dealing with characteristics and variables you
can’t put into words.  You have to experience
the system you’re managing.  That’s why
those who have experienced the system, in the
whole, have the gestalt to help us apply the
holistic perspective to the system.

Not only should we borrow from psychology
concepts that help us learn about the holistic
approach, we can probably borrow from other
disciplines.  Gestalt psychology has been
around for years and getting information about
gestalt psychology is relatively easy.  Con-
sider a more modern issue affected by gestalt.
Consider the holistic perspective around the
death bed.  When sustaining body function for
the terminally ill, hospitals today bring to-
gether the physician (technical approach), the
lawyer (institutional approach), and the clergy
(spiritual, or cultural, approach) to help the
family make the holistic decision leading to
removing the patient from life support sys-

tems.  This subject is new, and getting infor-
mation is difficult.

I’m going to ask you to do something in this
paragraph.  If you look ahead to the next
paragraph for the answer, you’ll destroy the
fun.  Look at Figure 1.1.27.5.1.  What do you
see?

If you said you saw a circle, you formed
closure.  What you really saw is a ring of ten
dots.  The principle of closure is a gestalt
principle.  If you sense something in incom-
plete form you’ll give it closure (jump to
conclusions, resolve the problem).  In seeing a
circle you’ve formed closure based on incom-
plete information.  This is a strength of the
human mind necessary for holistic thinking
that if misunderstood can cause us to jump to
the wrong conclusions (smell out the wrong
date, car, house, or school).  What I had in
mind when I put the dots in the figure were
opposing five-pointed stars.  Now, does your
mind form closure on the stars?  Of course,
what I had in mind was a more complex idea
than a simple circle.

The Holistic Approach Requires Vision or
Fundamental Philosophy
Part of the holistic perspective is establishing
an overarching fundamental philosophy or aim
of the system.  Once we have a long-term
philosophy we set a constancy of purpose so
everything can follow the philosophy, includ-
ing goals, objectives, priorities, and task speci-
fications.  In analytic thinking, we can’t func-
tion without clear-cut objectives and detailed
task specifications.  The holistic perspective
then asks us to first agree among all stakehold-
ers on an overarching philosophy for the sys-
tem—a philosophy for both the goals and the
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process of our management activities.  A dif-
ficult requirement for using the holistic per-
spective is the need for ultimate understanding
and for dealing with the logic of the informed.
The significant value of this perspective is that
holistic thinking focuses us on what is desir-
able, whereas analytic thinking puts accept-
ability first.  Figure 1.1.27.5.2. illustrates the
difference between the acceptability and the
desirability concepts. (Yoshida, Kosaku,
Deming Management Philosophy: Does It
Work in the US as Well as in Japan?, Colum-
bia Journal of World Business, Fall, 1989, p.
12.)  In analytic thinking, anything inside a
given boundary is acceptable.  In holistic think-
ing the most desirable is the center of the area
of interest.  As we get farther from the center,
the result is less desirable.

When common ground is limited, we reach for
acceptability, not desirability.  In a manage-
ment system, when stakeholders have differ-
ent value systems (cultures) we tend toward
analytic thinking.  Therefore, trying to get
holistic thinking from people of different value

systems is difficult.  Analytic thinking sup-
ports science, individualism, and discovery.
Science and discovery certainly are important
for corporate goals.  Holistic thinking supports
management, consensus, and optimization.
Management, consensus, and optimization are
also important for corporate goals.  For deal-
ing with significant problems today, clearly
we want to blend both holistic and analytic
thinking in a situation where before our differ-
ences force us toward analytic thinking.

We don’t have to define desirability precisely.
A rough estimate will do.  So defining the
area’s center is easier than precisely defining
the area’s boundary.  When judging whether
an activity is acceptable or unacceptable we
define the boundary exactly and argue over the
definition and whether the activity in question
meets the definition.  So a rough definition of
desirability is not only easier, it’s better.  Fur-
thermore, when we define exact boundaries,
people will focus on the boundary and meet
lower requirements.

WHAT IS THIS?

Figure 1.1.27.5.1.  What do you see in this figure?
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Figure 1.1.27.5.2.  When common ground is limited, society reaches for acceptability, not
desirability. (taken from Yoshida)

WHEN COMMON GROUND IS LIMITED, WESTERN
CULTURE REACHES FOR ACCEPTABILITY,

NOT DESIRABILITY.

Most desirable

Not so desirable

Not desirable

DESIRABILITY ACCEPTABILITY

Unacceptable

Acceptable
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BACKGROUND/INTRODUCTION/FUNDAMENTAL CONCEPTS III

1.1.27.6. THE IMPORTANCE OF READING BETWEEN THE LINES—JAPANESE

ART
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BACKGROUND/INTRODUCTION/FUNDAMENTAL CONCEPTS III

1.1.27.7. DEFINE GENERALIST  PERSPECTIVE

How is a frog like a snowflake?  How is poetry
like mathematics?  From the generalist per-
spective, the similarities are extreme.  For
example, I know that capacitors in electric
circuits, radioactive decay, heat transfer, the
propagation of muskrats, and the world popu-
lation problem are really the same issue—at
the heart of the matter.  All of these things
display exponential growth and decay.  Once
I understand the exponential character of one
of these things, I understand the exponential
character in all of them—only if I can make the
leap from capacitors to muskrats.  Isn’t it
interesting that Pareto developed a curve for
income distribution that industrial engineers
think is specifically suited for inventory analy-
sis and Juran finds applicable to customers.
The Pareto curve has become known as the 80-
20 Law and means that 20% of your customers
give you 80% of your business.  Some years
ago, I found that 20% of the engineering pro-
fessors at Virginia Tech were responsible for
80% of the research funding in the College.

The generalist perspective makes the systems
approach a learning approach.  We can learn
about management by applying what we know
about the laws of nature and engineering analy-
sis to management activities.  Two such laws
are the First Law and Second Law of Thermo-
dynamics.  The First law says we don’t manu-
facture energy in our organization, we convert
energy from one form to another.  Max DePree
says of the Second Law, “I am using the word
‘entropy’ in a loose way, because technically
it has to do with the second law of thermody-
namics.  From a corporate management point
of view, I choose to define it as meaning that
everything has a tendency to deteriorate.  One
of the important things leaders need to learn is
to recognize the signals of impending deterio-
ration.”  (Max DePree, Leadership is an Art,
Dell Publishing, 1989, pp. 110-111.).  The
only way to decrease entropy (chaos) is by

putting energy into the system.  The manager
can decrease entropy in an organization by
inputting energy.

Two examples of engineering analysis are the
control loop for the dynamics of an organiza-
tion and stress-strain diagrams for understand-
ing strength of culture.

Because engineers are application oriented,
they must think like a generalist.  You want to
bring the lessons learned from one application
to another application.  You don’t want to start
from absolute scratch for every problem you
try to solve.  Applying lessons learned from
building one bridge to building another bridge
is one level of the generalist perspective.
Applying lessons learned in electrical circuit
analysis to heat transfer is another level.  Ap-
plying lessons learned in art and physics to
management is yet another level.  When you’re
dealing with this level, you’re ready to see a
frog in every snowflake.

Because engineers must deal with technology,
they must think like specialists.  I believe
engineers experience specialist thinking dur-
ing most of their education.  Generally speak-
ing, each course and professor offers to the
student a set of tools representing one spe-
cialty that is advertised to be applicable to
anything.  Many people have their favorite
tool and spend their lives searching for some-
thing to apply that tool to.  The specialist
perspective is just as important to the engineer
and the manager as is the generalist perspec-
tive.  I emphasize the generalist perspective
because of my perceived vacuum in the back-
ground of engineering students.

A specialist has a tool in search of an applica-
tion.  A generalist has an application in search
of a tool.  The engineer must be both.  Balance
is the answer to everything.

Mother nature is consistent.
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A generalist builds bridges between disci-
plines and different ways of thinking.  A gen-
eralist is good at metaphors and functional
relationships.

To understand the generalist perspective, we
can consider the act of generalizing.  How do
we generalize from a frog to a snow flake?
“We say a finding has generality, or it can be
generalized, if the finding holds in situations
other than the one in which it was observed.
By definition, then, generalizing always means
extrapolating to conditions not identical to
those at the time original observations were
made...” (Alphonse Chapanis, Some Gener-
alizations about Generalizations, Human Fac-
tors, 1988, 30(3), 253.)

From the article by Chapanis, I conclude that
the key to generalizing one situation to another
are the areas of similarity between situations
or phenomena.  We can generalize from a frog
to a snow flake only in the way a frog is similar
to a snow flake.  Neither is made by humans.
Both are affected by gravity.  For widely
differing situations, similarity is usually con-
fined to qualitative measures rather than quan-
titative ones.  The similarity, or dissimilarity,
can be in origins, processes, characteristics,
results, observer, purposes, and many more
concepts.  We can generalize within the con-
cept where we find similarity.  In short, a
generalist focuses on similarities, not differ-
ences.  Therefore, to a generalist, a frog is more
similar to a snow flake than it is different from
a snow flake.

I can remember times when I learned the most
important lessons from the darndest places.  In
graduate school, I needed something different
in my life, so I took a course on how to
upholster furniture.  Thirty years later I don’t
remember too much about the details of uphol-
stery.  But I do remember a lesson I learned.
When you work on something, most of your
effort makes the thing look worse.  In uphol-
stery, you strip the paint or stain, you tear off
the covering, and you watch the springs fly in
all directions.  You take off the loose arm and
nail back the missing part.  Then the last little
effort makes the thing beautiful.  The lesson is

that you have to persist through seemingly
fruitless effort, or even seemingly destructive
effort for a long time before you get to feel the
joy of the effort coming together in a beautiful
result.  I’m sure farmers learn this lesson a
thousand times over, but not in an upholstery
course.  I find that this lesson of upholstery
applies to everything I do.  I can generalize the
lesson because the lesson is fundamental.  The
lesson applies both to engineering and man-
agement.  The generalization often occurs as
an ah-ha in discovering connections, as I de-
scribed in Module 1.1.23.8.

Summing up the three perspectives
I’ve taken the traditional analytical approach
to explain the systems approach, which is
much more than the analytic approach.  There-
fore, I’ve kind of contradicted myself.  The
systems approach is holistic and I’ve divided
and analyzed the systems approach.  My only
hope is that for people who aren’t raised from
childhood understanding the systems approach
holistically, they can gain an awareness of
what’s involved in the systems approach.  Also
the three types of thinking provide skills for
continuous performance improvement.

According to Webster, a perspective includes
the capacity to view things in their true rela-
tions or relative importance.  I believe this kind
of perspective includes all perspectives.  At
the moment, I’ve identified three perspectives
for the systems approach.  When someone sees
things from all perspectives, we say that per-
son has their stuff together.  Each thing they do
or believe works toward their aim.  (The sys-
tem perspective includes an aim.)  They have
meaning in their life.  (The holistic perspective
includes soul.)  They learn from each part of
their life to improve other parts of their life.
(The generalist perspective includes learning.)
With the three perspectives taken together,
they always learn from everything they do and
everything they do plays an important role in
their total life to reach their aim and to have
meaning in their life.  An individual is a one-
person organization.  An organization with
more than one person can have its stuff to-
gether too.
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BACKGROUND/INTRODUCTION/FUNDAMENTAL CONCEPTS III

1.1.27.8. WHAT ’S THE DIFFERENCE BETWEEN A SPECIALIST  AND A
GENERALIST ?

To a generalist, there’s not one right way to do
a thing.  There are any number of good ways to
solve a problem.  Sometimes we spend so
much time and effort trying to find the absolute
best way to solve a problem we don’t end up
with enough time and effort to use any one of
the good-but-not-best ways to get that prob-
lem behind us and move on to the next prob-
lem.  Depending on the application, you can
find a solution that will fit the situation.  You
can’t always optimize.  Make one of the good
ways work.  Waiting to discover the optimum
isn’t always worth the time and effort to find
the optimum.  Simon says we often should
satisfy rather than optimize.

A generalist looks between disciplines or
crosses disciplines.  I’ve always believed that
plowing between the furrows is more lucrative
than plowing the furrows deeper.  The reason
is that nobody’s been between the furrows in a
while, if ever.  There’s no telling what you’ll
find.  But you better be prepared for anything
and flexible enough to deal with it.  My anal-
ogy is that a generalist plows between existing
rows looking for fertile ground.  The specialist
plows existing rows deeper.  Of course, you
need both to get the most out of the land.

Jane Fraser describes the importance of gener-
alists in solving today’s significant problems.
“What specialist can solve society’s energy
problem, the inflation problem, or the prob-
lems of the cities? ...These problems are si-
multaneously technical, economic, political,
sociological, and ethical.  Perhaps a team of
specialists could do better than any individual
specialist, but even a team lacks the perspec-
tive necessary to integrate specialized knowl-

edge.  We need generalists: people who can
combine knowledge from many specialties
into a comprehensive attack on a problem.” (In
Respect of Generalists, Research Memoran-
dum 84-14, School of Industrial Engineering,
Purdue University, 1988, p. 1.)  The Three
Mile Island and Challenger problems were
only partly technical.  To deal with those
problems, we needed technical knowledge in-
tegrated with much more.  We needed the
generalist’s perspective.

Jane Fraser expands the difference between
specialist and generalist into a description of
the generalist perspective.  “But a specialist
doesn’t know just facts about his field, he has
a point of view, a way of perceiving problems,
methods for solving them, and an overall per-
spective. ...A generalist then is someone who
can use concepts from more than one field. ...A
generalist doesn’t simply sum fields, he com-
bines them.  He is able to stand outside of,
comment on, and combine his fields of exper-
tise because he has a broader perspective that
integrates the fields. ...A different type of
generalist is someone who challenges the ex-
isting framework of knowledge by combining
fields that haven’t been combined before.  If
this kind of generalist is successful he be-
comes the first specialist in a new field.  A
generalist who combines economics and soci-
ology creates the field of economic sociology
or sociological economics.  Indeed, the goal of
such a generalist is to challenge the existing
structure of knowledge, the traditions bound-
aries of specialties. ...The broadest type of
generalist is someone who ignores the existing
structure of knowledge.  Sometimes there
emerge people who combine such a large

A generalist plows between furrows, while a specialist plows a furrow deeper.
You need both to get the most out of the land.
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number of fields that they seem to be “super-
generalists”; da Vinci is the obvious example.
...All these types of generalists have in com-
mon the trait of combining fields in a perspec-
tive that transcends any one of the fields.  It is
this trait of using a larger perspective that
identifies the generalist in comparison with
the specialist. ...The generalist provides some-
thing a specialist or a nonspecialist cannot
provide, the integrating perspective. ...The
generalist thus is valuable not just because he
contributes new answers, but also because he
asks new questions.” (pp. 1-3.)

I believe the management systems engineer
asks new questions and approaches the time-
honored fundamental management questions
with different insights in non-typical ways.
The management systems engineer asks ques-
tions like, “What does the comparator in the
control loop tell us about how to resolve bias in
the information we get and bias in the way we
use the information to make decisions?”  The
management systems engineer approaches the
question of how to motivate people with the
insight of how the principles of stress and
strain affect strength of culture.

If we need more generalist thinking in man-
agement systems engineers, how do we put
that thinking there?  Jane Fraser answers by
quoting J.M. Ziman’s book, Public Knowl-
edge, Cambridge University Press, 1986, p.62.)
“It is much easier to join a specialty, and
satisfy its cosy internal criteria (however tough
these may be, in a strict professional sense)
than to create interests embracing a number of
these little villages of the mind... It requires a
deliberate and intellectual effort to make an
appraisal of a large science and to direct one’s
attentions towards serious problems that are
not being studied by other people. ...Once
generalist students are gathered, how and what
should they be taught?  Since a generalist
knows many fields, a generalist education
must be wide ranging.  He must learn the

concepts and perspectives of many fields.  But
being a generalist also requires integrating
those fields.” (p. 5.)  The management systems
engineering discipline strives to broaden the
education of the student and to integrate both
quantitative thinking and qualitative thinking
to solve complex (or wicked) problems.

Finally, Jane Fraser answers the question of
this module: How do generalists and special-
ists differ?  “Generalists and specialists differ
in their aesthetics of knowledge.  A specialist
sees the world as naturally organized into
domains, but a generalist sees a whole with
domains imposed by humans.  They have
different intellectual goals.  A generalist gets
pleasure from statements like ‘this idea is
similar to that one’ while a specialist gets
pleasure from working out the details of one
idea.  It may be that a certain personality trait,
that of simply liking to make connections, is
necessary for being a generalist.  Or it may be
that generalists are the people who worry about
missing out on something exciting if they
narrow their interests.

Because of this difference, generalists and
specialists will tend to differ in the methods
they use to create knowledge and in the types
of knowledge they value. Understanding any-
thing requires taking it apart, analyzing the
working of each part separately, reassembling
the parts into a whole, and finally understand-
ing how the parts work together.  Analyzers
emphasize the taking apart and the detailed
examination of each part; better understand-
ing is gained by finer and finer decomposition
until the smallest essential unit is reached.
Synthesizers emphasize the connection of parts
and ideas.   Both analysis and synthesis are
necessary for understanding and both general-
ists and specialists do both, but generalists
tend to emphasize synthesis and specialists
analysis.

Generalists and specialists also tend to empha-
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size different types of knowledge.  Knowledge
is the organization of ideas and theories that
enables us to understand the world.  Special-
ists emphasize the discovery of new facts and
the creation of new ideas as the way to increase
knowledge while generalists emphasize the
creation of new links among existing ideas and
the organization of existing facts and theo-
ries.” (pp. 11-12.)

One of my objectives in this book is to illus-

trate how a generalist thinks.  Not everyone
has to think like a generalist.  My point, and I
believe Jane Fraser’s point, is that the general-
ist will be an important player in solving the
significant problems we face today.  You will
either think like a generalist or work with
people who think like generalists.  You need to
understand where the generalist is coming
from.
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BACKGROUND/INTRODUCTION/FUNDAMENTAL CONCEPTS III

1.1.27.9. PARETO’S CURVE IS A UNIVERSAL  TOOL

As generalists, we should be able to transfer the learning from Pareto’s curve to
almost anything, never forgetting the origin of the tool.

Pareto’s curve is a valuable tool in total quality
management.  Both the Deming and Juran
teachings include the lesson from Vilfredo
Pareto.  Juran talks about customers and know-
ing the customer as the first step in planning
for quality.  “One of the most critical classifi-
cations is that of importance of the customer.
To respond to differences in importance we
make use of the Pareto principle.  Under that
principle we classify customers into two basic
categories:

1.  A relative few (‘vital few’), each of whom
is of great importance to us.

2.  A relatively large number of customers,
each of whom is only of modest importance to
us (the ‘useful many’).” (Juran, J. M., Juran on
Planning for Quality, The Free Press, 1988, p.
26.)

Deming followers look to Pareto too.  “[Pareto
charts] are among the most commonly used
graphic techniques.  People will speak of ‘do-
ing a pareto’ or say, ‘Let’s pareto it.’  This
chart is used to determine priorities.  The
pareto is sometimes described as a way to sort
out the ‘vital few’ from the ‘trivial many.’  .....
In this fashion, pareto charts can be used to
narrow down problems.” (Walton, Mary, The
Deming Management Method, Putnam Pub-
lishing Group, New York, 1986, pp. 105-106.)

Pareto didn’t develop his curve for either total
quality management or for inventory analysis.
Vincent Tarascio describes what Pareto did.
“Pareto found that the distribution of income
for various countries tended to take the form of
a particular curve when plotted as a cumula-
tive frequency function.  His income distribu-

tion curve, also known as ‘Pareto’s Law,’ can
be cast in the following statement:  If we call
N the number of income receivers having the
income X or greater, A and (alpha) being
parameters, then the distribution of income is
given by the formula:

logN = logA - (alpha)log X.

The issue of whether this income distribution
curve is a ‘law’ or not centers on the constancy
of (alpha).  Pareto found (alpha) to be rela-
tively constant using statistical data available
to him from such diverse countries as England,
Ireland, Germany, Italy, and even Peru.  Sub-
sequent empirical studies by others involving
different countries indicated (alpha) to have
only slight average variations of value, and
these were within statistical error.  Today, this
formulation applies to certain parts of the
cumulative frequency function.” (Vincent J.
Tarascio, Pareto’s Methodological Approach
to Economics: A Study in the History of Some
Scientific Aspects of Economic Thought, The
University of North Carolina Press, Chapel
Hill, 1968, p. 115.)

Figure 1.1.27.9. shows the graph Pareto had in
mind.  Plot the logarithms of income limits on
the y axis.  The x axis is the logarithms of
income receivers.  Alpha is the tangent of the
angle OAB made by the line with the log x
axis.  One question is whether the tangent of
the angle is the same for all applications of the
“law.”  For example, does the 80-20 rule apply
to everything?  Or, is it the 75-25 rule?

Industrial engineers can’t talk about Pareto
without mentioning inventory analysis.  In
fact, Pareto never dealt with inventory analy-
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sis.  But James Riggs uses Pareto in discussing
inventories.  “It is obviously uneconomical to
devote the same amount of time and attention
to inconsequential items and to vital supplies.
This widely applicable concept has become
famous as ‘the Pareto principle,’ named after
the Italian economist Vilfredo Pareto.  In simple
terms, it says that a few activities in a group of
activities, or a few items in a group of items
made, purchased, sold, or stored, account for
the larger part of the resources used or gained.
Its application to inventory policy recognizes
that a small number of production supplies
accounts for the bulk of the total value used.

The division of inventory into three classes
according to dollar usage is known as ABC
analysis.  The usage rating for each item is the
product of its annual usage and its unit pur-
chase or production cost.

The Pareto principle translated into general
management functions concentrates on a few
important tasks that should receive the most
skillful treatment because those functions pro-
duce the most good in the organization.” (Riggs,
James L., Production Systems: Planning,
Analysis, and Control, John Wiley & Sons,
New York, 1987, p. 479.)

Consider the last sentence of Riggs’ com-
ments in light of the idea of bottlenecks.  I’ll
discuss bottlenecks as a crucial management
concern later.  We deal with bottlenecks in
critical path analysis for project management
and in just-in-time for manufacturing.

We can consider Pareto analysis as a method
for control in inventory management.  “In the
problem definition phase of inventory man-
agement, a technique is needed that will iso-
late those items requiring extremely precise
control as opposed to those items that can be
controlled with less precision.

In defining the inventory management prob-
lem, the recommended starting point is the
application of Pareto’s Principle of
Maldistribution, which has been expressed as
follows: ‘Very often a small number of impor-
tant items dominate the results while at the
other end of the line are a large number of
items whose volume is so small that they have
little effect on the results.’ ..... Many managers
believe that an ABC analysis is the most re-
warding study technique they have ever used.
It can be applied, not only to inventory, but
also to value engineering, sales planning, qual-
ity control, and cost estimating among other
operations. (Killeen, Louis M., Techniques of
Inventory Management, American Manage-
ment Association, 1969, pp. 19-20.)

“It is rather apparent that extremely precise
control of the A items will certainly yield great
leverage on the inventory investment required
to run the business.  Conversely, precision
control of the C items probably will not be
worth the expense.” (p. 26.)  (Don’t confuse
the ABC analysis for inventory policy with the
ABC Model in Section 1.3. for understanding
how you spend your time.)
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Figure 1.1.27.9.  Pareto’s Law is really a straight line on log-log graph paper.  We transfer what
Pareto learned in income distribution to just about everything.
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1.1.27.10. BALANCE  ART AND SCIENCE
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BACKGROUND/INTRODUCTION/ILLUSTRATIVE/CONCEPTUAL MODEL

1.1.29.1. DESCRIPTION

organizational model(s) that’s best for show-
ing the relationship between the interventions
you want to make and the performance criteria
you’re trying to affect.  In previous modules,
I’ve discussed a number of candidates for the
organizational model.  I haven’t provided you
with a complete set of organizational models.
There are more.  The problem with Figure
1.1.29.1. is that I can’t stuff everything into the
figure that rightfully fits into the picture.

Not only can we have more or different models
in the organization box in the center of Figure
1.1.29.1., we can have a number of models in
the performance box to the right.  In previous
modules, I’ve discussed a number of candi-
dates for sets of performance criteria.  I haven’t
shown you all there are.  Figure 1.1.29.1.
shows three of the candidates for performance
criteria in the right-hand box.  In building or
using management tools as an intervention,
you may want more than one model in the
performance box.

In the left-hand box of Figure 1.1.29.1., you
can see theory, tools and their guides, skills,
and technique.  The theory behind the tools
and their use dictates what the intervention is
and what it does.  I’ve listed a couple of tools.
The Gantt chart is a technical sort of tool, while
the meeting is a human sort of tool.  Also, I’ve
listed a few skills.  Two are skills in thinking
I’ve discussed earlier.  Communication is a
multiple skill for behavior that includes read-
ing, writing, listening, and speaking.   I’ll
discuss communication later.  Technique is
defined by Webster as “the manner in which
technical details are treated (as by a writer) or
basic physical movements are used (as by a
dancer); also: ability to treat such details or use

I can argue that the model for the management
process framework shown in Figure 1.1.29.1.
isn’t a conceptual model.  The concept of the
management process isn’t fully cooked yet.
We don’t understand the management process
like we know the process for the internal
combustion engine or the process for convert-
ing mechanical energy into thermal energy.
For those processes, we have conceptual mod-
els and we can write equations to represent all
or parts of the conceptual models.

We’ll understand the management process
framework and have a conceptual model when
we demonstrate that the model consistently
and repeatedly can meet the purposes con-
tained in the framework I’ll discuss in the next
module.  Strictly speaking, in the meantime we
have an illustrative model.

The model in Figure 1.1.29.1. does gather
together the ideas for the management process
framework I’ve described in earlier modules
together and puts them into context with one
another.  This model is the closest thing we
have to a conceptual model.

Figure 1.1.29.1. brings together the various
models we’ve discussed for the organization
and its performance and places them with the
interventions to improve the organization and
its performance together within the general
framework of Figure 1.1.11.4.  As an interven-
tion-organization-performance path, the model
has been called holistic construal.  Figure
1.1.29.1. shows the combination of manage-
ment system analysis and management system
synthesis as the organizational model.  Any of
the alternate organizational models can fit in
the center box in the figure.  You use the

The model for the management process framework is illustrative in that the model
shows the ideas of the book and is conceptual in that the model embodies the
concept of the management process.
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more effects of the Gantt chart on other func-
tions in the organization model or, either di-
rectly or indirectly, on the performance crite-
ria in the performance box.  I didn’t show these
additional effects because I didn’t want more
lines on the diagram.

To begin to link the path of the analytic think-
ing skill through the figure, I’ve shown a
dotted arrow linking the skill to the exercising
personal effectiveness function of the using
management tools set of functions.  By affect-
ing personal effectiveness, analytic thinking
will affect the reviews (or meetings) we con-
duct to verify performance.  I haven’t carried
the effects of analytic thinking throughout the
model because I didn’t want more lines on the
diagram.

In the grand strategy system research con-
ducted by the Virginia Productivity Center
and the Management Systems Laboratories,
we put Sink’s seven (or eight) fronts in the
organization model box and the project man-
agement pyramid and Sink’s performance fac-
tors in the right hand box.  By using these
models we focus on the project characteristics
of that study.  Interventions include things like
affinity group meetings, personnel process
flow charts, and framed credo statements.

In the managing through cooperation research
conducted by the Management Systems Labo-
ratories, we put the management process func-
tions (as shown in the figure) in the organiza-
tion model box and the ABC Model in the
right-hand box.  We use these models to focus
on the process characteristics within a head-
quarters group and between field sites and the
headquarters group in a government agency.
Interventions include things like materials man-
agement information systems.

To improve a manufacturing situation at the
shop floor level, I would put the management
process functions in the organization box and
Goldratt’s criteria in the right-hand box.

such movements (good piano technique).”
(Webster’s Ninth New Collegiate Dictionary)
Technique then involves both tools with their
guides and skills and is something you develop
through understanding and practice.

Figure 1.1.29.1. shows an example set of paths
through the model.  We can build and then use
the Gantt chart tool.  In building the tool we
need all building management tool functions,
but I’ve identified two key ones.  First, we
must know what information we need from the
Gantt chart to support time-based decisions on
project tasks.  Second, we must know what
data to collect and use in the Gantt chart to
provide the best information for those deci-
sions.  I show the use of the Gantt chart in all
three groups of using management tool func-
tions described in Module 1.1.21.4.  First, we
use the Gantt chart in planning to set expecta-
tions about when we intend to perform tasks.
We show the planned task duration as an open
bar on a Gantt chart.  Second, we use the Gantt
chart in executing to gather status and progress
data and show those data as a filled-in bar on
the Gantt chart.  Third, we use the Gantt chart
in comparing status and progress against plan
in verifying our performance.

I’ve shown the effects of the Gantt chart on the
two building management tool functions and
the three using management tool functions as
dotted vectors in Figure 1.1.29.1.  Also, I’ve
shown as another dotted arrow the idea that
developing data for building the Gantt chart
affects how we convert data to information in
using the chart.

When we verify performance using the Gantt
chart, we’re guided by and wish to affect the
amount of time we spend on A, B, and C
activities shown in the performance box.  We
also want to evaluate how the information on
performance in the Gantt chart affects the
schedule apex of the project management pyra-
mid.  I’ve shown these effects in Figure
1.1.29.1. as dotted arrows.  I could show many
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Figure 1.1.29.1.  The framework for the management process helps us determine the linkages
between the interventions we make and parts of the organizational models and between these
models and the changes in performance resulting from the interventions.
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BACKGROUND/INTRODUCTION/ILLUSTRATIVE/CONCEPTUAL MODEL

1.1.29.2. PURPOSES OF MODELS

To most effectively choose models for improving the organization and its perfor-
mance, you must know what purpose you want the models to serve.

I’ll describe five potential purposes for a model,
each progressing to a higher level of contribu-
tion.  Be careful not to combine too many
purposes into a single model.  Doing so com-
plicates, and often reduces the effectiveness
of, the model, especially for models you intend
to serve higher levels of contribution.  The
management process framework model in the
previous module has the problem of being
very complex, or at least very cumbersome.
That’s why I’ve shown the submodels in the
management process framework indepen-
dently.  I want to get the most power out of
each model.

The first-level, and lowest-level, model is a
descriptive model.  The descriptive model
describes what the system looks like.  The
Management System Model is such a model.
When I use the illustrative model in Module
1.1.29.1. to show the context for modules in
this book relative to the management process,
the illustrative model acts as a descriptive
model.

The purpose of a descriptive model is to de-
scribe something as clearly and completely as
possible.  A descriptive model usually identi-
fies components and linkages in a system.  In
that we can’t always be complete in complex
descriptions, we often choose to highlight cer-
tain parameters in our description.  As with all
models, each of us needs to know the con-
straints or bias of the designer of the model
before we know the applicability of the model.
A descriptive model focuses on what the com-
ponents and linkages are.

The second-level model is an explanatory
model.  The explanatory model describes how

the parts of a system work together to get the
output shown.  When I use the illustrative
model to show how the Gantt chart affects the
management process functions which in turn
affect performance criteria, the illustrative
model acts as an explanatory model.

The purpose of an explanatory model is to
show relationships in a system.  Beyond show-
ing that one component is linked, or con-
nected, to another, the explanatory model shows
how the component is linked but not the effect
of that linkage or the input or output of the
entire system being modeled.  An explanatory
model focuses on how the components and
linkages work together in a narrative rather
than an analytic way.

The third-level model is a prescriptive model.
The prescriptive model shows you what to do
to a system to get a given result.  When you
know what you want or must get, the prescrip-
tive model prescribes what you must do to get
it.  When I use the illustrative model to indicate
what tools or skills to use in certain functions
to get a desired change in improvement in
performance of the organization, the illustra-
tive model acts as a prescriptive model.

The purpose of a prescriptive model is to
prescribe certain cause to get a given effect.  A
prescriptive model focuses on inputs rather
than outputs.  The output is considered as fixed
and the inputs are variable.  Alternatively, we
can consider how the components and link-
ages of a system can be adjusted to get the
effects we want from certain causes.

The fourth-level, and very powerful model is
a predictive model.  The predictive model tells
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you what will happen if you do something to a
system.  The control loop is a predictive model.
Of course, the control loop, which is more
complex than the Management System Model,
can be used as a descriptive model too.  When
I use the illustrative model to show what
changes in performance will result from using
a tool or skill in a certain way, the illustrative
model acts as a predictive model.

The purpose of a predictive model is the in-
verse of that for a prescriptive model.  The
predictive model focuses on outputs rather
than inputs.  We’re most used to predictive
models.  The predictive model predicts the
outcome for fixed causes.

The fifth-level model is a normative model.
The normative model tells you what the sys-
tem should look like in the future.  When I
apply the illustrative model to a certain case,
like the grand strategy system or the manage-

ment through cooperation study described in
the previous module, the illustrative model
acts as a normative model.

The purpose of a normative model is more like
a prescriptive than a predictive model.  The
prescriptive model focuses on achieving an
output or  result—something tangible or quan-
titative at the end of a process or the back of a
system.  The normative model focuses on
achieving an outcome or future goal—some-
thing general or qualitative beyond the end of
a process or the back of a system.

The disadvantage of the illustrative model is
that the model is complex and takes many
different forms and shows different faces.  The
advantage of the illustrative model is that I can
use the model for so many different purposes.
The purpose I serve depends on how I use the
model.
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BACKGROUND/INTRODUCTION/ILLUSTRATIVE/CONCEPTUAL MODEL

1.1.29.3. THE ILLUSTRATIVE  MODEL IN CONTEXT

The illustrative model is the structural part of the management process and, for
anyone using the model,  portends a continuous learning curve  for the rest of their
lives.

The control loop and the illustrative model for
the framework of the management process
show you the value of a descriptive model like
the Management System Model (MSM).  The
simple MSM laid the groundwork for the more
complex, more flexible, more powerful mod-
els.  Now we have prescriptive and predictive
models.  Without the MSM, I at least would
not have developed the other models.

I can use the illustrative model to follow the
linkages of a tool, like the Gantt chart, through
the intervention to organization to performance
construal.  The Gantt chart affects many func-
tions in the organization, some of which I
highlighted in Module 1.1.29.1.  Knowing the
effects of the Gantt chart on the organization,
I can relate the needed skills to the building
and use of that tool.  Later, I can build an
instrument to evaluate the organization to de-
termine the relative need and the best use for
that particular tool.  I’ll need the illustrative
model and a series of frameworks I’ll describe
soon to diagnose the need in the organization
and select the right tool to meet the need.

The illustrative model illlustrates the frame-
work for the management process.  To do the
management process, you need more.  You
must live and breathe the systems approach.
You must understand the fundamentals of
management and of the laws of nature.  You
must fully understand the domain of responsi-
bility representing the application.  You must

understand the rules governing the functions.
(I’ll describe the rules when I discuss using
management tools.)  You must know about a
large number of possible tools and the associ-
ated skills so you can match tools with the
need.

The illustrative model is probably the easiest
part of the management process to understand.
The systems approach is probably the hardest
part to understand.  The hardest part to do is
scoping the domain of responsibility.  If the
domain is yours, scoping the domain is much
easier than if the domain is someone else’s.

Using the illustrative model and the manage-
ment process it represents is a continuous
learning process.  The feedback loop applies
not only to making better interventions based
on changes in organizational performance, the
loop applies to the increased knowledge of the
user of the model.  As you use the model in one
application or for a series of applications,
you’ll develop an insight for what is most
effective.  As others develop better organiza-
tional models and better sets of performance
criteria, you can improve the illustrative model.
You must not only learn from your experience,
but you must learn from the experience of
others.  To do management systems engineer-
ing well, you must continue learning about
management and engineering for the rest of
your life.
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BACKGROUND/INTRODUCTION/ILLUSTRATIVE/CONCEPTUAL MODEL

1.1.29.4. EXAMPLE  USE OF THE ILLUSTRATIVE  MODEL

To show how to use the illustrative model, I’ll
choose two different interventions to make in
an organization.  The more you know about the
organization, the better off you are in choosing
which models to use in the center and right-
hand boxes in the illustrative model and in
interpreting the results.  Since I don’t want to
spend a lot of space describing an hypothetical
organization, I’ll work with my two examples
for interventions as they might be applied to
any organization.  I won’t describe the organi-
zation in detail and a summary won’t help
much.

I choose to look at the effects of 1) changing
the organization’s management information
system and 2) rethinking the organization’s
mission/vision/principles statements.  These
two interventions are quite different.  Chang-
ing the management information system is
more physical in the extensive review, modi-
fication or building, and implementation of
software and hardware as well as the change in
procedures for using a different management
information system.  Changing the mission/
vision/principles is more conceptual in the
dealing with what the organization is, wants to
be, believes in, and stands for.

I’ll start with the management information
system.  The organizational model needs to
emphasize the workings of the organization in
terms of data and information.  The perfor-
mance model needs to reflect the reaction of
the organization due to a change in the infor-
mation available, either in terms of timeliness,
accuracy, or relevance.  Just having more
information is counter-productive.  We want
all the relevant information, not just more

information.  When reviewing the organiza-
tional models in the earlier modules, I believe
the nine functions of the management system
synthesis cycle will emphasize the use of the
management tool, which frequently and rou-
tinely converts data to information.  I assume
we have chosen the management system we
want to change to.  If we haven’t, I’ll need to
include the five functions of the management
system analysis cycle.  When I do that, I can
show interactions between the two cycles as I
work on both building and using the manage-
ment information system.  The information-
oriented performance models or frameworks
are Sink’s seven performance criteria and the
project management pyramid.  I’ll use them
both to see if either or both help me understand
the effects of the management information
system.

In Figure 1.1.29.4., I show the nine functions
of management system synthesis at the top of
the center box.  I want to leave room for other
models in the organization box to help me see
the effects of rethinking the organization’s
mission/vision/principles statements.  I prob-
ably also will find that the two interventions
will affect one another; they will do so through
the model(s) in the center box.  My arrow from
the management information system interven-
tion should go directly to the converting-data-
to-information function, since that’s what the
information system does.  However, that func-
tion is linked to other functions as shown in the
management system synthesis cycle arrows.  I
show both Sink’s seven performance criteria
and the project management pyramid at the top
of the right-hand box.  I may want another
model for performance criteria when I look at

An example shows the illustrative model as an aid in understanding how interven-
tions affect organizations and their performance.
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the other intervention.  I show several arrows
from the organizing and presenting informa-
tion function of the management system syn-
thesis cycle to several of the factors in Sink’s
criteria.  (I don’t show arrows to all the criteria,
because I don’t want to clutter Figure 1.1.29.4.;
however, I think about all the possible effects.)
I show several arrows from the verifying per-
formance function to the project management
pyramid.  I also show arrows from the project
management pyramid to Sink’s criteria.  The
advantage of the models and arrows at this
point is to cause me to think through what the
management information system will do to the
organization and what I might look for to
measure and see if the management informa-
tion system really helps.

My second intervention is rethinking the mis-
sion/vision/principles statements.  The orga-
nizational model needs to emphasize the work-
ings of the organization in terms of what the
organization is, wants to be, believes in, and
stands for.  The performance model needs to
reflect the reaction of the organization to a new
direction and new values.  I believe the orga-
nizational effectiveness pyramid will empha-
size the strategic and value-laden characteris-
tics of this intervention.  However, Kilmann’s
five tracks and Sink’s seven fronts have cul-
ture-oriented components that would high-
light these characteristics.  I’ll use the pyramid
to represent those three models so I can keep
the clutter down and because all pyramid apexes
rotate around these characteristics.  However,
I’ll include the planning process model be-
cause I believe that model will highlight link-
ages between the effects on the two different
interventions on the organization.  I’ll use the
critical success criteria in the performance box
because of the strategic nature of those criteria
and because of the linkage of the mission/
vision/principles statements to the company’s
success.

In Figure 1.1.29.4., I show the organizational
effectiveness pyramid and the planning pro-
cess in the center box.  I show arrows from the
intervention to several of the apexes.  I also
show an arrow from the comprehensive plan-
ning apex to the setting expectations function
of the management system synthesis cycle.
How about other arrows between the two
models in the middle box?  I know most of the
elements in the models are related.  I want to
think through the various options and show the
more-significant ones.  I show the critical
success criteria in the right hand box.  I show
arrows from several of the apexes of the orga-
nizational effectiveness pyramid to those cri-
teria and a few arrows between those criteria
and the other performance models.  I also show
arrows from the planning process model to
critical success criteria in the performance
box.

Now look at the overall view of Figure 1.1.29.4.
Do you see the interventions acting on the
organization through its components as shown
by the elements in the three models in the
center box?  If not, we may need more appro-
priate models or to think through the arrows
(relationships) more.  Do you get an idea of
what to look for to see if the interventions are
doing the organization any good?  Do you get
a feeling for how the interventions affect each
other as they work on the organization?  If so,
you can make some decisions on how to se-
quence interventions.

There is no school solution to this example.
The objective isn’t to check the answer at the
back of the book.  The objective is to get some
understanding of whether the interventions
you plan are good ones and then to see if you
can verify whether or not they are good ones
and to get some understanding of how to
sequence the interventions.  The illustrative
model is an aid.  It isn’t the school solution.
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INTERVENTIONS ORGANIZATION PERFORMANCE

Management 
Information 

System

Mission/
Vision/

Principles

MANAGEMENT SYSTEM SYNTHESIS
     • Set expectations
     •
     •
     •
     • Convert data to information
     • Organize and present information
     •
     •
     • Verify performance

ORGANIZATIONAL EFFECTIVENESS PYRAMID
     • Comprehensive planning
     •
     • Culture management
     • CPI

PLANNING PROCESS
     • MVP
     • Strategy
     • Structure
     • Management & work processes

SINK’S SEVEN
     • Effectiveness
     • Efficiency
     • 
     •
     • Productivity
     • QWL
     •  

PROJECT MGMT PYRAMID
     • Cost
     • Schedule
     • Quality
     • Critics

CRITICAL SUCCESS CRITERIA
                 (Examples)
     • Customer satisfaction
     • Differentiation
     • Cost structure
     • Management development   
     • Change in corp culture
     •

Figure 1.1.29.4.  The models and relationships shown for the example represent the kind of
thinking you do as you use the illustrative model.
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BACKGROUND/INTRODUCTION/ILLUSTRATIVE/CONCEPTUAL MODEL

1.1.29.5. CYCLIC , RECURSIVE, REVERSIBLE  CHARACTERISTICS  OF THE

ILLUSTRATIVE  MODEL
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BACKGROUND/INTRODUCTION/ILLUSTRATIVE/CONCEPTUAL MODEL

1.1.29.6. THE DIRECTION
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BACKGROUND/INTRODUCTION/ILLUSTRATIVE/CONCEPTUAL MODEL

1.1.29.7. SUBPROBLEMS
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BACKGROUND/INTRODUCTION/ILLUSTRATIVE/CONCEPTUAL MODEL

1.1.29.8. EXERCISE ON THE ILLUSTRATIVE  MODEL

You can trace relationships from interventions to components of organizational
models to performance criteria for any domain of responsibility.

Explanation
The meeting is one of the most valuable man-
agement tools we can use for an intervention to
improve performance in an organization.
However, the meeting usually is one of the
greatest timewasters in an organization.  There-
fore the meeting is a tool we need to apply
carefully.  I’ll discuss different types of meet-
ings and their use later.  I’ll also discuss how to
improve meetings to make them more effec-
tive.

Situation Description
Sally and Bob graduated from Virginia Tech
together five years ago.  Sally, an engineering
graduate, has been successful in technical sales
for a major chemical company.  Bob, a busi-
ness graduate, has been an administrative offi-
cer for a small company.

Based on their success in working for others,
they both wanted to go into business for them-
selves.  They brought a small shoe store in
Blacksburg, Virginia, close to their alma ma-
ter.

Bob and Sally agreed that Bob would invest
10% more than Sally and thus be the control-
ling partner in the business.

Sally does the inventory and customer end of
the business and Bob does the purchasing and

financial end of the business.  Sally hired John
to carry much of the day-in-day-out customer
service.  John has a flair for decorating and
advertising.

Sally and Bob want to get their management
started right.  You've been hired as a manage-
ment consultant to advise them.

Exercise
Start with the people involved in the shoe
store.  To communicate well and without am-
biguity, they need to meet from time to time
and discuss what’s going on in the shoe store.
Consider one or more of the sets of organiza-
tional criteria in Modules 1.1.23. and one or
more of the sets of performance criteria in
Modules 1.1.25.  Describe or show the link-
ages from the meeting (a tool in the interven-
tions box of the illustrative model) to the
organizational model (in the center box) and
from the organizational model to the perfor-
mance criteria (in the right-hand box).  Don’t
try to distinguish among the many different
types of meetings the people in the shoe store
could implement.  Also, don’t try to improve
any meetings they may be having.  Describe or
show the linkages and then summarize your
work by writing 50 words or less to Bob on
what you might advise for meetings in his shoe
store.
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1.1.30.  AN INTERPRETATION  OF INFINITY —M.C. ESCHER



421



422



423

1. BACKGROUND

1.1. INTRODUCTION

1.1.31. HYPOTHESES OF

THE APPROACH



424

BACKGROUND/INTRODUCTION/HYPOTHESES OF THE APPROACH

1.1.31.1. ASSERTIONS/ASSUMPTIONS/PREMISES/PROPOSITIONS
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BACKGROUND/INTRODUCTION/HYPOTHESES OF THE APPROACH

1.1.31.2. RELATIONSHIPS  TO TIME -HONORED, FUNDAMENTAL
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ABC MODEL

1.3.1.  HOW YOU SPEND YOUR TIME

What do managers do?  By our definition they
make decisions.  And they need information
to make decisions.  But not just any informa-
tion.  They need relevant information and just
the right amount of it.  Managers make deci-
sions, not for the heck of it, but, rather to
accomplish something through actions result-
ing from the decisions.  In getting the deci-
sions to become actions, managers play many
different roles.  Matter of fact, being an actor
and being able to switch from one role to
another rapidly as the need arises, isn't a bad
idea.  Playing different roles at the same time
isn’t bad either.  By roles I mean things like
spokesperson, leader, coordinator, figurehead,
and many others.

Remember the actions resulting from your
decisions affect the what is managed compo-
nent of the Management System Model
(MSM).  Remember also the what is managed
component, or operation, includes capital,
people, equipment and facilities, materials,
and energy.  Mostly people!  And it’s mostly
these people (and also people outside your
domain) who’ll respond to your decisions and
actions through their perception of you through
the role you’re playing.

Another way to look at management is through
the function you’re carrying out.  Basically, a
manager plans, executes, and compares.  You
plan what you and your organization are going
to do.  You do what you planned to do and then
see if you did it.  The better you plan it, the
better you’ll do it.  So, it makes sense to
analyze (separate into tractable pieces) what a
manager does, and simply say you plan it, you
do it, or you see if you did what you planned.

As practitioners and researchers evaluate how managers spend their time, a simple
model helps identify problems and develop solutions.

The words commonly used for planning, ex-
ecuting, and comparing are plan and control,
where control implies both executing and com-
paring.  Note before we go any further that the
word plan can be either a verb or a noun.  You
can plan (verb) and you can generate a plan
(noun) or a procedure or a budget or whatever.
Generally speaking, a plan (noun) doesn’t
always result from planning (verb).  Some-
times, planning will produce a policy or a
procedure.

As you plan or control, you’ll want to organize
your resources to do so.  As we look at our
domains, we’ll find different endeavors.  Each
type of endeavor is really different complexi-
ties of assemblages of very simple, automat-
able actions.  So, the more complicated part of
management is just organizing very simple
actions.  For strategic endeavors, the number
of actions is so great and the arrangement of
them into functioning entities so cumbersome,
our ability to organize the actions or to under-
stand how they’ve been organized is crucial to
our management.  Now, we have three things
managers do: plan, control, and organize.  These
are the most universally accepted three.

But, if we look at the word control a little
closer, we find it has at least two meanings.
We’ve considered the idea of channelling re-
sources against time to meet an objective when
we thought of execution.  Another meaning of
control is to direct.  That is, to orient or to point.
And, the main recipient of this directing is our
people.  And we want to direct the right people.
We have to staff our organization with the
people we need to help do our work.  So,
commonly we find five things managers do:
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plan, control, organize, direct, and staff.  Man-
agers do these things regardless of pursuit,
endeavor, decision type, or stage of maturity.
(Pursuits, endeavors, decision types, and ma-
turity stages are the frameworks for diagnos-
ing a domain of responsibility I’ll describe
soon.)

A good manager does planning, controlling,
organizing, directing, and staffing well.  Ex-
cellent managers excel at one or more of these.
I show the five things managers do in Figure
1.3.1. as five undertakings: plan, control, orga-
nize, direct, staff.  I use the word undertakings
so I don’t use function to mean two different
things in this book.  The sixth undertaking,
executing, is a doing undertaking rather than a
managing undertaking.  The endeavors on the
left side of Figure 1.3.1. are three managing
endeavors and one doing endeavor.  I’ll de-
scribe the endeavors later in the endeavors
framework.

Managers need many skills to be good at or to
excel at the things a manager does.  But,
clearly, the most important skill of all is that of
communicating.  We can communicate in many
forms:  spoken, written, body language, etc.
All forms have a sending and a receiving side
to the transfer of information, or communica-
tion.  So, once again, we find managers’ jobs
rotating around information.  They need infor-
mation to make decisions with and they have
to be good at transferring information.  Con-
sidering just the spoken and written forms of
communication, managers must be good at
speaking and listening and writing and read-
ing.   Many experts will argue the most impor-
tant management skill is listening.  Other skills
are obviously important, such as interpreting
what you hear.  But the communication skills
are a good starting point—and one you can do
a lot about.

Since Henri Fayol introduced the manage-
ment functions (undertakings) of plan, orga-

nize, coordinate and control in 1916 and Henry
Mintzberg contrasted the functions with man-
agement roles in 1975, many authors have
supported, criticized, or integrated these land-
mark studies.  (H. Fayol, General and Indus-
trial Management, translated by Constance
Storrs, Pitman and Sons, London, 1949; H.
Mintzberg, The Managers Job: Folklore and
Fact, Harvard Business Review, 53 (4), pp.
49-61, 1975; J. C. Carroll and D. J. Gillen, Are
the Classical Management Functions Useful
in Describing Managerial Work?, Academy
of Management Review, 12 (1), pp. 38-51,
1987; L. B. Kurke and H.E. Aldrich, Mintzberg
Was Right: A Replication and Extension of the
Nature of Managerial Work, Management
Science, 29(8), pp. 975-984, 1983.)  Mintzberg
lists as a fact that “Study after study has shown
that managers work at an unrelenting pace,
that their activities are characterized by brev-
ity, variety, and discontinuity, and that they
are strongly oriented to action and dislike
reflective activities.”  He says “The manager is
simply responding to the pressures of his job.”
and “the manager is a real-time responder to
stimuli, ...”  Kurke and Aldrich say that “These
diary and observational studies together re-
veal a general portrait of managers who are
very busy, frequently interrupted, and have
little control over what they do.”  Catering to
crises isn’t new.

Mintzberg has identified three types or groups
of roles managers play in their organizations.
The first is a group of interpersonal roles
managers play to work at relationships in their
domains and among related domains.  The
second is a group of informational roles man-
agers play to get and transfer information in
their domains and among related domains.
The third is a group of decisional roles manag-
ers play to choose from alternatives they’ve
identified for solving their problems or mak-
ing the most of their opportunities.

The manager’s interpersonal roles arise through
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diagram.  For example, when doing the strate-
gic endeavor, you tend to play a leadership role
and be in the mode of directing the organiza-
tion.  Also, in Figure 1.3.1. I’ve shown that at
the strategic level, you’ll be contributing to
effectiveness, or doing the right things.

Now, I’ll compare Mintzberg’s roles to the
activities of the ABC model.  In Mintzberg’s
terms, his entrepreneur role is clearly building
the business, or B, and disturbance-handler
role is clearly catering to crises, or C.  I
described A, B, and C activities briefly in
Module 1.1.7.  I’ll describe the activities in
more detail in Modules 1.3.3. and 1.3.6.  His
resource allocator role is clearly administer
the process, or A.  Certainly for internal needs,
the interpersonal roles of figurehead, leader,
and liaison are more A activities, as are his
informational roles of monitor, disseminator,
and spokesperson.  The manager plays nego-
tiator in all activity types.  Carroll and Gellen
fault Mintzberg because they recognize that
much of what we do is based on “unplanned
conversation with a subordinate, resulting from
an accidental meeting” and that many of us “...
work many hours even before coming in to the
office.”  The telling blow to the Mintzberg
approach is that much of management activity
is mental and not physical and that “mental
time is not the same as physical time.”  So, how
can we use the long lists of five functions, ten
roles, nine activities, and so on these authors
argue will help us prescribe what we should be
doing as managers?  I believe a valuable alter-
native to these lists is a simple model—A-B-
C.  And the effort to figure out what we do and
what we should do is complicated.  The unique-
ness of the ABC model is it recognizes the
importance of dealing with C—catering to
crises.

his or her authority.  As a figurehead, the
manager performs duties of a ceremonial na-
ture.  As a leader, the manager motivates and
encourages their people.  As liaison, he or she
makes contacts outside his or her chain of
command.

The manager’s informational roles arise from
his or her contacts and through his or her
network.  As a monitor, the manager perceives
unsolicited information.  As a disseminator,
the manager passes information directly to the
people who work for him or her.  As a spokes-
person, the manager informs and satisfies in-
fluential people inside and outside the organi-
zation.

The manager’s decisional roles arise from his
or her position.  As an entrepreneur, the man-
ager initiates development projects.  As  a
disturbance handler, the manager responds to
pressures and crises.  As a resource allocator,
he or she authorizes important decisions.  And
as a negotiator, the manager resolves contracts
and grievances.

The decisional roles have to do with choosing
from alternatives, which is another way of
saying solving problems.  Simon says that
problem solving includes three phases: intelli-
gence, design, and choice.  All three phases are
important, but each gets more demanding as
we step through the phases. First, we must
gather information about the problem.  Then
we must develop a number of feasible alterna-
tives for solving the problem.  Finally, we
choose the best alternative.  This choice results
in a decision.

I show some of Mintzberg’s roles in Figure
1.3.1.  Roughly speaking, you can trace en-
deavors, roles, and undertakings across the
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Figure 1.3.1.  Roughly speaking, you play different roles and participate in different undertak-
ings while doing a given endeavor.
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ABC MODEL

1.3.2.  KNOW YOUR ABC’ S FOR GETTING  CONTROL  OF YOUR DAY.

By successfully implementing your management process and continuously im-
proving your work process, you’ll reduce daily crises and have more time to build
the business.

Figure 1.3.2. implies that managers spend their
time doing only three different types of activi-
ties: 1) doing the routine work of the business,
administering the work process and the man-
agement process; 2) extending and improving
the unit’s product or service to its stakehold-
ers, building the business; and 3) dealing with
disruptions, catering to crisis.  Recognizing
that for many years scholars have studied and
hypothesized the many things managers do,
as discussed in Module 1.3.1., the model in
Figure 1.3.2. has a good combination of sim-
plicity and robustness. By considering every-
thing that managers do in one of the three
slices of the pie, researchers and practitioners
alike can effectively audit the manager’s time.

When you do A, or administer your work
process, you look inward at the organization
to make it do what it’s supposed to do as well
as possible.  You focus on getting visibility of
the organization and gaining control so you
can manage change initiated within your in-
ternal world. You do whatever improvement
is necessary to do your job better. You need a
structured management process to help and
guide your efforts in your work process.

A activities are process focused. They look at
the quality of the input and output of your unit;
but, most of all, they look at your unit’s work
process and they include all activities of the
management process. A activities keep the
organization stable and functioning day in
and day out. They address more immediate
needs and have more short-term effects.

When you do B,  or build your business, you
look outward at your external environment to

be competitive in your industry and to manage
change initiated by the outside world.  You
focus on improving your product or service,
customer base, and competitive position.  You
do whatever visibility and control are neces-
sary so you can be in tune with your external
environment.

B activities are results or outcome focused.
They look at quality outside the boundaries of
your unit; but most of all, they look at your
unit’s customers. B activities move the organi-
zation forward. They address more distant
needs and have more long-term effects.

You want the right mix between A and B
activities, and you want to increase the amount
of time you spend on B activities without
abusing your A activities. A big question is:
How do you allocate your time to A and B
activities when you seem to be consumed with
C activities?

When Deming runs the funnel experiment, he
shows that if you focus on the outcome, or
result, of a system, you get problems, or crises.
I translate that to mean if you focus on B you
get C.  Deming shows that you want to focus on
the process to get the best out of the system.  I
translate that to mean if you focus on A, you
reduce C to get time to improve the
organization’s product or service for the stake-
holders.

When you do C activities, or cater to crises,
you deal with good or bad surprises—the bane
of management.  When you go home at night
and haven’t accomplished what you set out to
do, most likely, you’ve spent your day dealing
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Figure 1.3.2. The ABC model classifies all your time into categories you can use to discover how
to get control of your day by getting control of yourself.

with issues you didn’t expect—surprises. By
catering to crises and putting the urgent before
the important, you neglect your work and
management processes, your world becomes
more unstable, and you never have time to
move the organization forward.  The greatest
number and most crucial surprises are of your
own making. Some are outside of your control.

C activities are disturbance focused.  They
destroy quality, productivity, and morale.  C
activities attack the stability of the organiza-
tion and keep you from moving forward.  They
appear to be immediate and hurt you in both
the short-term and in the long-term.

One way to look at A, B, and C activities is that
A activities are process oriented, B activities
are outcome oriented, and C activities are in

response to unexpected situations.

You want a good mix of A and B activities to
keep your organization stable and moving
forward. You want to reduce C activities so
you can spend more time on A and B activities.
Consider the analogy of your organization as a
ship on a journey across an ocean. Your job is
to move the ship toward its destination while
keeping the ship upright. Meanwhile, forces
from within the ship and from outside the ship
can move the ship off course or capsize the
ship. B activities move the ship forward. A
activities keep the ship upright. C activities
react to the forces acting to disorient or capsize
the ship. If you spend all your time upside
down or going in the wrong direction, you’ll
fail.

Administer the 
management

process
(visibility
& control)

Build the
business

(improvement)

Cater to crises

A

B

C

MANAGERS SPEND ALL THEIR  
TIME DOING THREE THINGS.
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ABC MODEL

1.3.3.  OUR CRISES ARE OF OUR OWN MAKING .

We spend the vast majority of our time dealing with crises we made for ourselves.

As you consider your surprises, focus on their
source. Organizations in the United States, on
average, spend 40 percent of their time doing
rework. Service organizations spend this much
time on correcting errors.

Add to this 40 percent the time lost in making
up for doing work at the last minute. You
spend additional time walking documents
through the approval chain or explaining to
customers late products and services because
you did the work at the last minute.

Add to this amount of time the frustration,
spinning wheels, and time lost because of
miscommunication.  As a sending and receiv-
ing process, communication can fail at many
points.

How much time do you spend looking for a
document you need?  Do you ever receive a
notice, follow up on it, and find you already
took care of the situation when you received
the original notice a month ago?  In the case of
this last question, you wasted your time and
the time of the person you interacted with to
follow up on the notice a second time.  Meet-
ings are terrible time-wasters.  We put up with
the waste of time because we need meetings
for communication and to set expectations and
review status and progress.  How many times
do you wait for late meetings?  For that matter,
how much time do you spend waiting for late
people?

Setting expectations is an important function
in the management process.  When we have no
expectations or perceive the wrong expecta-
tions, we scurry around doing things that aren’t
needed or are counter productive.  We work
hard on the wrong things.  In the end, someone

still expects somethings of us.  We’ll waste
time doing the wrong thing, re-establishing
what the right expectations are, and rushing to
meet that expectation at the last minute.

If you aren’t yet convinced the C slice of the
ABC pie is huge, consider this.  Stephen R.
Covey, in his book Principle-centered Lead-
ership, (Simon & Schuster, 1990) talks about
the destructiveness of time spent on gossip,
“politicking, defensive communication, pro-
tective communication, interpersonal rivalry,
interdepartmental contests, positioning, and
manipulating.”  He says, “I ask you: what
percent of the time and energy in your family
or business is spent in some kind of defensive
or protective communication?  What percent
of the energy is spent on things that do not
contribute to serving your spouse, your chil-
dren, or your customers—wasteful things like
internal squabbling, interdepartmental rival-
ries, politicking, and interpersonal conflicts?
Most people admit that 20 to 40 percent of
their time and energy is spent in these destruc-
tive ways.” (p. 117.)

You can think of other time wasters that aren’t
an act of God or an unexpected opportunity for
the customer. What percentage of your day is
spent catering to crises of your own making?

The roots of much of the destructive behavior
described by Covey stem from our penchant
for competition over cooperation.  We need
both focus and spirit.  To reduce C, we need to
focus on A with a spirit of cooperation.  Then
we get to enjoy doing B.

Even people whose job is to prepare for and
respond to emergencies find the vast majority
of their surprises are internally driven. An
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ABC Audit is one way to give physical evi-
dence on what the percentages are in your unit
and to monitor your improvement as you work
to reduce crises.  I discuss the ABC Audit in
Module 1.3.7.

In his book The New Manufacturing Chal-
lenge: Techniques for Continuous Improve-
ment, (The Free Press, 1987), Kiyoshi Suzaki
says,“...we often find that more than 95 per-
cent of an operator’s time is not being utilized
to add value to the product.”  (p. 10.)  His
Exhibit 1.2 (my Figure 1.3.3.) shows how
people, machines, and materials spend time in
a factory.  His drawing shows about 5 percent
as value-added time for people and materials

and about 10 percent for machines.  The rest of
the time he calls waste.  Waste for people
includes “waiting for materials, watching ma-
chine running, producing defects, looking for
tools, fixing machine breakdown, producing
unnecessary items, etc.”  Waste for materials
includes “transportation, storage, inspection,
and rework.”  Waste for machines includes
“unnecessary movement of machine, setup
time, machine breakdown, unproductive main-
tenance, producing defective products, pro-
ducing products when not needed, etc.”  You
get the picture.  It’s not pretty.  But look on the
bright side.  The leverage is huge.  For Suzaki’s
exhibit, improve people’s waste by 5 percent
and double the value added.

Figure 1.3.3.  How Man, Machine, and Material Spend Time in the Factory.  (taken from
Kiyoshi Suzaki, p. 11)

Value-Added
Portion of Time

“Waste”: waiting for materials,
watching machine running, 
producing defects, looking 
for tools, fixing machine
breakdown, producing
unnecessary items, etc.

How People Spend Time in Typical Factory
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inspection and rework.

Value-Added
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How Materials Spend Time in Typical Factory

“Waste”: unnecessary movement
of machine, setup time, machine
breakdown, unproductive
maintenance, producing defective
products, producing products when
not needed, etc.
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ABC MODEL

1.3.4.  DISTINGUISHING  THE IMPORTANT  FROM THE URGENT.

As we spend our most valuable and nonrecov-
erable resource—time—we not only need to
think about how much time we spend but our
priorities for spending time.  We tend to spend
time on crises before we spend time on making
sure we don’t have so many crises.  That is, we
tend to spend our valuable time on crises and
then see if we have time for anything else.  The
ABC Model suggests that we consider crises
on a par with how else we can spend our time
and often put aside the crises to spend time on
eliminating future crises.  Without so many
future crises, we can consider which of the old
crises still exist in the time saved.

Putting aside crises is hard for some people to
do.  I believe many people and organizations
become addicted to crises.  Even though they
know crises are bad for them, they have to have
their crises anyhow.  Many people and organi-
zations get their self-worth from handling cri-
ses.  They won’t admit it, but they look for-
ward to crises so they can make what they
believe is their contribution.  Unfortunately,
they don’t realize the real contribution is head-
ing off crises.  But heading off crises doesn’t
bring the attention solving crises does.  How
many times do we reward people for dealing
with crises by working long and hard—often
to the detriment of their health and their fami-
lies?  When we reward solving crises, we
promote more solving of crises; but, usually at
the expense of not working at eliminating
future crises.  How many times do we search
out and reward instances of making improve-
ments in our work that will keep the little, self-
inflicted crises that eat up our days from hap-
pening?  When people keep crises from hap-
pening, they keep themselves from making the

contribution they’ve been led to believe is so
valuable.

Covey calls heading off crises putting the
important in front of the urgent.  When de-
scribing his third habit of highly effective
people, he says, “Put First Things First is the
endowment of will power.  ......a highly disci-
plined life that focuses heavily on the highly
important but not necessarily urgent activities
of life.  It’s a life of leverage and influence.”
(Stephen R. Covey, Principle-centered Lead-
ership, Simon and Schuster, 1990, p. 44.)  In
describing the effect of his first three habits,
Covey says, “On the continuum, you go from
being driven by crises and having can’t and
won’t power to being focused on the important
but not necessarily urgent matters of your life
and having the willpower to realize them.” (p.
44.)  The concept of the important before the
urgent relates to time management, personal
effectiveness, discipline, and willpower—all
part of the eighth function in the management
process described in Module 1.1.21.5.

In discussing the four generations of time
management, Covey says, “...the best thinking
in the area of time management can be cap-
tures in a single phrase: Organize and execute
around priorities.”  (Stephen R. Covey, The
Seven Habits of Highly Effective People, Simon
and Schuster, 1989, p. 149.)  He describes the
generations as: “The first wave or generation
could be characterized by notes and checklists,
an effort to give some semblance of recogni-
tion and inclusiveness to the many demands
placed on our time and energy.

The second generation could be characterized

You want to work on the important before the urgent.
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by calendars and appointment books.  This
wave reflects an attempt to look ahead, to
schedule events and activities in the future.

The third generation reflects the current time
management field.  It adds to those preceding
generations the important idea of prioritization,
of clarifying values, and of comparing the
relative worth of activities based on their rela-
tionship to those values.” (pp. 149-150.)

Covey adds, “But there is an emerging fourth
generation that is different in kind.  It recog-
nizes that ‘time management’ is really a mis-
nomer—the challenge is not to manage time,
but to manage ourselves. .... Rather than focus-
ing on things and time, fourth generation ex-
pectations focus on preserving and enhancing
relationships and on accomplishing results—
in short, on maintaining the P/PC Balance.” (p.
150.)  [“P stands for production of desired
results ...... PC stands for production capabil-
ity, the ability or asset that produces....” (p.
54.)]

Covey introduces Figure 1.3.4. by saying,
“The essential focus of the fourth generation
of management can be captured in the time
management matrix [in Figure 1.3.4.]  Basi-
cally, we spend time in one of four ways. ....
Urgent matters are usually visible.  They press
on us; they insist on action. ..... Importance, on
the other hand, has to do with results. ..... We
react to urgent matters.  Important matters that
are not urgent require more initiative, more
proactivity.  We must act to seize opportunity,
to make things happen. ..... Quadrant II is the
heart of effective personal management.  It
deals with things that are not urgent, but are
important.  It deals with things like building
relationships, writing a personal mission state-
ment, long-range planning, exercising, pre-
ventive maintenance, preparation—all those
things we know we need to do, but somehow
seldom get around to doing, because they
aren’t urgent.”  (pp. 150-154.)

Covey adds, “To paraphrase Peter Drucker,
effective people are not problem minded;
they’re opportunity-minded.  They feed op-
portunities and starve problems.  They think
preventively.” (p. 154.)

Before I relate Covey’s four quadrants to the
ABC Model, consider this story.  “One of my
favorite essays is ‘The Common Denominator
of Success,’ written by E. M. Gray.  He spent
his life searching for the one denominator that
all successful people share.  He found it wasn’t
hard work, good luck, or astute human rela-
tions, though those were all important.  The
one factor that seemed to transcend all the rest
embodies the essence of Habit 3—putting first
things first.

‘The successful person has the habit of doing
the things failures don’t like to do,’ he ob-
served.  ‘They don’t like doing them either
necessarily.  But their disliking is subordi-
nated to the strength of their purpose.’” (pp.
148-149.)

The C activities in the ABC Model fall more
into Quadrant III and somewhat into Quadrant
IV than into Quadrant I.  Only when the crises
of our own making get quite out of hand do
they become pressing.  They are in Quadrant I.
The A activities in the ABC Model fall into
Quadrant II.  The key issues here are: 1) Focus
on Quadrant II activities (A activities) and 2)
Reduce Quadrant III and IV activities (C ac-
tivities).

To make matters worse, because we have a
tendency to put the urgent before the impor-
tant, we do C (cater to crises) first and fore-
most.  In many cases, that’s all we do all day.
We try to do A (administer the process) by
taking our work home at night.  When we
neglect A, we make C worse and B (build the
business) is out of the question.  We must
recognize the importance of doing A, disci-
pline ourselves to do A well, and reap the
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Urgent Not Urgent

I II

ACTIVITIES: ACTIVITIES:
Crises Prevention, PC activities
Pressing problems Relationship building
Deadline-driven projects Recognizing new opportunities

Planning, recreation

III IV

ACTIVITIES: ACTIVITIES:
Interruptions, some calls Trivia, busy work
Some mail, some reports Some mail
Some meetings Some phone calls
Proximate, pressing matters Time wasters
Popular activities Pleasant activities

rewards of being able to do B when C eventu-
ally diminishes.

I find that when we build and use good man-
agement tools in an effective management
process, we don’t change the fraction of time
we spend on A much.  As we increase the
amount of effective time we spend on a good
management process we reduce the time we
spend on the work process.  We reduce time on
our work process by streamlining and upgrad-
ing the work process and gain approximately
the same amount of time we increased for the
management process.  After some transition,
the upshot is that we don’t change A much.
What good tools and processes do in terms of
the fractions of A, B, and C in the figure is to
reduce C to make room for more B.

The potential for making a difference is huge.

If you spend six hours of each eight-hour day
unproductively (75% on C), then you double
your productivity by regaining one-third of the
time you spend on crises.  Use the leverage
associated with the unfortunate amount of
waste in our professional lives to your advan-
tage and make dramatic improvements in your
productivity, the quality of your work, and the
dignity, meaning, and community (Weisbord)
of your workplace.  Later, we’ll recognize this
activity as an example of the rule: make lem-
onade out of lemons.

We all want to be creative and gain the joy of
doing good work in a productive workplace.
We do that by reducing rework, noncompli-
ance, poor communication, waiting around,
and other wasteful activities.
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Figure 1.3.4.  Covey’s time management matrix stresses the importance of important, yet not urgent
activities. (taken from Stephen R. Covey, The Seven Habits of Highly Effective People, Simon and
Schuster, 1989, p. 151)
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ABC MODEL

1.3.5.  ORIGINS OF THE ABC MODEL

Government agencies eaten up with brush fires settle into addictive behavior feeding on
the excitement of the crises and their ability to cope rather than standing back and
getting control of their processes to ultimately be more responsive to their stakeholders.

and refocusing from crises to processes seems
mundane and boring.  However, the excite-
ment returns when we get time to build the
business.  Then the excitement is more
proactive than reactive.

In working with Max Gould of Citibank dur-
ing 1985 and 1986, Pamela Kurstedt and I
were taught two important concepts.  First, the
management process could reduce internally-
caused waste and brushfires.  Second, the
objective of working the management process
is to gain time to be creative and build the
business.  Pamela and I put Max’s ideas in the
form of a pie chart illustrating all of a manager’s
time and named the slices A for administer the
process (at that time not distinguishing the
management process from the work process),
B for build the business, and C for cater to
crises.  The model was included in an internal
Citibank book in 1987.  The lesson learned
was that to gain time to be creative and build
the business you had to focus on the manage-
ment process to reduce crises to make room in
the pie for more B.  We hadn’t distinguished
the effects of management process or work
process affecting the fraction of A in the pie.
Also, we hadn’t distinguished the difference
between internally-caused crises and exter-
nally-caused crises.

We first disclosed the ABC model in a panel
presentation at the Fall IIE meeting in Nash-
ville in 1987 and published the model in the
1988 IIE meeting proceedings in Atlanta.  In
1989 we confronted internally versus exter-
nally caused crises in doing a workshop for the
U.S. Navy and recognized that in maintenance

In working with government agencies in 1981-
1983, I found oversight agencies spent most of
their time dealing with what they called brush-
fires and very little of their time (perhaps 10%
or less) dealing with what they perceived as
their real work.  I found two associated prob-
lems.  First, the agencies spent their time trying
to build or select management tools to help
them do what they perceived as their real
work, when they’d get more leverage if they
focused on reducing brushfires.  Second, the
agencies didn’t face up to what their real work
was.  They were organized like they manufac-
tured a product rather than brokering informa-
tion.  In fact their mission was to broker
information and much of what they perceived
as brushfires was really their work process.
The result was frustration and waste.  The
lesson learned is that to distinguish A activities
from other activities you must tangibly define
your work process and your management pro-
cess.  These ideas were included in workshops
and presentation to DOE in 1985.

You might consider unexpected requests for
information as a crisis.  However, to these
agencies, dealing with information requests is
their business.  Information requests should be
A activities.  By realizing their work was
information brokering, they could focus on the
information process not the manufacturing
process they were brokering information about.

People in government and industry who are
good at coping with crises gravitate to organi-
zations working in the more-uncertain busi-
ness environments (e.g., journalists, police,
etc.).  The crisis behavior becomes addictive;
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or emergency environments externally-caused
crises could be part of the work flow.  This
isolated the crises we cater to in the model as
being primarily those of our own making.

The ABC model has been modified a number
of times to make a variety of points.  The

original point was to focus on process A as
opposed to result B and thereby reduce waste
and frustration C.  This point isn’t new in that
the point parallels the lessons of the funnel
experiment taught by Deming.  The model is
simple and visual, and thereby aids under-
standing.
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ABC MODEL

1.3.6. HOW MUCH TIME  SHOULD  YOU SPEND ON A, B, AND C
ACTIVITIES ?

something. That something is the time we
spend on administering our management pro-
cess and our work process.  Until we get good
at administering our management process,
nothing much will help eliminate the crises
that steal time from building the business.  So,
administering our management process and
our work process comes first.

To reduce most surprises—at least those you
have some effect on—look internally at the
organization; increase visibility and control;
and focus on A, administering the work and
management processes.  The amount of time
you spend catering to crises is inversely re-
lated to the amount of time you spend admin-
istering a comprehensive, structured manage-
ment process.  You spend less time with crises
if you spend more time on a good management
process.  The amount of time you spend build-
ing the business is inversely related to the
amount of time you spend catering to crises.
You have more time to build your business if
you have fewer crises to deal with.  Then the
amount of time you have to build the business
is directly related to the amount of time you
spend on your management process.  So, to get
time for building the business, focus on ad-
ministering the management process.

How do you distinguish among the slices of
the pie?  When you administer a management
process, you look inward at the organization.
When you deal with disruptions, you face
surprises (both good and bad) that disrupt the
workflow.  Many brushfires pose immediate
needs and cause the organization to focus
short-term.  You need to reduce the number of
internal disruptions and improve the way you
handle external disruptions so you have time

Practically speaking, most managers feel they
spend more than a reasonable amount of time
catering to crises.  Managers feel the time they
spend on crises is spent at the expense of the
things they need to do to get the most out of
their responsibilities.

Everyone is eager to be creative and build the
business. They’re focusing their quality and
productivity efforts more on moving the orga-
nization forward than on stabilizing it.  I be-
lieve we’re looking at things out of sequence.
We’re so busy working on building the busi-
ness, we’re neglecting our work and manage-
ment processes.  And, we must have our pro-
cesses working well before our efforts to build
the business will work.  As a consequence, our
productivity and quality efforts aren’t reaping
rewards as advertised.

If your other efforts are competing for time for
crisis efforts, crisis efforts will win.  You can
either ignore the crises (Put the important
before the urgent.) or you can reduce them.
Only after we reduce crises enough to make
time for productivity and quality efforts can
we use these techniques to our advantage.  The
crux of the matter is how we spend our time,
how we should spend our time, and how that
changes as we spend our time doing the right
things.

Based on observing many organizations, I’m
convinced most of us spend too much time
tending to brush fires—catering to crises.  And
it doesn’t have to be that way.  Most of us want
to spend as much time as possible building the
business.  But, the harder we try to spend time
on performance improvements, the more we
seem to get crises.  Apparently, we’re missing

If you spend more time on A activities, you’ll get time for B activities by reducing
C activities.
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to concentrate on extending and improving the
service to your stakeholders.

What A activities are and what B activities are
is a function of your unit of interest, or your
domain of responsibility.  For example, the
Assistant Dean for Enrichment Programs in
the College of Engineering develops and imple-
ments an MIS from a database to monitor
graduate student support for the Associate
Dean of Research and Graduate Studies in the
same college.  Is this an A activity or a B
activity?  It depends on the domain of respon-
sibility.  If the domain is the Office of Enrich-
ment Programs, the activity is a new service to
support graduate studies, and is therefore a B
activity.  If the domain is the College of Engi-
neering, the activity is improving the work and
management processes already part of the set
of responsibilities of the college, and is there-
fore an A activity.  The point is that the
Assistant Dean for Enrichment Programs
wouldn’t have time to offer a new service or to
contribute to the improvement of the work of
the larger organization if the Office of Enrich-
ment Programs was consumed with crises.

Today, you may consider the time you spend
on C activities of your own making to be part
of your day-in, day-out work.  Don’t!  Distin-
guish unnecessary work from the necessary
work on a task.  Focus on this distinction so
you work to reduce rework and other unneces-
sary work.  From this idea comes the slogan
“Do it right the first time.”  As Deming says,
you can’t do it right the first time without a
method.  The method for reducing unneces-
sary work is the management process.  Con-
sider your original work on a task to be A
activities.  All unnecessary work on that same
task is C activities.  Now, you’ll find you don’t
spend as much time on A activities as you
thought.  As you add management process
activities to your work, you’ll increase A ac-
tivities, but decrease C activities more.  You’ll
also find ways to streamline your work process

and to reduce frustration so you spend less
time doing right what you did wrong before.

You have a finite amount of time, and the time
spent on disruptions is taken off the total
reservoir of time you have.  Brushfires can be
important, but often they are urgent, rather
than important.  To gain more time for im-
provement, managers must reduce the time
spent on disruptions.  The way to reduce time
spent dealing with disruptions is to spend more
time (and do a better job of) administering a
management process.

Figure 1.3.6. suggests that without a good
management process you spend half your time
or more on crises, and you spend a relatively
small amount of time on building the business.
Figure 1.3.6. further suggests that after you
install the management process, you’ll  find
you spend about the same amount of time on
both your work and management processes as
you did on your work process without the
management process before. The time you
spend in maintaining the management process
will save an equivalent amount of time in
doing the work. The management process over-
lays the work process and becomes integrated
with it. But the significant result is that you
switch the amounts of time you spend between
B and C activities. You’ll spend half of your
time, or more, on your customers and orienting
your product or service toward the customer
and a relatively small amount of time on crises.
The difference between the before and after
figures is that after you install the management
process, work is less stressful and you’re mov-
ing a more-stable organization forward to bet-
ter meet the needs of the customer.

Ultimately, administering the management pro-
cess has diminishing returns.  If you spend 100
percent of your time administering the man-
agement process, you have no time for any-
thing else.  You should, at first, spend 50
percent or more time, if necessary.  Start with



452

Figure 1.3.6. Applying the management process to routine activities pays immediate benefits in
reducing surprises and leaves more time for managers to focus on growth and improvement.

key using-management-tool-management-pro-
cess functions (refer to Module 1.1.21.5.) such
as reviewing, logging data, and setting expec-
tations.  If you do these functions right, within
two or three months you’ll see a dramatic
decline in C.  Don’t rest on your laurels.
Continue through the functions until you can
do them all well within the time you spend on
your work process.  When you’re good at the
management process you should spend no less
than approximately 25 percent on A activities
involving the tools and methods of the man-
agement process.  (Of course, you’ll spend
more time on the work process.)  Otherwise
you’ll get C.  The management process activi-
ties get integrated so tightly with your work
process activities, you won’t be able to sepa-
rate out the time you spend on them.

When you consider the time you spend on A,
include three factors: 1) the amount of time, 2)
doing the nine using management tool func-
tions (doing the right things), and 3) doing the
nine functions well (doing things right).  Con-
sider the following as an indication of how
well you’re doing. Low C implies good A.

Then you should review A, get into B, and not
let time on A activities involving the manage-
ment process fall below 25%.  High C implies
lax A.  Then you should spend as much as 50%,
or more, on A and forfeit whatever of B is
necessary.

In the beginning, how much time can you
afford to spend on A?  Depending on how
much your organization’s goals are survival-
related, you should spend as much as half your
time coming to grips with what you do with the
other half of your time.

A startling implication of Figure 1.3.6. is that
if you truly want more time for extending and
improving service, you must do something
different from what you might expect. You
should focus on visibility and control of your
work process.  Visibility and control help
reduce brushfires and thereby gain time for
improvement.  In an ideal situation, this figure
suggests that you should set aside an overflow-
ing in-box, install an effective management
process, then work off the in-box as backlog to
make time for building the business.
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You want to measure performance so you can make your performance better by managing better,
know you made it better, and know what you did to make your performance better.  My performance
measurement is simple and global.  I call it an ABC Audit. The ABC Audit is based on the ABC Model
from Module 1.3.3.  The principle behind the ABC Audit is that if you do your management process
well you’ll reduce and manage your crises (surprises).  So, we equate good performance to few
surprises. Any action you take to reduce crises improves performance.

A-B-C Audit Categories

On the next page, you’ll find an ABC Audit form for logging data on how you spend your time during
each day.  As opposed to a time log where you monitor specifically what you do in 15-minute blocks
(This is also a good idea.), in the ABC Audit you’ll monitor generally what percent time each morning
and afternoon you spend on A, B, and C activities.  You don’t have to be perfect in how you
distinguish A, B, and C activities.  You don’t have to define or distinguish A, B, and C activities just
like another person does.  You, however, must be consistent over time on how you categorize your
activities into A, B, and C.  If you’re not sure how to categorize a particular activity, make your best
estimate and leave that activity in that category for the duration of your audit.  Remember, you want
to estimate how you spend your time and how the amounts of time per category change as you
improve your work.

The following three paragraphs briefly describe the A, B, and C activities for the ABC Model.  Please
refer to these descriptions as you audit the types of activities you spend your time on during the day.

“A” activities are administering your work process using the management process.  These activities
keep the organization stable and reduce surprises.  For example, a routine meeting to evaluate the
day’s production or backlog is A.

“B” activities are building the business.  These activities move the organization forward.  A strategic
planning meeting or a meeting to change the organization’s niche is a B activity.

“C” activities are catering to crises.  These activities are the good and bad surprises you experience
as you manage.  A surprise meeting to figure out what to do with unexpected profits (or budget
funding) or a subordinate’s unexpected absence is an example of a C activity.

Once you know how you spend your time, you can change what you do and spend
your time more wisely.

ABC MODEL

1.3.7.  ABC AUDIT
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ABC AUDIT FORM

For each day you track your management activities, please complete one of these forms.

Date:__________________

1.  At the end of your morning, please take a few minutes to indicate to the nearest hour how much
time you spent in each of the ABC activities.  At the end of the day, repeat this for the afternoon
activities.  The morning and afternoon time should add up to your total work time for the day.  Try
to estimate your time to include both physical and mental efforts.

    Morning      Afternoon

____A activities ____A activities

____B activities ____B activities

____C activities ____C activities

2.  List below some of the activities you classified as A, B, and C activities.  You’ll use your examples
here to discuss with others to develop a better understanding of A, B, and C activities.   If you want
to aggregate your unit’s results, you’ll want to share understanding of the categories so your unit can
be consistent, which is more important than to be correct.

A activities           B activities            C activities
   ____________________ ____________________ ____________________

   ____________________ ____________________ ____________________

   ____________________ ____________________ ____________________

   ____________________ ____________________ ____________________

   ____________________ ____________________ ____________________

   ____________________ ____________________ ____________________

3.  Please circle to what degree you feel you captured the real A, B, and C activities.  (1 = very little,
4 = a great deal)

            1 2                                       3                                               4
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ABC MODEL

1.3.8.  EXERCISE ON ABC AUDIT

Explanation
One way to record A, B, and C activities is to
recall what you did over a period of time and
estimate how much time you spent on each
type of activity.  Recording what you do and
how much time you spend on each task, inter-
ruption, question, or whatever as the day pro-
ceeds is a better way to keep track of what you
do.  One problem with any recording of your
time is in distinguishing what you do physi-
cally from what you do mentally.  Talking to
someone on the phone about plans for the
future while thinking about your current per-
sonnel problem could be called either a B
activity or a C activity.  Looking back over a
time period, for example a day, has the advan-
tage that you can surface the dominating con-
current activity.  Being able to recall your
actions in terms of dominant activities without
overlooking tasks takes a bit of skill.

Exercise
With Module 1.3.7. as a guide, look back over
your day and identify everything you did.
Don’t ignore short tasks.  Separate what you

did into A, B, and C activities.  Make a table
showing time and duration and activity by
type.  Tally up how much time you spent on A,
B, and C activities.

You should describe (short phrase) each of
your activities so you (and I) can see how you
type (A, B, or C) the activity.  Your classifica-
tion into A, B, and C activities doesn’t have to
be perfect.  Once you determine your classifi-
cation, you want to place activities into your
classification consistently.

You may want to separate out domains of
responsibility.  By that, I mean you may want
to look only at school-related tasks, work-
related tasks, or family- (or personal) related
tasks.  You’ll find that the proportions of C
could be greater for family-related tasks, then
work-related tasks, and finally school-related
tasks.  The difference is in the amount of
structure and certainty in each of your do-
mains, or subdomains—depending on your
unit of interest.  Your school work tends to be
relatively well structured and certain.

You can review your day and estimate how much time you spend on A, B, and C
activities.
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BACKGROUND/THEORY

1.4.1.  THE IMPORTANT  COMPONENTS OF LIFE—MARY CASSATT
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BACKGROUN/THEORY/A MANAGEMENT SYSTEM

1.4.2.1.  SYSTEM BASICS
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM

1.4.2.2.  ORGANIZATIONAL  SYSTEMS
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM

1.4.2.3.  INPUT/OUTPUT ANALYSIS
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM

1.4.2.4.  MODELS AND THEIR  STRENGTHS AND WEAKNESSES

You won’t find a model that’s perfectly general, simple, and accurate.

attempts to develop a consciousness of some
of the characteristics of models appears help-
ful.  Beyond the rough description of a model
as ‘simple’ or ‘complex,’ one might usefully
consider:

Relatedness.  How many previously known
theorems or results does the model bring to
bear upon the problem?

Transparency.  How obvious is the inter-
pretation of the model?  How immediate is
its intuitive confirmation?

Robustness.  How sensitive is the model to
changes in the assumptions which charac-
terize it?

Fertility.  How rich is the variety of deduc-
tive consequences which the model pro-
duces?

Ease of Enrichment.  What difficulties are
presented by attempts to enrich and elabo-
rate the model in various directions?”

(William T. Morris, “On the Art of Modeling,”
Management Science, 13 (12), August 1967.)

Models give structure to experience.  They
bring together concepts to show relationships
and represent complex situations.  Usually the
more simple models are more distinct from
reality.  As we move toward reality the models
become more complex.  We never do reality;
we only do models.  We use models to abstract
or reduce reality.  Are we modeling one situa-
tion, one type of situation, or all situations?
Remember the sign that says: price, speed,
accuracy, pick two.  For models we could have
a sign that says: simple, accurate, general, pick
two.

The management system model is for one
management system, or one domain of respon-
sibility.  But, we don’t change the model one
bit for any other domain of responsibililty.
I’ve seen the management system model ex-
tended to other practices than management.
For example, who teaches, what is taught,
what we teach with.  Therefore, the model is
general.  Given the complexity of manage-
ment, the model is simple.  However, the
management system model is accurate only
when we want to view the domain of respon-
sibility as a closed system.  We got our two:
simple and general.

Morris, in discussing models says, “Similarly,
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM

1.4.2.5.  SCHERKENBACH  SYSTEM MODEL

Matching the voice of the process to the voice of the customer gets you balance just like
matching the Management System Model interfaces gets you balance.

Bill Scherkenbach, in his book, Deming’s Road
to Continual Improvement, begins with a clas-
sical input-output model for a system, or, as he
calls it, a process.  He shows people, method,
material, equipment, and environment as in-
puts to and as outputs from a transformation.
He shows downstream customers for the out-
puts and upstream suppliers for the inputs.  In
this way, he links successive processes, or
systems, or domains of responsibility.  You are
the customer of your supplier.  You supply
your customer.  Your customer is the next
person’s supplier.

In my view, your management system gets
input from one or more of your stakeholders
(customers, staff, owners, neighbors, and sup-
pliers) and gives output to one or more of your
stakeholders.  Then, the external environment
isn’t part of the input or output, but is on the
other end of these transfers to and from you.
Scherkenbach sees environment as an internal
thing, like the work environment.  Also, the
method is part of the system, isn’t part of the
input or output, but is on your end of these
transfers.  Scherkenbach sees method as the
work flow.  Now, I’ve resolved differences
between his terms and mine.

Scherkenbach brings the power of his model to
Figure 1.4.2.5.1.  He says. “If you look (with
careful attention to detail) at the process model
in [Figure 1.4.2.5.1.], you see that these cus-
tomer and supplier transactions are facilitated
by two sources of communication: One voice
is from the customer, and the other is from
within the process itself.  I call these the Voice
of the Customer and the Voice of the Pro-
cess.  Like any voice, they can be active or
passive.” (pp.11-12.)

I might argue that the voice of the customer is
really the voice of all the stakeholders.
Scherkenbach says, “The Voice of the Cus-
tomer communicates to you the producer, the
wants and needs of your customers, as you
perceive them.  It can also be more generally
viewed as the forecast, goal, plan, aim, predic-
tion, objective, target, “druthers,” or as Dr.
Deming sometimes says, “fact-of-life.” ..... If
you listen to only a single voice, you do so with
incalculable risk.” (p. 12.)  The point is that
this voice tells you the reference input in the
control loop model in Figure 1.1.21.8.  You
learn from your customer or stakeholders where
you need to operate your work process (the
plant in the control loop).  You can translate
the voice of the customer as a target, as upper
and lower limits, and as a parabolic loss func-
tion.  The voice of the process tells you what
you can do.  Just because the customer tells
you what he or she wants doesn’t mean your
work process can deliver.

Scherkenbach describes the voice of the pro-
cess.  “The Voice of the Process is the actual
output, or what Dr. Deming describes as the
result the process gives you.  It also can be
translated in different ways.  Its translation,
like the Voice of the Customer, is heavily
dependent on the sampling method that you
choose.” (p. 14.)  This short description re-
solves much of the confusion over Deming’s
words.  Deming both says to focus on the
process and shows how to measure results.
Obviously, both process and result are impor-
tant, but each has its place.  The result is a voice
speaking to you.  Don’t carry out your desire to
act on the voice.  Don’t shoot the messenger.  I
say the result is the window into the process.
You want to act on your work process, and on



473

our lives.  “The late Professor David Cham-
bers often used this cartoon [Figure 1.4.2.5.2.]
to emphasize the fact that although variability
is commonplace in our life, we are surprised
when it happens in our formal places of work.

We do not expect the popcorn to pop all at
once!  In fact, we understand and even expect
that the individual kernels will pop at different
times.  Why should we be surprised that our
businesses perform in a similar fashion?” (pp.
17-18.)

For success, you need to balance the compo-
nents of the Management System Model by
paying close attention to matching the inter-
faces between pairs of components.  For suc-
cess, you need to match the voice of the cus-
tomer and the voice of the process by recogniz-
ing the variation in both and moving either one
to match the other.  Variation is important in
matching the voice of the customer and the
voice of the process because you can quantita-
tively measure both as, for example, number
of widgets demanded each day and number of
widgets produced each day.  You can’t so
easily quantitatively measure information por-
trayal or information perception—at least to
the point you can get picky about the variance
within them.

your management process.  You don’t know
what your process is doing or if the process has
improved unless the process tells or shows
you.  The process tells or shows you through
the result of the process.

Scherkenbach says the key words for balance.
“The job of every person who is in the role of
a process manager is to match the Voice of the
Customer with the Voice of the Process.”  In
Figure 1.4.2.5.1., you want to move both voices
so they match.  “In a deterministic world, or
one that does not admit to or understand varia-
tion, if the actual (Voice of the Process) does
not match the plan (Voice of the Customer),
you are asked to explain what happened.  It is
common in business to ‘explain all variances.’”
The questions that follow from a deterministic
view of the difference between plan and actual
give rise to C, as in catering to crises, put there
by your own hand.

You have variability both in the voice of the
customer and in the voice of the process.  We
know all customers don’t want the same thing.
Likewise, our process isn’t the same every
day.  Therefore, we must learn to deal with
variation in everything we do.  Scherkenbach
introduces one of my favorite cartoons to high-
light our problem in dealing with variation in

Figure 1.4.2.5.1.  For success, we bring the voice of the customer together with the voice of the
process to make a match.  (taken from Scherkenbach)

People
Method
Material
Equipment
Environment

People
Method
Material
Equipment
Environment

Voice of the Customer

Voice of the Process
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Figure 1.4.2.5.2.  We clearly understand variation in the popping time for corn kernals.  (taken
from Scherkenbach, who took the cartoon from David S. Chambers, who took the cartoon from
an unknown artist)
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/MANAGEMENT SYSTEM MODEL COMPONENTS

1.4.2.6.1. WHO MANAGES

Who manages is, in terms of Peter Drucker’s
definition of an executive, anyone who uses
information to make decisions resulting in
actions that affect what is managed.   In addi-
tion to presidents, directors, and controllers,
who manages includes scientists and the sec-
retary who uses information to decide who
does or does not get in to see the boss.  Each of
us has one or more domains of responsibility;
and to achieve the purpose of any domain, the
way who manages is integrated into the system
is critical.

In other models similar to the Management
System Model (MSM) of Figure 1.1.18.1.3.,
models designed to describe the mechanics or
internals of the domain of responsibility, who
manages is only implied.  The absence of the
human element has been recognized as a major
weakness of these similar models.  Motivated
by Henry Mintzberg’s important paper, Im-
pediments to the Use of Management Informa-
tion Systems,  the who manages component
plays a primary role in the MSM.

A number of characteristics of the who man-
ages component affects how the who manages
component works in the management system.
I describe who manages by three terms: his-
tory, cognitive style, and human characteris-
tics.

A person’s history includes their experience,
education, and record.  Webster says experi-
ence is, “direct observation of or participation
in events as a basis for knowledge.”  We know
that our experience conditions how we per-
ceive information and what we expect from
the decisions we make.  The value of experi-

ence in a given domain of responsibility de-
pends on the domain.  For example, your
international experience is directly valuable to
an organization dealing in international activi-
ties.  Any experience is valuable indirectly, in
that you can generalize from one situation to
another.

Your experience can have both positive and
negative effects on how you perform within
the Management System Model.  Taylor found
that more managerial experience leads to 1)
greater accuracy in judging the value of infor-
mation, 2) quicker decisions, and 3) less chance
adverse consequences will cause changes in
the decisions. (Ronald N. Taylor, Age and
Experience as Determinants of Managerial
Information Processing and Decision Making
Performance, Academy of Management Jour-
nal, 18:1, 1975, 74-81.)

Your education should be an indicator of aca-
demic maturity.  Academic maturity affects
how you deal with conflicting, incomplete, or
inaccurate information.  In some cases, educa-
tion can be a surrogate for experience.  We
assume you can learn from the experience of
others.

In the MSM,  who manages perceives infor-
mation and makes decisions based on the per-
ceptions.  The perception of information and
the way a person acts on that information is a
function of their personality type.  You can
find any number of classifications for person-
ality type or cognitive style.  Typically, the
classifications reflect a person’s preference in
perceiving information and acting on informa-
tion.  The most popular measurement and

The who manages component of the Management System Model converts informa-
tion into actions through the decision making process.
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sponsible for and accountable for the domain
of responsibility making up our unit of inter-
est.  Who manages can delegate the authority
to manage part or all of their domain and can
hold the people they delegate to accountable to
them.  Ultimately, who manages is held ac-
countable for all of his or her responsibilities,
including those he or she delegates to others.
The dilemma of mixing the ideas of coaching,
directing, and being a cop as a supervisor and
the issue of a single who manages is high-
lighted by a McGregor quote in Weisbord’s
book.  “I believed...that a leader could operate
successfully as a kind of adviser to his organi-
zation.  I thought I could avoid being a ‘boss’.
Unconsciously, I suspect, I hoped to duck the
unpleasant necessity of making difficult deci-
sions, of taking the responsibility for one course
of action among many uncertain alternatives,
of making mistakes and taking the conse-
quences.  I thought that maybe I could operate
so that everyone would like me...I couldn’t
have been more wrong.  It took a couple of
years, but I finally began to realize that a leader
cannot avoid the exercise of authority any
more than he can avoid responsibility for what
happens to his organization.”  (Douglas
McGregor, On Leadership, 1954, pp. 2-3; in
Weisbord, p. 123.)

In some organizations today, the who manages
employs a participative management style,
and decisions are made collectively.  Weisbord
states Lewin’s core principle as: “we are likely
to modify our own behavior when we partici-
pate in problem analysis and solution and
likely to carry out decisions we have helped
make.” (p. 89.)  I would like to add that we also
modify our attitude to include a feeling of
responsibility for and commitment to the out-
put and outcomes from the decisions we help
make and the corresponding actions we help
carry out.  This feeling is important for team-
work, but doesn’t change the ultimate ac-
countability of the who manages component
of the domain of responsibility.

classification scheme today is the Myers-Briggs
Type Indicator (MBTI).  This scheme can be
both enlightening and, if used improperly,
harmful.  The key to using the scheme is
knowing that what you find is preference, not
ability.  I’ll discuss the MBTI in more detail
soon.

Human characteristics are traits and qualities
of the human decision maker.  The character-
istics include knowledge, skill, ability, and
traits, like age.  Age usually reflects education
and experience, but not necessarily.  We hope
education and experience affects knowledge
and skill and, indirectly, ability.  The objective
of this book is to increase the knowledge and
skill of the who manages in building and using
management tools to get the best information
to make decisions with.

Macintosh and Daft recognize human traits as
important information in designing informa-
tion systems.  They say, “Manager’s personal
traits are important and should not be over-
looked.  New information systems often are
linked to changes in behavior patterns, so
change strategies need formulation.  In addi-
tion, relevance, timeliness and accuracy should
be considered by designers.”  (User Depart-
ment Technology and Information Design,
North Holland Publishing Company, 1978, p.
124.)  When building a management tool, we
must carefully consider the user, or the who
manages component in the domain of respon-
sibility we’re using for our unit of interest.  We
must consider all characteristics of the who
manages.  Later, I’ll discuss the importance of
the measures of relevance, timeliness, and
accuracy for managing data and information.
The who manages component affects at least
the first two of these measures.  For example,
what is relevant or timely for one person may
not be for another.

As I mentioned in Module 1.1.14.2.,  the MSM
has one who manages.  Who manages is re-
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Max DePree, after mentioning Drucker’s defi-
nitions for efficiency and effectiveness, says
“Leaders can delegate efficiency, but they
must deal personally with effectiveness.”  (Max
DePree, Leadership is an Art, Dell Publishing,
1989, p. 19.)  He then says, “Participative
management is not democratic.  Having a say

differs from having a vote.”  (p. 25.)

For a more-detailed discussion of the who
manages component of the MSM, see Larry
Mallak’s thesis Applying the Management
System Model to a Federal Government Orga-
nization, September 1986.
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/MANAGEMENT SYSTEM MODEL COMPONENTS

1.4.2.6.2. WHAT  IS MANAGED

What is managed includes the tangible physi-
cal things that are managed (including opera-
tions tools, not to be confused with the tools we
use to manage with).  The physical things are
not requisition forms but cars and vans in the
motor pool; not pick tickets and packing slips,
but nuts and bolts in the warehouse; not supply
and demand forecasts but oil in wells, tankers,
refineries, trucks, and service stations; not
MIS and organization structure but fork lifts
and hammers.  In the service business we
manage documents, dossiers, cases, and briefs,
but not calendars and checklists.  We use
calendars and checklists to manage with.  As
teachers we manage students, books, and class
meetings, but not grades, rolls, and registra-
tion forms.  We use grades, rolls, and registra-
tion forms to manage with.

Collectively, the people, facilities, and materi-
als we manage and their interrelatedness we
call our operation.  The output of our operation
is our product or service—our result—an indi-
cator of our performance to be measured,
evaluated, controlled, and improved.  The out-
put and its characteristics relate to our pur-
pose.

I characterize the what is managed component
in terms of its physical parts, their attributes,
and their relationships.  The what is managed
component is the operation, or work process,
of the domain of responsibility.  The work
process converts resources into products and
services.  Some of the resources make up the
work process and some flow through the work
process.  For example, a bank uses money as

capital to support all the parts of its work
process and a bank has money flow through
the process.  If your business is managing
information (like a radio station), information
plays the role of your materials in CLEM.  You
also need information from your management
tools to tell you how well you’re managing the
information flow through your business (radio
station).  In characterizing the work process,
we need to incorporate time.  When does the
project start?  What is the flow rate?  The
attributes of the work process parts and prod-
ucts form performance criteria.

The work process can be formed in many
ways.  The work can be workstation type work,
where a large effort is carried through the
process by a single person.  An example is a job
shop or approving credit in a bank.  The work
can be assembly line type work, where many
small efforts are passed from station to station
and person to person as each person adds value
to the work flowing through the process.  Of
course, the work can include combinations of
workstation and assembly line, where one
person does a number of steps to the work and
passes the work to someone else who does
more steps.

The what is managed component is the focus
of major disciplines, like production and op-
erations management.  The focus of the
Scherkenbach system model in Module 1.4.2.5.
is the operation and its input and output.

One difficulty in dealing with the what is
managed component is the duality involved

The what is managed component of the Management System Model converts
actions into performance indicators about the operation’s products and services
and the work process that produced them.  The what is managed component also
converts capital, labor, equipment, material, and energy inputs into products and
services and associated waste outputs.
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with the difference between the management
system, or the domain of responsibility, and
the work process, or operation.  The physical
support structures for the management tools,
such as notebooks for plans, charts for organi-
zation structures, and computers for manage-
ment information systems are part of the what
is managed component.  The substance of the
management tools is conceptual.  The sub-
stance is data and information, intangible things
we keep in our head.  When the person who’s
responsible for the domain  isn’t making deci-
sions but is doing tasks within the work flow,
he or she becomes part of what is managed.
The who manages is the decision maker.

Macintosh and Daft emphasize the impor-
tance of understanding what is managed when
trying to build management tools.  They say,
“In our investigation of information systems
in a variety of organizations we discovered a
central factor that apparently has been over-
looked in conventional thinking.  And system-
atic study suggests the same result: work-unit
technology places a critical constraint on the
design of the information system.  There is a
relationship between the technology of a work-
unit and the amount and type of information it
requires to perform effectively.

Simon defines technology as the knowledge of
how to do things and how to accomplish orga-
nizational goals [Technology and Manage-
ment, Management Science, June 1973,
p.1110.].  Thompson defines technology along

similar lines as the beliefs about cause/effect
relationships to produce desired outcomes [Or-
ganizations in Action, McGraw-Hill, 1967].
Technology, then, includes the knowledge,
procedures and techniques used to perform a
given organizational task.

Work-unit technology can be analyzed along
two dimensions [C. Perrow, A Framework for
the Comparative Analysis of Organizations,
American Sociological Review, April 1967,
pp. 194-208.]: (1) the degree to which the task
process is understood (task knowledge) and
(2) the variety involved in the task.  Task
variety is the frequency of unexpected prob-
lems that occur during task activities.  Task
understanding pertains to the availability of
concrete knowledge about work-unit activi-
ties.” (User Department Technology and In-
formation Design, North-Holland Publishing
Company, 1978, p. 123-131.)

Technology isn’t the only feature of an opera-
tion that should influence the development of
management tools.  The idea of classifying an
operation in terms of its technology against
dimensions related to information systems
suggests that we can build better management
tools if we know what the operation is in the
right terms.  Later, I’ll suggest a number of
dimensions and associated frameworks we
can use to figure out what management tools
(of which the information system is but one)
will work best for the organization.
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/MANAGEMENT SYSTEM MODEL COMPONENTS

1.4.2.6.3.  WHAT  IS USED TO MANAGE

perspective you don’t separate components.
It’s like the wave and particle forms of mass
and energy.  Sometimes mass behaves like
energy, and vice versa.  Mass disappears and
energy appears, and vice versa.  We consider
a particle to be mass and a wave to be energy.
I also consider the physical container to be an
operations tool and the concept to be a man-
agement tool.  Mass and energy are the human
mind’s attempts at understanding.  So are the
operations tools and the management tools—
the what is managed component and the what
is used to manage component.

For analysis, you use the form that helps you
understand.  The thing in question is really in
both forms simultaneously.  It’s just how you
look at a thing analytically.

You use many tools to support management
decisions.  As opposed to situational analysis
(who manages adjusts to bring the manage-
ment system into balance) and contingency
theory (what is managed is modified to bal-
ance the management system), I focus on
developing, modifying, or improving tools
that produce successful, balanced manage-
ment systems.  The what is managed compo-
nent is the ends for management and what is
used to manage component is the means.

You have a system of tools which comprises
all your decision support tools (what is used to
manage) and their greater or lesser degree of
interrelatedness.  I classify this system of tools
into the five functional groups or categories
shown in Figure 1.4.2.6.3.  The methods, guides
and rules, precedents, and data-to-information
chain are tied together within your domain and
between your domain and those of other do-

What is used to manage comprises our man-
agement tools.  The pick tickets, forecasts,
grades, plans, information systems, procedures,
budgets, and many more are such tools.  Rou-
tine paperwork is part of this component, along
with the MIS, culture management tools, and
the organization structure.

With the exception of those of us whose direct
responsibility is to design and print new corpo-
rate or government forms, develop informa-
tion systems, and write plans, we don’t man-
age these tools, we use them to manage with.
Operations tools, we manage—trucks, ham-
mers, or process lines.  Management tools, we
use to manage.  When we manage a plan, it sits
on the shelf.  When we manage paperwork, it
restricts us.  When we manage an information
system, it’s a thing of beauty that nobody uses.

We use management tools to manage with.  All
management tools convert data to informa-
tion.  Management tools are conceptual.  They
are in your mind.  They take up no space.  We
embody management tools in physical con-
tainers like computers, files, calendars, etc.
When you think of management tools, you
typically think about their physical containers.
I want you to think about the concept of con-
verting data to information.  The physical
containers are part of the what is managed
component.  The concepts are the what is used
to manage component.

The overlap of the components needed for us
to effectively use management tools shouldn’t
surprise you.  Remember, I separated the two
components to analyze the management sys-
tem by looking at the system components.
That’s the system perspective.  In the holistic

The what is used to manage component of the Management System Model
converts data to information.
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mains through the relationships and structures.

Relationships and structures provide the
glue.
Examples of management tools in the relation-
ships and structures category are organization
structures, work breakdown structures, budget
and reporting structures, flow charts, and other
communication and coordination tools.  Rela-
tionships and structures also tie together what
is managed and who manages within your
domain and between domains.  You don’t
manage your organization structure; you use it
to manage with.  Therefore, your organization
structure must suit you, the who manages
component, and fit what is managed rather
than vice versa or it won’t help you.  Relation-
ships provide for stability in your domain
mostly through structure because, to be suc-
cessful, all your tools and your people, mate-
rials, and facilities work together through their
relationships.

Your methods suggest solutions.
Examples of management tools in the methods
category are expert systems, operations re-
search models, and paperwork.  We use many
methods to help us manage.  Whether quanti-
tative model, paperwork, rule of thumb, or
expert system, we look for a suggested solu-
tion based on the assumptions and limitations
inherent in the method.  As managers, we
compare our solutions and judgment to the
method and either agree with the solution,
adjust our solutions, or question the method by
adjusting constraints or quizzing alternatives.

Guides and rules help you control your
domain and support other tools.
The subcategories of management tools in the
guide category include policies, plans,  proce-

dures, and instructions.  Examples of manage-
ment tools in the rules category are maxims,
guiding principles, norms, directions, con-
straints, specifications, conditions, laws, and
orders.

Precedents provide the stability of the orga-
nization.
Examples of management tools in the prece-
dents category are the social system, awards
and recognition, credos, and socialization.
Your domain of responsibility has an atten-
dant history and culture or, if you’re forming a
new domain, you’ll translate your ideas of
precedents into it.  Richard Pascale believes
we should take socialization out of the closet
and recognize the degree to which corporate
culture influences our management efforts.
(Richard Pascale, The Paradox of “Corporate
Culture”:  Reconciling Ourselves to Social-
ization, California Management Review, Vol
27, No. 2, winter 1985.)  Waterman and Peters
in In Search of Excellence highlight the impor-
tance of culture in success.  Precedents should
be used to manage; however, precedents don’t
just happen to help—you must use them ac-
cording to your purposes.

The key to the data-to-information chain is
the word chain.
The data-to-information chain is the informa-
tion system, usually embedded in file cabinets,
notebooks, rolodexes, magnetic boards, and
other devices.  The data-to-information chain
operates routinely to acquire, store, retrieve,
and manipulate data to generate and portray
information.  The other groups of tools involve
data and information; but focusing on the word
chain, the data-to-information chain singles
out routine, repeated steps for regularly and
frequently converting data into information.
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DECISION SUPPORT TOOLS, THROUGH THEIR
INTERRELATEDNESS, CONSTITUTE A DSS.

• Relationships and Structures - organizational, work breakdown,
formulation and executions (B&R),  communication, and coordination

• Methods - expert systems, quantitative models, heuristics,
paperwork, and participative management

• Guides and Rules - policies, plans, procedures, and instructions;
and directives, constraints, specifications,  conditions, and laws

• Precedents - history, culture elements, and social system

• Data-to-Information Chain - MIS (EDP, IS, etc.)

Figure 1.4.2.6.3.  A decision support system (DSS) is a closed set of management tools, working
together synergistically to support the decision making process.  This statement for DSS differs from
the traditional definition originally made in the landmark paper by Gorry and Scott Morton in that
all data-to-information converters play a role in decision support, not just computer-based
management information systems.
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From Figure 1.1.18.1.3. we see that if we fail
in any component, we fail in our responsibil-
ity.  In the management system, no component
is an island.  While operational performance is
measured at the what is managed component,
organizational performance is also a function
of who manages (personal performance) and
what is used to manage (management tool
performance).

In addition to being essential to balance the
management system, each component plays a
unique role in the system.  We consider capital,
labor, materials, equipment, and energy as the
input and output of what is managed and
measure operational performance there.  Data
and information linkage with other manage-
ment systems that include ours, are included in
ours, or are in parallel with ours, occurs through
what is used to manage tools such as organiza-
tion structures, communications (formal or
informal, routine or non-routine), and the man-
agement information system.

Forcing Functions
The who manages component is the forcing
function for the operation, or work process.
Most change is initiated there.  When the
system is in balance, who manages will want
better information to make better decisions
and the system will mature.

A key to continuous performance improve-
ment is through the who manages component
as the internal forcing function.  When the
Management System Model (MSM) is in bal-
ance, the manager is getting exactly the infor-
mation he or she needs (The information prop-
erly reflects the what is managed component.)

exactly the way he or she likes the information.
(The portrayal matches the preferred percep-
tion.)    Even when the manager is happy with
the balanced management system and his or
her information input and action output, he or
she will want to make an improvement.  By
making an intervention, the manager makes
the management system out of balance, and
the work process and the management tools
must adjust to provide the manager the infor-
mation he or she needs.  In this way, the
management system keeps moving to better
and better levels of performance.

Since the management system isn’t a closed
system, the environment will act as a forcing
function on the domain of responsibility.  From
the control loop analogy in Figure 1.1.21.9.,
we recognize that the environment can act on
the who manages through the reference input
and on the what is managed through a distur-
bance.  The who manages looks to the environ-
ment (the stakeholders, usually the customer)
to determine the needed operating level for the
system.  Then the who manages compares the
reference input (voice of the customer) to the
information about the work process (voice of
the process) to determine how to act on the
operation.  (See the small circle, the compara-
tor, in front of the controller in the control loop
analogy in Figure 1.1.21.8.).  Disturbances to
the system are felt in the capital, labor, equip-
ment, materials, and energy parts of the opera-
tion.  When the person who acts as the who
manages component isn’t making decisions
but, instead, is doing something, he or she
becomes part of the labor in the operation.  In
that way, a disturbance first felt by the who
manages component is felt within the what is

BACKGROUND/THEORY/A MANAGEMENT SYSTEM/MANAGEMENT SYSTEM MODEL COMPONENTS

1.4.2.6.4. EACH MANAGEMENT  SYSTEM MODEL COMPONENT PLAYS A
UNIQUE ROLE

From the systems perspective, each component of the Management System Model
is essential in helping the system achieve its aim: success through balance.
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a managerial domain without being accurately
and precisely fitted  into it.

Especially with computer-based systems, we
hear of successes of other managers, and we
run out and buy that system.  As in Figure
1.4.2.6.4.,  a salesman appears at your door and
says, “I have an automatic this or that.  Do you
want one?”  You remember you’re doing this
or that  and you buy one.  How many times do
we begin with a tool obtained almost at ran-
dom and, because of that investment, try to
convert our operation, our management style,
our other tools, and the new tools we buy to suit
the original purchase?  How often do we ig-
nore the real needs of the operation and the
need to understand our management system
well enough and from the proper perspective
so the tools will work?

managed component.

As I carefully distinguish among the three
MSM components, I’ll remind you that when
I derived the MSM, I artificially separated the
components.  That is, the differences among
the components aren’t as distinct as I imply,
and to touch the system anywhere is to touch
the system everywhere.

The tools (computers, for example) aren’t the
forcing function for either the system or the
age of information.  The forcing function for
the age of information is the need for more,
rapidly-changing information as manifested
through who manages.  As we’ll see shortly,
computers and other products of information
technology do more harm than good if they’re
taken as cure-alls that can simply be added to

Figure 1.4.2.6.4.  “Howdee.  Take in the little guy and your house will never be the same.”
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/MANAGEMENT SYSTEM MODEL COMPONENTS

1.4.2.6.5.  EXERCISE ON MANAGEMENT  SYSTEM MODEL COMPONENTS

To delimit a domain of responsibility and to build and use management tools for the
domain that are useful to the decision maker and that faithfully reflect the operation,
you have to identify each of the components for the domain.

Explanation
You should see domains of responsibility, or
management systems, all around you.  Some
are large and some are small.  Within your
domain, you have several subdomains: your
work, your family, your community service.
You want to get practice at being able to
delimit domains and identify the three essen-
tial components in each domain.  You should
also be able to identify the aim of the system.
In the example below, you can see an identifier
for a domain and the three components and the
aim for the system.  In the example, the man-
agement system is a single  class, as contrasted
with a course, or discipline, or a group of
students.  If the management system was one
of the alternates I just listed, the components
would most likely change.  The focus of the
system would change to something besides
one room with students using texts to prepare
midterms, etc.  There is but one who manages.
There are any number of things that make up
the operation.  Those I’ve listed give a range of
physical things within the domain of responsi-
bility.  There are also many management tools.
I’ve listed a variety in the example.

Example
Recall the classroom example from Module
1.1.14.4.  I’ll use a specific class here.

Management System:  ISE 4015 (Index 7151)

Who Manages:  Harold Kurstedt

What is Managed:  students, texts, class room,
visual aids, etc.

What is Used to Manage:  syllabus, roll, drop/
add forms, homework, midterms, etc.

Aim:  to teach management systems engineer-
ing as an approach for dealing with the world

Exercise
List ten different management systems and
identify the three essential components and
the aim for each domain of responsibility.

Thought Question
My example clearly was from the perspective
of the teacher.  What would change if we
looked at ISE 4015 (Index 7056) from the
perspective of one of the students?
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM

1.4.2.7.  INFORMATION  PORTRAYAL  WITH  A PURPOSE—FRANCISCO DE GOYA
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/THE INTERFACES

1.4.2.8.1. WE MATCH THE INTERFACES TO GET BALANCE .

You’ll focus on the three interfaces between pairs of components of the Manage-
ment System Model so you can diagnose and fix problems of mismatch that lead
to internally-caused crises.

I need to dedicate more time to keeping my
calendar and to-do list so I can act rather than
react.  I want a working, useful information
system and I must figure out what to tell
someone to do to fix or replace the one I have.
My decisions ought to be leading to meaning-
ful actions.  I should start measuring the right
things, because I really don’t use all the data I
have.  I must determine what isn’t getting done
and find a way to reflect back to my people our
performance and what we need to do to the
process to improve.  I need to put my finger on
what is really going on here.  Have you ever
heard, said, or thought thoughts like these?

If the components of the Management System
Model (MSM) were balanced and if your man-
agement tools fit your domain of responsibil-
ity properly, you’d be thinking about how to
improve your management system rather than
how to catch up to it.  Figure 1.1.21.3., which
shows the MSM, highlights the very spots you
need to concentrate on to make this happen—
the interfaces between the MSM components.

The three essential components are balanced
by the interfaces between them.  Who man-
ages makes decisions based on useful or pref-
erable information.  Converting information
to action through these decisions is the crux of
management (the decision/action interface).
Through measurements to assess performance,
data are generated that represent characteris-
tics of what is managed (the measurement/
data interface).  Information results from bias-
ing data and is portrayed in one of four por-
trayal formats (1) a table—least biased, 2) a
graphic—a pictorial representation with a math
equation of symbols is least biased graphic, 3)

check list, and 4) text—the most biased and
richest); and who manages perceives informa-
tion based on his or her individual characteris-
tics (the information-perception/ information-
portrayal interface).

The words information and data are often used
interchangeably.  As I stressed in Module
1.1.16.10., I choose to make distinct differ-
ences to illustrate the difference between what
Blumenthal calls "an uninterrupted raw state-
ment of fact"—data—and "data recorded, clas-
sified, organized, related or interpreted within
context to convey measuring”—information.
This interpretation with context is bias and
makes information less pure but more useful
and powerful than data.  (p. 30.)

For balance, our management tools must accu-
rately reflect what is managed.  If our opera-
tion is budgeted by both budget structure and
geographic distribution, spreadsheets by bud-
get structure alone will not do the job.  If our
operation provides customer-oriented goods
or services, a technical-function oriented or-
ganization structure will work against us.  Our
management tools must be acceptable (com-
fortable and useful) to who manages.  If the
manager is systematic and prefers definition
and detail, the most modern, colorful graphics
output package will not be liked or used.  If the
manager is young and inexperienced, a highly
sophisticated financial plan will overwhelm
him or her.

An effective information portrayal/informa-
tion perception interface helps you get your
tools, including your information system and
long-range plan, to do what you want.  You get
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Figure 1.4.2.8.1.  The pieces fit at the interfaces.

the right data by concentrating on measuring
the right performance variables.  Informed
decisions addressing the tangible, physical
need of your operation will lead to actions that
affect your operation.  At each interface, you
must match up the components involved.  The
problem is most puzzling for more-uncertain
pursuits, global endeavors, and unstructured
decisions.  Remember, as shown in Figure
1.4.2.8.1., while no one piece completes a
puzzle, all necessary pieces must be in proper
relation to their neighbors.

For better or for worse, your management
tools will make the difference in achieving a
balanced management system through the in-
terfaces.  These tools contribute directly to two

of the interfaces and heavily influence the
third.  Since the who manages is the one who
all this is addressed to and who must ultimately
carry through with the balancing act, I’ll begin
with the interface between you and your tools.
Then I’ll proceed to the other interface directly
involving you—the decision/action interface.
The who manages is anyone who uses infor-
mation (through the first interface) to make
decisions that lead to actions (through the
second interface) affecting the operation, for
comparison to evaluate the effect of the deci-
sion (through the third interface).  The third
interface (the measurement/data interface) is
between your operation and your management
tools.
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/THE INTERFACES

1.4.2.8.2. THE INFORMATION  PORTRAYAL /INFORMATION  PERCEPTION

INTERFACE

You must portray information to best suit the objective and the data available and must
portray information the way the who manages wants to perceive the information.

The information portrayal/information percep-
tion interface both is the most neglected of the
three interfaces and is the most important.
This interface is difficult to deal with because
of the ill-defined and changeable human fac-
tors involved.

An important issue is if or when to develop a
new management tool.  Why not develop an-
other software package, reorganize, or write a
new plan?   We can develop these tools and can
show something for our efforts.  The tool will
be functionally better, but will the user, or
decision maker, like the new tool better and
therefore use the tool?

We have to work hard to show any significant
improvement at the information portrayal/in-
formation perception interface.  All manage-
ment tools should present information to the
manager.  Although we generally review plans,
information systems, and communications, in
the end they all have the requirement of por-
traying information in a useful way for a hu-
man being.

How do you perceive the output of your man-
agement tools?  Are you comfortable with the
information you get?  Would you prefer some-
thing else if you just knew what it was you
wanted?  To help you deal with these ques-
tions, I’ll begin with an exercise for you to do
in your mind.  I intend for this exercise to
persuade you that information is biased and
most information is confusing because of hid-
den agendas, too many conclusions in a single
presentation, and a misinterpretation of who
should bias the information.

Drawing Conclusions from Data
To begin the exercise, look at the budget table
in Figure 1.4.2.8.2.1. and draw a conclusion
about the XYZ Program based on the data in
the table.  Tables are the least biased of all
information portrayal formats, so your conclu-
sion will be based on the purest possible repre-
sentation of the facts.  You may draw a conclu-
sion based on all the data or any conclusion
based on a subset of the data.  Take a second
and write down a sentence stating your conclu-
sion and then summarize your conclusion in a
short sentence of ten words or less.  (To see the
outcome of this exercise, you must state your
conclusion as a complete thought with subject,
verb, and object).  Don't use the sentence I
have for the title of the chart in Figure
1.4.2.8.2.1.  I'll bet I've biased your thinking
with my title.

Now have one or more of the people in your
family or office do the same thing without
knowing what you’re thinking or what you
wrote.  The first of several surprises I expect
for you resulting from this exercise is that
you’ll find the conclusions drawn are differ-
ent.  I’ve had hundreds of workshop attendees
do this exercise and as yet haven’t had one
group in which there were two identical con-
clusions (sentences).  Some were close, most
were radically different.

You and those who participated have shown
biases through different education, experi-
ences, cognitive styles, and perhaps other hu-
man characteristics.
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Representing Your Conclusions in Graphic
Form
Now, to continue the exercise, you should
draw how you believe you could most effec-
tively represent in a graphic form your conclu-
sion from the table in Figure 1.4.2.8.2.1 so
anyone who sees your graphic will come to
identically the same conclusion you did.  Don’t
feel limited by the available choices for graph-
ics.  If you’re artistic, you can even make an
illustration.  Otherwise, you might prefer a line
graph, bar chart (vertical or horizontal), stacked
bar chart, surface chart, pie chart, or one of
many others.  Write down (or at least think
about) the title you’d use for the graphic.  I
believe you’ll discover two more surprises
from this part of the exercise.

The first surprise is that one graphic format
will work best in presenting the conclusion
you chose.  You may not have selected the best
one.  Just using bar graphs because the com-
puter package does that easiest or first is a
mistake.  If your conclusion alluded to a trend,
a line graph works best.  If you saw compari-
sons between components or comparisons of
the components against their total, a bar chart
or a pie chart works best, respectively.

Other Information Portrayal Formats
The choice of information portrayal format
can be an extremely logical process based on
the structure, type, and amount of data and the
conclusion you wish to communicate.  I’ve
developed a procedure of designing effective
graphics through a structured set of logic dia-
grams.  I’ll show you that tool soon.  While
graphics can be a concise way to communicate
information in a book, paper, report, briefing,
management information document, or any
other management tool presentation, they can
also be confusing or misleading when not
properly designed.

The increased availability of computer-gener-
ated graphics has led to a proliferation of

charts and graphs.  Graphics should simplify,
not confuse.  They must focus, not distract.

In my logic diagram procedure, I add to graph-
ics three other information portrayal formats.
The four choices for portraying information
are table, graphic, checklist, and text listed in
order of ascending degree of bias and descend-
ing level of detail.

The table shows bias through title, column and
row choices, and entry precision.  The graphic
is biased in kinds of comparison, scale, and
visual presentation and enhancement.  The
checklist (government forms or tickler files,
for example) reflects arrangement and word
choice and amount of attention.  The text
provides great flexibility in presenting ideas,
degrees, and justification.

Your second surprise is that the title for your
graphic should be the short sentence of less
than ten words you developed.  Since the
graphic drives home your conclusion (bias), to
be “up-front,” the audience should be able to
determine instantly what that bias or conclu-
sion is.  (You may want to be obtuse or to
confuse, but you only want to do that on
purpose.)  Not everyone would have chosen
the same conclusion, and the audience needs
to know what he or she is being driven toward.

The Problem with Multiple Conclusions
Don’t try to bring the audience to two or more
conclusions from the same graphic.  He or she
will receive mixed messages and won’t come
to any of the conclusions.  Show one conclu-
sion at a time, and everything on the graphic
should support that conclusion.  For example,
two pie charts on one graphic are used together to
make one conclusion, not two.  The two graphics
in Figure 1.4.2.8.2.2. present the exact same
monthly research expenditure for the 1985 cal-
endar year for my organization.  However, I’ve
chosen two different conclusions and used the
graphic format which best makes that conclu-
sion.  You should choose the conclusion, and
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discarded.  The conclusion as a sentence must
say something.  The title “I’m taking four
actions.” doesn’t count.  The title “Four ac-
tions will get us out of debt.” does.

Bias
An important idea not to forget is:  Since,
information is biased, whose bias should it be?
Yours, the manager.  Now you must worry that
when you make decisions based on informa-
tion presented to you, if you didn’t dictate the
bias and the person bringing you the informa-
tion is good, you’ll naturally come to his or her
conclusion and probably make the decision he
or she would.  Who’s running this railroad,
anyway?

As the decision maker, the consequence of not
providing a bias to the person who’ll make
information out of gathered data to present to
you is you’ll make your decision based on his
or her bias.  The more bias you establish for the
information gatherer, the less bias available
for the information gatherer to interject.  There-
fore, as decision maker, tell the information
gatherer the information you want.  For ex-
ample, tell the information gatherer you want
a list of all milestones listed in the strategic
plan that are more than ten days late.  Don’t tell
the information gatherer to give you informa-
tion on milestone problems.

therefore the chart, to meet your needs.

If you attend one of my seminars, briefings, or
workshops, you’ll find that every briefing chart
is titled with a sentence (including the period).
Whether you read the title to yourself or I read
it aloud, you’ll know exactly what I want you
to conclude from my briefing of that chart.  I
call the approach “the Perry Method” after the
person who teaches developing briefing charts
that way.  I’ve extrapolated the idea not just to
information presentations using briefing charts,
but all information presentations: titles for
tables and graphs, titles of reports or major
headings therein.  Preparing a briefing using
the Perry Method is difficult; presenting that
briefing is easy.

You may put a briefing together by listing
chart titles as introduction, summary, results,
expenditures, personnel, and so on.  Then you
take all the points you want to make and put
them as bullets on the chart in which they seem
to fit best.  Now look at what you’ve done.  One
or more bullets don’t develop the same conclu-
sion as the others, and the audience is con-
fused.  With a conclusion for a title, a given
bullet either helps make that conclusion, or it
is on the wrong chart, a new chart is needed
because the idea the bullet makes is important,
or the bullet doesn’t really help and should be
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Figure 1.4.2.8.2.2.  Your conclusion is expressed as a sentence in the title.

PRIORITIES WILL CHANGE IN A CONSTANT PROGRAM.

Plant Operations   50   60   70   80 260

Steam Generator R&D   10   10   10   10   40

Recycle Processing   10   40   15   10   75

New Processing Facility   15     5     5   15   40

Laser Technology R&D   30     0   15     0   45

TOTAL PROGRAM 115 115 115 115 460

PROGRAM  (Dollars, in thousands)
ACTIVITIES FY95 FY96 FY97 FY98  TOTAL

XYZ PROGRAM FOUR-YEAR BUDGET

Figure 1.4.2.8.2.1.  A fiscal budget table shows little bias.

YOU CAN DRAW DIFFERENT CONCLUSIONS 
FROM THE SAME DATA.

MSL’S RESEARCH 
EXPENDITURES TREND UPWARD 

AT A 5% ANNUAL RATE.

MSL’S RESEARCH 
EXPENDITURES PEAK DURING 

THE SUMMER MONTHS.
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/THE INTERFACES

1.4.2.8.3.  INFORMATION  AND NOISE

nature.  Relatively speaking, inanimate ob-
jects are predictable.  Using Deming’s defini-
tion of management as prediction, inanimate
objects are relatively easy to manage.  When
we are supervisors and work with people the
ratio of signal to noise reverses.  The noise is
quite high.  We haven’t learned how to apply
the laws of nature very well to people and
especially to people interacting in groups.
When you’re in a sea of noise, the ability to
pick the information out of the noise becomes
crucial.

You can be overloaded with noise, data, or
information.  If we have to be overloaded with
something, we’d prefer the something be in-
formation.  However, information overload is
a frustrating and counterproductive experi-
ence.  Our job is to identify and try to separate
(if we can’t eliminate) noise, to use only the
data necessary to make the information we
need, and to only deal with the information we
need to make the decisions we have to make.

Some people prefer more information than
other people.  So, information overload is a
function of the person making the decision.  In
fact, some people prefer detailed information,
or even data.  These people either like details
or they want to be positive the bias in the
information they use is their own.

As builders of management tools, we must un-
derstand the characteristics of the decision maker
in terms of the noise, data, and information they
prefer.  We can’t always give the decision maker
what he or she wants in terms of noise; but if we
don’t know the decision maker’s needs and
preferences and the characteristics of the opera-
tion, we can’t even do our best.

A dangerous problem is information overload.
The great quantities of information that many
managers are forced to consider become even
more of a concern when we introduce the
dramatic findings of cognitive psychologists
that subjects in a situation of information over-
load use less information in decision-making
than do those with some near-optimal amount
of information.  In other words, more informa-
tion is not necessarily better.  We believe that
our short-term memory has a limited capac-
ity—about seven “chunks” of information.

In module 1.1.16.10., I distinguished between
data and information.  Now I must distinguish
information from noise.

Consider the situation in Figure 1.4.2.8.3.  In
my class, there is an intermitting fluorescent
fixture.  During class, it makes noise and
interferes with my lecturing.  But when some-
one comes into my class to fix it, the first thing
he will do is tell us all to be quiet, because now
the sound from the fixture is information and
the class is noise.  The conclusion is that
nothing is absolutely information or noise, but
becomes one or the other in response to a
question (bias).  The purpose of the system
(unit of interest) determines what’s noise and
what’s information.

Information overload is a misnomer because
what we call information overload is really a
high ratio of either noise or unprocessed data.

Engineers deal with situations where the ratio
of signal to noise is relatively high.  When we
deal with inanimate objects or machines, we
can predict cause-and-effect relationships
based on our understanding of the laws of

“Information informs, but noise annoys.” (Louis I. Middleman, In Short, p. 40.)



503

that can surface bias and filter out noise, leav-
ing behind pure information to support deci-
sions.

Figure 1.4.2.8.3.  “Can’t you tell?  That’s the one.”

Lou Middleman tells me that Ernest
Hemingway spoke of an author’s need for a
built-in, fool-proof crap detector.  That’s ex-
actly what a decision maker needs.  A detector
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/THE INTERFACES

1.4.2.8.4.  APPROACHING AN INTERFACE FROM ITS TWO SIDES

In Module 1.4.2.8.2., I used the exercise of
drawing a conclusion and preparing a graphic
based on a tabular format to lead you through
the interface from information portrayal to-
ward information perception or in the direc-
tion that is the specialty of the information
specialist.  However, regardless of the struc-
ture and quantity of data and the desired con-
clusion to be presented, some of you will
prefer to work with the tables (perhaps a simple
table highlighting just the conclusion) and
some will prefer the graphics.

I’m leading you now to the left-brain, right-
brain discussion and I’ll choose to call the
preference for structure and detail that we see
in specialists systematic, or sensing, and the
preference for bottom lines and trends that we
see in generalists intuitive.  Your position and
your task can shift your information process-
ing style toward systematic or intuitive but you
prefer one or the other.  I’m now leading you
through the interface from information per-
ception toward information portrayal or in the
direction that is the specialty of a human fac-
tors specialist.

To make a match at the interface and have it
contribute to balancing the components of the
Management System Model (MSM), both di-
rections must be considered because the inter-
face is not a finite line but rather a continuum.
For the information portrayal/information per-
ception interface, the continuum contains some
of the management tools and some of the
human decision maker.  As a manager you
have a unique combination of experience, edu-
cation, and cognitive style with your more
human traits.  These will influence how you
perceive information.  The immediate effect

on the design of management tools isn’t clear,
but the effect on the use of the tools is.  A.P.
Sage argues “. . . . it is necessary to incorporate
not only problem characteristics, but also prob-
lem solver or decision maker characteristics,
into the design of information systems for
planning and decision support.”  (Andrew P.
Sage, Behavioral and Organizational Consid-
erations in the Design of Information Systems
and Processes for Planning and Decision Sup-
port, IEEE Transactions on systems, Man, and
Cybernetics, Vol SMC-11, No. 9, September
1981.)  G.P. Huber argues that, “. . . we do not
know if DSS designs should (1) conform to the
user’s cognitive style or (2) complement the
user’s cognitive style.” (George P. Huber,
Cognitive Style as a Basis for MIS and DSS
Designs: Much Ado about Nothing?, Manage-
ment Science, Vol 29, No 5, May 1983, p.
571.) Note that DSS stands for decision sup-
port system.

I believe the direction of considerations about
designing management tools to fit the cogni-
tive preferences of different users should be
toward the idea of responsive systems, or
systems that can adapt to different users, which
I’ll describe later.  Huber further says, “. . . the
DSS design effort should be directed toward
creating a DSS that is flexible, friendly, and
that provides a variety of options.  If this focus
is adopted, the matter of an a priori determina-
tion of the user’s style as a basis for identifying
the most appropriate design becomes largely
irrelevant.” (p. 575.)

Regardless of the design of our management
tools, within the context of the MSM and
matching the interface, the human differences
between managers must be considered.  In

Matching the two sides of one of the Management System Model’s interfaces isn’t
easy because each side is affected by the closest component.
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short, a manager who doesn’t like a particular
tool generally won’t use it and will develop ad
hoc methods of getting the information he or
she wants.  People with different cognitive
styles prefer information presented in formats
that reflect those styles.  Managers and man-
agement tool designers must recognize the
issue and plan for preference and deal with
possible failure when the who manages com-
ponent changes.

Most of the time you have data from measure-
ments that are best suited to a given portrayal
format.  I’ll describe the rules for choosing the
best portrayal format for a given use of the data
and for a given set of data later.  For now,
realize that, without considering the who man-
ages, we can logically derive a most effective
portrayal format.  What do you do when the so-
called best portrayal format isn’t what the who
manages likes?  Many information coordina-
tors will befriend the data and information and
insist on the format best for the information.
Then the decision maker won’t like what he or
she gets and won’t use the information.  The
information portrayal/information perception
interface breaks down.  There is no match.

The dilemma we face as we build management
tools is that very often what is best for one side
of an interface isn’t best for the other side.  This
dilemma is a case of the typical engineering
problem.  Of all the conflicting options, which
do you chose?  In a case like this, there is no
perfect answer.  You have to make the best
match you can.  You have to choose the best
portrayal formats given the constraints of the
manager’s needs and desires.

Proctor and Gamble isn’t known for its man-
agers using graphical information formats and
graphics packages on the computer. (personal
communication, Laurie Laning)  I believe the
rigorous selection process of Proctor and
Gamble, which includes testing of applicants,
filters managers who are more systematic and

wouldn’t prefer graphics.

Why do you choose the formats you do?  If you
believe the choice is because your favorite
formats are better, you may be trying to turn a
subjective feeling into an objective fact.  Guess
which person finding his way out of the woods
in Figure 1.4.2.8.4. is systematic and which is
intuitive.  Which would you be?

I’m an intuitive person and like examples and
illustrations.  The illustrations in this book and
to some extent all the figures are for people
like me.  For us, the illustrations and figures
make the points of information clearer and
more meaningful.  Most managers in my work-
shops agree.  Some, and those who are typi-
cally systematic, feel my illustrations aren’t
helpful.  In fact, for some people, the figures
are a bore at best and confusing at worst.   For
them, I not only have to make the point in the
illustration but have to carefully explain the
connection between the illustration and the
point of information the illustration supports.

I’ve made a terrible mistake in some of the oral
presentations I’ve given.  At one time, I  as-
sumed that for all audiences the illustrations
would require less explanation and time to
cover than would the typical briefing charts
with written phrases.   I felt the illustrations
would reinforce the point in the briefing chart
containing words and would save time over
the entire oral presentation.  What I learned
was that for a sensing audience, I need to spend
more time on illustrations (or not use them);
and, if I don’t, the presentation fails.

Does the point I’m making in Figure 1.4.2.8.4.
jump out at you?  Can you see one person
intuitively following the sun, using qualita-
tive, bottom-line type information?  Can you
see the other person with all his detailed mea-
surements and data, using structured, detailed
information?  Does this figure drive home the
difference between a sensing person and an
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intuitive person who are both dealing with the
same problem?  Can you carry those ideas over
to how we should portray information differ-
ently to different decision makers faced with
the same decision?  If you answer yes to these
questions, you’re probably intuitive.  I’ve por-
trayed information to you in a way that you get
the most information quickest.  If you answer
no to these questions or if the ideas in the
questions didn’t occur to you based on the
illustration, you’re probably sensing.  I’ve
portrayed information to you in a way that I
slow you down in your understanding of the
information.

Most people in the world are sensing.  I’m
intuitive.  Now what do I do with my informa-
tion portrayal?  (One important issue in com-
paring two information portrayals to distin-
guish preferences between intuitive and sens-
ing people is that both portrayals must have the
same information content, only in different
form.  Getting the exact information content
into two different forms isn’t easy because
information is biased and the form contributes
to the bias.)

An interesting point arises here.  As a pre-
senter, I do a better job (I’m more confident
and enthusiastic.) with illustrations.  When I
present to a group of largely systematic people,

they’ll prefer not to deal with illustrations.  For
an effective presentation, both presenter and
audience should work well together.  Whose
preference should dictate?  Obviously the
presenter’s and the audience’s preferences
should be balanced.  Now I’m dealing with a
different interface with two sides.  This inter-
face is between sender and receiver of infor-
mation.  This interface is much like the infor-
mation portrayal/information perception in-
terface.

I’ve seen staff people complain when the man-
ager who must present the organization’s case
is picky over the words the staff has prepared
for his or her presentation.  I argue that if the
manager’s preference is satisfied, he or she is
going to be more comfortable and confident—
necessary characteristics for an effective pre-
sentation to benefit the organization.

In processing information, our brains tend to
perceive stimuli in terms of their own past
experiences and may systematically filter out
information not in accordance with these ex-
periences.  Brains have difficulty processing
all the relevant information—there is too much,
it may not fit with expectations and previous
patterns, and some of it simply may be too
threatening to accept.
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Figure 1.4.2.8.4.  “We’ll probably get out of here about the same time.”
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/THE INTERFACES

1.4.2.8.5. CAN WE PREDICT  HOW YOU WANT YOUR INFORMATION

PORTRAYED?

Who can predict what a person will do?  Or
what they’ll prefer?  We certainly believe
people are different.  Each person has his or her
own way of doing things—his or her own
style.  Each person has his or her own experi-
ences, capabilities, and preferences.  Can we
measure something about a person to deter-
mine how the person will behave given a
certain situation (environment)?  I believe we
can measure a person’s personality type or
cognitive style.  This measurement will tell us
how they prefer to behave, not necessarily
how they will behave. If we can distinguish
among people and how they perceive informa-
tion and how they act on the information they
have, then we should be able to choose the best
way to portray information for them.

Scott Geller tells us that to look at the output of
a person we must consider a triangle of three
factors:  person, behavior, and environment.
We’re interested in decision making and ac-
tion behavior on the part of the person who’s
the who manages.  I’ll describe some people
differences and how those differences affect
tool building.  I’ll start by distinguishing among
personality types.  Then I’ll match ways of
portraying information to those different types.

In 1920 C.G. Jung suggested that people are
different in fundamental ways.  All people are
driven by the same group of instincts.  One
instinct is no more important than another.  But
what is important is a person’s preference for
what he or she does.  The person’s preference
for what they do is characteristic.  So the
person can be “typed” by these characteristics.
And Jung developed personality types.  For
decades scholars have spoken of different tem-
peraments for people and they usually have

decided on four different temperaments.  In
the l950’s Isabel Myers and her mother
Katheryn Briggs picked up the ideas of tem-
peraments and personality types and produced
the Meyers-Briggs Type Indicator, or the
MBTI.  The MBTI is in the form of a question-
naire where people select answers according
to their preferences.

When we see the results of a person’s prefer-
ences, we determine their MBTI type.  The
MBTI type is a four-letter code devised from
the words symbolizing the four polarities sug-
gested by Jung shown in Figure 1.4.2.8.5.  The
second pair of polarities is of greatest interest
to us now.  The sensing/intuitive polarity tells
us how a person prefers to perceive informa-
tion.  In short, sensing people like details and
structure and intuitive people like pictures and
trends.

From Figure 1.4.2.8.5., note that most of the
people in the world are sensing. Note also how
they like to perceive information  So, if our
state-of-the-art computer-based information
system is based on color, graphics, and im-
ages, most of the people in the world won’t like
the information system. Unless managers are
selectively intuitive, most managers in the
world won’t like our information system.
Surely, what a manager doesn’t like, a man-
ager won’t use.  Since a manager is anyone
who uses information to make decisions, people
in general won’t like or use such a system.

From Figure 1.4.2.8.5., note how different
people act on information.  The thinking/
feeling polarity is the only one where we’ve
found gender differences.  60% of men are T;
60% of women are F.  T and F are, however,

If you know what a person prefers, you can support their information perception
and action taking better.
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evenly distributed within the overall popula-
tion.

The fourth polarity distinguishes between
those who prefer to perceive information and
those who prefer to act on it.  A perceptive
person wants more information to perceive
before acting on it (making a decision).  A
judgmental person wants to make a decision
with as little information as possible.  Judg-
mental people are into closure.  They make
decisions.  They have clean desks.  Percep-
tive people expand the problem.  They’re into
possibilities.

Think about interacting with your boss.  Sup-
pose your boss is judgmental and likes to
close on a problem given the least amount of
information needed.  Suppose you’re a per-
ceptive person and see possibilities in every-
thing and want to bring as much information
as possible to the decision to ensure no alter-
native is neglected.  Won’t your boss be
frustrated as you’re doing your best—unless
you know about the differences between those
people who like to act on information and
those who like to perceive information?

The first polarity shown in Figure 1.4.2.8.5.,
has to do with whether you prefer to deal with
people and things (the extrovert) or ideas and
concepts (the introvert).  The extrovert is
energized at a party and is ready for action
afterwards.  The introvert isn’t and wants to
be alone and needs to rest from the exertion.

We identify the four temperaments I men-
tioned earlier as the NT, NF, SJ, and SP type
people.  We call them 1) the visionaries,
architects of systems, builders; 2) the cata-
lysts, spokespeople, energizers; 3) the tradi-
tionalists, stabilizers, consolidators; and 4)
the trouble-shooters, negotiators, fire-fight-
ers; respectively.

Certainly, no one personality type is better than
another.  Also, in team building, we find a good

mix of personality types makes the most effec-
tive team.  Personality typing is popular today.
Team building and marriage and family coun-
seling are often based on the personality types
of the participants.  Marriages tend to be good
if spouses share at least two of the four polari-
ties.  Having three polarities the same is better.
Introverts tend to marry extroverts.  If you
marry your polar opposite, good luck.  The
marriage can work, but the pair wakes up
every morning with two completely different
theories of and attitudes toward the world and
human existence.

Some companies even hire based on certain
personality types for certain jobs.  This prac-
tice is not only unethical, and probably illegal,
it’s foolish.  My wife is an introvert; but, you
wouldn’t know it at a party.  I’m the extrovert
and she’s much more social and gracious at the
party than I am.  She’s good at being an
extrovert.  She just doesn’t prefer it.  You’d
know my wife is an introvert when we get in
the car after the party, she’s exhausted and I’m
energized.  Dealing with people and things
draws energy from her and builds energy in
me.  The bottom line is that if you choose me
over my wife to get the best extrovert, you’d
make a terrible mistake.  My wife has all the
energy she needs to be all the extrovert you can
handle.  Never rank people’s behavior based
on their preferences.  Deming tells us never to
rank people on their performance.  Similarly,
we should never rank behavior based on pref-
erences either.

Bariff and Lusk propose that “generally ac-
cepted psychological tests be used by the sys-
tems analyst to evaluate user preferences for
report presentation modes” in designing infor-
mation systems.  They list dozens of psycho-
logical tests and measures of user and organi-
zational behavior variables.  The MBTI is but
one of the tests.  Many more tests have been
devised since the time of the Bariff and Lusk
article.  However, the MBTI continues to be
the most generally popular personality typing
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know what’s special about the manager in
terms of how he or she likes his or her informa-
tion portrayed.  I’ve offered the MBTI as a way
of predicting not only how information ought
to be portrayed in a given domain, but as a way
of predicting how the information will be
acted on and the relative dominance of per-
ceiving or acting.  Regardless of the measures
you use to interpret a person’s preference, be
sure to consider the individuality of the man-
ager when you develop a management tool.

instrument today. (Designing Information Sys-
tems for Organizational Control: The Use of
Psychological Tests, North-Holland Publish-
ing Company, 1978, pp. 113-121.)

The bottom line is people don’t all like the
same things.  Or use the same things.  Or do the
same things.  To be successful in management
tool building, we have to consider what’s
special about the who manages component of
the Management System Model.  We need to

Figure 1.4.2.8.5.   Key words help distinguish between pairs of identifiers for each of Jung’s
four polarities.

JUNG’S THEORY CONTAINS FOUR POLARITIES.

Judgmental (50% of population)................Perceptive (50% of population)

Less information
Limit the problem
Fixed and decisive
Closure
Sees deadline

More information
Expand the problem
Flexible and tentative
Open options
Sees possibilities

Thinking (50% of population—..................Feeling (50% of population)
                40% females
                60% males)

Logic and rationality
Objective
Laws and orders
Firmness 
Analysis

Relationships
Subjective
Circumstances and social importance
Persuasion
Sympathy

Sensing (75% of population)......................Intuitive (25% of population)
Detail and structure
Experience
Realistic
Fact (data)
Practicality

Generality
Hunches
Speculative
Fiction (stories and pictures)
Ingenuity

Extrovert (75% of population)....................Introvert (25% of population)

People and things
Sociability
Many relationships
Expending energy
Interest in external events

Ideas and concepts
Territoriality
Few relationships
Conserving energy
Interest in internal reactions
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/THE INTERFACES

1.4.2.8.6.  MANAGING  INFORMAL  INFORMATION

nication is necessary, good, and must be man-
aged.  (Isn’t this something?  The best stuff we
can’t automate.  Deming says the important
information is unknown and unknowable.  Now
what?)  Our goal is to automate as much as we
can to save more time for judgment.

A government manager upon hearing I thought
informal communication should be managed
said, “Oh, then informal communication must
be bad.”  Of course not.  Control can mean
directed or curbed.  Directed is good, curbed is
bad.  If we plan on and use informal commu-
nication, we’re acting, not reacting.  This man-
ager was reacting to the fact that he spends so
much time dealing with problems, he sees
management as curing rather than preventing
or maintaining.  (In management today we
want to head off painful cures like the one in
Figure 1.4.2.8.6.  Instead, we want to act ahead
of time based on important information, much
of which is informal and unvalidated to head
off painful problems.)

A major reason managers don’t use formal
information as specialists think they should is
that managers find difficulties with the MIS—
too limited (data not rich, ignore non-quantita-
tive data, loses verbal channels, weak in exter-
nal communication) and often too general (need
tangible detail and more intelligent filtering
process), too late and too unreliable.  Instead,
managers turn to ad hoc, informal information
systems that they design and prove for them-
selves.

Routine information is expected and we’ve
planned for it.  Nonroutine information (both
formal and informal) relates to change, and
change relates to opportunity.  Our manage-

Communication is effectively transferring in-
formation.  You have formal and informal
communications and routine and non-routine
communications and internal and external com-
munications. You must recognize the types
and extent of information flow necessary to
accomplish your mission.  Additionally, you
must be concerned about the huge opportunity
for allowing critical information to fall through
cracks, generating inaccurate information,
sending multiple and conflicting signals, and
lacking timeliness.

Furthermore, let’s look at informal informa-
tion used by managers more often than the
formal information we can get from an infor-
mation system.  Next time you’re in a meeting
and someone comments on a sensitive subject,
listen to his words and watch his face and body
language.  Do the words agree with his ges-
tures?  Which do you believe the most?  We all
have people we call to get informal informa-
tion that is too current, sensitive, or opinion-
ated to formalize.  We make our critical deci-
sions based on our most trusted sources of
informal information.  (“Your applicant’s cre-
dentials may look great, but after a week
working for us he had everyone hating him, so
don’t hire him.  What?  No, I couldn’t put that
in writing.”)  We don’t have time to verify or
corroborate the information to formalize it.
After the decision is made, the information
will be formalized and kept for historical ref-
erence and trends.

We formulate data easier than we formulate
information.  Facts tend to be less sensitive and
less threatening than bias.  Automation won’t
help for informal communication because judg-
ment is used.  Nevertheless, informal commu-

Important information is too current, sensitive, or opinionated to formalize.  We
automate formal information to save time so managers can deal with informal
information.
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ment tools have to be responsive to help with
nonroutine information.

Internal information is that in which both the
sender and receiver are within your domain of
responsibility.  Often informal communica-

tion is quite effective for honesty and speed.
The consequences of ineffective internal com-
munication are mostly internal.  External in-
formation must be furnished.  You’re respon-
sible for either the sender or the receiver and
can document what is done.

Figure 1.4.2.8.6.  “This won’t hurt a bit....”
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/THE INTERFACES

1.4.2.8.7.  THE DECISION/ACTION  INTERFACE

Since in most cases humans make the deci-
sions, we must provide only information abso-
lutely needed for the decisions of who man-
ages.  With this thought, we proceed to the
decision/action interface.  Decisions that don’t
lead to actions aren’t worth making and cer-
tainly aren’t worth supporting with informa-
tion.  You must be selective with your infor-
mation requirements, or you’ll inundate your-
self with the data needed to produce your
information.  As you can see in Figure 1.4.2.8.7.
if you don’t know who does what to whom as
a result of information (makes a decision that
leads to action affecting what is managed)—
don’t invest your precious resources in that
information.

Think about the decisions you make.  We’re
interested in 1) how or which decisions lead to
actions that count and 2) what you need to
make good decisions.  Decisions require infor-
mation and information requires data, and
there we have the linkage between the inter-
faces of the Management System Model
(MSM) looking in the direction from actions
toward decisions.  Ask yourself questions like,
“What are the first three things I want to know
about the office when I get back from vaca-
tion?”  Jay Forrester says that management is
the process of converting information into
action.  The conversion process we call deci-
sion-making.  Decision-making is in turn con-
trolled by various explicit and implicit policies
of behavior.  Management success depends
primarily on what information is chosen and
how the conversion is executed.  The manager
then is an information converter.

List a sampling of the decisions you make—
not just different instances of the same type of

decision.  Follow-up with a corresponding list
of the impact of each example decision.  Every
decision must have a purpose.  Don’t ask for
information you aren’t going to use.  What
idealistic information document (text as in
plans, letters, or reports; checklists, as in forms
or tickler files; graphics, as in pie charts or
illustration; and tables) would you like to put
you in the best position to make an effective
decision.  Ask yourself why you chose the
document you did.

Many studies scrutinize the decision-making
process, most notably those of H.A. Simon.
He developed three phases of the decision
making process.  The first phase involves
searching the environment for conditions call-
ing for decision, the intelligence phase.  The
second phase is the design phase—inventing,
developing, and analyzing possible courses of
action.  The choice phase is the third and
includes selecting a particular course of action
from those available.

I relate effective actions based on decisions to
lessons learned in emergency management.
Emergency management highlights the deci-
sion/action/impact relationship.  Emergency
management has three stages cycling in the
following order: planning, preparedness, and
response.  Emergency management, being the
most intense form of anticipating and manag-
ing can direct us toward dealing with any
change—the things we make decisions for.  In
planning, the manager needs to think and ana-
lyze, structure, and proact.  (Although not in
the dictionary, proact is a much-used term
today when talking about a manager’s actions.
Proact means to act in a way that you cause
something you want to happen, as opposed to

“If information is not utilized even a technically well designed system may be
considered a failure.”  Macintosh and Daft, 1978.
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react, where you act as a result of something
that has happened.  In terms of a control theory
analogy, you want to be in a feed forward
mode, rather than in a feedback mode.)  In
preparing, the manager needs to make ready,

to critique, and react.  The object of preparing
is to identify where we aren’t ready.  Reacting
is necessary and valuable at this time.  In
responding, the manager reviews, decides, and
acts.

Figure 1.4.2.8.7.  Guess who does what to whom as a result of which information.
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1.4.2.8.8.  PETER DRUCKER’S VIEW
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BACKGROUND/THEORY/A MANAGEMENT SYSTEM/THE INTERFACES

1.4.2.8.9.  THE MEASUREMENT/DATA  INTERFACE

We often use mechanisms for sensing indicators, collecting data, and making informa-
tion in a single container, thereby making the division between measurement and data
difficult to see.

Recall the information portrayal/information
perception interface for a moment and gener-
alize to the measurement/data interface.  The
information tools perform a conversion pro-
cess and present, or portray, the result of that
process.  The manager looks for and perceives
that presentation.  The manager needs the
result of the management tools’ process to do
his or her job, which is a decision making
process.  Likewise the operation performs a
conversion process and presents, or portrays,
the result of that process.  The result is the
product or service and associated waste
streams.  The portrayal includes indicators for
measuring the conversion process, or work
process, and the result of the process, or the
product, service, and waste.  The management
tools look for and perceive that portrayal.  If
you will, the sensors, whether mechanical or
human, focus on an indicator (a parameter to
be measured) and generate data.  If the sensor
is an optic, magnetic, or proximity device, the
output is voltage.  What the sensor senses is the
indicator, or the measurement, and what the
sensor generates is data.

With this conversion in mind, we realize we
can generate another component including a
conversion process at the measurement/data
interface.  With my voltage example, the sen-
sor only generates data.  Not until we calibrate
the sensor against a standard or compare the
voltage or its interpretation against another
datum do we get information.

I recognize that in many devices today, we find
the sensor and the data-to-information conver-
tor in the same container.  I separate the sens-
ing function from the information-generation

function for understanding the Management
System Model (MSM).  Recall that in the
using management tool functions in Figure
1.1.21.5., we have one function for determin-
ing indicators and reference points and an-
other function for collecting and logging data.
These functions reflect the two sides of the
measurement/data interface.

To continue the discussion of possible addi-
tional components and conversion processes
at an interface of the MSM, consider the deci-
sion/action interface.  We would call a compo-
nent making the decision-to-action conver-
sion an actuator.  We can also consider a
component to make the portrayal-to-percep-
tion conversion at the information portrayal/
information perception interface.  The glaring
disadvantage of adding components to the
MSM, and of course more interfaces between
pairs of components, is the rapid increase in
complexity.  However, if your focus is on the
conversion process from decisions to actions
in an actuator, you may want to encumber the
MSM.

Just as management tools (the what is used to
manage component) form a conversion pro-
cess yielding good, bad, and relevant informa-
tion (based on measures of timeliness, accu-
racy, and relevance), the operation (what is
managed component) forms a conversion pro-
cess (work process) yielding good, bad, and
relevant data.  I’ll describe good, bad, and
relevant in terms of data and information when
I discuss information-oriented performance
factors in more detail.

The operation also yields output to the envi-
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ronment, including the product or service and
the waste and by-products.  From an internal
view, we’re interested in data from the opera-
tion showing the status and progress of the
operation in terms of the operation’s expecta-
tion in the form of reference points and stan-
dards.  Just as who manages reflects a bias for
choosing and interpreting information, man-
agement tools reflect a bias for the data they
can use and what they do with the data.  Since
management tools are in your head, they’re
more conceptual than the word tools suggests.
The mechanization of a management tool, like
a book for a plan, a chart for an organization
structure, or a computer for the data-to-infor-

mation chain are part of the operation tools.
The data and information and their form are
the management tools.  You can see that for-
mal management tools as we deal with them
spread across the measurement/data interface
and include part of what is managed and part of
what is used to manage.  Informal manage-
ment tools usually include people providing
the informal data and information (usually
heavily biased information).  The people are
either part of the what is managed component
or part of the environment of the management
system.  The what is used to manage compo-
nent is a conceptual component.  That’s okay;
so is the who manages component.
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1.4.2.9.  INPUTS AND OUTPUTS TO COMPONENTS
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1.4.2.10.  THE CONTROL  LOOP ANALOGY
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1.4.2.11.  HIERARCHICAL  SYSTEMS
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1.4.2.12.  OTHER ANALOGIES



527



528

BACKGROUND/THEORY

1.4.3.  INFORMATION  RICHNESS—VINCENT  VAN GOGH



529



530



531

1. BACKGROUND

1.4. THEORY

1.4.4. FOUNDATION

CONCEPTS IV



532

BACKGROUND/THEORY/FOUNDATION CONCEPTS IV

1.4.4.1.  YET ANOTHER SET OF GENERAL  CONCEPTS DEFINED QUICKLY
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BACKGROUND/THEORY/FOUNDATION CONCEPTS IV

1.4.4.2.  DEFINE INFORMATION  RICHNESS

Not all information is created equal.  Some
information is better than other information.
What does better mean?  Information that
leads to successful decisions resulting in ac-
tions to improve performance of the organiza-
tion is better.  What kind of information is that?

Richard L. Daft and Robert H. Lengel respond
to what information leads to ultimate success
in an organization in their article Information
Richness: A New Approach to Managerial
Behavior and Organization Design (Organi-
zational Behavior, vol. 6, 1984, pp. 191-233.).
Their premise is that the “accomplishment of
these information tasks [equivocality reduc-
tion and the processing of a sufficient amount
of information] as well as the ultimate success
of the organization are both related to the
balance of information richness used in the
organization.” (p. 191.)  Webster defines
equivocal as “subject to two or more interpre-
tations and usually used to mislead or confuse;
of uncertain nature or classification.”
(Webster’s Ninth New Collegiate Dictionary)

The issue of balance, or fit, rises again.  The
implication here is that information of differ-
ent richness is best for different needs.  Richer
information is probably harder to come by,
and we need to fit richness of information to
the need and use of the information.  We want
to reduce equivocality to the point that when
people communicate they establish a shared
view of events, especially external events af-
fecting the organization.

Daft and Lengel set the scene by saying, “Or-
ganizations face a dilemma.  They must inter-
pret the confusing, complicated swarm of ex-
ternal events that intrude upon the organiza-

tion.  Organizations must try to make sense of
ill-defined, complex problems about which
they have little or unclear information (Weick
& Daft, 1982).  Inside the organization, more
confusion arises.  Departments pull against
each other to attain diverse goals and to serve
unique constituencies and technologies
(Lawrence and Lorsch, 1967).  Divergent
frames of reference, values, and goals gener-
ate disagreement, ambiguity and uncertainty.
In response to the confusion arising from both
the environment and internal differences, or-
ganizations must create an acceptable level of
order and certainty.  Managers must impose
structure and clarity upon ambiguous events,
and thereby provide direction, procedures,
adequate coupling, clear data, and decision
guidelines for participants.  Organizations must
confront uncertain, disorderly events from
within and without, yet provide a clear, work-
able, well defined conceptual scheme for par-
ticipants.

How do organizations perform this miracle?
Through information processing.” (p. 192.)
Managers must deal with the forces for disor-
ganization (entropy) by developing structure—
in this case, a structure for information and a
structure of the organization for better use of
better information.

Daft and Lengel and others, most notably Jay
Galbraith in his book Designing Complex Or-
ganizations, model the organization as an in-
formation processing system.  Clearly, some
organizations, like government oversight agen-
cies, are exactly that—information proces-
sors.  However, all organizations have at least
an information overlay to everything they do.
So, in my mind, the conceptual model of an

Information richness is the potential information-carrying capacity of data, and
some media carry richer information than others.
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organization as an information processor is a
good one.  Also, since I’m most interested in
management tools, which convert data to in-
formation, the information processor model
works right into my hands.  Daft and Lengel’s
premise is “that organizational success is based
on the organization’s ability to process infor-
mation of appropriate richness to reduce un-
certainty and clarify ambiguity.” (pp. 194-
195.)  If success is one of our performance
criteria in the illustrative/conceptual model in
Module 1.1.29.1., then we need an informa-
tion-based organizational model in the center
box to best view success from Daft and Lengel’s
perspective.  As information processors, orga-
nizations must solve the problems of interpret-
ing the environment and coordinating diverse
internal activities.  One problem is external,
the other internal.

In defining information richness, Daft and
Lengel first address language.  “Daft and
Wiginton (1979) proposed that human lan-
guages differ in their ability to convey infor-
mation.  The concept of language was used in
the broadest sense to encompass various ways
to transmit ideas, emotions, and concepts.  High
variety languages are those in which symbol
use is not restricted and the language can
communicate a wide range of ideas.  Examples
include art, music, and painting, which are
subjective in interpretation.  Low variety lan-
guages have symbols that are restrictive in
their use, and the languages communicate a
narrower range of ideas.  Low variety lan-
guages include mathematics and statistics,
which convey exact, unequivocal meaning to
users.  Daft and Wiginton argued that high
variety languages were appropriate for com-
municating about difficult, ephemeral, social
phenomena.  Low variety languages commu-
nicate effectively about well understood, un-
ambiguous topics.

The notion of language seems plausible, but it
doesn’t explain information processing in or-
ganizations.  Managers typically don’t use art,

poetry, or mathematics to communicate about
organizational phenomena.  The range of lan-
guage used within organizations is typically
limited to natural language and simple num-
bers.” (p. 195.)

Engineers, who spend at least half their time
communicating, and indeed managers (super-
visors), who spend much more of their time
communicating, are taught to use low variety
languages at best.  (Mintzberg shows that
managers spend over 80 percent of their time
communicating (Daft and Lengel, p. 201.))
Math and statistics and even the spoken lan-
guage leave us well short of the mark in rich
information for rich communication, espe-
cially when dealing with the systems approach.
Since communication skills are fundamental
to both the engineering and management pro-
cesses, we must learn high-variety languages
and transfer what we learn to our attitudes and
behaviors, especially in regard to those people
who excel at high-variety languages.

Daft and Lengel define richness as “the poten-
tial information-carrying capacity of data.  If
the communication of an item of data, such as
a wink, provides substantial new understand-
ing, it would be considered rich.  If the datum
provides little understanding, it would be low
in richness. ..... [The] communication media
used in organizations determines the richness
of information processed. ..... Communication
media include face-to-face discussion, phone
calls, letters, written documents and numeric
documents.  The face-to-face medium con-
veys the richest information while formal nu-
meric documents convey the least rich infor-
mation. ..... Face-to-face is the richest form of
information processing because it provides
immediate feedback.  With feedback, under-
standing can be checked and interpretations
corrected. ..... Each medium is not just a source,
but represents a difference in the act of infor-
mation processing. Each medium utilizes dif-
ferences in feedback, cues and language vari-
ety.  Richness is a promising concept for
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understanding information behavior in orga-
nizations.” (pp. 196-198.)

Daft and Lengel include a figure to character-
ize the different media in terms of information
richness and the contributors of that media to
richness.  I’ve reproduced the figure here as
Figure 1.4.4.2.  Daft and Lengel talk about the
uses of information of different richness.  Some-
times less-rich information is better.  “... rich
media are needed to process information about
complex organizational topics.  Media low in
richness are suited to simple topics. ..... Fac-
tors such as inventory control or employee
attendance are not difficult to conceptualize.
Managers can communicate about these phe-
nomena through paperwork and quantitative
reports.  Other variables, such as organiza-
tional goals, strategies, managerial intentions
or employee motivation, are intangible.  These
factors are not clear and discreet, and they can
be difficult to interpret. Making sense of these
factors requires a rich medium that provides
multiple information cues, immediate feed-
back and a high variety language.  Rich infor-
mation enables managers to arrive at a more
accurate interpretation in a short time.” (p.
200.)

Precise, clear information isn’t always best for
decision making.  “Memos, reports and other
written media can oversimplify complex prob-
lems.  They do not provide a means to convey
personal feelings or feedback.  These media do
not transmit the subtleties associated with the
unpredictable, messy, emotional aspects of
organizations.  On the other hand, extensive
face-to-face meetings for simple phenomena
may also be inefficient.  Face-to-face discus-
sion sends a variety of cues, which may not
always agree with one another.  Facial expres-
sion may distract from spoken words.  Mul-
tiple cues can distract the receiver’s attention
from the routine message.” (p. 200.)

In face-to-face communication people receive

most of their information non-verbally.  Body
language is more effective than spoken lan-
guage.  Mehrabian (1971) showed that in face-
to-face communication only seven percent of
the context was transmitted by verbal lan-
guage.  Ninety-three percent of the content
was transmitted through facial expression, tone
of voice, gestures and other nonverbal means.
Suppose I say to you “That was a great piece of
work you did!” You’ll interpret my meaning
differently if I use a sarcastic tone and angry
facial expression then if my tone is enthusias-
tic and my expression happy.  (A. Mehrabian,
Silent Messages, Belmont, CA: Wadsworth,
1971)

The key to information richness is communi-
cation.  Is the richness of information more in
the portrayal of that information or in the
perception of that information?  If richness has
to do with the potential information-carrying
capacity of the communication, does sending
or receiving deliver most on that potential?
Communication has to do with the transfer of
information.  So, both the sender and the
receiver of the information participate in the
richness of the information transfered.  Look
at the feedback column in Figure 1.4.4.2.  The
more connected the sender and the receiver are
during the transfer of information, the richer
the information.  So, the richness is not in the
information, but in the process and mecha-
nisms by which that information is transfered.
Notice also that the more biased the format of
the information and of the process for
transfering the information, the richer the in-
formation is.  Richness, biasedness, and ambi-
guity tend to go together.  How valuable is
biased information?  How valuable is rich
information?

Daft and Lengel relate information richness to
management tools.  They say management
information systems are at the low end of the
richness continuum in Figure 1.4.4.2.  The
conclusion is that computer-based manage-
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ment information systems aren’t very useful to
managers.  The computer has the lowest vari-
ety language.  Indeed, the computer strips the
specifiers from data and stores fact in one
place and meaning in another.  To get even
low-variety information, you have to search
the data stores for fact, meaning, and reference
points and then construct information.  Daft
and Lengel say, “Tushman and Nadler (1977)
believe that information designers are more
concerned with fitting data to their hardware
than with understanding the overall informa-
tion needs of managers.  Information system

designers lack a theory about manager needs
and behavior.  By limiting data to those things
amenable to machine hardware, information
designers miss the root causes of manager
information processing.  Most managerial tasks
are too ill-defined for quantitative data, yet
system designers assume that computer output
is sufficient for management decisions.  MIS
systems are able to capture and communicate
about the stable, predictable activities, but not
about the important, subjective, ill-defined
events relevant to decision making.” (p. 204)

Figure 1.4.4.2.  The characteristics of media that determine richness of information processed
show us reasons why some information carries more information to decision makers than other
information.  The decision maker wants the amount of information needed for a particular
situation.  We can have information overload from too rich a medium when used for a very
structured decision.  (taken from Daft and Lengel)
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BACKGROUND/THEORY/FRAMEWORKS

1.4.5.1.  THE NEED FOR FRAMEWORKS

What kind of domain of responsibility (man-
agement system) do you have?  How is your
domain like those of others?  What tools work
well for domains like yours and may or may
not work for you?  Why?  Which tools work
well for domains unlike yours and will not
work for you?  How do you tell the difference?

In the next several modules, I’ll describe four
frameworks to classify what you do and put
your domain of responsibility in context.  Sys-
tems and their components have attributes.
The frameworks get at the attributes (charac-
teristics) of the management system and its
three components.

The frameworks look at 1) pursuits in terms of
uncertainty, 2) endeavors in terms of compre-
hensiveness, 3) decisions in terms of
unstructuredness, and 4) stages in terms of
maturity.  These frameworks are management
tools supporting a manager or a consultant in
diagnosing an organization.  The frameworks
are what I would use today to observe, diag-
nose, and classify the organization as described
in the “vision” part of module 1.1.13.  The first
and fourth frameworks are mine, and the middle
two are adapted from R. N. Anthony and H. A.
Simon, respectively.  These frameworks will
help you answer questions like: I know I have
a critical path, but why can’t I determine slack
time?  Why do I need query systems when I
can’t yet get good data into the system?
Shouldn’t I data-log in my process before I try
to optimize it?

Unlike the models or frameworks that de-
scribe the mechanics or internals of your do-
main, such as the Management System Model
(MSM) or the earlier work of Forrester,

Blumenthal, and Dearden, now I'll describe
the context or externals of your domain.  The
contextual and mechanical frameworks rein-
force one another; together they strive to pro-
vide a full and accurate description of any
manager's domain of responsibility.

Each framework shows a dimension for char-
acterizing an organization.  Like human char-
acteristics, you don’t have a good view of the
organization until you see as many of its char-
acteristics as possible.  Also like human char-
acteristics, the organization may show one
version of a characteristic now and another
version later.  A person may act like a sensor
today and an intuitive tomorrow.  But beneath
it all, one version dominates, at least in terms
of tendency or preference.  That is also true for
an organization.

For the organization, the visibility stage of the
maturity dimension is but one characteristic of
many.  The organization may display this
version today, and look like the control stage
tomorrow.  I like to think the organization is
both but in different proportions.

In studying nuclei we can develop spectra; that
is, different behavior of the nucleus at differ-
ent energy levels, for example.  The spectrum
looks like Figure 1.4.5.1.  Depending on the
energy level, the nucleus looks different.  If I
show a dimension for maturity of the organiza-
tion, I say the organization looks different for
different maturity levels.  Figure 1.4.5.1. is a
maturity spectrum for an hypothetical organi-
zation.

I don’t know how to describe or operationalize
maturity (for decision making) of the organi-

Frameworks help you characterize your domain of responsibility.
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speaks to the accuracy of the frameworks.

Using our understanding of the maturity of the
organization for decision making together with
our understanding of the other dimensions
helps us figure what management tools to
select or build to support decision making.
Looking only at the spectrum for maturity in
the hypothetical organization in Figure 1.4.5.1.,
we need tools for visibility most of the time
and tools for control or optimization some of
the time.  Other organizations would have
different spectra supporting different needs
for tools.  Clearly, we’d like a host of tools,
each matched to its support of a need in one of
the levels of organizational maturity.  If we
consider the importance of the instances of
visibility, control, and optimization as being
equal, we should put our first energies into
building and using visibility tools (strong sen-
sor capability) for the organization represented
by Figure 1.4.5.1.

For Figure 1.4.5.1., I’ve addressed stages in
terms of maturity, one of the four dimensions
described in my four frameworks.  No dimen-
sion is necessarily more important than others.
Importance depends on what you’re looking
for.  Within a given dimension, one of the
levels, or discrete pieces, dominates as shown
in Figure 1.4.5.1. for the hypothetical organi-
zation.

zation and/or its components as a continuous
variable.  So I take the easy way out and
approximate the continuous variable as a vari-
able with discrete levels.  For the maturity
dimension, I’ve settled on three levels.  Since
maturity is really continuous, another person
can argue for fewer or more levels.  I like three
because I feel I can identify the levels in the
organization.

The organization represented in Figure 1.4.5.1.
displays all three levels of maturity; although
relatively more visibility and relatively less
control.  I’d start developing management
tools for visibility before tools for control
because they’d be used more in this organiza-
tion.  Another organization with a different
spectrum would lead me to develop a different
set of management tools.

Thorngate has a postulate of commensurate
complexity.  For theories of social behavior,
he states that the theory, model, or framework
can’t be simultaneously simple, accurate, and
general. (W. Thorngate, ‘In general’ vs. ‘It
depends’: Some comments on the Geigen-
Schlenker debate, Personality and Social Psy-
chology Bulletin, 1976, pp. 404 - 410.)  The
frameworks I’ll describe in the next set of
modules are simple and general.  The fact that
we can argue about how I’ve approximated
continuous variables as discrete variables
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Figure 1.4.5.1.  This spectrum for the maturity dimension for an hypothetical organization shows
that we might simplify the characterization of the organization as being in the visibility stage;
however, the organization at different times and in different places displays characteristics
throughout the spectrum.
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BACKGROUND/THEORY/FRAMEWORKS/THE FRAMEWORK OF PURSUITS

1.4.5.2.1.  CHARACTERIZING  THE DOMAIN  BY UNCERTAINTY

Uncertainty has to do with not knowing Where We Are, Where We Want To Be, nor
How To Get There.

Later, in Module 2.1.9.3., we’ll discuss the
differences among bad, good, and relevant
data and information.  If information lacks
accuracy or timeliness or both, it’s bad infor-
mation.  If information is both accurate and
timely, it’s good information.  To be relevant,
good information must also be relevant to the
decision being made.  I believe relevant infor-
mation adds the most to certainty.  Therefore,
uncertainty is the ratio of the information you
need to the relevant information you have.

In Figure 1.4.5.2.1., I define five classifica-
tions of pursuits, depending on uncertainty.  I
call the major, broad efforts for which you’re
responsible pursuits.  The engineering ap-
proach includes knowing where you are, where
you want to be, and how to get there from here.
I define a perplexity as a pursuit in which you
know neither where you are, where you want
to be, nor how to get there.  I define a process
as a pursuit in which you know all these things.
I use the word pursuits as opposed to functions
or activities because I use these other words to
mean other things.

The Five Pursuits
A process is a pursuit that routinely and repeat-
edly achieves the same known end through
well-defined intermediate steps from start to
finish.  An example of a process is a bottling
plant for soft drinks or preparing an annual
budget.

A process is very certain in that I know where
I am, where I want to be, and I’m refining how
to get there so I can get there better and better
each time.  I defined process very carefully in
module 1.1.16.5.  You can now see why I
distinguish a process from a system (unlike

Sometimes You Know Where You Are Go-
ing, and Sometimes You Don’t.
In my first framework, I classify your respon-
sibility by uncertainty (or lack of definition).  I
use Jay Galbraith’s definition of uncertainty:
“Uncertainty is defined as the difference be-
tween the amount of information required to
perform the task and the amount of informa-
tion possessed by the organization.”  (Jay
Galbraith, Designing Complex Organizations,
Addison Wesley Publishing Company, 1973,
p. 5.)

I define uncertainty simply as the ratio of the
information you need to the information you
have.  If you need a lot of information and have
a little, your domain is uncertain.  Relatively
speaking, if you need a little information and
have a lot (enough), your domain is certain.
You need relatively more information if you 1)
have a diverse set of complex products and
services and processes for producing the prod-
ucts and services, 2) use diverse and complex
inputs from diverse suppliers, 3) the aim of
your system is difficult to achieve, 4) the
consequences of your activities are severe, and
5) if your work is highly visible to diverse
stakeholders.

Galbraith says, “It is information processing,
and specifically information processing dur-
ing actual task execution, that is the key con-
cept.”  See also Michael L. Tushman and
David A. Nadler, Information Processing as
an Integrating Concept in Organizational
Design, Academy of Management Review,
July 1978, page 616.  “As work related uncer-
tainty increases, so does the need for increased
amounts of information, and thus the need for
increased information processing capacity.”
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Scherkenbach) because your management sys-
tem can have a process in it or one or more of
the other pursuits I’ll describe now.

A project is a pursuit for which you know the
starting point (where you are) and have full
quantitative specifications for the end (where
you want to be).  In a project, you do a given
pursuit once.  Although it is the first of its kind
(not a process), you have drawings and de-
tailed specifications for the end.  An example
of a project is the first version of a plan or a
prototype instrument or constructing a new
production plant.  In a project, figuring out
how to get there is relatively straight forward
because you know where you are and where
you want to be.  When you do a project, you’re
always changing a process.  Your project
changes the process from what it is now to
what you want the process to be.

A program is a pursuit with a definite starting
point but for which you have only a qualitative
fix on the end.  Programs include research and
development programs or pursuits where you
evaluate alternatives, each of which provides a
different solution to the given problem.  An
example of a program is an economic analysis
for choosing between new product lines or
research and development on high-level ra-
dioactive waste disposal.  In the first example,
the qualitative end is to maximize profit and
satisfy customers; in the second example, to
isolate all high-level waste from the biosphere.
Figuring out how to get there is difficult be-
cause you don’t have a definitive fix on the
end.  You don’t know exactly where you want
to be.  Research (as in research program)
involves discovery—discovery of the end and
of how to get there.  After you discover the end,
you can make a project out of a program.

A problem is a pursuit with a definite starting
point but a completely unspecifiable end.  In
emergency response you can define the begin-
ning, but you can’t define where the emer-

gency might take you and what else it might
affect.  An example of a problem is the resolu-
tion of the Three Mile Island incident, the
highjacking of TWA Flight 847 from Athens
to Rome, or the introduction of a competitive
product on the market.

At the highest level of uncertainty, a perplexity
is a pursuit for which you can specify neither
the start nor the end, and hence nothing in
between.  In emergency management you must
be ready to manage whatever comes along
without any (or much) forewarning.  Federal
emergency managers may receive a call on a
situation similar to Three Mile Island, Love
Canal, Mount St. Helens, the Cuban refugees
in Florida, the errant re-entry of a Soviet space-
ship, or some incident totally unpredictable.
They just have to manage it, whatever it is.
The classic example of a perplexity is emer-
gency preparedness.

Your Domain Includes All Classifications
of Pursuit to Some Degree.
A comment regarding all four frameworks is
in order. As you review the classifications of
the framework (e. g. the different pursuits) you
will realize that you really have some of all (or
almost all) of the classifications in your do-
main of responsibility.  Indeed, in your do-
main, you have a spectrum of responsibilities
across the classifications. Therefore, you need
many management tools so you can use the
right tool for the right thing. You’ll also realize
that to a greater or lesser extent, one of the
classifications dominates and that predomi-
nance should influence the priorities in obtain-
ing and improving your management tools.

As I showed in Figure 1.4.5.1. for the maturity
dimension, you’ll have a spectrum of pursuits
for the uncertainty dimension in your domain
of responsibility.  The person responsible for
emergency preparedness may feel their whole
life is a perplexity.  But they go through a
budget process once a year, a hiring process
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every time they add a new person to their staff,
and so on.  In a similar fashion, the person
responsible for a bottle manufacturing plant
may feel their whole life is a process, but
they’re not certain that the line might not break
down tomorrow or a worker won’t show up
today, or were perplexed with the problem of
materials having to be back ordered yesterday.
In short, each domain has its unique spectrum
of pursuits across the uncertainty dimension.

The emergency manager needs different man-
agement tools from the bottle plant manager
most of the time, but when he or she does the
hiring process they need tools like anyone else
doing a process.  I’ve used some thought to
divide the continuous variable for uncertainty
into five discreet categories.  Because the
categories are an approximation, you can ex-
pect the dividing line between the categories to
be fuzzy.

Figure 1.4.5.2.1. Uncertainty is a matter of what you know and what you don’t.

FIVE PURSUITS RANGE FROM
UNCERTAIN TO CERTAIN.

PERPLEXITY - Can specify neither the start nor 
the end.

PROBLEM - Can specify the start but not the 
end.

PROGRAM - Know the start and have a 
qualitative fix on the end.

PROJECT - Know the start and have the 
specifications for the end.

PROCESS - Repeatedly achieve the same 
known end.

UNCERTAINTY

PURSUITS
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BACKGROUND/THEORY/FRAMEWORKS/THE FRAMEWORK OF PURSUITS

1.4.5.2.2.  HOW TO MANAGE PURSUITS

Pursuits without a Defined End
Note from Figure 1.4.5.2.1. that for the top
three pursuits, the end isn’t well defined.  Many
of you do or will manage pursuits where the
end isn’t specified.  You may have an uncer-
tain task in a structured environment (e.g.
some government organizations).  Uncertain
tasks are most easily managed in flexible envi-
ronments.  For those of you in some form of
government organization, notice how much of
what you do involves the top three pursuits.
National defense, disease control, environ-
mental protection, and welfare aren’t exactly
well defined with well-defined ends.

If you look at Figure 1.4.5.2.1. and draw an
imaginary line between programs and projects,
the pursuits above the line are prevalent in
government organizations.  For such pursuits,
how do you do networking and apply CPM and
PERT?  How do you do life-cycle costing?
How do you do personpower and resource
loading?  How do you do scheduling?  You
can’t, because the end must be specified to
apply any of these techniques.

If you find yourself unable to use the tradi-
tional techniques just listed, your frustration is
that you still need to deal with bottlenecks,
cost projections, resources, and time.  The
management consultant response to your plight
is, “You don’t manage right!”  The truth of the
matter is that you manage something different.
You’ve already surmised that tried-and-tested
techniques successful for one pursuit will prob-
ably fail for another.

Rule for Managing Undefined Pursuits
Without detailed discussions of how to de-

velop techniques for the uncertain pursuits, a
single sentence can describe how these pur-
suits should be managed.  Drive the manage-
ment of the uncertain pursuit to the next more
certain pursuit.  For example, we manage
emergency preparedness (a perplexity) by de-
fining and planning for responses to as many
contingencies as possible; and, by considering
the various contingencies, we determine a
generic response.  Of course, contingency-
specific responses are used wherever possible.
By looking at emergency preparedness as hy-
pothesizing responses to different classes of
problems (flood, fire, chemical releases, secu-
rity incident), we try to drive the perplexity to
a problem and then manage the problem.

In a program we research as many alternatives
as possible—the best researcher being the one
who can effectively limit the number of alter-
natives that must be studied.  We research the
alternatives and ultimately, based on the re-
search results, choose one or more alternatives
to prototype (i.e., make a project out of the
program).

Over the long haul then, we begin with a
perplexity, such as “I wonder what the cus-
tomer might need someday?”  Then we move
the perplexity to a problem, such as “The
customer needs a product or service for mov-
ing heavy luggage through airports.”  We
move the problem to a program, such as “We
must do research and development to see what
the possibilities are for energized luggage.”
Then we move the program to a project, such
as “Let’s build a prototype for an electric-
motor-driven wheeled suitcase meeting cer-
tain size, weight, speed, and other specifica-

How you manage your domain of responsibility and the tools you need depend on the
mix of pursuits and the resulting degree of uncertainty in your domain.  You want
to reduce the uncertainty.
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tions.”  Finally, we move the project to a
process, such as “We’ll build and operate a
manufacturing line to produce intelligent
mechanized suitcases for finding their way
through airports.”

Choosing Tools for Pursuits
I’m always amazed at how many organiza-
tions admit that 25-50% or more of their time
is spent in managing brush fires (especially
information brush fires), which lead to discon-
tinuity of organization, and whose manage-
ment tools (organization structure, plans, in-
formation systems) are modeled after those
that work well for processes.  For one sponsor,
consumed by information brush fires as part of
their perplexities and problems, I designed an
organization structure which considered brush
fires as routine.  Part of the organization would
be responsible for brush fires and these situa-
tions would be handled routinely as the rest of
the organization continues with its other re-
sponsibilities.

Many algorithms and quantitative models fail
for uncertain pursuits.  In quantifying the con-
cepts, tools like material requirements plan-
ning (MRP) and critical path method (CPM)
have been constrained.  Even though MRP and
CPM packages don’t work for perplexities or
programs, the qualitative concepts behind these
techniques are general and apply to all pur-
suits.  If we consider the concept in its general
form, different models can be developed that
will work for other pursuits.  We must be
careful not to quantify a qualitative model too
soon or inappropriately.

I like to describe a tongue-in-cheek history of
critical path.  I imagine that critical path was
figured out by a caveman who recognized that
he had activities in his domain that caused
bottlenecks.  In Figure 1.4.5.2.2., he couldn’t
eat until he killed his dinner, and he ate what-
ever he killed.  He focused his attention on the
bottlenecks to most effectively manage his

existence.  That way of thinking helped cave-
men manage for years.  The bottleneck con-
cept was exercised in its purest form.

Then one day an academician decided to quan-
tify the concept of bottlenecks into minimum
slack time—a parameter which depends on
duration of activities and knowing the end of
the pursuit.  This quantification restricted the
concept (as trying to write equations for highly
nonlinear concepts does).  Now we think in
terms of quantifiable slack times instead of
qualitative bottlenecks.  We have to know
what dinner is going to be and when dinner is
going to be before we can network the process
of preparing it.

Jay Forrester, in his book Industrial Dynam-
ics, emphasizes the dilemma of trying to work
with only quantifiable data.  “Many persons
discount the potential utility of models of
industrial operations or the assumption that we
lack adequate data on which to base a model.
They believe that the first step must be exten-
sive collecting of statistical data.  Exactly the
reverse is true. . . . . A model should come first.
And one of the first uses of the model should
be to determine what formal data need to be
collected. . . . .What is the relative importance
of the many different variables?  How accu-
rately is the information needed?  What will be
the consequences of incorrect data?  These
questions should be answered before much
time or money is expended in data gathering.

Much of the value of the mathematical model
comes from its ‘precision’ and not from its
‘accuracy.’  Constructing a model implies
nothing one way or the other about the accu-
racy of what is being precisely stated. . . . There
seems to be a general misunderstanding to the
effect that a mathematical model cannot be
undertaken until every constant and functional
relationship is known to high accuracy.  This
often leads to the omission of admittedly highly
significant factors (most of the ‘intangible’



552

influences on decisions) because these are
unmeasured or unmeasurable.  To omit such
variables is equivalent to saying they have
zero effect—probably the only value that is
known to be wrong!

Our verbal model, when converted to precise
mathematical form, may be inconsistent with
the qualitative nature of the real world we
observe around us.  We may find that cher-
ished prejudices cannot, by any plausible com-
bination of assumptions, be shown to have
validity.  Through any of these we learn.

A model must start with a ‘structure,’ meaning
the general nature of the interrelationships
within it.  Assumptions about structure must
be made before we can collect data from the
real system.” (pp. 57-58.)

For my real-world program example of the
high-level radioactive waste disposal research
and development program, by anecdotal ob-
servation the critical path includes public ac-
ceptance, congressional approval, and envi-
ronmental impact—activities for which we
cannot develop minimum slack times.  The
basic concept of bottlenecks applies but isn’t
now receptive to quantification because the
quantification that exists is too restrictive.  So,
we can’t use critical path.    Recognizing this
and dozens of other limitations in definition,
structure, and quantification uncovered by
viewing domains of responsibility according
to this uncertainty framework, Management
Systems Laboratories concentrates on tools
for pursuits without defined ends for organiza-
tions which enjoy a high level of scrutiny—
that is ill-defined problems with potentially
severe consequences.

For the more certain pursuits, we can concen-
trate on management tools for productivity
and efficiency, which Peter Drucker says means
doing things right. For the more uncertain
pursuits we must attend to performance or

effectiveness, which Drucker says means do-
ing the right things.

Regardless of the pursuit, you need manage-
ment tools to work with four entities: resources,
schedule, quality, and critics.  For example, if
your resources are cut, either the schedule
must slip or the quality must suffer, or both,
and the result will affect your critics.

Changing Pursuits Means Changing Tools.
During their careers, many managers find that
their responsibilities change among the pur-
suits.  Most often their programs develop into
projects requiring an entirely different set of
management tools.  Sometimes the manager
changes jobs or is reassigned to a responsibil-
ity involving a pursuit different from his or her
experience.

As the manager is organizationally moved
around, the characteristics of the manager may
or may not fit well with the type of pursuit for
which he or she is responsible.  I worked with
a government manager who was responsible
for the high-level nuclear waste research and
development program.  A consultant con-
vinced him to get control of his effort he
needed a very expensive, elaborate network-
ing system.  After spending three million dol-
lars installing the system and tying to convert
his practices to align them with his new man-
agement tool (the means driving the ends rather
than visa versa), the manager was frustrated,
angry, and had learned critical path and net-
working were expensive useless tools.  The
computer-based networking model failed be-
cause, for a program, we don’t know the end
and the model required specifications for the
end.  Several years later, a new President of the
United States (Reagan) caused the research
and development program to choose an alter-
native and proceed to a project.  The plant to
deal with a high-level waste was to be built.
Guess who was put in charge of the project for
building a plant for which we now had speci-
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fications?  The same manager who had learned
painfully of the uselessness of networking.
Guess what tool was exactly right for the
project?  The computer-based networking
model.  The program had become a project and
the end was known.  The manager wouldn’t
touch the right tool with a ten-foot pole.  Had
the manager understood the difference be-
tween the spectra of pursuits between the two
domains (the program before Reagan and the
project after Reagan) he would have been able
to choose the right tool.

Effective leadership style depends on pursuit.
According to Fred Fiedler, task-oriented lead-
ers are best in very certain and very uncertain

environments.  For uncertain environments,
the leader doesn’t have time for relationships
and must get the task done.  For certain envi-
ronments, the task is clear and the leader must
concentrate on it.  Relationship-oriented lead-
ers are best in the other environments.  I draw
the simple correlation between Fiedler’s envi-
ronments and my more structured pursuits,
and the relationship between leadership style
and pursuits applies.

Obviously what is managed, who manages, and
especially what is used to manage are different
for successfully managing different pursuits.  As
we briefly view the other three contextual frame-
works we’ll note the same results.

Figure 1.4.5.2.2.  “The shortest path between here and dinner is a dead mastodon.”
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BACKGROUND/THEORY/FRAMEWORKS/THE FRAMEWORK OF ENDEAVORS

1.4.5.4.1.  CHARACTERIZING  THE DOMAIN  BY ENDEAVOR

Sometimes you solve problems and sometimes you figure out which problems to
solve.

A Broad Effort Extends Your Effect and
Limits Your Support.
The second framework is adapted from the
work of R. N. Anthony.  I classify the things
you do in your domain of responsibility as
levels of endeavors.  (I save the word activity
for another meaning and another purpose.)  I
define endeavors as your serious determined
efforts directed toward a result.  These endeav-
ors, which are performed at sequentially greater
levels of broadness of perspective, generality
in direction, and responsibility (answerability),
are shown in Figure 1.4.5.4.1.  In the frame-
work of pursuits, you really have a range of
pursuits with one dominating your domain.  In
this framework of endeavors, you have a spec-
trum of endeavors, for which you’re respon-
sible and in which one predominates.

Often the same word (e.g., activity) is used to
mean several slightly different things.  Prob-
lems occur when we try to discuss two of those
things at the same time or to compare them.  At
those times we substitute another word for one
of the things (task, effort, endeavor, undertak-
ing) and what we mean by that thing becomes
more confused rather than clearer.  Therefore,
I’ve taken some pains to choose words I can
use consistently throughout the discussion on
management systems engineering.  Sometimes
I’ve had to make distinctions between words
that are synonyms in the dictionary.

Anthony’s framework, intended for thinking
about management planning and control sys-
tems, categorizes organizational activities as
strategic planning, management control, and
operational control.  His interest was in the
purpose of management activities (endeav-

ors).  Most information system problems have
occurred when managers try to be successful
with a management information system (MIS)
at the strategic planning level based on suc-
cesses of the MIS at the operational control
level.  I’ve adapted Anthony’s framework to
include strategic, tactical, operational and cleri-
cal endeavors.

Anthony specifically stayed away from equat-
ing management control with “tactics” be-
cause “a military tactical maneuver has a defi-
nite beginning and end, whereas the manage-
ment control process relates to recurring cycle
of operations.” (Robert N. Anthony, Planning
and Control Systems: A Framework for Analy-
sis, Graduate School of Business Administra-
tion, Harvard University, 1965, p. 56.)  I choose
the term tactical to describe those endeavors
within the recurring cycle of operations which
are carried out to meet more quantifiable re-
sults using smaller efforts, fewer resources,
and more specific guidance than for strategic-
level endeavors.

Strategic Endeavors
Your strategic endeavors are of greater impor-
tance within your integrated efforts; they em-
brace all considerations, entail greater risks
and consequences, and are global in nature.
The resources required are more substantial,
more varied, and are not easily integrated.
There are fewer precedents upon which to base
decisions.  There are few, if any, higher-level
rules or directions upon which to base deci-
sions.  The strategic endeavors are aimed at
directing and organizing the operation.  In
short, you do strategic endeavors when you’re
figuring out which problem to solve or when
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endeavors.  That’s why strategic endeavors
seem so hard to do.  In grade school, both math
teachers and students hate to do word prob-
lems.  We don’t like word problems because
we’re not sure exactly what the problem is and
what method we should use to solve the prob-
lem.  We prefer number problems where ev-
erything is given and we plug numbers into the
formula we know we’re supposed to use.  We
teach people how to do clerical endeavors.

Tactical Endeavors
Your tactical endeavors are aimed at control-
ling your operation.  Plans are critical in tacti-
cal endeavors even though planning is done at
all levels.  Organizing and effectively using
resources and controlling the operation are
tactical endeavors.  In short, given that you’ve
figured out what problem you have when do-
ing the strategic endeavor, in a tactical en-
deavor you now figure out what resources you
need and what controls you need so you can
solve that problem.

Operational Endeavors
Of the four types of endeavors, the top three
are supervisory in nature.  The operational
endeavor is the lowest level of supervision.
This level assures that specific tasks are car-
ried out effectively and efficiently.  Opera-
tional endeavors focus on execution and on
staffing of workers to carry out the operations.
For operational endeavors, you schedule and
control individual tasks rather than appraising
the performance of the operation; you procure
needed items rather than supervising procure-
ment; you staff your tasks rather than doing
personnel management; and you control costs
rather than develop budgets.  In short, given
that you’ve figured out the problem by doing
a strategic endeavor and know what resources
you need to solve the problem by doing a
tactical endeavor, in the operational endeavor
you now figure out the steps to take to apply
the resources to the right problem to solve the
problem.

you’re figuring out what kind of problem you
really have.

Be careful not to confuse strategic-level en-
deavors with strategic-level managers.  The
corporate president is a strategic-level man-
ager whose domain of responsibility should be
dominated by strategic endeavors.  However,
he or she still has many endeavors at the
tactical, operational, and even the clerical lev-
els.  For performing clerical endeavors (e.g.,
finding the bathroom or operating the new
phone system) a management tool for strategic
endeavors (e.g., policy for constructing sky
scrapers or for corporate communications) is
far removed from the needs of the clerical
endeavors.  A strategic tool (like a corporate
communications policy) is only helpful in di-
aling the telephone under the new phone sys-
tem in as much as the instructions you need to
dial the phone relate to the organization’s
communications policy.  Simple, highly spe-
cific, constrained tools are needed for the
clerical endeavor (e.g., a map or list of instruc-
tions).

Just as the strategic-level person does some
clerical endeavors, the clerical-level person
does some strategic-level endeavors.  The jani-
tor finds a mess and has to figure out what kind
of problem he or she has before he or she can
determine what cleaning tools and solvents or
cleansers he or she needs to clean up the mess.

Recall in Module 1.1.14.3. I indicated that the
difficult endeavor of determining your unit of
interest was a strategic endeavor.  If you work
on the wrong unit of interest you’re solving the
wrong problem.

Recall also that I’ve discussed how we don’t
teach people how to figure out what the prob-
lem is.  We end up with people working hard
on wonderful solutions to the wrong problem.
(See, for example, module 1.1.14.3.)  We
don’t help people learn about doing strategic
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Clerical Endeavors
The clerical endeavor is a doing endeavor
rather than a supervisory one.  The word clerk
relates to keeping records, working at a sales
counter, or assigning hotel guests to their rooms;
but, used generally, the clerical endeavor in-
cludes all hands-on effort to generate the goods
and/or services of your operation.  We could
also call a clerical endeavor a worker en-
deavor.  In short, now that you know the right
problem by doing a strategic endeavor, the
right resources to apply to the problem by
doing a tactical endeavor, and the right steps to
take by doing an operational endeavor, you
use clerical endeavors to apply the resources to
the steps and solve the problem.  If done
properly, people doing clerical endeavors are
the problem solvers, whereas people doing the
strategic endeavors are the problem figure-
outers.

Different Endeavors Require Different
Tools.
On a production line in a manufacturing plant,
the operator does a preponderance of clerical
endeavors, as does a secretary.  However these
people do have operational endeavors involv-
ing staffing, scheduling, and procurement.
From time to time they may plan procurement
or measure performance—tactical endeavors.
The foreman on the same production line is
concerned with scheduling maintenance and
keeping the line at peak performance and has
a preponderance of operational endeavors.  The
shift supervisor has production goals and con-
siders product changeover and other mostly
tactical endeavors.  The plant manager is con-
cerned with profitability and long-range plan-
ning.  These endeavors are strategic.

Business computers and their predecessors
were employed historically to solve problems
at the operational and clerical levels of the
organization.  They focused upon the day-to-
day, transaction-oriented functions which were
structured, definable, had specific input and

output, were repetitious, and were very pre-
cise.

Computers were capable of doing these func-
tions better than people because they were
faster, more accurate, and more predictable
than people.  Therefore, people displacement
(or automation) was the primary justification
for computer applications addressing opera-
tional and clerical endeavors in an organiza-
tion.

Two factors have changed this early view of
how computers could be used to best advan-
tage.  The first factor is that because of the
rapid and unceasing increase in technology
since computers were conceived, more data
could be maintained in more flexible data-
bases, information could be displayed in for-
mats resembling accepted manual reports, and
the time saved in overseeing operational tasks
could be spent on endeavors requiring more
judgment.  Thus, we could begin to focus on
tactical endeavors and on resource allocation
problems which had considerably greater im-
pact on profitability than merely automating
the transaction processing procedures.

The second factor is that for higher levels of
endeavors, and especially the strategic en-
deavors, the logical question to ask was, “Since
I’m spending so much money on computers,
why aren’t they solving my problems?”  The
answer is “Because tactical and strategic lev-
els of management include a different mix of
the kinds of endeavors.”  Strategic-level people
with a preponderance of strategic endeavors
want help with their work too.  But we haven’t
developed computers to figure out which prob-
lem to solve or what kind of problem we really
have.  So, for strategic-level people, we use
computers to help them do clerical endeavors
and sometimes operational endeavors just like
we  do for operational-level and clerical-level
people.  By helping strategic-level people with
their clerical and operational endeavors we
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tion by developing four endeavor categories
for comprehensiveness.  If you could measure
comprehensiveness precisely and you distrib-
uted what you do against a comprehensiveness
dimension, you’d find a spectrum.  Typically,
your spectrum would peak somewhere and
that somewhere would determine which cat-
egory of endeavor dominates in your domain.

preserve more of their time for strategic en-
deavors.

The Endeavor Spectrum
Just as you did for pursuits, you can determine
how much of each endeavor you do in your
domain.  Since comprehensiveness is a con-
tinuous variable, I’ve approximated the situa-

EFFORT IS AIMED OR FOCUSED
DEPENDING ON RESPONSIBILITY.

COMPREHENSIVENESS

ENDEAVORS

STRATEGIC       - Global efforts are aimed in a 
general direction using 
qualitative measures.

TACTICAL - Wide efforts are directed toward 
a tangible result using 
quantitative standards.

OPERATIONAL  - Limited efforts are focused on a 
fixed outcome using restricted 
methods.

CLERICAL - Local efforts are constrained to 
an explicit path using specific 
steps. 

Figure 1.4.5.4.1.  Your endeavors are more comprehensive and take broader understanding of
the issues involved and relationships with other endeavors at the strategic level of effort (not
necessarily of the organization) than at the clerical level.
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BACKGROUND/THEORY/FRAMEWORKS/THE FRAMEWORK OF ENDEAVORS

1.4.5.4.2. DISTINGUISHING  BETWEEN  ORGANIZATIONAL  LEVEL  AND

ENDEAVOR

I want to distinguish between levels in an
organization and what managers do (endeav-
ors).  At any level in an organization, people do
a mix of endeavors, although a level is charac-
terized by the relative amounts of endeavors a
person does at that level.  For example, a
person at a strategic level in the organization
does strategic, tactical, operational, and cleri-
cal endeavors, but he or she does (or should do)
more strategic endeavors than people at other
levels in the organization.  A strategic-level
manager figures out how to deal with new
competition or if the organization’s culture
should change and which is more important at
the moment (strategic endeavors); but they
may also dial their own phone and open their
mail (clerical endeavors).  As a strategic-level
manager finds ways for clerical-level people
to do more of his or her clerical endeavors for
him or her, he or she gains time to spend on
strategic and other endeavors.

The spectrum of endeavors is continuous, but
can be approximated by discrete categories,
and four categories are conventional from the
literature.  Work is planned from the top down
and executed from the bottom up.  So the
bottom organizational level, clerical, is a do-
ing level, not a supervisory one.  Strategic,
tactical, and operational levels are supervisory
levels.  Management is decision making.  So
all endeavors are management endeavors.  But
not all levels are supervisory.

Figure 1.4.5.4.2. is a typical representation of
hierarchical levels in an organization.  John
Zachman uses the figure when he says, “In

combining the ideas of the Hierarchy of Man-
agement and Planning and Control, it is evi-
dent that the different levels of management
have different responsibilities relating to the
levels of planning and control as shown in
Figure [1.4.5.4.2.].” (John A. Zachman, Con-
trol and Planning of Information Systems,
Journal of Systems Management, July 1977,
vol 28, no 7.)

On the right side of Figure 1.4.5.4.2. you can
see Anthony’s strategic planning, manage-
ment control, and operational control activi-
ties.  You can see the triangle representation
for organizational hierarchy everywhere.  The
idea is to show the top manager on top doing
the general management (broad global efforts),
middle management in the middle, and the
large number of workers at the bottom doing
the work.  This representation is dangerous.
Be careful.

The reasons the representation in Figure
1.4.5.4.2. is dangerous are: 1) top management
is separated from the workers, 2) middle man-
agement is seen as span breakers, and 3) the
endeavors look like they’re exclusively level
oriented.  Deming, who dislikes hierarchical-
level representations of the organization pre-
fers process-oriented representations like the
one in Figure 1.1.16.5.3.  The idea is that
middle managers have more important things
to do than delay and distort communication up
and down the hierarchy.  Everyone in the
organization shares in all the endeavors.  As
we move more and more decision making
from a select few to all the people in the

A manager at any organization level can do any of the endeavors.  We expect
strategic-level people to do more strategic endeavors than tactical-,  operational-,
or clerical-level people; but the reverse may occur, depending on the person and the
situation.
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organization, we realize people everywhere
make strategic decisions about strategic en-
deavors.

Referring to what’s wrong with Figure
1.4.5.4.2., not only do operational managers (a
title showing level in the organization only) do
some strategic endeavors, so do the workers
who would be shown on the triangle below
them.  I recognize that the chief executive
officer usually has a lot of experience and
proven ability, thereby making him or her well
equipped for doing strategic endeavors.  We
hope that the chief executive officer does more
strategic endeavors than others.  That’s why
we pay them so much.  But, unfortunately
some top managers spend too much time on
operational and clerical endeavors they should
be delegating to others.

I worked with a top manager in government
who was incensed  when I said top managers
should do strategic endeavors; that is, figure
out what problems to solve and what the prob-
lems really were.  He said, “But, I’m a problem
solver.”  He had an engineering background,
and engineers pride themselves on being prob-
lem solvers.  Sure, he solved problems.  But
who was figuring out the right problems to
solve?  This story raises two issues:  1) too
many people work on solutions without hav-
ing done the strategic endeavors, thereby solv-
ing the wrong problems and 2) strategic-level
managers do tactical, operational, and clerical
endeavors too.  Strategic endeavors are diffi-

cult to do and lack immediate gratification.
Anyone would want to do the problem solving
and see results.  But we pay strategic-level
managers to do difficult things.

Today, we don’t separate levels of manage-
ment.  I define management as decision mak-
ing; and everyone makes decisions.  We want
to empower our people and empowerment
means we move the right types of decisions to
those who have the right experience and capa-
bility and are closest to the information they
need to make the decisions.  We recognize that
top managers aren’t at the top:  managers are
everywhere and they deal with endeavors
throughout the endeavors framework as does
anyone with a domain of responsibility.  In the
foreword of Max DePree’s book Leadership Is
an Art, James O’Toole describes his first visit
to a Herman Miller factory.  “I was given carte
blanche to go anywhere and talk to anyone,
managers and workers.  The only problem was
that I couldn’t tell one from the other!  People
who seemed to be production workers were
engaged in solving the ‘managerial’ problems
of improving productivity and quality.  People
who seemed to be managers had their sleeves
rolled up and were working, side by side, with
everybody else in an all-out effort to produce
the best products in the most effective way.
‘The signs of outstanding leadership are found
among the followers,’ Max writes in this won-
derful little book.” (Dell Publishing, 1949, p.
xxii.)
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Figure 1.4.5.4.2.  The classical illustration for organizational levels implies endeavor corre-
sponds one-on-one with organizational levels. Not!  (taken from Zachman)

Chief
Executive

Officer

General Management

Functional Management

Operational Management

Operational Control

Management Control

Strategic Planning
Chief

Operating
Officer

Functional
Managers

Operational
Managers
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BACKGROUND/THEORY/FRAMEWORKS/THE FRAMEWORK OF ENDEAVORS

1.4.5.4.3.  A DETAILED  DESCRIPTION OF ENDEAVORS

The four endeavors help us figure out what contribution we’re making to problem
solving and what management tools we need to help make our contribution.

Clerical endeavor decisions are structured,
automatable.  Information to support clerical
decisions is primitive (straight-forward com-
parisons with a simple static, well-defined
reference).  The decisions we make in doing
the other endeavors are more and more com-
plex combinations of the automatable deci-
sions as we go up the hierarchy.  The complex-
ity of the combinations requires intuition and
judgment to deal with them.  The complexity
and type of combinations of automatable deci-
sions distinguish among the upper endeavors.
Information to support upper decisions is more
sophisticated (complex comparisons with many
dynamic, ill-defined references).  As we go up
the endeavors, the automatable decisions fit
into complex combinations, with some left
over.  That’s why  strategic-level managers
have some clerical endeavors to do.  Those
particular ones haven’t been assembled into
operational, tactical, or strategic combinations
or haven’t been delegated.  Two objectives of
supervisors are 1) to delegate endeavors down
organizational levels and 2) to intuitively com-
bine automatable decisions and/or endeavors
to make higher-level endeavors.

No research has defined and operationalized
the endeavors to the degree that we can mea-
sure them and thereby study who does what
and why and what information and tools they
need to do it with.  So we can study information
and tools in the upcoming modules, I’ve de-
veloped working definitions of the endeavors.
As we research what managers do and what
management tools they need to do their work
best, we can verify or update these definitions.
For now the definitions are assumptions and
this module is the reference.  I’ll now carefully

define the endeavors.  My recognition of the
definitions as working definitions to be veri-
fied through study and test also applies to the
other frameworks.

I’ve identified a few functional criteria for the
four types of endeavors.  I show these criteria
in Figure 1.4.5.4.3.

Strategic Endeavors
The strategic endeavor is the most comprehen-
sive complex, and complete (global) with in-
ternal and external (to the unit of interest)
range.  The strategic endeavor consists of
global efforts aimed in a general direction
using qualitative measures to evaluate the ef-
forts.  You set (planning) and meet (executing)
goals using policy for guidance.  You distin-
guish types of efforts by different pursuits (the
uncertainty framework) and provide relation-
ships among plans, which guide tactical en-
deavors.

A manager doing a strategic endeavor: 1)
chooses the outcomes, opportunities, prob-
lems, and thereby the implied tasks to deal
with, 2) sets priorities of outcomes and im-
plied tasks based on importance and urgency,
3) uses the organizational environment and the
internal and external forces as forcing func-
tions, 4) uses a knowledge of resource avail-
ability and requirements for implied tasks as
constraints, and 5) interfaces with the time,
people (number and type), materials, and other
resources required to do implied tasks to see if
some outcomes and implied tasks are feasible
within resource constraints.  In short, manag-
ers doing strategic endeavors figure out which
problems to solve or which opportunities to
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take advantage of.

In doing strategic endeavors, you see tasks as
names, or ideas, and you consider the implied
outcomes of tasks.  Your job is to choose
needed outcomes to meet policy, culture, etc.
and to change policy, if necessary.  Peterson
(Improving Academic Planning, 1980) 1) says
strategic planning focuses on an institution’s
relationship with its large environment (p.
140) and 2) shows the activities of institu-
tional, values, and environmental assessment
and master planning (p. 130) as part of strate-
gic planning.

Tactical Endeavors
The tactical endeavor is oriented toward figur-
ing out what inputs (resources) get what out-
puts (results), looking internally at the organi-
zation.  The tactical endeavor consists of wide
efforts directed toward a tangible result using
quantitative measures to evaluate the efforts.
You set (planning) and meet (executing) ob-
jectives using plans for guidance.  You distin-
guish types of efforts by different activities
and provide frameworks among procedures,
which guide operational endeavors.

A manager doing a tactical endeavor: 1)
chooses the outputs to satisfy the desired out-
come, the challenges to meet to take advantage
of the appropriate opportunity, and the re-
sources to solve the designated problem, and
thereby the implied resources to deal with
tasks, 2) sets priorities of time allocation and
people and other resource allocation based on
outputs (results) needed to meet outcomes and
implied tasks to do and based on availability of
people, materials, equipment, etc. and time to
do tasks, 3) uses the chosen outcomes, organi-
zational goals, and priorities in importance
and urgency as forcing functions, 4) uses a
knowledge of the steps needed to implement
the resources in carrying out implied tasks as
constraints, and 5) interfaces with the designs
and processes for doing tasks and the proce-

dures for delivering outputs to see if it’s fea-
sible to do the job with available resources.  In
short, managers doing tactical endeavors fig-
ure out what resources are needed to solve a
given problem or to take advantage of a given
opportunity.

In doing tactical endeavors, you see tasks as
outcomes and consider the implied outputs, or
results, of tasks.  Your job is to choose needed
outputs to achieve the outcomes and meet
plans and to change the plans, if necessary.
Peterson 1) says tactical planning focuses on
an institution’s internal planning issues and 2)
shows the activities of program planning, pri-
ority setting and resource allocation, and pro-
gram review as part of tactical planning.

Operational Endeavors
The operational endeavor is oriented toward
how to convert inputs to outputs—the trans-
formation processes, their design (planning)
and implementation (executing).  The opera-
tional endeavor consists of limited efforts fo-
cused on a fixed outcome and output using
restricted methods to accomplish the efforts.
You set (planning) and meet (executing) mis-
sions using procedures for guidance.  You
distinguish types of efforts by different tasks
and provide the value of instructions, which
guide clerical endeavors.

A manager doing an operational endeavor: 1)
chooses the path to transform inputs to outputs
(resources to result) and thereby the implied
steps to deal with tasks, 2) sets priorities and
sequence of steps based on efficiency of tasks,
3) uses the knowledge of where we are and
where we want to be as forcing functions, 4)
uses a knowledge of the work needed to carry
out the steps for implied tasks as constraints,
and 5) interfaces with the actual effort to do the
job to see if the steps and their sequence are
feasible.  In short, managers doing operational
endeavors figure out what steps to take to use
the designated resources to solve a given prob-
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endeavors do the designed steps to use the
designated resources to solve a given problem
or to take advantage of a given opportunity and
figure out whether the work they’ve done
accomplishes the step.

In doing clerical endeavors, you see tasks as
steps and you consider the work to do the tasks.
Your job is to make on-the-spot adjustments to
deliver the service or product within standard
operating procedures and to meet design speci-
fications.  Peterson doesn’t discuss clerical
planning.

The Parallel Structure for Researching En-
deavors
Note that the long sections describing the
endeavors each contain three paragraphs and
that the second paragraph has five ideas set off
by commas.  I’ve tried to make the thoughts in
the paragraphs parallel for the endeavors and
to be consistent with Module 1.4.5.4.1.

Each first paragraph contains four thoughts.
The second sets of thoughts tie in Figure
1.4.5.4.1., and the third and fourth sets of
thoughts tie in the five different categories of
tools I’ll describe soon. At the end of each
discussion on the endeavors, I’ve referenced
Peterson who doesn’t say anything about cleri-
cal endeavors because he writes about plan-
ning.  I can write parallel sentences on the
endeavors reflecting other literature in addi-
tion to planning.

lem or to take advantage of a given opportunity.

In doing operational endeavors, you see tasks
as inputs and outputs and consider the implied
steps to get the outputs from the inputs.  Your
job is to choose needed processes, steps, se-
quences, tools, and methods to get the outputs
and to meet procedures and to change the
procedures, if necessary.  Peterson says opera-
tional planning is implementing programs.

Clerical Endeavors
The clerical endeavor is oriented toward how
to do the steps and use the tools, looking at
each step or instruction individually.  The
clerical endeavor consists of local efforts con-
strained to an explicit path using specific steps
to accomplish the efforts.  You set (planning)
and meet (executing) jobs using instructions
for guidance.  You distinguish types of efforts
by different actions and provide yes-no evalu-
ations on the steps, which determine the suc-
cess of the tasks.

A manager doing a clerical endeavor: 1)
chooses to use a tool in a step and decides if the
step did what it was supposed to do, 2) moni-
tors and implements priorities in material avail-
ability, equipment maintenance, and through-
put, 3) uses the knowledge of the steps and
their sequence as forcing functions, 4) uses the
knowledge of the status of the work as con-
straints, and 5) interfaces with the materials
and machinery to see if the work is going
smoothly.  In short, managers doing clerical
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FUNCTIONAL STRATEGIC TACTICAL OPERATIONAL CLERICAL
CRITERIA ENDEAVORS ENDEAVORS ENDEAVORS ENDEAVORS

WHAT Decide What Decide What Decide How Solve
THEY DO Problems Resources to Solve the Problem

to Solve to Use the Problem

WHAT THEY Transformation Execution
MANAGE Outcomes Outputs Path of Steps

WHAT IS
ACCOMPLISHED Goals Objectives Missions Jobs

NONE
SETS Outcomes and Allocating (They Monitor
PRIORITIES Implied Tasks Resources Steps and Implement
FOR Priorities)

TYPES OF
EFFORT Pursuits Activities Tasks Actions

FORMULATION
TOOL OR Policies Plans Procedures Instructions
GUIDANCE

EVALUATION OF Relationships Frameworks for Value of Yes/No
FORMULATION of Plans Procedures Instruction on Steps
TOOL

Internal Chosen
FORCING and External Outcomes, Objectives Steps and
FUNCTIONS Organization Goals, and and Resource Their Sequence

Environment Implied Tasks Allocation

Time, People, Decisions,
Materials, Procedures, Effort to Materials

INTERFACES and Other and Do Job and
Resources Processes Machinery

Resource Steps Needed Work Needed Status of
CONSTRAINTS Availability and to Allocate to Carry the Work

Requirements Resources Out Steps

Figure 1.4.5.4.3.  The four types of endeavors help us find the right problem and solve it.
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BACKGROUND/THEORY/FRAMEWORKS/THE FRAMEWORK OF DECISIONS

1.4.5.5.1.  CHARACTERIZING  THE DOMAIN  BY DECISIONS

Which Decisions Are Based on Definite Pro-
cedures?
As managers, we all must make decisions; and
these decisions should result in actions that
affect what is managed.  For different domains
of responsibility, different types of decisions
predominate.  These types are classified in
Figure 1.4.5.5.1.

Originally, H. A. Simon distinguished two
polar types of decisions: programmed deci-
sions and unprogrammed decisions—those
decisions made based on a definite procedure
and those decisions for which there are no
specific procedures.  Gorry and Scott Morton
used “the terms structured and unstructured
for programmed and unprogrammed because
[the new words] imply less dependence on the
computer and more dependence on the basic
character of the problem-solving activity in
question.”

In the structured situation, all of Simon’s phases
of the decision-making process—intelligence,
design, and choice—can be automated.  In the
unstructured situation, the human decision-
maker must provide judgment, intuition, and
insights into the decision. Gorry and Scott
Morton added a semi-structured classification
for those decisions just below unstructured
decisions but not yet structured decisions.  As
our ability to automate improves, the semi-
structured decisions will become structured.  I’ve
adapted the three classifications as follows.

Structured Decisions
A structured decision is one that can be arrived
at by routine analytical procedures.  The struc-
tured decision is easily susceptible to automa-

tion; or, in the case of a non-computerized
information system, the structured decision
can confidently be left to people who follow
clearly established instructions.  Typical ex-
amples include inventory management, manu-
facturing control, and some forms of financial
analysis.

Semi-structured Decisions
Decisions involving information and requir-
ing management judgment (i.e., some people-
input needed) are semi-structured and can be
supported by management information sys-
tems.  Semi-structured decisions involve tasks
such as tactical and financial planning, bud-
geting, forecasting, and project evaluation.
The techniques that apply to semi-structured
decision making include financial modeling,
risk analysis, statistical analysis and simulation.

Unstructured Decisions
Decisions involving judgment alone are known
as unstructured decisions (i.e., only people
input) and exceed the powers of current man-
agement information systems.  An unstruc-
tured decision requires human judgment and
intuition; it cannot be programmed because
the decision is highly non-routine and cannot
depend on any firm basis of established knowl-
edge or rules.  Unstructured decisions nor-
mally involve tasks such as strategic and long
range planning.  Artificial intelligence and
perhaps porpoises aside, the only proven judg-
mental source is the human being.

Management Tools Ultimately Support
Decisions.
Historically, the biggest problem with the
management information system concept has

The amount of information versus the amount of intuition, experience, and judg-
ment you use in your decision determines what kind of decision you’re making and
what kind of decision support you need.
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free as much managerial time as possible for
the making of the least-structured decisions.
In short, a manager’s responsibility is to ac-
complish his or her objectives in what Frederick
Taylor called the “one best way,” by configur-
ing the people (who manages), the information
tools (what is used to manage), and the inter-
face between people and tools so 1) every
element of the domain works efficiently in his,
her, and its sub-responsibility, and 2) all work
together effectively as a system.

Even for types of decisions, the
unstructuredness dimension represents a con-
tinuous variable.  The division into three dis-
crete ranges of decisions is arbitrary but con-
venient.  When we learn about a given decision
and move the decision from unstructured to
semi-structured, there’s no point where we
know we’ve moved from one type to the other.

been the application of a structured-decision
approach to cases where judgment is necessary.

Your decisions will range over a spectrum
from structured to unstructured.  The manage-
ment tools that will work best are those that
make decisions for structured situations and
support your decisions for semi-structured and
unstructured situations.

The framework for decisions has enormous
and practical consequences in light of the
Management System Model.  The mix of deci-
sion types regularly required within a domain
of responsibility for a given pursuit or en-
deavor indicates the parts of that domain to be
delegated to various subordinates and to ma-
chines to effectively accomplish the manager’s
needs.  In other words, these frameworks help
answer the question, “Who decides what, and
with what kind of information?”  The idea is to

Figure 1.4.5.5.1.  You need different information from different management tools to support the
different decisions you make.

DECISIONS INCLUDE INFORMATION 
AND/OR JUDGMENT.

SEMI-STRUCTURED 

STRUCTURED 

UNSTRUCTUREDNESS

DECISIONS

UNSTRUCTURED Unprecedented decisions
involving judgment, insight,
and intuition with little or no
formal information

Less routine decisions
involving both information
and judgment

Routine decisions involving 
information only

-

-

-
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1.4.5.5.2.  THE FRAMEWORK  OF GORRY AND SCOTT MORTON.
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1.4.5.5.3. THE EVOLUTION  FROM UNSTRUCTURED TO STRUCTURED

DECISIONS BASED ON BETTER INFORMATION

Yesterday’s human expert becomes today’s expert system, which is destined to
become tomorrow’s automation.  That’s because expert systems help managers
move from unstructured to structured decisions.  The expert system is the man-
agement tool that helps the manager make semi-structured decisions.

I’ll show how we can diagnose what manage-
ment tools are needed by describing a situation
involving at least two of the frameworks—the
framework for decisions in terms of
unstructuredness and the framework for stages
in terms of maturity.  This situation involves
conditions in plants making cigarettes in the
1970’s.  By diagnosing the situation as moving
from making unstructured decisions through
semi-structured decisions on the way toward
structured decisions, we realize that expert
systems is a type of methods tool that helps the
manager at the time he or she needs to make
semi-structured decisions.

My description of the situation shows the
relationship of the expert system, a manage-
ment tool in the methods category, to semi-
structured decisions in our attempt to move
from visibility to control in the front part of the
cigarette factory.  I’ll describe the characteris-
tics of the methods category of management
tools and of expert systems as an example tool
of the methods category in Module 1.5.1.3.4.
In this discussion, I’ll reinforce the notion that
the expert system, as a management tool, con-
verts data to information as opposed to being
a computer-related thing in which some expert
systems are housed.

I choose to believe that the automation line in
the local plant evolved through a stage of semi-
structuredness requiring the help of an expert
system.  Forsyth (Richard Forsyth, Expert
Systems: Principles and Case Studies,
Chapman and Hall, Ltd., 1984, p. 7.) says, “[an
expert system].... actually works.  It does a job
that takes a human years of training.”  I note the

word “training” instead of “education” and
think of all the jobs that have been automated
that took years of training to learn in years past.
The expert system and then the automation
system support the “who manages” in a very
limited, well-defined management system.

Describing automation is as difficult as de-
scribing an expert system.  Remember the
following definitions of automation so you
can compare automation to the definition of an
expert system.  “A scientific definition of the
place of automation in the development of
technology can not refrain from taking into
account, on the one hand, the inseparable bond
connecting automation with the entire history
of the gradual strengthening and extension of
the power of man over the forces of nature, and
on the other, the qualitatively novel features
which distinguish automation from the pre-
ceding stages of technological development.
.... Therefore, the conversion to automation
completes the liberation of man from the im-
mediate participation in the industrial process
and changes abruptly the entire character of
human labor.  Up to now, the machine replaced
the hands and the muscles of man; at present,
it begins to replace, within certain limits, his
brain and nervous system.” (Jan Averham,
Automation and Society, Moscow, USSR,
1960, U.S. Joint Publications Research Ser-
vice, Washington, DC, July 1961, p. 2.)  James
Bright indicates that some authors equate au-
tomation with “decision-making machinery.”
(James R. Bright, Automation and Manage-
ment, Division of Research, Graduate School
of Business Administration, Harvard Univer-
sity, Boston, 1958, p. 4.)  He emphasizes that
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“Automation has a way of shifting with time.
Yesterday’s ‘automated’ plant is surpassed
today, but how else except by something ‘more
automatic’?” (p. 7.)  Bright suggests this defi-
nition: “....automation simply means some-
thing significantly more automatic than previ-
ously existed in that plant, industry, or loca-
tion.” (p. 6.)

Simply stated an expert system 1) captures an
expert’s facts and rules, 2) applies the facts and
rules to a limited domain of responsibility, 3)
leads the user toward intelligent advice or
solution about that domain, and 4) is able to
replicate the line of reasoning from which the
advice or solution evolved.

At one time, even today’s best defined, most
routine, and very likely highly-automated do-
main of responsibility needed an expert to
manage it.  By expert, I mean someone with
years of training who has made intelligent
decisions based on facts and inferences related
to their limited domain.  By following the
same facts and inferences, the expert would
repeat the same decisions.  We couldn’t imme-
diately replicate the expert because we couldn’t
quantify and measure the expert’s experience,
judgment, and insight.  We considered the
decisions of the expert largely unstructured, or
non-programmable, or at least semi-structured.

I have many times experienced a sequence of
events in replicating an expert, and will share
one such experience for illustration.  In the
leading part of a cigarette factory, the tobacco
is moistened, dried, and blended to just the
right consistency for compaction.  In the fol-
lowing part of the factory, the infinite cigarette
rod is compacted and cut into proper lengths.
In this leading part, an old man of many years
experience would sift the tobacco blend through
his fingers close to his face and decide if the
tobacco was ready for compaction in a ciga-
rette rod.  See the old man in Figure 1.4.5.5.3.
Is he tasting the tobacco?  Looking at it?
Feeling  it?  Smelling it?  The old man couldn’t

tell you what he did; but, he did it everyday.  He
was making unstructured decisions because
the variables were undefined, and he couldn’t
identify any information as the basis for his
decisions.

When the old man said the blend was right, the
blend was right.  He intuitively knew what he
was doing.  But he couldn't tell you what he
detected or the rules he used to determine if the
tobacco was ready to go to the maker floor.  A
key question in all this was how to train some-
one to take the old man's place when he retires.

The tobacco company would hire someone
new to work with and learn from the old man.
The new person would follow behind and sift
the tobacco close to his face.  The younger
person would guess whether the tobacco was
ready.  He or she was usually wrong.  The
younger person would guess, “It’s ready.”
“Nope,” the expert would say.  The younger
person would keep on trying through many
“nopes” and “yeps” until one day there were
almost all “yeps.”  After years of being cor-
rected by the old man, the younger person
could replicate what the expert did.  But he or
she didn't know how he or she did it.  The
younger person had replaced the old man, both
in ability and mystery.  (In the old days, many
recipes were handed down through families
this way.)  The younger person had picked up
the judgment, intuition, and experience to do
the job.  How in the world could you develop
an expert system to replicate the old man?

With much data logging, many wrong guesses,
and studying cause-and-effect relationships
among variables (gaining visibility), we found
the old man was measuring moisture history of
the blend.  He was recognizing when moisture
should be added and removed at various times
during the blending process.

We couldn’t depend on finding younger people
to be mentored by and learn from the old man.
So, we developed an expert system to contain
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the facts and inferences of the expert.  To
replicate that expert, we used sensors and
computers, consistently reported variables (in-
dicator data), and compared them to reference
points for decision making.  We made an
expert system.  Then we used the reported
information to make repeatable decisions, to
control actuators, and to debug and maintain
the process by repeating the facts and infer-
ences leading to decisions.  The expert system
could not only report things based on the
expert’s knowledge, but could do things based
on the expert’s knowledge.  We automated the
whole thing and have progressed to the point
where what we once considered expert is now
only automation.  The decisions are now all
structured, or programmable.

Whether we have an expert system or automa-
tion depends on where we stand in perspective
and maturity.  Gorry and Scott Morton point
out that perspective and maturity affect whether
a decision is unstructured, semi-structured, or
structured.  They realized decisions would
evolve from unstructured toward structured as
the facts and inferences used by the decision
maker were defined and structured.  So will go
expert systems.  As the expert’s facts and
inferences became known and replaced intu-
ition and experience, we produced an expert
system.

The old man in the cigarette factory saw his
domain of responsibility evolve from where
he just maintained visibility of his operation.
Now, through measurement and understand-
ing, we not only have controlled but optimized
the old man’s expertise; we call this computer
optimization, or automation.  The expert sys-
tem led to automation.  In any new problem, it
starts out fuzzy, but when we understand it—
turns intuition into information, facts, and in-
ference rules—becomes  simple and clean.

From the system perspective, the leading part
of the cigarette factory is a relatively- closed

system which, together with the rest of the
factory, forms a larger, relatively-open sys-
tem with many complex social, economic,
and legal implications of the world outside the
factory.  From the systems approach, we see
each domain as part of a larger domain.  There-
fore, the automation of a simple domain shifts
our attention to a larger, less-defined domain
with more unstructured decisions and another
opportunity for expert systems.

Which expert shall we replicate for the man-
agement expert system, for example?  Whose
bias do we want?  The one that best fits the
software/hardware package?  The one with
the best defined line of logic?  The one whose
premises we like the most?  Anthony Stevens
asks, “Does anyone these days admire anyone
who can dig a hole or paint a car quickly?  We
shall soon feel the same dullness about brain
work.” (Richard Forsyth, Expert Systems:
Principles and Case Studies, Chapman and
Hall, Ltd., 1984, p. 39.)  Is there no brainwork
in painting a car?  Have you tried it?  How
about determining if the blended tobacco is
ready to go to the compaction process in a
cigarette factory?  For years, we couldn’t
figure out what the worker who decided the
right blend was doing or measuring.  Never-
theless, the process is now automated.

Are we talking about “professional expertise”
here or just “expertise?”  We have automated
much of what people were trained to do and
what people were trained to report.  Expert
systems are focusing on what people are trained
to advise: law, medicine, and accounting.  They
are moving from blue-collar to white-collar
activities.  We’ll still have these counselors,
because we pay most for their judgment and
insight—and also their experience (a charac-
teristic future expert systems are supposed to
accomplish through learning).  In my opinion,
in regard to judgment, above the advisors are
the teachers, leaders, and perhaps the clair-
voyants.  To learn from teachers, leaders, and
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clairvoyants, we must first develop a global
scheme to ask questions to represent, if not
capture, their intuition and judgment in a struc-
tured package.  The bottom line: experts are
specialists—they know more and more about

less and less—and leaders are generalists—
they know less and less about more and more.
The connections among all the specialties are
what stumps our thinking and the future expert
systems.

Figure 1.4.5.5.3.  “Yep, it’s ready.  I feel it in my bones.”
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1.4.5.6.1.  CHARACTERIZING  THE DOMAIN  BY MATURITY

You can’t improve or optimize a system until you have visibility and control.

Your Management System Matures through
Three Sequential Stages.
The fourth framework deals with the maturity
of your management system.  Figure 1.4.5.6.1.
illustrates the three stages.  Your management
system, your operation, and your management
tools must mature sequentially through these
stages.  To try to skip a stage is to fail.  The
internal driving force for maturity is who man-
ages and requires the three essential compo-
nents of the MSM be in balance for a preceding
stage before the succeeding stage can be suc-
cessful.

For a successful management system, the com-
ponents of the MSM must be in balance.  We
essentially have an impedance matching prob-
lem, which we will someday model math-
ematically to observe cause-and-effect rela-
tionships and conduct sensitivity analyses.

If the information from an information system
is accurate and timely but too sophisticated for
the decision maker, the elements are not in
balance and the management system fails.  The
interfaces keep the components in balance.

When the components are in balance, the man-
ager is happy and successful.  Then, he wants
more.  Then the manager’s manager wants
more.  This series of demands induces a dy-
namic, always-maturing system.

We can define the stages through which man-
agers mature with a successful management
system.  Managers first gain visibility of their
physical operation.  They learn how to control
their domain by being able to reduce the num-
ber of changes that occur and hold the opera-
tion constant.  Finally, they optimize their
domain to get the most out of the operation that
they can.  A management system matures

through the stages of visibility, control, and
optimization.

Visibility
Visibility is gained by effective presentation
of key information based on complete, com-
prehensive, coordinated, accurate, and timely
data.  Key information varies throughout the
life of an organization.  Without effective
visibility, management action is not completely
informed.

All elements of the system must be monitored
and assessed to judge the critical elements in
cause-and-effect relationships.  In a manufac-
turing plant, we data-log.

Often, a few parameters are indicators of the
throughput of the system.  In making bottles,
the temperature history in the furnace indi-
cates the quality and amount of material that
flows from the forehearth.  Once monitored,
these parameters are related to the elements to
be controlled to stabilize the system.  Then, in
bottle-making, only the temperature of the
furnace and the mix of the batch may be the
important control parameters.

Visibility is the first stage in the approach
required for effective management.  Visibility
leads to control which, in turn, leads to optimi-
zation.  Those of you with very uncertain
pursuits typically aren’t in balance because
you lack visibility.

Control
An operation is stable when it can be held to
steady-state and decisions don’t have to be
made based on variations outside unpredict-
able limits.  Even if the throughput is held
within control limits—not at the best through-
put experienced—the stability provides im-
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proved performance.  In bottle-making, if the
fraction of molten glass gobs which comes
from the forehearth and becomes bottles packed
for shipment remains stable at a relatively low
fraction of four-fifths, performance is im-
proved.

Managerial control depends upon visibility
and is based upon managerial planning.  Mana-
gerial control is the monitoring and measuring
of performance of the operation for compari-
son with pre-established plans and standards.
Control means taking corrective action if per-
formance deviates too far from plans and stan-
dards and, thus, integrates activities by keep-
ing them all within established bounds.

When I worked for Citibank they had just
acquired majority interest in a small midwestern
management consulting firm.  In they moved
with their “control book,” a loose-leaf binder
in which they daily updated all operating,
personnel, financial, logistical, and produc-
tion data.  They spent as much as half their time
measuring what they did with the rest of their
time.  After a while they saw what was needed
and moved to set things right.  I claim their
book was really a “visibility book.”  After they
logged all possible data to observe cause-and-
effect relationships, they used the key relation-
ships to act and stabilize and then improve the
operation.  Of course, with the key relation-
ships in hand, much less time and effort is
needed to measure and control the important
parameters.

Only after visibility can the manager move to
control—the “prescription” stage in which he
or she keeps the system on track through
direction and correction.  Finally, the manager
optimizes the system to get the most possible
out of the pursuit.

Optimization
Optimization is the accomplishment of maxi-
mum effectiveness, efficiency, and/or useful-

ness.  Optimization is accomplished by vary-
ing plans and standards as a result of experi-
ence and controlling to the new plans and
standards .

Obviously, a system can’t be controlled with-
out visibility; and optimization requires con-
trol.

Scott Sink describes the steps to productivity
as measurement, evaluation, control, and im-
provement.  (“You can’t manage what you
can’t evaluate and you can’t evaluate what you
can’t measure.”)  The parallel between Sink’s
steps to productivity and the maturity stages is
clear, for measurement and evaluation together
are equivalent to visibility.  “Lord Kelvin said
we do not really understand until we can mea-
sure. But before we measure, we should name
the quantity, select a scale of measurement,
and in the interests of efficiency we should
have a reason for wanting to know.”  (Forrester,
page 59.)

I find that data reflect the same maturity stages.
Data can be kept current to yield status or used
with historical data to generate forecasts.  This
kind of data represents the visibility stage.  If
management input is part of the database in the
form of reference points, goals, strategies, and
priorities, we can obtain plans.  Including
planning data, the database reflects the control
stage.  Note that we often have trouble writing
plans because our data haven’t matured to the
point where they support plans.  To determine
variations and exceptions, measurement and
evaluation criteria are needed in the form of
data.  These data, together with the others just
described, constitute the optimization stage.

However, in general, we’re frustrated with our
plans because we can’t really write them and
can’t really use them.  When our data have
matured to the control level, planning should
be easy.
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THREE MATURITY STAGES
MUST PROCEED IN SEQUENCE.

MATURITY

OPTIMIZATION - Modification of the plan 
and control to improved 
performance

CONTROL - Steady state achieved by 
eliminating variations

VISIBILITY - Complete cognizance of 
cause and effect 
relationships

STAGES

Figure 1.4.5.6.1.  Your management system, your operation, and your management tools must
mature sequentially through three stages.  To try to skip a stage is to fail.
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1.4.5.6.2.  ORIGINS OF THE MATURITY  FRAMEWORK
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1.4.5.7.  CONSIDERING THE FRAMEWORKS  TOGETHER

My favorite example of how a person usually
deals with management tools is choosing a
tool for time management.  In my lifetime, I’ve
unsuccessfully tried dozens of different tools
for helping me manage myself over time.
Something will happen that highlights the fact
that I’m out of control with respect to time.  I’ll
go to the office supply store and browse through
their shelves of calendars, reminders, priority
planners, and other such tools.  I’ve been
known to respond to one of the many ads in the
airline magazines for a corinthian leather-
bound executive-style holder for slightly-
adapted 3"x5" cards for identifying and sort-
ing my tasks to set or change priorities and
schedule my work.  I’ve even tried a computer
package or two for scheduling.

I usually choose either a tool that’s totally
different from the one that most recently failed
me or a tool that’s similar to the one my friend
said the other day that he or she is most
recently excited about.  I take the time to setup
the tool to apply to me and my domain of
responsibility.  The tool starts to live up to its
advertising.

Then a crisis hits.  I have too many things to do
in too short a time.  The urgent starts dominat-
ing the important.  Now my new tool can show
its stuff and keep me straight in getting through
my time and priority crunch.  Right?  Wrong!
The tool falls by the wayside.  I don’t have time
to diddle with the thing.  I have work to do and
I’m getting farther behind every minute.  Not
to fear.  Before long my problems will be
overcome by events and I’ll get time to breathe
again.  Remembering the pain, I’ll resolve to
fix the situation and when next at the office

supply store or reading the airline magazine
I’ll try another tool.  I’ll start the entire se-
quence again.  Since I can find hundreds of
versions of time management tools, I won’t
run out of opportunities to fail again.

I’m old enough where through dumb luck I’ve
worked out some tools and associated guides
that work for me.  Clearly, I’ve found the
answer.  I think that since other younger people
are going through the pain of my younger
years, I can make a contribution and get rich at
the same time by manufacturing and selling
the solution I’ve found.  Now, what I’ll do is
put the latest version of a time management
tool in the shelves for someone to try at ran-
dom when they’re searching through the of-
fice supply store.

My story exemplifies the issue of fit.  How do
we find the tool (what is used to manage) to fit
both the user (who manages) and the user’s
work process (what is managed)?  Not any tool
at random will work.  There has to be a better
way than dumb luck.  Don’t depend on the
computer salesperson with a dollar to make.
Don’t depend on the specialist with a stock
answer searching for an application.

I believe the answer is that we have to be able
to characterize our domain of responsibility in
terms of dimensions that lead us toward an
existing or new tool that will fit the domain and
meet its needs.  We can try information-related
dimensions like uncertainty (ratio of informa-
tion needed to information processed).  We
can try endeavor-related dimensions to distin-
guish among the things we do.  We can try
other dimensions related to the operation, the

Taken together, the frameworks for characterizing your domain give you a sense for
what management tools will fit you and your operation.
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decision maker, the management tools and
their process for converting data to informa-
tion, and the status (such as maturity) and
progress of our efforts to manage our domain.
I’ve described four frameworks to provide a
guide or aid for you to characterize your do-
main and to choose the tool you need.  You can
choose the tool you need either deductively or
inductively.  These frameworks work best at
reducing the pool of alternatives by showing
groups of tools you don’t want.  This way of
approaching the decision is called strong in-
ference.  (John R. Platt, “Strong Inference,”
Fundamental Considerations in Organiza-
tional Research, Science, 1964, 146, 347-353.)
The idea is that you’ll get to the answer faster
by reducing feasible alternatives than by try-
ing to identify the single best answer.

I show the four frameworks together in Figure
1.4.5.7.  Taken together, the frameworks look
at the organization, not just the decision maker
or the operation.  I’ve not determined a firm
linkage among the frameworks as the figure
might suggest.  However, some frameworks
clearly are affected by the same issues in the
organization.

Individually, the purpose of the frameworks is
to characterize the organization in standard
ways; for example, we can transfer, or gener-
alize, what we know about perplexities from
one domain to another.  Collectively, the pur-
pose of the frameworks is to guide the manager
or the management tool builder more to elimi-
nate the tools that don’t work than to find the
perfect tool.  An example of the elimination is
saying CPM won’t work for perplexities.

Collectively, the frameworks also help you search
for the meaning behind the tools that do work.
For example, CPM works for projects, the mean-
ing behind CPM is bottlenecks, and people re-
sponsible for perplexities have bottlenecks too.
If we can strip away the constraints on bottle-
necks (e.g., We must define the end.) as applied

to projects through CPM, we can then apply
different constraints to bottlenecks to design a
tool to help people manage perplexities.

How many frameworks are enough?  I’ve
shown four frameworks in Figure 1.4.5.7.  I’ve
shown a framework for what managers do in
relation to endeavors in Figure 1.3.1.  I’ve also
shown the ABC model as a way of character-
izing what a manager does.  We can address a
couple of questions about how the ABC model
relates to the effort of finding the management
tools that fit your domain.  Does the ABC
model help you choose tools?  Do A, B, and C
activities relate to the pursuits?  Are the activi-
ties related to the maturity framework?  Do
you use visibility tools for C, control tools for
A, and optimization tools for B?  Is the
Macintosh and Daft model another framework
we can use to help choose management tools?
I discussed that model in Module 1.4.2.6.2.
How many other frameworks are out there that
we can use to find the tools we need?

When you characterize a person (who man-
ages) for cognitive style, for example, you can
use a number of dimensions.  MBTI uses four
dimensions.  To use what you learn from the
four dimensions of MBTI, you have to holisti-
cally view the person in terms of their experi-
ence, capability, and education as well as per-
sonality type.  That’s why you’d see my wife
as the person who can do extrovert tasks better
than I can and at the same time respect the
energy required for her to do that task so well
and how the expenditure of energy affects her
and her relationship with you.  Now, you’re
holistically integrating experience, capability
and the four dimensions of MBTI as measures
of cognitive style.

You want to be able to characterize the organi-
zation much like you characterize a person.  In
my discussion of the vision for this book in
Module 1.1.13. I emphasized my desire to
develop instruments to characterize organiza-
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tions so we can apply the engineering process
to the management process.

Scholars discussed conceptual frameworks like
those shown in Figure 1.4.5.7. during the 1960’s
and early 1970’s.  Conceptual frameworks
represent attempts to more clearly and com-
pletely structure our domain of responsibility.
In the 1980’s and early 1990’s, the conceptual
frameworks were abandoned after the progress
of the 1960’s and 1970’s to concentrate on
managerial frameworks.

Henry Lucas is a scholar of conceptual frame-
works.  He says, “We’ve shifted from concep-
tual to managerial frameworks.  We now are
into Hersey and Blanchard’s how do you do it
rather than what it is.  We’re now more prac-
tical than theoretical.  The conceptual frame-
works give us the big picture; now we use

managerial frameworks to figure out how to do
it.”  (Personal Communication, Henry Lucas).

The fact that our tools still aren’t working for
us tells me we haven’t yet successfully evolved
our conceptual frameworks.  In many cases,
the managerial frameworks are telling us how
to do the wrong things well.  We’re coming up
with elegant solutions to the wrong problem.
Of course, the answer is balance.  Deming
implores us to develop a foundation of theory
and profound knowledge; then we can answer
the question, “By what method?”  So, our
progression is from conceptual frameworks
(what it is) to managerial frameworks (how to
do it) to results (what we got).  Many people
today are looking at and acting on results (what
we got) without any understanding of the theory
(what it is) and without relating to and acting
on the process (how to do it).

Figure 1.4.5.7.  Whereas we can interrelate four frameworks holistically, the four together may not
show the complete picture or provide firm linkages among frameworks.
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MANAGEMENT SYSTEMS CAN BE VIEWED
FROM FOUR INTERRELATED PERSPECTIVES.
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1.4.5.8. EXERCISE ON DEVELOPING  A SPECTRUM FOR ONE OF THE

FRAMEWORKS  CHARACTERIZING  YOUR DOMAIN

Based on analyzing your domain for one of the frameworks for characterizing your
domain, you can develop a spectrum representing the distribution of effort you spend
against the categories of the framework.

Explanation
Each of us have several subdomains in our set
of responsibilities.  Choosing one of your
subdomains for analyzing the domain against
one or more of the frameworks is easier than
analyzing everything you’re responsible for.
You have subdomains for your work, school,
family, personal life, community service, pro-
fessional service, and other sets of responsi-
bilities.

You can evaluate your subdomain against any
number of frameworks.  I’ve emphasized four
frameworks in this section of the book, includ-
ing endeavors, decisions, pursuits, and stages.
I’ve recalled a few others in Module 1.4.5.7.,
including the ABC Audit.  Whereas, the frame-
works aren’t totally independent, I suggest
you evaluate your subdomain against one
framework at a time and then try to integrate
what you learn.

Within each of your subdomains you do things
you can classify against each of the categories
for any of the frameworks.  In the example
below, I’ve listed a few activities a college
student might do for each category for the
pursuits framework as applied to his or her
personal subdomain (as opposed to subdomains
for school or community service, for example).
You’ll notice that being a student, two activi-
ties in the example relate to school.  They are
what to do after graduation and changing ma-
jors.  I show them in the personal subdomain
because they each have far-reaching effects on
the who manages’ personal life.

Your subdomains are each systems within the
larger system of your domain of responsibil-
ity.  Evaluating your subdomain by frame-
works and dividing the frameworks into cat-
egories is an analysis activity.  You should try
to keep the aim of the domain and the
subdomain in mind as you analyze them.  You’ll
want to view your subdomain holistically too,
but I don’t know a structured approach for
doing that.  Be careful of over-weighting what
you discover analytically to be more important
than what you feel holistically just because
your analysis is more structured and tangible.

Example
Consider activities of the personal subdomain
categorized by the pursuits framework.
Process:  brushing teeth, paying bills, eating,
bathing.
Project:  buying a computer, repairing the car,
renting an apartment, choosing a job.
Program:  what to do after graduation, what to
do now that the dog ate your homework.
Problem:  changing majors, ending a relation-
ship.
Perplexity:  health status (disease, accident),
financial security (loss of job, stock market
crash), status of a relationship.

Exercise
Choose one of your subdomains.  You’ll need
to delimit, or scope, the domain both for your-
self so you can analyze the domain and for
your audience so they know what you’re deal-
ing with.  Write a 50-word (or less) paragraph
to describe the domain you’re analyzing.  Rec-
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ognize that you’re the who manages for the
subdomain you choose.

Choose either the endeavors or the pursuits
framework.  I want you to use one of the four
frameworks that has more than three catego-
ries representing its continuous variable.

Make a representative list of things you do in
your school, work, service, or personal
subdomain.  If you choose pursuits for your
personal domain list things you do in addition
to or instead of the ones I listed in the example.

For the framework you’ve chosen and based
on the list you made, divide 100 points among
the categories.  Use the 100 points to show
emphasis for that category.  Even though what
you’re doing is rather analytical, you can use
your gut feeling to help divide the 100 points
and allocate them to your categories.  Don’t
give any two categories the same number of
points.  Make sure your allocations for all of
the categories add up to 100.

Write down the decisions you made in divid-
ing the 100 points.  Write down the questions
you have as you work through the process and
make the decisions.

Draw a spectrum for your framework as ap-
plied to your subdomain.  Write a 25-word (or
less) paragraph describing your spectrum.
Summarize your 25-word paragraph with a
sentence (subject, verb, and object) in ten
words or less.  Use the short sentence as the
title for your spectrum.

If I draw a spectrum for the pursuits in my

earlier example, I first need to divide 100
points among the categories.  I feel that even
though I don’t spend a relatively large amount
of time on activities like eating in the process
category, those activities are important to me.
So, I choose 25 points for process.  Long ago,
I figured out what I want to do after graduation,
I have no dog, and I’m not so concerned about
other activities I’d classify as a program.  So,
I choose 5 points for program.  Based on the
kind of gut feeling for the other activities in my
categories, I choose 15 points for project, 20
points for problem, and 35 for perplexity.

In making sure my points total 100, I’m not
comfortable with as much as 35 points for
perplexity.  I’ll adjust my points to be:  30 for
process, 20 for project, 5 for program, 25 for
problem, and 20 for perplexity.  Oops; I have
two categories with the same number of points.
Now, I’ll have to choose whether to give more
points for project or perplexity.  I believe
perplexity needs a few more points.  My final
spread for my spectrum is:  30 for process, 18
for project, 5 for program, 25 for problem, and
22 for perplexity, for a total of 100 points.

My spectrum in Figure 1.4.5.8. shows me that
I need management tools at both ends of the
spectrum.  Knowing how hard it is to find
management tools that work for any one pur-
pose, I probably can’t find one tool to serve
both processes and perplexities.  So, I guess
I’m in for an expensive tool set.  I think I’ll start
with tools for process first and get that part of
my responsibility under control.  Then I’ll
work to see if I can find something that will
work for problems and perplexities.
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Figure 1.4.5.8.  My pursuits indicate that my largest need for managment tools is for use at both
ends of the spectrum.
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS

1.5.1.1.  YOU NEED THE RIGHT  MANAGEMENT  TOOL FOR THE RIGHT  JOB

A good management tool in the wrong situation will fail.  You need to make sure
the tools you have fit you and your operation.

ist, or better yet an information specialist, (or
better yet an information generalist), must be
an expert in the bottom part of the MSM,
including both the measurement/data and the
information perception/information portrayal
interfaces.  One of the guys in the office isn't
the kind of specialist you want developing and
maintaining the tools that are going to make or
break you.  He or she should be managing his
domain of responsibility and focusing on the
decision/action interface in the MSM.

The profundity of the “make or break you”
comment is clearer when you consider the
relationships, communications, and coordina-
tion between domains of responsibility.  Your
domain is yours and those working for you and
your peers have theirs and your boss has his or
hers.  Being a system means your domain is
part of a larger system and has subsystems.  All
these systems link through the what is used to
manage component.  Most breakdowns are in
communication and coordination within and
among management systems.  Thus, your in-
formation specialist will significantly influ-
ence your communication and coordination
needs.  He or she will influence the situation
where most breakdowns occur and will de-
velop and maintain the tools that are going to
make or break you.

Typically, specifications for the measurement/
data interface (where data is acquired) and the
information portrayal/information perception
interface (where information is presented) pro-
vide the starting point and ending point for
management information systems design.
Some designers start at the measurement/data
interface in the MSM and work clockwise and

If you produce plans that sit on the shelf,
maintain data in a milestone tracking or finan-
cial management system that doesn’t seem to
have the right answers, or wonder where ex-
pert systems are supposed to help you, you
need to organize your tools, identify where
each one works, and determine which tools are
superfluous and which are missing.  The Man-
agement System Model (MSM) places your
management tools (what is used to manage)
into a structured relationship for successfully
meeting your goals and objectives in your
domain of responsibility.  I'll now concentrate
on the management tools and how you can
make them work for you and with each other.
If your tools don't work for you, they'll work
against you.  If they don't work together syner-
gistically, they'll work at odds with each other.

Many managers, as a hedge on the age of
information, develop in-house automation sup-
port much like the person in Figure 1.5.1.1.
He's one of the guys in the office who bought
a home computer and developed expertise in
playing computer games.  Wanting to extend
his capability, he put his home budget and
even his bowling scores on his IBM computer
using Lotus.  After he came to the office and
showed off his expertise, management put him
in charge of all computer-based automation
and/or information systems.  The result, of
course, is that everything he does uses IBM
and Lotus, whether those are the right hard-
ware and software or not.

For identifying, improving, or automating your
information needs, you want a specialist who
considers a wide range of alternatives and
solutions.  To help you, an automation special-
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other designers start at the information por-
trayal/information perception interface on the
MSM and work in the opposite direction.  The
point is that these interfaces are where you deal
with your management tools—where they’re
interfaced and either do or do not properly

reflect what you manage and your preference
in management tools.  Put the horse before the
cart.  You concentrate on who manages and
what is managed and manage information spe-
cialists who concentrate on what is used to
manage.

Figure 1.5.1.1.  "I can do for the plant's production what I did for Ted's and Mary's."
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS

1.5.1.2. MANAGEMENT  TOOLS SHOULD  MAKE  INFORMATION , NOT HIDE

INFORMATION .

Both aggregating and differentiating data make information, but differentiating
data usually makes richer information.

incoming data (e.g., not costs aggregated by
quarter, but specific reports showing which
costs are above normal and showing the rea-
sons for the increases).  The manager also
needs help in pattern and trend recognition; he
needs tools that will detect changes in streams
of incoming data.

The best filters and pattern or trend recognizers
are intelligent human beings.  Presently, com-
puter programs are not sophisticated enough
to filter appropriately the rich array of data
currently available to managers.

Before you know what kind of information
you need, you must evaluate what you do with
or to information.  We usually think that we
process information directly for decisions,
actions, and/or assessments.  However, much
of what a manager does with information is
better characterized as a different process.  For
example, many of you (especially if you are in
a government agency) broker information, in
that you receive it from someone else and pass
it on to someone else.  Especially if your
organization is decentralized, you will be apt
to be playing a broker role. You can generate
information; adjust, update, re-create, or inter-
pret it; manipulate it; or verify it.

I find that for many government offices, 80%
of the time is spent on responding to commu-
nication brush fires and the budget cycle and
20% is spent on monitoring and managing
milestones and program progress and provid-
ing overview technical input.  Thus, it’s more
important to automate the 80% than the 20%.
Lucky for us, the 80% part is easier.  Working
on the 80% yields bigger dividends which can

The part of the Management System Model
the manager knows most about is the most
important yet is usually overlooked and ne-
glected.  As manager, you should focus on
your operation and your interventions to im-
prove your work process.  No information
specialist will know you, your operation, and
your decisions and actions as well as you do.
However, you tend to want to focus on the
automation specialist’s part of the manage-
ment system because that part is better defined
and allows for toys and fads.  (Don’t we all
want to play with toys and fads as we can see
in Figure 1.5.1.2.)

When managers want a computer on their desk
for status or to play at being an information
specialist, they’re wasting effort on the wrong
things.  You want to focus on getting the right
information from the information specialist to
make the decisions you know most about.
Spend your time thinking about what kind of
information you need and whether the infor-
mation is as rich as it can be.

By aggregating, averaging, or summarizing
data to deal with the problems of overload, an
information system provides bland, sterile in-
puts to the manager.  We lose as much, or more
information than we gain through aggregat-
ing, averaging, and summarizing.  The ten-
dency is to place excessive reliance on the
computer, which generally reduces informa-
tion in simplistic ways (e.g., aggregating it).

In fact, managers need far more sophisticated
tools for reducing information; specifically,
filtering tools that will systematically and care-
fully select the relevant facts from the mass of
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thing to or for someone as a result of the
information.  Who does what to or for whom as
a result of information?  If you don’t define
what the information is to be used for, you
shouldn’t commit the resources it takes to
obtain and maintain the data from which the
information is to be made—or more likely
information is not to be made.

be reinvested in the 20%.  We find most people
want to work on the 20% because it’s more
exciting—but because of the 80% you never
get to take advantage of the advances made on
the 20%.

As information flows come into your domain,
there should be a use of the information. Infor-
mation is of value only if someone does some-

Figure 1.5.1.2. Toys and fads, even if they're electronic, end up in the trash.  That's not what you
want to devote your effort to.



608



609

1. BACKGROUND

1.5. TOOLS AND SKILLS

CATEGORIES

1.5.1. TOOLS

1.5.1.3. THE

MANAGEMENT

TOOLS



610

BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS/THE MANAGEMENT TOOLS

1.5.1.3.1.  YOU USE FIVE  GROUPS OF MANAGEMENT  TOOLS
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS/THE MANAGEMENT TOOLS

1.5.1.3.2.  MANAGEMENT  TOOLS CONVERT DATA  TO INFORMATION
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Elements of our work, including people, mate-
rials, capital, tasks, decisions, customers, prod-
ucts and services, information, and other ele-
ments link both with like elements and with
different elements.  People link with capital
through the organization’s pay structure.  Capi-
tal links with other capital through the
organization’s chart of accounts.  People link
with other people through the organization
structure.  People link with tasks through work
definition and job descriptions.  Tasks link
with other tasks through the work breakdown
structure.  The linkages are the relationships;
and the structures are the tools we use to make
sure we have the right relationships. We use
structures to make sure we don’t have counter-
productive gaps and overlaps in our relation-
ships.  Both the relationships and the struc-
tures that help us organize the relationships
convert data to information to support deci-
sion making.

We can structure tasks or activities through
both a work breakdown structure and a work
flow chart.  The work flow chart looks like a
process diagram shown in Figure 1.1.16.5.3.
The work flow chart captures precedence and
dependence.  The chart shows which task(s)
must go before and which task(s) must follow
any given task in the work flow.  The given
task depends on the result of the preceding task
and the succeeding tasks depend on the result
of the given task.  When you work on a task,
you need to know whom you’re depending on
to get your job done and who is depending on
you to get their job done.

The work breakdown structure (WBS) looks
like the diagram in Figure 1.5.1.3.3.  This

example of structuring the work needed to
build an outhouse was taken from An Intro-
duction to Project Planning by Jack Gido
(Industrial Press, Inc, 1985, p. 9.).  The WBS
is defined in the Goddard Space Flight Center
Handbook for Preparation and Implementa-
tion of Work Breakdown Structures, “The WBS
is a basic management technique which pre-
sents systematically subdivided blocks of work
(program, project, contract, etc.) down to the
point which represents the lowest level of
controlled effort (i.e., the lowest level at which
the project office plans to maintain routine
surveillance).  It is a product-oriented family
tree composed of hardware, software, ser-
vices, and other work tasks.  It results from
systems engineering and management plan-
ning processes and completely defines the
program/project.  A WBS displays and defines
the products to be developed and relates the
tasks to be accomplished to each other and to
the end product.  Blocks of related and consis-
tent work effort form a branch of the struc-
ture.” (Daniel D. Roman, Managing Projects:
A Systems Approach, Elsevier, 1986, p. 131.)

You can use a WBS for any pursuit.  Obvi-
ously, the WBS is better defined for those
pursuits for which we know the end and there-
fore can better distinguish all tasks needed to
manage the pursuit.  For uncertain pursuits, the
tasks in the WBS become assumptions to be
adjusted as work on the pursuit progresses.
Notice that two of the pursuits—programs and
projects—are called out in the Goddard defini-
tion.  A program has only a qualitative fix for
the end, whereas, the process has a well de-
fined end.  Therefore, expect the WBS to work
well for a process too.

BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS/THE MANAGEMENT TOOLS

1.5.1.3.3. RELATIONSHIPS  AND STRUCTURES HELP LINK  THE ELEMENTS  OF

OUR WORK, INCLUDING  OTHER MANAGEMENT  TOOLS.

We use structures to help keep track of our relationships.
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relationships among the financial accounts in
an organization—tends to add things up.  The
chart of accounts reflects synthesis like the
diagram in Figure 1.1.16.1.2.  However, in the
chart of accounts, we break accounts down so
we can add them up.  The work flow diagram
also looks like it breaks things down so we can
add them up also.  However, the work flow
diagram is more holistic than just a combina-
tion of analysis and synthesis.  That’s why
Deming would prefer a work flow chart for an
organization chart.

The WBS looks like a typical hierarchical
organization chart—a structure we’re all more
familiar with.  The hierarchical organization
chart links people through an hierarchy in the
organization showing accountability and re-
porting.  We can link people for decision
making by using a data flow diagram.  For
computer specialists, we use the data flow
diagram more to link conversion processes in
the organization.  We can also use the data
dictionary to link data and information for
decision making.

I do goal-oriented WBS to promote problem
solving (making a connected series of related
decisions).  The goal-oriented WBS links or-
ganizational goals and objectives to the
organization’s aim.  The goal-oriented WBS
also links activities and tasks to goals and
objectives.  In this way, the WBS can be used
for any pursuit or for any domain of responsi-
bility containing a spectrum of pursuits.

I’ve mentioned a large number of manage-
ment tools in the category of relationships and
structures.  I’ve only described one in some
detail—the WBS.  You’re familiar with the
hierarchical organization chart.  I’ll describe
the other tools in later modules.

To summarize, we need to link many elements
in our domain, including people, tasks and
activities, decisions, data and information, fi-

Harold Kerzner specifies the hierarchical lev-
els in the WBS.  In his definition of WBS,
Kerzner stresses the idea that the WBS helps
us cover gaps and overlaps in task identifica-
tion and responsibility by accounting for every
task.  “The work breakdown structure acts as a
vehicle for breaking the work down into smaller
elements, thus providing a greater probability
that every major and minor activity will be
accounted for.  Although a variety of work
breakdown structures exist, the most common
is the six-level indentured structure shown
below:

Level             Description

    1     Total program
    2         Project
    3      Task
    4          Subtask
    5               Work package
    6                    Level of effort

Level 1 is the total program and is composed of
a set of projects.  The summation of the activi-
ties and costs associated with each project
must equal the total program.  Each project,
however, can be broken down into tasks, where
the summation of all tasks equals the summa-
tion of all projects, which, in turn, comprises
the total program.  The reason for this subdivi-
sion of effort is simply ease of control.  Pro-
gram management therefore becomes synony-
mous with the integration of activities, and the
project manager acts as the integrator, using
the work breakdown structure as the common
framework.” (Harold Kerzner, Project Man-
agement: A Systems Approach to Planning,
Scheduling, and Controlling, Van Nostrand
Reinhold, 1984, pp. 553-554.)

Some structures break things down, others add
things up.  The WBS breaks the work down
into smaller elements.  The WBS is analytic,
like the diagram in Figure 1.1.16.1.1.  A chart
of accounts—another structure, which shows
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nancial accounts, products and services, cus-
tomers, and many more.  These relationships
guide us in how a decision about one element
affects another element.  The structures help
us account for everything we need to keep
track of.  I can think of at least five types of
functional linkages: 1) precedence, like a flow

chart; 2) hierarchy, like the WBS; 3) partition
for showing and relating the parts of a whole;
4) holistic relationships, like similar beliefs
and aims; and 5) demographic, like similar
gender, job description, material requirements
and so on.

Figure 1.5.1.3.3.  The work breakdown structure is a graphic technique for dividing the project into
related tasks.  (taken from Jack Gido).
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS/THE MANAGEMENT TOOLS

1.5.1.3.4. METHODS SUGGEST SOLUTIONS  FOR THE DECISION MAKER TO

CONSIDER.

Whether the method you use to manage is a
quantitative model, paperwork, rule of thumb,
or expert system, you look to the method for a
suggested solution based on the assumptions
and limitations inherent in the method.  As a
manager, you compare your intuitive solu-
tions (based on your mental model) and judg-
ment to the method and either agree with the
method’s solution, adjust your intuitive solu-
tion, or question the method by adjusting con-
straints or quizzing alternatives.

Operations Research (OR) models are meth-
ods tools.  An expert system (ES) is another
one of the methods tools.  I'll describe the
expert system as an example of the methods
category of management tools.  In the manage-
ment tools classification, an ES is in the meth-
ods category and the management information
system (MIS) is in the data-to-information
chain category.  With other tools and other
categories of tools, ES and MIS can work
together to provide a decision support system
(DSS).  The manager selects the best combina-
tion of management tools from available alter-
natives to make up a DSS.

I’ve taken much of what I say in this module
from a paper in an international conference
comparing expert systems to operations re-
search tools.  Operations research tools are
another type of management tool in the meth-
ods category (Kurstedt, H.A. Jr., “Responsive
Decision Support Systems: A Broad View
Illustrates When to Include Expert Systems,”
Expert Systems & Artificial Intelligence in
Decision Support Systems of the Second Mini
Euro Conference, 1985, pp. 53-77.)

The expert system bridges the gap between
heuristics and quantitative models.  Once the
line of reasoning can be structured and auto-
mated, the knowledge engineers feel the sys-
tem no longer is classed as an expert system.
Thus, what is called expert system is continu-
ally changing, and describing what constitutes
an expert system is difficult.

The standard definition for an ES places the ES
within the body of a computer.  I don't.  An ES
replicates  an expert’s knowledge of facts and
rules for generating new facts or hypotheses
from what is known.  For an ES, the facts and
rules are applied to a limited, well-defined
domain of responsibility.  The ES is structured
so it can lead a machine or clerical person
toward intelligent advice or an intelligent de-
cision about the operation of the domain.  The
ES allows the user to repeat and identify the
line of reasoning by which the advice or deci-
sion was reached.

The domain of responsibility can be consid-
ered relatively either a closed or open system
wherein the closed system has little or no
interaction with its surroundings (environ-
ment).  Expert systems are not appropriate for
open systems and should not be applied where
models work.  Quantitative models bridge the
closed-system/open-system gap, and heuris-
tics are most valuable in open systems.  Heu-
ristics are redundant to more precise methods
in closed systems.

I frequently use a deterministic logic chart as
an ES to capture an emergency manager’s line
of reasoning and action in responding to an

As a method, even the expert system can only develop a solution for consider-
ation by the decision maker.
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includes both a problem-solving ability and
the ability to adapt to the situation.  The prob-
lem-solving ability achieves high levels of
performance on problems that normally re-
quire years of special education and training
for human beings to solve.

The ES may or may not employ reasoning
based on probability.  Without probability, the
chain of reasoning has the force of logic.  With
probability, we can't guarantee that the con-
clusions are repeatable or are necessarily true.

Within the methods category of the “what is
used to manage” component of the MSM, I
include (in sequence of decreasing definition
and repeatability and increasing requirement
for the manager’s judgment) quantitative mod-
els, expert systems, and heuristics.  If any
algorithmic solution will work, expert systems
are inappropriate.

What’s the difference between OR, ES,
MIS, DSS?  OR and ES are methods.  MIS
is the data-to-information chain.  DSS is all
categories of tools working together.  Which
is more inclusive?  DSS.

unusual occurrence.  The logic chart details
the flow of response actions that the emer-
gency plan elaborates.  By documenting the
step-by-step progression described by a per-
son who is an expert in responding to a particu-
lar type of emergency,  I enhance training,
employ intelligent automation, and clarify the
place each tool occupies within the emergency
management system.  Each logic chart is de-
signed to identify potential gaps and overlaps
in emergency responsibilities and response
actions.

The ES is different from the other methods in
that it replicates an “expert” and can regurgi-
tate its inferences and line of reasoning.   The
ES includes and is the natural extension of
automation techniques developed since the
beginning of the century.  A speller and a
manufacturing line operator are expert at more
operational-level endeavors.  A physician and
crisis manager are expert at tactical- or strate-
gic-level endeavors.  However, all these ex-
amples develop their expertise through learn-
ing, experience, and habit learned through
repetition.  The examples also apply that ex-
pertise using intuition and judgment.  The ES

Figure 1.5.1.3.4.  By tracing logic based on facts and rules, we can derive good advice and
solutions depending on the appropriateness of the constraints in the facts, rules, and logic, and
of the fit to the limited domain.

AS A METHODS TOOL, EXPERT SYSTEMS
SUGGEST SOLUTIONS TO MANAGERS.

• Can be housed on a piece of paper, in a file cabinet, in a computer, etc.

• Starts with assumptions, constraints, and/or boundary conditions.

• Replicates an expert’s knowledge of facts and rules.

• Applies facts and rules to limited domain.

• Leads the user (audience) toward advice or solution alternatives.

• Is able to replicate the line of reasoning.

• Suggests a repeatable, knowledgeable solution to the decision maker.
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS/THE MANAGEMENT TOOLS

1.5.1.3.5. GUIDES AND RULES EVEN SUPPORT OTHER MANAGEMENT

TOOLS.

Guides and rules guide or direct you in doing your work and management process.

conduct or action,” as “a usually valid gener-
alization ..... a regulating principle,” and as
“the exercise of authority or control.”  A rule
is like a guide but is more conceptual, more
directive, and broader.  Rules include laws,
orders, directives, and norms.  Norms are
unwritten rules, like “Don’t belch at the dinner
table.”  Norms, by the way, tend to be culture
driven.

Rules tell us how to build or use a management
tool.  One rule I’ll stress in my discussion of
using management tools is to pay attention to
detail.  Another rule is don’t lose the forest for
the trees.  Both rules are important.  You’d
expect to follow each of the statements in a
guide carefully.  Rules point you in the right
direction.  Since rules aren’t specific and are
sometimes conflicting, you have to figure out
how to balance the rules.

Figure 1.5.1.3.5.1. shows where each of the
guides I listed earlier (policies, plans, proce-
dures, and instructions) apply.  Policies give
general direction and allow a lot of discretion
so the manager can use their experience and
intuition to deal with broad endeavors.  Figure
1.5.1.3.5.2. highlights the difference between
a policy and an instruction.  The executive at
the desk has a previously-developed corporate
communications policy to guide the commu-
nications systems throughout all plants, geo-
graphic locations, and divisions of the com-
pany.  The policy is written so the plant man-
ager, area executive, and division head each
can meet the communications needs of their
domains and also can be consistent with the
corporate needs.  But, in Figure 1.5.1.3.5.2.,
the executive is faced with a clerical endeavor.

I’ll first separate guides from rules.  Webster
defines a guide as “one who leads or directs
another in his way.”  A guide tells us what to
do, either in general or in specific terms, as we
work to accomplish something.  A guide im-
plies that somebody has either conceptually
(as in planning) or physically been this way
before and they have the map in their mind on
where to go and what to watch out for.  Guides
include tools like policies, plans, procedures,
and instructions.

We use a guide when we open up the box with
our new VCR in it.  There’s a user’s manual in
there that tells us what to do.  The user’s
manual may be as important as the VCR.  If the
manufacturer didn’t work so hard to make the
VCR fool proof, those people who never read
their user’s manual before using the VCR
would at best break the VCR and at worst kill
themselves.  One thing we haven’t made fool-
proof is how to set the clock on the VCR.  Only
those that use a guide like the user’s manual or
a friend who knows what they’re doing can
figure out how to set the clock.  Unfortunately,
not all guides are well made; and some of us
can’t figure out how to set the clock even with
the user’s manual.

Keep in mind the importance of the guide for
any tool.  When we build a management tool,
we’ll always need to build a guide to go with
the tool to lead or direct the user of both the
operations tool mechanization for the man-
agement tool (if the management tool is mecha-
nized) and for the management tool itself.  The
success of a management tool is directly tied to
the quality of the guide.

Webster defines rule as “a prescribed guide for
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He has to dial his phone and the new phone
system was installed just a few hours ago.  The
executive doesn’t have time for the user’s
manual for the phone system.  He needs a list
of detailed steps to carry him through making
a phone call.  He needs instructions.  The
corporate policy or the procedure in the user’s
manual isn’t the right tool.  From Figure
1.5.1.3.5.2., we can see there’s a connection
between type of guide and the endeavor we’re
doing.  We want instructions for doing a cleri-
cal endeavor.  We want policy for doing a
strategic endeavor.  Notice that the president
(often referred to as a strategic-level position)
is doing a clerical endeavor.  The tool he needs
isn’t a function of position; it’s a function of
endeavor.

In Figure 1.5.1.3.5.1., I show instructions as
the right guide to help a manager accomplish
a specific job (like call home) through direct
action (like dial the telephone) in a clerical
endeavor.  Unlike a policy for general direc-
tion, instructions are a guide designed to make
sure that no matter who follows the instruc-
tions, they’ll end up with exactly the same
effort leading to exactly the same result.

I’ve shown my favorite example of a rather
ineffective set of instructions in Figure
1.5.1.3.5.3.  Those of us who have children
know that when you give your child a bicycle
for the holidays, you don’t buy a bicycle, you
buy a box of parts and a set of instructions.  In
theory, no matter who follows the instructions,
he or she will assemble the parts in exactly the
same way, use each and every part properly,
and end up with the exact same result.  The
humor in the figure is that instructions in boxes
of parts for children’s toys never seem to give
you any result at all let alone the same result as
anyone else, especially if you follow the in-
structions exactly.

Writing good instructions is harder than you
think.  Try to write instructions for how to tie
your shoe.  Then give the instructions to a

friend and have him or her follow the instruc-
tions to the letter and see what you get.  Con-
sider the fact that if you were writing instruc-
tions for a robot to tie shoes, each of your steps
in the instructions would have to be perfect and
the steps would have to work together per-
fectly.  Your friend may not follow your shoe
tying instructions exactly because they have
intelligence and they probably knew how to tie
their shoes before you tried your experiment.

Tying your shoes isn’t so critical a job that bad
instructions spell disaster.  Consider instruc-
tions for the guard at the road intersection
during an evacuation from the scene of an
emergency.  As different guards stand their
shifts, each must do exactly the same thing and
get the same result and the result must be what
is needed.

Figure 1.5.1.3.5.4. shows the top manager at a
government facility coming to an emergency
exercise.  An emergency exercise is a methods
management tool to simulate a real emergency
to see if the emergency organization, plans,
communications, and so on work.  The top
manager has brought with him the guides he’s
worked so hard and spent so much money to
develop.  I was the person who helped that
manager build the guides he has under his arm.
They are the emergency preparedness policies
and the emergency response plans for the
government site.  The problem he and I faced
that day was that the guides he brought didn’t
work.  On that day, I figured out Figure
1.5.1.3.5.1.

The emergency exercise is largely an opera-
tional endeavor, or better stated, the manager
did mostly operational endeavors during the
exercise.  Or even better stated, the endeavors
the manager did for which we could pre-
prepare management tools were mostly opera-
tional endeavors.

The manager had to figure out what the prob-
lem was almost instantly.  So much for strate-
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gic endeavors.  When he figured out the prob-
lem, he used his instinct, experience, intuition,
and the emergency preparedness policy.  Since
he was the strategic-level manager, he knew
the policy he needed by memory.  (The larger
value of the policy comes later.)

The resources either were available or they
weren’t that day.  So much for tactical endeav-
ors.  The emergency response plan had long
ago seen to it that the needed resources either
were or were not ready.

What that manager in Figure 1.5.1.3.5.4. needed
most and didn’t have was a set of procedures.
Procedures for notifying people.  Procedures
for moving people into and out of buildings
and areas.  Procedures for public information.
Procedures for medical assistance.  Who would
ever have thought that the top manager would
need mostly tools for doing operational en-
deavors?  That’s why we have exercises—to
find out what we thought wrong.

An interesting point in the emergency pre-
paredness story is that you can’t develop good
procedures until you have a good policy and
good plans.  That's the value of having a good
policy.  You need the policy to get good plans
and procedures.  We had done good first steps
in preparing policies and plans.  We just hadn’t
finished the job.  We needed good procedures.
In Figure 1.5.1.3.5.1., I show policies as the
appropriate guide for strategic endeavors, plans
as appropriate for tactical endeavors, and pro-
cedures as appropriate for operational endeav-
ors.

In the right hand column of Figure 1.5.1.3.5.1,
I show how we should evaluate the guides.  If
you will, the policy is a mechanism that relates
the plans.  In my emergency management
example, we needed plans that carried the
emergency preparedness policy toward spe-
cific responses.  The plans needed to work
together within the policy and we needed plans
for all aspects of the policy.  Likewise, the plan

is a framework for procedures.  Often in plans
that deal with objectives and resources, the
procedures are in an appendix.

My second column in Figure 1.5.1.3.5.1. is
also important.  I show goals as qualitative
accomplishments.  There should be any num-
ber of ways to accomplish a goal, and the goal
is a broad result.  Objectives are quantitative.
We can specify an objective and what’s needed
to reach the objective.  Webster defines mis-
sion as “a specific task with which a person or
a group is charged; a definite military, naval,
or aerospace task.”  I see a mission as task
oriented.  We meet a mission successfully
when we solve a problem.  However, in meet-
ing our mission, we may not have reached
either our goal or our objective.  We may not
have solved the exact problem or used our
resources right in solving the problem

 I know you can find references showing the
words in the second column of Figure
1.5.1.3.5.1. in other sequences.  Some people
like to have objectives as more general than
goals.  Other people see the mission as the
overarching umbrella above everything.  I’m
not as concerned about the words as I am the
concepts.  Call what is met or accomplished a
duck, chicken, and turkey.  What’s important
is that at the strategic level, we need qualitative
direction; and, at the operational level, we
need specific, task-oriented direction.

The third column in Figure 1.5.1.3.5.1. ties the
endeavors and guides to the types of effort we
work on.  We need policies for whatever
pursuit we engage in.  We need policies for
processes just as we do for perplexities.  Plans
help us with activities.

The word plan is both a noun and a verb.  In
Figure 1.5.1.3.5.1., the word plan is a noun.
We plan (the verb) when we develop policies,
procedures, and instructions just like we plan
when we develop plans.
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THE RIGHT GUIDE LEADS THE RIGHT 
ENDEAVOR TO THE RIGHT 

ACCOMPLISHMENTS.
 

 Level of     What is Met Type of     Evaluation
Endeavor or Accomplished   Effort       Guide     for Guide

Strategic Goals Pursuits Policies Relationships of 
Plans

Tactical  Objectives Activities Plans Framework for 
Procedures

Operational Missions Tasks Procedures Value of 
Instructions

Clerical Jobs Actions Instructions Yes-No on Steps

Figure 1.5.1.3.5.1.  If you build and use the guide best suited to the endeavors you're doing, you get
to where you want to go.  Otherwise, the management tool will work against your best efforts.

Figure 1.5.1.3.5.2.  “Don't give me guidance.  Tell me how the damned thing works!”
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Figure 1.5.1.3.5.4.  “What's wrong with my policy and plan!?”  Nothing.  It's just that what you need
here are procedures.

Figure 1.5.1.3.5.3.  “Why do I have all these parts left over?  I hope the wheel doesn't fall off at the
wrong time.”
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS/THE MANAGEMENT TOOLS

1.5.1.3.6. PRECEDENTS AFFECT THE INNER PERSON MORE THAN  OTHER

TOOLS.

ment tools.  Richard Pascale says socialization
is “the systematic means by which firms bring
new members into their culture. ..... It encom-
passes the process of being made a member of
a group, learning the ropes, and being taught
how one must communicate and interact to get
things done.” (Richard Pascale, The Paradox
of “Corporate Culture”: Reconciling Our-
selves to Socialization, California Manage-
ment Review, Winter 1985, p. 27.)

I learned about socialization during my four
years at the Virginia Military Institute.  The
idea of socialization was to bring everyone to
the same level and to remove any precon-
ceived notions about life and your importance
in it.  The same level everyone is brought to is
the level of a rat.  Whether you came from
wealth or poverty, city or country, aristocracy
or immigrant, you were immediately rendered
to a being equal exactly to everyone else.  In
this way, the Institute could implant its values,
beliefs, and traditions into everyone in a con-
sistent fashion.  The brotherhood of graduates
from the Virginia Military Institute is re-
nowned.  My advice is to make sure your
personal values coincide with those of a strong-
culture organization before you join.

Other organizations practice similar activities
of socialization.  According to Pascale, com-
panies with strong cultures, like IBM, Proctor
and Gamble, and AT&T, generally undertake
seven key steps of socialization and, as a
result, have sustained themselves over genera-
tions.  Pascale lists the steps as: 1) “Careful
selection of entry-level candidates.” 2) “Hu-
mility-inducing experiences in the first months
on the job precipitate self-questioning of prior

Precedents tools help us set up the stability and consistency we depend on to
manage ambiguity.

Webster defines precedent as “an earlier oc-
currence of something similar; something done
or said that may serve as an example or rule to
authorize or justify a subsequent act of the
same or an analogous kind; the convention
established by such a precedent or by long
practice.”  A good manager uses the
organization’s history and culture to help him
or her manage.  Much of an organization is
below the surface—only partially visible.  A
manager must manage not only what’s on the
surface but what’s below the surface.  Like an
iceberg, most of the organization is below the
surface.

What sorts of things are below the surface?
Where we came from.  Who we are.  What we
believe.  Whom we trust.  What we need to
know.  How we do things around here.  How to
behave.  The people who know what’s going
on.  What we stand for.  What else counts?  Not
much.  If these things are the important part of
the organization, you can’t ignore them.  You
have to make decisions about the precedents
and you need tools to help you.  Those tools are
the precedents tools.  These tools include leg-
ends and stories, symbols, heroes, values, mis-
sion-vision-principles (MVP) statements, rites
and rituals, celebrations, and many more.  These
under-the-surface factors should affect other
tools and processes, like the hiring process, the
promotion process, and the retirement pro-
cess.

When you come to a company, you’re social-
ized to the new culture.  While frightening to
many people who put individualism over group
action and competition over cooperation, so-
cialization highlights the precedents manage-
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behavior, beliefs, and values.  A lowering of
individual self-comfort and self-complacency
promotes openness toward accepting the
organization’s norms and values.” 3) “In-the-
trenches training leads to mastery of one of the
core disciplines of the business.” 4) “Meticu-
lous attention is given to systems measuring
operational results and rewarding individual
performance.” 5) “Careful adherence to the
firm’s transcendent values.  Identification with
common values enables employees to recon-
cile personal sacrifices necessitated by their
membership in the organization.” 6) “Rein-
forcing folklore provides legends and inter-
pretations of watershed events in the
organization’s history that validate the firm’s
culture and its aims.  Folklore reinforces a
code of conduct for ‘how we do things around
here.’” 7) “Consistent role models and consis-
tent traits are associated with those recognized
as on the fast track.” (pp. 29-33.)

All organizations will attempt to socialize its
new members to some extent.  The various
tools for socialization are precedents tools.
Some scholars feel culture is ingrained in a
group and can’t be managed.  Others (most
popularly, Peters and Waterman in In Search
of Excellence) feel that the excellent compa-
nies are the ones with strong cultures; and if
you want your organization to be excellent,
you need to manage your culture.  You don’t
just use precedents tools for managing new hires,

you use them for everyone in the organization.

Pascale argues in favor of effective socializa-
tion.  “Organizations that socialize effectively
manage a lot of internal ambiguity.  This tends
to free up time and energy; more goes toward
getting the job done and focusing on external
things like the competition and the customer.
..... When social roles are unclear, no one is
speaking the same language; communication
and trust break down.  Remember, the power
to get things done in corporations seldom
depends on formal titles and formal authority
alone.  In great measure, it depends on a
person’s track record and reputation, knowl-
edge, and a network of relationships.  In effect,
the power to implement change and execute
effectively relies heavily on one’s social cur-
rency, something a person accumulates over
time.  Strong culture firms empower employ-
ees helping them build this social currency by
providing continuity and clarity. ..... The aim
of socialization is to establish a base of atti-
tudes, habits, and values that foster coopera-
tion, integrity, and communication.  The most
frequently advanced objection is that the com-
panies who do so will lose innovativeness over
the long haul.  The record does not bear this
out.” (pp. 34-37.)  My personal experience
from the time of attending high school at the
Christian Brothers College in Memphis through
the Virginia Military Institute until now sup-
ports Pascale’s evaluation.
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS/THE MANAGEMENT TOOLS

1.5.1.3.7. THE DATA -TO-INFORMATION  CHAIN  IS A MAP TO INDUSTRIAL

ENGINEERING  DISCIPLINES .

The data-to-information chain is shown in
Figure 1.5.1.3.7. as the links that obtain data
(through measurement of indicators) about the
operation (what is managed), process those
data, compare them to setpoints, or reference
points, to generate information, and present
that information to an intelligent decision
maker.  The decision maker then acts on the
decision based on the information, all of which
meets the objective,  to affect the operation in
such a way as to improve or adjust its condi-
tion—ready for measurement to assess the
impact of what has gone before.

The illusory link distinguished by the dotted
line in Figure 1.5.1.3.7. is really who manages,
which is the connection between information
and the operation.  Obviously, this figure is
similar to the Management System Model
(MSM), wherein only the data-to-information
chain takes the place of the what is used to
manage component.  All management tools
convert data to information and take the place
of the what is used to manage component.  The
data-to-information chain includes the links of
the chain for the day-in, day-out acquisition,
storage, retrieval, and manipulation of data to
make information.  The other management
tools don't reflect the frequent and regular
links of the chain.

Each Link Represents a Technical Spe-
cialty.
Each of the links shown in Figure 1.5.1.3.7.
represents a technical specialty and is the do-
main of a highly-trained specialist. As a super-
visor, you'll manage these specialists and be
responsible for the outcome when the links are

connected and working; however your obliga-
tion is what you know best—the dotted man-
agement intelligence link (who manages) and
the operation (what is managed).

Figure 1.5.1.3.7. requires more attention.  Con-
sider each link a process, in which data are the
raw materials.  As industrial engineers, haven't
we developed expertise in storing materials
(inventory), lining up the materials for pro-
cessing (queuing), retrieving and manipulat-
ing the materials according to procedure (ma-
terials handling), converting or assembling the
materials into another form (manufacturing
processes), interfacing the materials, their con-
version, and their processes to the human
element (human factors), and overviewing the
materials, their conversion, and their processes
(economics)?

Conceptual Fundamentals of the Specialty
Lead to Transference of Techniques.
Of course there are differences between the
specialized techniques of the industrial engi-
neering disciplines and the generic purview of
each discipline—much like the difference be-
tween minimum slack time (specialized tech-
nique) and critical path (generic concept) dis-
cussed earlier in module 1.4.5.2.2.  An ex-
ample of this difference involves inventory
techniques.  With hammers, we have similar
objects with a few different prices by purchase
sequence, and with data we have similar less-
physical objects each one with a different
makeup (characters for narrative data and num-
bers for quantitative data).  However, concepts
such as the A-B-C theory (80-20) and age of
inventory clearly apply.  However, I suspect

Industrial engineering methods and techniques are applicable to MIS development.
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a process.  The who manages component in-
volves the decision process for converting in-
formation into action.  (Remember Forrester.)
The what is managed component involves the
work process.  Information systems are about
the process in the what is used to manage
component.  Boland says, “Data becoming
information is what information systems are.
Data becomes information in the conscious-
ness of a human subject, and that is where we
must look if we are to understand information
systems.”  (Richard J. Boland, Jr., Phenom-
enology: A Preferred Approach to Research
and Information Systems, Research Methods
in Information Systems, Elsevier Science Pub-
lishers, 1985, p. 200.)

the concepts  never have been applied because
the specialists dealing with the links in Figure
1.5.1.3.7. either don't have the industrial
engineer's training or are only interested in the
computer science aspects of the link in ques-
tion.  Considering all the links together and the
industrial engineering disciplines they repre-
sent, we have a specialized (data) but universal
application (data and information overlay ev-
erything we do) of all these disciplines inte-
grated to meet a common objective--if you
will, the capstone design (synthesis) effort
which brings all our disciplines together.

The data-to-information chain emphasizes the
process for converting data to information.
Each of the components of the MSM involve

OPERATION
OBJECT SOURCE

Por
tra

y

In
fo

rm
at

ion

Gen
er

at
e

In
fo

rm
at

ion

M
an

ipu
lat

e

Dat
a

Ret
rie

ve

Dat
a

Acquire
Data

Act
on

Decision

MANAGEMENT
INTELLIGENCE

INFORMATION
MEDIA

SET POINTS
OR

REFERENCES

APPLICATIONS
PROCEDURES
(PROGRAMS)

STORAGE

THE DATA-TO-INFORMATION CHAIN BIASES
DATA TO PROVIDE INFORMATION.

Figure 1.5.1.3.7.  The data-to-information chain includes links to make information from data.
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS

1.5.1.4.  ORIGIN  OF THE TOOL CLASSIFICATION
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS

1.5.1.5.  DSS VIS-A-VIS EDP, MIS, AOSS, AND MSS

Systems to support decision making include many tools, of which computer-based
tools identify but one type of container for tools.

The functional groups of tools, singly or to-
gether, can be manual, automated, or com-
puter-based.  Standard definitions for con-
cepts like management information systems
include an embodiment in a computer.  In
contrast, I consider these concepts broadly
enough to include manual embodiments and
place the concepts within the framework of the
Management System Model (MSM) so you
can get a fixed, repeatable scope of the mean-
ing of each concept.  Figure 1.4.2.6.3. illus-
trates my view of what a decision support
system (DSS) is, a view in terms of supporting
decisions rather than a level or generation of
hardware or software for a computer system.
In Figure 1.4.2.6.3., the five functional groups
of tools comprise a DSS when they are interre-
lated so  they work together based on the same
data and leading toward the same objective.  I
view other similar concepts (e.g., manage-
ment information system, electronic data pro-
cessing, and management support system) from
the same perspective—tools, not necessarily
computer-based, that we use to manage with.

The phrase “decision support” first appeared
in a landmark paper by Gorry and Scott Morton
in 1971.  (A Framework for Management
Information Systems, Sloan Management Re-
view, Fall 1971, pp. 55-70.)  Since then the
term has come to be a “warmed over” and
more palatable term for management informa-
tion system, all of which has come to inher-
ently include the concept of computer based. I
agree generally with John D.C. Little in his
TIMS Letter from the President in the April
1985 where he said “A certain amount of
confusion has occasionally occurred about
whether DSS is just OR/MS [Operations Re-

search/Management Science].  Who cares?
The business of management science is deci-
sion support.  The computer is our chief deliv-
ery vehicle.”  I don’t agree that the computer is
now the chief delivery vehicle, but it will be.

I draw attention to how each such concept fits
distinctly within the Management System
Model; that is , the role each plays in helping
us manage.  Figures 1.5.1.5.1. and 1.5.1.5.2.
show five such concepts in two diagrams, both
representing an overlay of the concepts in the
MSM.

Figure 1.5.1.5.1. includes data-information-
related concepts and compares electronic data
processing (EDP), management information
system (MIS), and automated office support
systems (AOSS).  Figure 1.5.1.5.2 includes
decision-related concepts and compares deci-
sion support systems (DSS) and management
support systems (MSS).  Within both dia-
grams, all concepts are defined and contrasted.
My definitions are top-down, management-
related concepts.  They don’t agree with com-
puter-oriented definitions but are naturally dis-
tinguishable one from the other.

EDP Deals Only with Data.
Electronic data processing (EDP) is the first of
several links of the data-to-information chain,
shown in Figure 1.5.1.3.7.  With EDP we
merely access, store, retrieve, and manipulate
data, a function well suited to clerical-level
and operational-level endeavors.  Before com-
puters, we did the data processing function
well using hand-generated spreadsheets for
manipulation and notebooks or file cabinets
for storage.  Computers are able to duplicate
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this function faster and more consistently.
One disadvantage is that since we now can do
data processing so much faster, we can do so
much more of it.  So we produce the same data,
manipulated into dozens or hundreds of differ-
ent spreadsheets or tables.

I consider narrative to be data.  Therefore,
word processors are computer-based EDP de-
vices.  When you think about it, state-of-the-
art networking, spreadsheeting, and windowing
practices are nothing more than manipulating
data, since moving data from place to place is
a form of manipulation.  EDP is important to
consider because that is most of what we are
really doing under the guise of MIS or DSS.

MIS Is More Than Manipulating Data.
When I look at the technological advances we
are so excited about today, I see us manipulat-
ing data, not making information.  Networking
is moving data from place to place, windowing
is displaying data, and spreadsheeting is ag-
gregating data.  Either by moving it, showing
it, or tallying it, we are getting better and better
at just manipulating raw data, not enhancing
its value or truly supporting management.

The management information system (MIS)
was coined to represent a more-useful, higher-
level form of management support using in-
formation rather than just data.  Unfortunately,
when MIS was required to do much more than
EDP (as I define it), MIS failed.  That is, MIS
may have been a new term, but it did little else
than raise managers’ expectations and sell a lot
of computers.  (Those of us in the information
business will pay for that.)

MIS, as shown in Figure 1.5.1.5.1., is the
entire data-to-information chain and includes
not only the EDP links, but the links for form-
ing and presenting information.  MIS never
has adequately addressed the measurement/
data and the information portrayal/informa-
tion perception interfaces.  In terms of the

individual links in the chain, we’ve developed
the hardware and software specialties far be-
yond the ability or need of most of us to fully
use them.  We’ve recognized the garbage-in/
garbage-out syndrome at the data-to-measure-
ment interface, but the operational aspects of
this interface (e.g., data administration and
corporate data sharing) are still quite primi-
tive.

I believe the area for greatest contribution lies
at the information-portrayal-to-information-
perception interface and learning how to por-
tray information with purpose rather than at
random.  Since information can be portrayed
in four different formats (table, graphic, check-
list, and text), the right format can be selected
depending on the data and information struc-
ture and the desired conclusion.  In very few
cases have we ever achieved a successful MIS
as defined here.

An MIS is much more than a computer.  As we
become involved with microcomputers we
learn how true this is.  In our work, we focus on
getting hardware and software and, as shown
in Figure 1.5.1.5.3., celebrate its arrival.  Then
we realize the need for training, documenta-
tion, back up, security and the host of other
operational needs that together make up an
MIS.

AOSS Includes Part of the What Is Man-
aged Component.
In that an automated office support system
(AOSS) is generally considered to include
office tools (part of what is managed), my
concept of AOSS includes MIS, most if not all
of the methods, and the office tools.  As op-
posed to including only word processing,
scheduling, and teleconferencing, many of us
see AOSS as the automation of all office-
related efforts typically under the jurisdiction
of a single office environment.  There's no
need to quibble about whether rolodexes or
lighted slide cabinets are part of automation,
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but these tools along with models, paperwork,
and the like and the office’s MIS all support
office decisions based on information.

The DSS Comprises all Management Tools
through their Interrelatedness.
I believe decision support systems (DSS) arose
as a response to bad feelings about MIS.  Given
that MIS hasn't progressed much from EDP,
why should DSS suddenly be able to accom-
plish more than what was originally expected
of MIS?  What is the difference between infor-
mation for managers and support for decisions
in the real world where we are doing neither?
By my definition, DSS is quite different from
MIS and includes all the tools of the what is
used to manage component; and DSS does
address the measurement-to-data and the in-
formation-portrayal-to-information-percep-
tion interfaces.

The key to DSS is the synergism that results
from the tools working well together.  Thus,
DSS focuses on the interrelatedness of the
tools.  The methods category of management
tools should affect the plans in the guides and
rules category.   The plans should be used as
much as the data-to-information chain be-
cause these two tools should be used hand-in-
glove in formulating the reference points so
we can execute against them using our MIS.
Often, in an effort to “obtain computerized
decision support,” managers gain such a good
understanding of these interactions, the need
for computerization (or automation) is less-
ened because the manager has systematized
what he uses to manage.

The term DSS was first used by Gorry and
Scott Morton in 1971.  DSS was to support
Gorry and Scott Morton’s semi-structured and
unstructured decisions, which are described in
Module 1.4.5.5.1.

Gorry and Scott Morton say, “We shall call the
information systems that support [decisions

that are largely structured] ‘Structured Deci-
sion Systems’ (SDS).  Decisions [that] are
largely unstructured, and their supporting in-
formation systems are ‘Decision Support Sys-
tems’ (DSS).  The SDS area encompasses
almost all of what has been called Manage-
ment Information System (MIS) in the litera-
ture—an area that has had almost nothing to do
with real managers or information but has
been largely routine data processing.  We
exclude from consideration here all of the
information handling activities  in an organi-
zation.  A large percentage of computer time in
many organizations is spent on straightfor-
ward data handling with no decisions, how-
ever structured, involved.  The payroll appli-
cation, for example, is a data handling opera-
tion.” (p. 61.)  In terms of semi-structured and
unstructured decisions, we haven’t come very
far in 15 years.

MSS Includes The Who Manages Compo-
nent.
My definition of management support sys-
tems (MSS), a concept introduced by Katzan
in 1984, is different from Katzan’s.  Katzan’s
definition of MSS and my definition of DSS
are nearly equivalent.  I define MSS as a
system that combines the who manages and
what is used to manage components of the
MSM, thereby including everything from the
measurement-to-data interface to the decision-
to-action interface.

In short, the DSS supports who manages, or
the decision maker, and MSS supports what is
managed, or the operation.  Since who man-
ages is considered to be a human decision-
maker, with his or her cognitive style, experi-
ence, and capability and such human traits as
emotions, ambitions, unpredictability, and
sense of humor, an MSS, by definition is not
easily fully automated.  My view of an MSS
explicitly recognizes that a manager is more
than a decision-maker; he or she is a person,
above all.
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DATA-INFORMATION-RELATED
JARGON IS PLACED ON THE

MANAGEMENT SYSTEM MODEL.

Consider, for example, a system where the
entire process, from measurement to data to
information portrayal and perception, and, fi-
nally, decision-making and action is auto-
mated.  Computer-based systems such as these
exist—for example, we have systems which
keep track of inventories and if the level falls
below a prescribed minimum, automatically
place an order for more items.  Should we
consider such a system to be a fully automated
MSS?  No.  Note that the computer doesn't
replace the “who manages;” it only automates
routine actions permitting the who manages to
attend to the non-routine tasks.  Therefore, the

system is a management tool.  If anything were
to upset the routine, the system described
above would need the intervention of a human
manager.  At least until computers can per-
form a broad range of routine and non-routine
decision-making and be endowed with human
characteristics, we'll stick with my definition.

Whether we use the above definitions or the
somewhat blurred definitions commonly used,
EDP, MIS, AOSS, DSS, and MSS are all
portions of a management system.  The MSM
includes all components and interfaces to close
the loop.

Figure 1.5.1.5.1.  Data-and-information-related concepts are easily defined using the Management
System Model.
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Figure 1.5.1.5.2.  Decision-related concepts are easily defined using the Management System
Model.

Figure 1.5.1.5.3.  “The PC’s have come, the PC’s have come.”
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TOOLS AND SKILL CATEGORIES/TOOLS

1.5.1.6.  WHAT  TYPES OF MIS REALLY  HELP YOU?

Make sure you know what an MIS gives you in supporting your decision making and
takes from you in time and effort.

With office automation, a professional secre-
tary working for a manager with mostly strate-
gic-level or tactical-level endeavors is set free
from clerical chores to do more judgmental
work, and the resource pool isn't needed.  At
judgmental levels, automation makes the job
more demanding.  At the perfunctory levels,
automation makes the job less demanding.  If
your work is more judgmental, you will end up
with a new kind of office assistant.  This
person will be able to use office automation
tools more deftly and will provide you the
information you need when you need it, much
as your secretary does now, only the new
office assistant will require much more exper-
tise.

Many of you may think that as you integrate
automation into your offices, one or more
secretaries will leave.  That is an illusion.

At Virginia Tech we have a university-wide
information system designed and developed
by accountants for accountants.  That system
is useless to people like department heads and
principal investigators in research because cur-
rency is sacrificed for preciseness and the
outputs are intelligible only to accountants.
Therefore, we decided to plan a system to
satisfy everyone’s needs.  What a wonderful
system it is supposed to be.

In a committee meeting after hearing about the
depth and the breadth of the new system, an
associate dean asked the question, “Do we
have any idea how much this is going to cost?”
Among the startled people who had been
dreaming of the promised land, one said, “How-
ever, we must balance the cost by the savings

this system will bring.”  I laughed because I
knew in the university the savings that count
are in reducing people, space, or equipment
and that ultimately the system would require
more (but different) people, space, and equip-
ment.

Has the copy machine reduced the work for the
secretary or increased it?  Automation doesn’t
mean you do the same things with fewer
people—it means you do more or different
things.  Given a resource pool with a word
processor, you write more letters.  In your
offices,  you probably won’t replace people—
you'll replace functions.

I’ve often said that strategic-level managers
won't have computers on their desks.  I say this
for emphasis.  What I mean is strategic-level
managers will not program computers (in-
cluding LOTUS 123) or manipulate programs.
They'll bring up displays, review them, input
notes or comments, and do simple “what-if”
analyses.  Without the new kind of office
assistant, this will be very difficult.

As stated earlier, a successful computer-based
management information system (MIS) can
help satisfy  the need for balance in the man-
agement system model (MSM).  Computer-
based MIS failures include any combination
of those that aren't finished in time, involve
turnover of key participants, exceed reason-
able cost before any return, lack follow-
through, become obsolete through obsolete
requirements or obsolete technology, have an
improper fit, or have not had their perfor-
mance evaluated.  I claim that we’re only 30%
successful.
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I helped design and develop a milestone track-
ing system for one of our government spon-
sors.  A rousing success, the computer-based
package provided reports used monthly for
milestone meetings and annually for perfor-
mance evaluation.  The package was quick,
easy, and comprehensive.  The manager had
exactly what he liked and his organization
grew to depend on the package.  After a year,
the manager was on the package.  After a
another year, the manager was transferred
across the country, his deputy took his place,
and the organization happily continued with
the familiar practices.

A new person was brought into the organiza-
tion to replace the deputy and he was given
responsibility for milestones.  The “success-
ful” system didn’t suit his preferences.  From
the management system perspective, that tool
failed.  It didn’t do what it was supposed to do
for as long as the user expected the package to
do it.  Successful software, hardware, and
experience doesn't make a successful system.
A generic package would not suit the first who
manages, the original manager.  The custom-
tailored package did not suit the third who
manages, the second deputy manager.  Both
ultimately failed in fit.

We designed and developed a research project
financial management system for one of our
department heads in engineering.  His depart-
ment, with 40-50 research contracts, had long
been suffering from overruns due to late or
faulty information from the university system.
His new system worked well.  His secretary,
who was afraid of computers, had no trouble
using this computer-based system, and over-
runs were eliminated for four years.  Then one
day I got a call from the department head.  He
had overruns everywhere.  What had hap-
pened to this “successful” package?

After four years, the computing center had
made a change in the operating system that

affected our package.  When the secretary
tried to update her database, the terminal screen
went “into bozo-land.”  Discretion being the
better part of valor, she decided that she would
worry about the problem after her vacation,
which began in a couple of weeks.  Of course,
her vacation didn't improve the package and
she had the same problem when she returned.
However, this time she could put off the inevi-
table until after she returned from her surgery,
which would take place in a few weeks.  Again,
upon her return she found no improvement in
the package.  She finally called my system
designer, who would fix the problem very
soon.  But—he was hired away by another
contract sponsor and didn't transfer informa-
tion to co-workers either in the problem or its
solution.

To show the length of the long story, the
problem was nine months old when the depart-
ment head called me.  Even the data in the
database were so old we no longer had an
updating problem but a reinitiation problem
on top of the simple programming solution.  A
classic failure.  No follow-through.  Good
hardware, software, training, and documenta-
tion.  But no procedures to identify, notify and
resolve a simple operational problem.

Some MIS’s Do Succeed.
By hiding from our failures, we aren't able to
discover reasons for our successes.  If an MIS
fails because the new concept of the manage-
ment systems isn't understood and the system
components aren't balanced, then why do the
few MIS’s succeed?

An examination of successful MIS’s reveals
three commonly used development strategies
that balance the MSM components.  I’ll also
discuss a fourth strategy, which results in
illusory success.

First, a computer-based MIS can be success-
fully implemented by merely automating an
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existing successful manual system.  In devel-
oping and using the manual system, the man-
ager has intuitively balanced the management
system components.  The manual system gen-
erates the information he or she wants for
making decisions affecting what he or she
manages.  However, manual systems limit the
manager’s ability to get and frequently change
large amounts of data.  Automating the manual
system removes its limitation, thereby im-
proving the management system balance.  Most
MIS successes are of this type.

Second, a manager can get so excited about
MIS development that he or she devotes inor-
dinate amounts of his or her time and energy
working with the systems designers to insure a
custom-fit between the MIS and his or her
needs.  In this case, the manager demands what
he or she likes and persists until the manage-
ment system components come into balance.
This strategy is effective, but inefficient be-
cause managers usually have limited knowl-
edge of the features and benefits of automation
techniques.

Third, for some common specific needs in-
volving structured decisions, a range of com-
puter-based MIS packages has been devel-
oped.  These packages have broad application
and markets.  Accounts receivable packages
are an example.  Often, a package can be found
which fits the manager’s specific need well
enough that the MSM components are nearly
balanced.  However, failure is almost certain
if, lured by the apparent potential for a perfect
fit, a package with near-fit is obtained and
attempts are made to customize the package.

Sometimes, in an effort to get aboard the
computer bandwagon or to shore up manage-
ment inadequacies, some managers will force
the components of their management system
to fit an improperly developed MIS or an off-
the-shelf MIS package.  The new management
system, forced to fit the MIS, may appear to be

balanced, giving an illusion of success.  How-
ever, because of the forced fit, the new man-
agement system probably no longer addresses
the original management system goals and
objectives.  The computer-based MIS may
appear successful while the entire manage-
ment system fails.  Such an illusory success
portends dire long-term consequences for real
MIS success.

As shown in Figure 1.5.1.6., automated airline
reservation systems provide an interesting
example of force-fitting who manages into a
computer-based MIS, that may (or may not) fit
what is managed.  The reservationists are
forced onto the system, and they either adjust
or terminate their employment.  Often, poor
fits causes poor performance.

At a minimum, people with management tools
that don’t fit are frustrated.  In Figure 1.5.1.6.,
I’ve shown two of the three reservationists as
upset.  By chance the automated airline reser-
vation system fits the experience, ability, and
cognitive style of one of the reservationists.
The figure reflects my proposition that 70% of
all MIS’s fail.  Check my proposition out the
next time you’re in an airport.

Airlines have determined that the relative costs
warrant the trade-off between improved speed
or responsiveness to the customer, and loss in
personnel.  They haven’t learned about qual-
ity.  This trade-off may be considered reason-
able for reservationists performing clerical, or
at best operational, endeavors.  But we cer-
tainly cannot make similar trade-offs where
tactical-level or strategic-level managers are
concerned.  You won’t successfully tell your
boss to adjust to the system or leave.

The what is managed component of manage-
ment systems changes mostly in terms of ma-
turity, either with new technology or through
improved decisions and actions.  Therefore,
the operation changes relatively less frequently.
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The who manages component changes more
often since frequent personnel changes are
common in most organizations.

Given the low MIS success rate and little
inclination to reduce the frequency of person-
nel changes, can we expect the MIS success

rate to improve?  Not soon!  If we confine our
efforts to automating manual systems, we may
slightly improve the success rate.  But this
solution is impractical in light of the ever-
pressing need for managers to deal with more
rapidly changing data.

Figure 1.5.1.6. “I have some reservations about this new computer system.”
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TOOLS AND SKILL CATEGORIES/TOOLS

1.5.1.7.  WE NEED RESPONSIVE SYSTEMS.

We need systems that can understand what we need and give us just that.

determine trends and effects, the operator can
change the speed of the presentation of the
simulation.  He or she can have the simulation
proceed faster to get past slowly changing
occurrences or slower to watch rapidly chang-
ing occurrences.  He or she controls simulation
speed by repeatedly using the greater-than or
less-than key.  Hitting the greater-than key
speeds up the presentation of information; and
hitting the less-than key slows down the pre-
sentation.   He or she also can stop the simula-
tion, change variables, or add processes and
proceed.

Flexible Systems Have a Number of Op-
tions.
While we work toward these futuristic con-
cepts we'll build flexible systems as illustrated
with the lawn mower wheel adjustment in
Figure 1.5.1.7.3.  The lawn mower has several
levels at which you can set the wheels.  You get
to pick one.  Have you ever tried to set a wheel
in between the choices?  It doesn’t work.
Flexible systems provide a series (large or
small) of fixed alternatives from which the
user can choose.  For instance, the user may
select a graphical or a tabular format to view
his or her information.

Custom-tailored Systems Fit A Specific Situ-
ation.
As in the tailor illustration in Figure 1.5.1.7.4.,
a system can fit the user if it is custom-tailored
for him or her—even if he or she has a funny
shape.  The modern concept of windowing is a
feature of a flexible system, not of an adaptive
or adaptable one.

Responsive Systems Employ Artificial In-
telligence.
The examples in the figures are responsive

I want to present a thought-provoking con-
cern.  Personnel changes are more than likely
going to bring an existing MIS out of balance
and cause it to fail.  Therefore, to significantly
increase the rate of MIS success, we must
develop adaptive systems.  To understand the
profundity of this thought, I’ll categorize suc-
cessful systems as adaptive, adaptable, flex-
ible, and, of course, custom-fit systems.

Adaptive Systems Are Self-Molding.
As in the bean-bag chair in Figure 1.5.1.7.1.,
adaptive systems are self-molding and adjust
to who manages without being told.  They will
sense the user characteristics and adjust auto-
matically.  When a user touches the keyboard
or just approaches in the vicinity of the man-
agement tool, it senses who is there and what
he or she wants and then instinctively adapts to
provide exactly what is needed (a very futuris-
tic idea).  The first glimmer of adaptiveness
will be systems that adjust their menus and
help-routines based on the user’s knowledge
or experience as monitored or sensed by the
system.

Adaptable Systems Adjust When They’re
Told.
As in the electric car-seat in Figure 1.5.1.7.2.,
adaptable systems are less sophisticated; they
adjust to who manages when they’re told.
System designers will determine what to tell
the system and how to measure needed charac-
teristics of the user.

An example of an adaptable feature in one of
my systems (not an adaptable system) is a
feature that we designed into a microcom-
puter-based simulation package.  As the simu-
lation is running and the numbers are changing
on the screen for the manager to watch to
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systems not expert systems.  A responsive
system is an intelligent system, although not
expert.  We say a dog is intelligent if the dog
performs routine tricks based on habit (See
H.A. Simon.) learned though repetition.  Re-
sponsiveness includes three characteristics:
1) timeliness—computer-based systems have
shown this characteristic for years, 2) ability to
observe and understand who manages and/or
what is managed—the manager and the opera-
tion collectively constituting the user, and 3)
the ability to interpret the user and  eagerly and
willingly carry out the user’s wishes.

Responsiveness implies reasoning power and
the ability to monitor and interpret; those are
measures of artificial intelligence.  The char-
acteristic we call user friendly is the facade of
responsiveness.  The user sees user friendly
but experiences responsiveness.  Not only
should people be responsive, but the decision
support tools we use should be responsive to
both who manages and what is managed.

All part of artificial intelligence, expert sys-
tems replicate an expert, responsive systems
suit the user.  Key features of expert systems
include the abilities to make inferences and
judgments, to deal with ambiguous and in-
complete information, and to justify their con-
clusions with detailed explanation of their
reasoning process.  Expert systems won’t do
much for strategic-level endeavors, but re-
sponsive systems will.  “The more expert the
expert, the less logical his reasoning and the
less he’s able to describe how he works.”
(Robert Bernhard, Sr., Technology Editor,
Systems and Software, July 1984).

Mike Sallada in my management systems en-
gineering class connected the categories of

systems to the endeavors framework described
in Module 1.4.5.4.1.  He wrote, “I think we are
in a number of places on the evolutionary
chain.  Certainly we currently have and con-
tinue to develop custom-tailored systems.  I
think this is especially apparent in large main
frame systems.  I know the main frame was
supposed to be dead, but just look at IBM’s
financial reports and it becomes apparent that
the prognosticators were wrong.  In smaller
client server environments we frequently
waiver between flexible and custom fit sys-
tems.  Many times the off the shelf system has
to be modified to fit the environment.  Much of
our development is currently in two areas,
object oriented code and reusable code.  To-
gether they allow a system to be both flexible
enough to be used in more than one organiza-
tion, for more than one purpose; and the cus-
tom fit desired for each system.   Adaptable
systems seem to be the highest level we have
currently approached for the mass market.
With Windows 95 you can have the machine
adapt to your preset requirements by your sign
in password.  I am not aware of any adaptive
systems currently available, although we have
discussed them in class.  I think it is interesting
that the further up the clerical-operational-
tactical-strategic spectrum of the system; the
lower we are in the range of custom-tailored,
flexible, adaptable, adaptive spectrum.”

In conclusion, we note that the cost of success-
ful (adaptive, adaptable, flexible, or custom-
fit) systems increases with sophistication and
decreases as technology advances.  Given the
state of the art, the required sophistication, and
short economic life caused by dynamic tech-
nology, right now we can’t afford to be as
successful as television commercials and com-
puter zealots would have us believe.
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Figure 1.5.1.7.2.  The electric car-seat does exactly what you tell it to do.

Figure 1.5.1.7.1.  The bean-bag chair inherently adapts to your body.
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Figure 1.5.1.7.4.  The tailor finds the fit that’s just right for you at the time he or she measures you.

Figure 1.5.1.7.3. You can choose from one of several options for lawn mower height.
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BACKGROUND/THEORY/TOOLS AND SKILLS CATEGORIES/TOOLS

1.5.1.8.  EXERCISE ON MANAGEMENT  TOOLS

each station in the lockbox process, workers
meticulously log work in, work out, and back-
log.  At the end of the day, the logs are
collected and the data are transferred to a
computer-based management information sys-
tem (MIS).  Management reviews the MIS
first thing each morning with each worker
individually.  They recognize improved per-
formance through monthly and annual cel-
ebrations.  Once a year, management meets
with each employee individually to appraise
their performance against the MBO
worksheets.

When a new management associate comes to
work, he or she typically reviews and updates
workflow charts and tally sheets that model
the process.  Based on these updates, they can
verify they’re measuring the right things at the
right times and in the right ways.

Exercise
You’ve been hired to review the lockbox ser-
vice with the objective of improving manage-
ment tools.  First, you must identify what the
management tools are.  Then, you must figure
out how well the management tools are per-
forming.  Prepare a summary of what you
expect to find and do.

To improve management tools,  you must first figure out what tools are being used and
how well they work; then you can determine what tools are needed.

Situation Description
Did you ever wonder where your electric bill
went when you sent it to a post office box
number?  And why your check cleared your
bank so fast?  Your bill, with check, often goes
directly to a bank.  The bank sells a service
called lockbox.  The bank 1)  receives the
checks directly from the post office (picked up
several times a day), 2)  processes the checks
(in just a few hours), and 3)  deposits the
money directly in their customer’s account (in
my example, the electric company).  The bank
charges the customer by the check processed
and the information gathered (activity by date,
financial information, etc.).  The great advan-
tage to the bank’s customer (the electric com-
pany) is that lockbox gets your money into
their account fast.

The lockbox unit in the bank employs 1) a
management team; 2)  many image scanning,
letter opening, and other processing people;
and 3)  temporary workers for peak loads.
Each worker has detailed procedures for oper-
ating their workstation.  The management team
sets yearly goals and objectives for the unit in
an annual operating plan and for the individual
in MBO (management by objectives)
worksheets.  Frequently during the day, at
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BACKGROUND/TOOLS AND SKILLS CATEGORIES

1.5.2.  PERFORMANCE AND TOOL PERFORMANCE
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1.5.3.  TOOL LIST WITH  MODULE REFERENCES
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BACKGROUND/TOOLS AND SKILLS CATEGORIES

1.5.4. SIMPLICITY  AND SKILL —PAUL  GAUGUIN
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BACKGROUND/TOOLS AND SKILLS CATEGORIES/SKILLS

1.5.5.1. SORTING  OUT SKILLS  TO BUILD  AND USE MANAGEMENT  TOOLS.

the tool and the guide for the skill (in itself a
management tool), and the fit of the tool to the
situation.  For a management tool, we often
need an associated operations tool to live up to
the management tool’s potential.  I use the
word mechanism for the combination of a tool
with its associated guide, the necessary user
and operator skills; the fit of the tool to the
application; and, if appropriate, the associated
operations tool.

A mechanism by itself doesn’t guarantee the
desired result.  We have to consider the sys-
tems approach and rules for integrating the
mechanism into the system we’re working on.
In short, using a tool well includes not only the
science behind the tool and its use; using a tool
well includes art.  If we didn’t need art, we
could consider the illustrative model in Figure
1.1.29.1. to be a map, develop a spreadsheet or
procedure for walking through the illustrative
model, put the whole thing into a computer,
and let the computer automatically manage the
domain of responsibility.

We have to fold in art through the skills.  As I
discuss skills, we’ll work on folding in the art
of management.  Conversely, we can’t man-
age well using art alone.  We need to under-
stand the science behind management and the
tools we need to manage with.  I assume that if
we learn, practice, and develop skill for using
a management tool, we’ll develop technique.

I’ve discussed a few of the skills we need in
management systems engineering in earlier
modules.  Recall skills like system, holistic,
and generalist thinking (skill in the systems
approach); personality typing; design; delim-
iting a domain of responsibility; analysis and

Webster defines skill as “the ability to use
one’s knowledge effectively and readily in
execution or performance.” (Webster’s Ninth
New Collegiate Dictionary)  I won’t distin-
guish carefully among the concepts of knowl-
edge, skill, and ability at this time.  Clearly,
from the definition, knowledge, skill, and abil-
ity work together to help us reach a goal.  There
must be intellectual skills for performing men-
tal and conceptual tasks and operational skills
for performing physical tasks.  In the intellec-
tual category, I’ll include concepts I’ve dis-
cussed like holistic thinking and being a gen-
eralist.  In the operational category, I’ll include
tasks like diagramming organization charts
and designing a calendar.

Some skills must be subordinate to others,
such as the skill of constructing a Gantt chart
being part of the skill of project management.
Project management may be more than a skill;
it may be a discipline.  But, for now, I’ll treat
project management like a skill.  Also, there’s
probably human-relations skills for perform-
ing emotional tasks.  How about putting people
at ease or promoting a sense of confidence in
others as examples of human relations skills?

I’m interested in management tools.  Many
management tools are implemented using an
associated operations tool.  For example, we
implement the data-to-information chain as a
conceptual management tool usually with an
associated computer, file cabinet, notebook,
or other operations tool acting as a container.

A management tool or operations tool has
potential.  We exercise the potential (like con-
verting potential energy into kinetic energy)
through the guide for the tool, our skill in using

We need a range of skills to manage our domain of responsibility and to build the
management tools we need and use the tools well.
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synthesis; and writing, reading, speaking, and
listening (skill in communicating).  In the next
module, I’ll develop six categories for skills.
We can use the categories to sort out the many
skills we can think of into generic groups to
help us use and understand the skills and watch
out for skills we can’t think of.  When consid-
ering management tools,  we can think of
hundreds of specific tools, like time manage-
ment tools.   We’re better off understanding
categories of tools and using the specific tools
as examples of the categories.  The same
approach helps us with the many specific skills

we can think of.

After developing skills categories, I’ll concen-
trate on systems analysis skills for building
management tools.  Later, I’ll discuss skills for
using management tools, especially in regard
to the rules that help gain skill in using the
management tools synergistically together.
Figure 1.5.5.1. lists a number of the skills I’ll
discuss in this book.  I’ve neither distinguished
importance nor signified emphasis in the book
among the skills.

Figure 1.5.5.1.   I’ll discuss skills for building and using management tools in upcoming modules.

EXAMPLE SKILLS ILLUSTRATE THE BREADTH OF ABILITY
MANAGEMENT SYSTEMS ENGINEERS NEED.

Information portrayal (Output design)

Distinguishing data and information

Imaging

Input design

Storing data

Measuring performance

Control for quality

Dealing with change

Leadership

Project management

Crisis management

Iteration and recursion

Hierarchical decomposition

Using charts and graphs

Using models

Balancing analysis and synthesis

Problem solving

Facilitation

Building consensus

Building effective teams

Supporting empowerment

Systems approach

System perspective

Holistic perspective

Generalist perspective

Systems integration

Capturing the work process and charting

Understanding life cycles

Framework for the engineering process

System development life cycle

Project management life cycle

Information gathering

Analytical thinking

Analyzing information flow

Evaluating systems

Consensus and group dynamics

Communication

Information sharing

Modeling systems

Diagnosing problems and solutions

Relationship building

Typing personality

Diagnosing interpersonal cycles

Resolving conflict

Coaching
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BACKGROUND/TOOLS AND SKILLS CATEGORIES/SKILLS

1.5.5.2. MANAGEMENT  SYSTEMS ENGINEERING  SKILLS  CATEGORIES—
SHOWING  INTERRELATIONSHIPS .

You need a synergistic set of skills to help you play various roles for management, for
leadership, and for management systems engineering.

We know we need to develop skills to be
successful in managing our domain of respon-
sibility.  During a work day, the number of
different skills we use is huge.  Some of the
skills are simple motor skills, like penman-
ship.  (I mean the fundamental motor skill of
making letters on a page.)  Others are complex
intellectual skills, like writing for thinking
(writing things down) and writing for commu-
nication (writing things up).  Editing is another
complex skill we tend to overlook but is ex-
tremely important in our work.  Typing is a
skill all of us will need more and more as we
deal with computers.  I’m now composing at a
keyboard.  I can think faster than I can type.
The better I am at typing, the less I forget as I
think through this module.  Spelling and punc-
tuation are skills we can get help with from
new office automation tools.  My word pro-
cessing package has a speller.

As we consider one important skill in applying
both the engineering and the management pro-
cesses—communication—we realize we’re
dealing with hundreds of associated skills.  I
just listed a number of simple and complex
skills for writing.  What about skills for read-
ing, speaking, listening, interpreting body lan-
guage, and so on?

To help get a grip on the many skills we can
apply to improve our work, I’ll develop a set of
categories, like I did for management tools.  I
show these categories in Figure 1.5.5.2.  For
each category, I’ve included representative
skills.  I’ve included six categories, one for
skills that cross-cut the other five categories.
As we can see from the description of skills I

just made, many of the skills work together.
Typing helps me write things down.  Spelling
and punctuation help me write things up in that
if people are distracted as they read through
my spelling errors, they won’t receive what I
send very well.  I won’t communicate well.
Since communication is but one of the impor-
tant skills for engineering and management,
we can see that we need a huge number of
skills to work together synergistically to be a
good management systems engineer.

In Figure 1.5.5.2., I took the first three catego-
ries of skills from Mintzberg’s categories for
things managers do.  Mintzberg says “The
classical view says that the manager orga-
nizes, coordinates, plans, and controls; the
facts suggest otherwise.”  To Mintzberg, the
facts suggest  that “....formal authority gives
rise to the three interpersonal roles, which in
turn give rise to the three informational roles;
these two sets of roles enable the manager to
play the four decisional roles.” (Henry
Mintzberg, The Manager’s Job: Folklore and
Fact, Harvard Business Review, 53:4, 1975,
pp. 45-61.)  I described these roles in Module
1.3.1.  You need skills to perform these roles.
I’ve shown three categories of skills to include
interpersonal, informational, and decisional
skills.

Since the idea of a process is so fundamental to
what we do as management systems engi-
neers, I believe we have to develop skills
attuned to the understanding, construction,
and operation of a process.  The management
system, or organization, includes a number of
processes, including the work process and the
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management process.  I therefore include a
category for organizational, or process, skills.
Some skills are very conceptual and require a
way of thinking or a way of looking at the
world.  I call those attitudinal skills.  Ulti-
mately, attitudinal skills may include the atti-
tudes for human relations skills we act out
through our interpersonal skills.

Just as you need to know what tool fits what
situation in management, you need to know
what skills apply to the situation.  The classi-
fication in Figure 1.5.5.2. gives you a structure
to think about and sort out the skills you need.
If your skills are strong in one category and
weak in another, you run the risk of not having
a balanced approach to your work.  For ex-
ample, if you’re strong at interpersonal skills,
but weak at decisional skills, your people will
want to work with you but will be frustrated
because you have trouble closing the loop in
the management process.

I believe you can learn all skills mentioned in
this book.  Simon speaks directly to learning
management skills.  He says, “...the important
skills of [a manager] are decision-making skills.
It is generally believed that good decision
makers, like good athletes, are born, not made.
The belief is about as true in the one case as it
is in the other...A good [manager] is born when
a [person] with some natural endowment (in-
telligence and some capacity for interacting
with his fellow men) by dint of proactive,
learning, and experience develops his endow-
ment into a mature skill.  The skills involved in
intelligence, design, and choosing activities
are as learnable and trainable as the skills
involved in driving, recovering, and putting a
golf ball.”  (Herbert A. Simon, The New Sci-
ence of Management Decision, p. 4.)

Likewise, Flesch contrasts a special talent
with an acquired skill.  When talking about
how hard people find imagining an audience
when sitting down to write, Flesch says, “But

it isn’t a special talent you’re born with—it’s
an acquired skill.  You can learn it—just as
thousands and thousands of ordinary tongue-
tied people have learned to stand up before an
audience and talk to them for five or ten
minutes without making a complete mess of
it.” (Rudolf Flesch, On Business Communica-
tions, Barnes and Noble Books, 1974, p. 4.)  I
have yet to figure out something we truly have
a special talent we’re born with.  However, I do
notice some people tend to acquire some skills
faster than other people.  I think this acquisi-
tion is easier for people with a predisposition
for certain abilities.  Perhaps if you are tall and
have a strong voice, you’ll acquire a public
speaking skill easier.  However, I believe you
can work to strengthen your voice—but not
grow taller, yet.

You can’t be perfect at everything you do.  But
you need to know your strengths and weak-
nesses and work for balance in applying skills
to the workplace.  You have two options for
covering your weaknesses.  One option is to
learn new skills and improve old ones.  You
can, in fact, make a weakness a strength by
learning new skills.  I believe you can improve
your skills at anything, including holistic think-
ing, leadership, and communication.  These
skills take time and effort to improve, but the
result is worth the effort.  An interesting aside
is that for skills like these, you can improve in
many different ways.  You can improve lead-
ership skills by independent study of leader-
ship and of recognized leaders, by taking a
course, or by gaining experience through vol-
unteer efforts in the community.

Your second option is to recognize and then
cover your weakness by working with some-
one skilled in areas you aren’t.  I’ve found I
have to balance my options at covering weak-
nesses.  I’ve decided to learn how to write
better and I’ve decided not to learn how to deal
with bureaucrats better.  I study and practice
writing skills.  I hire people into my organiza-
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tion who are good at dealing with the bureau-
cracy.

The bottom line is that you should continually
assess your skills.  You need to determine your
skill levels as accurately as possible.  Then you

can figure out where you want to improve.
Every day you’re not improving one or more
of your skills is a day you slip behind in being
an effective engineer or manager.  Do you
know which skills you’re improving today?
Are they the skills you need for balance?

CATEGORIES HELP SCRUTINIZE OUR SKILLS
TO DETERMINE HOW TO IMPROVE.

Figure 1.5.5.2.  For effective management, you need a closed set of skills, working together
synergistically to support your decision making process.

Interpersonal
Leadership, consensus/NGT, communication, MBTI

Informational
Information gathering (monitor), information dissemination/information sharing,  data
dictionary, information portrayal, distinguishing data and information,  images, modeling
the system, input design, file design,  storing data

Decisional
Evaluating systems (cost/benefit), measuring performance, control for quality, crisis
management

Organizational/Process
Understanding life cycles, information flow (DFD), records management, process defini-
tion and scope,  integrator role, project management

Attitudinal
Holistic thinking, generalist thinking, analytic thinking, dealing with change, integrating

General skills—cross-cut the others
Iteration and recursion; hierarchical decomposition; use of charts, graphs, and diagrams;
use of models; balancing analysis and synthesis; creative skills; problem solving
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BACKGROUND/TOOLS AND SKILLS CATEGORIES/SKILLS

1.5.5.3. SKILLS  FOR UNDERSTANDING AND BUILDING  A MANAGEMENT

TOOL

You need specific skills to carry you through the system life cycle for building a
management tool.

I’ll overlay skills for building management
tools on the system life cycle discussed in
Module 1.1.20.1.  I call these skills analysis
skills because we’re analyzing what we’re
doing.  I call the skills system analysis skills
because that’s what  management information
system (MIS) developers call them and what
they’re analyzing is a system.  I’m as inter-
ested in describing system analysis skills as I
am in describing the details of the functions of
the management-tool-building process.  The
data-to-information chain is very analyzable.
The functions of the MIS and the steps for its
development are relatively easy to describe
and to evaluate.  I believe the skills we need for
MIS development are also the skills we need
for developing any management tool.  There-
fore, I’ll have MIS development in mind as I
continue through this module.

We must look at the life cycle of the project,
product, or process we’re building.  Assume
we’re building an MIS.  We must consider
MIS development starting with recognizing
the need and continuing through to the MIS’s
obsolescence, retirement, and disposal.  We
must think about the resources, like cost and
people, the MIS will require.  We also must
think about the contribution (positive and nega-
tive) the MIS will make for its entire life.  Most
of our consideration for the MIS life cycle will
focus on the system life cycle.  My discussion
of the system life cycle constitutes something
perhaps larger than a skill—at least a group of
skills.  However, I’ll consider  understanding
the life cycle to be a skill. You can apply this
life cycle analysis skill to more than just MIS
development.  You can apply it to any service

or product you’re responsible for.

We’ll start with understanding the life cycle
for system development.  How do other sys-
tem analysis skills relate to the framework for
the engineering process shown in Figure
1.1.11.7.  Start with the five categories of
functions: analysis, design, implementation,
follow-up, and follow-through.  Realize the
skills can’t be neatly directed to only one of the
categories shown in Figure 1.1.11.7.  I identify
fifteen of the most important skills and overlay
them where they best fit in the five MIS devel-
opment categories of functions.  You can ex-
pect to use the skills I’ve shown in relation to
functions of one category when you’re doing
functions of the other categories.  Here are the
fifteen skills I discuss as system analysis skills:

1. Communicating to get information about
and to give information to stakeholders of
the management tool and recognizing the
importance of documentation for trace-
ability, maintainability, and accountabil-
ity;

2. Interacting in groups for participation,
consensus, and ownership;

3. Understanding the engineering process
framework,  or the system life cycle, for
developing the management tool;

4. Understanding the work process (what is
managed) to be reflected in the manage-
ment tool;

5. Understanding the decision maker (who
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ment tool, or output design;

13. Controlling for quality, including reli-
ability design;

14. Evaluating the system, including cost/
benefit analysis; and

15. Managing a project.

In the next modules, I’ll review the role of
people who practice system analysis skills and
the general skills they use for sequencing and
integrating the system analysis skills I’ve listed
here.  I’ll re-emphasize the systems approach
as a cross-cutting skill for building manage-
ment tools.  Then, I’ll focus on the first and
most important of all the skills—communica-
tion.  I’ll expand upon sending information by
discussing the writing skill in some detail and
showing parallels with speaking.  Then I’ll
discuss listening as the crucial skill for com-
munication.  After straightforward communi-
cation, I’ll address the second skill of interact-
ing in groups.  After the first two skills, the
following skills become more tangible.

manages) who’ll be using the information
produced by the management tool;

6. Gathering information or collecting data
about the work process or the decision
maker;

7. Analyzing the information flow overlay-
ing the work process and modeling the
operation, or manipulating and analyzing
data about the layout of the work process;

8. Modeling the management system;

9. Getting data into the management tool,
(or what is used to manage), or input
design;

10. Storing, verifying, and updating data
within the management tool, or logical
data analysis;

11. Organizing and accessing data within the
management tool, or file design;

12. Portraying information from the manage-



664



665

1. BACKGROUND

1.5. TOOLS AND SKILLS

 CATEGORIES

1.5.5. SKILLS

1.5.5.4.  SYSTEM ANALYSIS



666

BACKGROUND/TOOLS AND SKILLS CATEGORIES/SKILLS/SYSTEM ANALYSIS

1.5.5.4.1. ROLE OF SYSTEM ANALYSIS

Why am I discussing the role of a system
analyst in the middle of outlining skills we
need to build and use management tools?  We
play roles to meet responsibilities.  We use
skills to carry out our roles.  Roles are vehicles
your skills ride on as you journey toward
accomplishing your responsibilities.  (See Fig-
ure 1.5.5.4.1.)

The who manages component in the MSM
uses decision making, problem solving, and
other skills as they play leadership, adminis-
trative, liaison, and other roles.  I discuss the
system analyst role in regard to building man-
agement tools; but the role and the associated
skills are applicable to making good decisions.

The who manages and the information spe-
cialist coordinate efforts at the information
portrayal/information perception interface and
the measurement/data interface.  In participat-
ing in this coordination, the information spe-
cialist needs to play the role of system analy-
sis.  And, so does the manager.  The role of
system analysis is traditionally discussed in
reference to developing computer systems.  I
expand the role to building any management
tool and to managing any domain of responsi-
bility.

The system analyst is a problem solver.  The
idea of a system analyst and the role of system
analysis comes from developing computer
systems.  Computer system analysts focus on
building computer systems more so than using
computer systems.  Therefore, the role of sys-
tem analysis is more an analysis role than an

holistic or a synthesis role.  In computer sys-
tems, we leave the integration or synthesis to
the user.  To build any management tool,
you’ll need to apply system analysis skills.

Often discussed in books on developing com-
puter systems, skills for system analysis work
together to solve the problem of getting the
right information to the right people in the
right place at the right time.  These system
analysis skills apply to developing any man-
agement tool.  We can extrapolate the use of
these skills even further.  If you’re going to
analyze any system, you need system analysis
skills.  As management systems engineers, we
must have skills both in analysis and in synthe-
sis.  I’ll discuss the role of system analysis
here.  I’ll discuss the problem solving process
in Module 1.5.5.6.

In their handbook of systems analysis, Miser and
Quade rightfully describe the nature of system
analysis as being quite complicated.  They first
list a number of difficulties in carrying out the
role of system analysis.  Their list includes: 1)
inadequate knowledge and data, 2) the involve-
ment of many different disciplines, 3) unclear
goals and shifting objectives, 4) pluralistic re-
sponsibilities, 5) resistance to change in social
systems, and 6) complexity.  (Hugh J. Miser and
Edwards S. Quade, Handbook of Systems Analy-
sis: Overview of Uses, Procedures, Applica-
tions, and Practice, Elsevier Science Publishing
Co, New York, 1985, pp. 14 - 15.)  The system
analyst then must be a quick learn, have vision,
be an integrator, be adaptable to change, and be
skilled at human interaction.

The role of the system analyst is to use systems understanding and problem solving skills
to build management tools to meet the needs of the decision maker in his or her domain
of responsibility.
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ment tool, or the decision maker.  The system
analyst must have imagination, flexibility, and
adaptability to develop the management tool
to meet the needs of an unique domain of
responsibility, regardless of the resource avail-
able to him or her.  For building management
tools, the system analyst must be able to iden-
tify the needs of the user and to have the
knowledge and experience to overcome barri-
ers and create pathways to meet those needs.

To begin developing a management tool, the
system analyst must be able to delimit, learn,
and diagnose the domain of responsibility and
understand the user of the management tool.
Our previous discussions on delimiting do-
mains of responsibility, the information por-
trayal to information perception interface of
the MSM, and the frameworks for diagnosing
a domain of responsibility provide a starting
point for developing the management tool.
Now, we must figure out more about the work
process and the aim of the domain of respon-
sibility for which we’re developing the tool.

In the next module, I'll describe the role of the
system analyst through an example.  I'll use the
example of a small country inn because I've
owned and operated a country inn and am
familiar with the management needs.

Figure 1.5.5.4.1.  Roles are vehicles your skills ride on as you journey toward accomplishing your
responsibilities.

SKILLS ROLES RESPONSIBILITIES

Miser and Quade approach system analysis
generically, not only as a computer develop-
ment role.  They argue that a system analyst
approaches a problem in terms of these ele-
ments: 1) Setting the framework for systems
analysis (defining objectives and generating
and ranking alternatives for reaching objec-
tives by involving iteration and feedback); 2)
Formulating the problem (stating the objec-
tives and constraints); 3) Generating and se-
lecting alternatives; 4) Forecasting future states
for the system; 5) Identifying the consequences,
or outcomes, including the use of models; 6)
Comparing and ranking alternatives, using
criteria and including value and utility; and 7)
Documenting the analysis and results. (pp.
119 - 145.)  The value to you in seeing their
approach is to compare their approach to the
engineering method I’ll describe in the next
module and to the steps of problem solving I’ll
describe in Module 1.5.5.6.  You’ll notice that
the process and skills of system analysis are
essentially the process and skills of solving
system problems.

The system analyst must combine both techni-
cal skill for developing the components and
the relationships of the components into a
working management tool and interpersonal
skill for working with the user of the manage-
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BACKGROUND/TOOLS AND SKILLS CATEGORIES/SKILLS/SYSTEM ANALYSIS

1.5.5.4.2. AN EXAMPLE  SYSTEM ANALYSIS EFFORT

I’ll describe the need for system analysis to
build a detailed understanding of the work
process and the aim of the organization through
an example.  The example I choose is one of a
family-owned country inn.  As I describe tasks
of system analysis, note that these consider-
ations don’t contain any definition of com-
puter processing.

First, as a system analyst, you must delimit,
learn, and diagnose the domain of responsibil-
ity.  You must find out how the innkeeper and
the owner of the inn are getting information
now and learn what’s working well.  Make
sure what you do preserves the characteristics
of the successful parts of the existing system
for getting information.  In this role, you’re
figuring out the situation in the domain.  I say
you’re looking at Where We Are.  You must
know Where We Are (WWA) and Where We
Want To Be (WWWTB) before you can begin
to know How To Get There (HTGT).

Many system analysts focus on what’s wrong
with the existing system for converting data to
information.  A good system analyst focuses
on what’s right with the existing system.  To
understand what’s right, the system analyst
should walk through the work process and the
information overlay to the work process.  In
the country inn, experience the work process
from the point of view of the traveler.  Experi-
ence the work process from the point of view
of a worker.  Experience the work process
from the point of view of the innkeeper.  Learn
the reservation process.   Learn the other parts
of the work process.

How are data gathered and recorded?  If data
gathered last week must be retrieved to change
a reservation, how well can the innkeeper find
and use the data?  What’s happening is that the
system analyst is experiencing the physical
reality of the innkeeping system.  Then, the
system analyst must translate the physical re-
ality into a logical model of the inn and its
process.  The model should emphasize the
handling of data and the conversion of those
data into information that will be perceived by
the decision maker for making decisions and
taking action.

As part of WWA, you must understand the
needs and forces that both the innkeeper and
the owner have for the management tool being
developed.  They won’t express these needs
and forces in terms of tool characteristics.
Rather, they’ll have needs in terms of occu-
pancy rate, cash flow, and absenteeism of
workers.

As part of WWWTB, you must understand the
expectations and vision of the innkeeper and
owner.  Can you translate those expectations
into functions a management tool can serve?
Determine what the expectations of the inn-
keeper and of the owner of the inn (different
people) are for what the management tools
will provide in the way of information to
support decision making.

One of the bigger skills a system analyst must
have is to translate physical issues of the work-
place into logical counterparts for manage-
ment tool design.  In the country inn, where

By considering how a system analyst can help the business of a small country inn, we can
see the use of the steps Where We Are, Where We Want To Be, and How To Get There—
a form of the engineering method.
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will the management tool be housed?  Is the
tool easily accessible?  Can those who need to
use the tool understand what the tool can do?
Then, can they use the tool?  Can you build the
management tool for a cost a small country inn
can afford?  When you add in a computer to
house the data to information conversion pro-
cess, the cost can become prohibitive.  Do you
know inexpensive ways to house the tool, such
as a rolodex, notebook, or marker board?  In
addition to being able to function in terms of
data, information, and mechanisms for con-
verting data to information, the system analyst
must understand business issues and how to
translate those issues into tool characteristics.
The system analyst must be able to judge
quickly to what extent the mechanization of
the needed data to information conversion
needs to be.

After the system analyst knows what’s right
with the existing system and what’s needed in
the future system, then the system analyst can
look for ways to improve the system.  Now
we’re looking at HTGT.  The system analyst
will find opportunities for improvement at two
levels: physical and logical.  Consider an ex-
ample of translating a physical issue into a
logical one for a computer-based management
tool as described by Powers, Adams, and Mills.
“...suppose a hotel does a considerable part of
its business with tours.  Under the existing
reservation system, tours are booked as a unit.
When reservations are reported to the local
hotel, however, cards are broken out in the
names of individual guests.  The fact that these
guests are tied to a single tour is lost, creating
a gap in information that might be useful to
management.  For example, suppose a hotel in
southern Florida learns that a snowstorm has
caused cancellation of all flights from Pitts-
burgh.  Suppose further that the hotel had 20
guests in a single tour scheduled to arrive from
Pittsburgh.  If the card had already been bro-
ken out by guest name, it would be difficult to
locate the unavoidable cancellations.  How-

ever, a computer system could quickly search
for and report the names of all guests who
would not be arriving.  The added dimension
of information made available to management
represents a system improvement achieved at
a logical level.  Timely information about
business problems makes it possible to under-
stand, anticipate, and react to situations that
would not come to light under present meth-
ods.  The ability to get information into a
computer immediately represents a substan-
tial improvement at the physical level.  Rooms
status is more current, by hours, than was
possible under the manual system.”  (Powers,
Adams, and Mills, Computer Information Sys-
tems Development: Analysis and Design,
South-Western Publishing Co., 1984, p. 36.)
My recent experience with a hotel and its
computer-based management tool runs in the
opposite direction.  The desk clerk enters in-
formation from the registration card into the
computer when the rush slows down.  In the
meantime, those people trying to call me on
the phone are told I’m not at that hotel.  The
system analyst can never lose the translation
between the physical and the logical.

Opportunities for improvement in manage-
ment tools come from closing gaps.  When we
look at WWA, we want to close performance
gaps.  Are we doing what we know we should
be doing?  If not, we have a performance gap.
When we look at WWWTB, we want to close
expectation gaps.  Are we doing what we want
to do to improve.  If not, we have an expecta-
tion gap.

When we introduce a new management tool
into the country inn, we’ll affect their work
process at a physical level.  The innkeeper will
adjust how he or she takes reservations to
reflect the abilities of the management tool.
When we introduce the new tool, we’ll affect
the information flow at a logical level.  The
management tool can link information not
easily done before.
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Before any management tool can be designed
and implemented by a system analyst, the
innkeeper and the owner must be able to see
what the resulting effect will be on their busi-
ness.  If they don’t see a worthwhile return on
their investment in time, money, and frustra-
tion of changing their work rituals to fit the
new management tool, they’ll not agree to
developing the tool.  We can always find
hardware (tool container) and software (data
to information conversion procedure) that ex-
ceed the ability of the innkeeper and the owner.
Can we find the operations, the work proce-
dure, and the information portrayal to come

close to the ability of the innkeeper and the
owner?  If we can, we’ll probably succeed as
system analysts.

As we consider the role of computers in man-
agement tools, consider two needed consider-
ations.  One is to figure out how soon and how
well the computer (the associated operations
tool) fits into the solution of the country inn
needs.  Computers certainly don’t fit into fig-
uring out the problem.  The other consider-
ation is to figure out the solution not based on
computers—then fit computers into the solu-
tion, if appropriate.
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BACKGROUND/TOOLS AND SKILLS CATEGORIES/SKILLS

1.5.5.5. GENERAL  SKILLS  OF SYSTEM ANALYSIS

In Figure 1.5.5.2., I identified a category of
general skills for cross-cutting the other cat-
egories of skills.  These general skills are
extremely important for supporting the role of
system analysis.  Those who discuss building
management tools and especially those who
discuss building computer-based management
information systems (MIS) promote the pro-
cess of system analysis.  Some people prefer
the structured system analysis process of Ed-
ward Yourdon.  (I’ll show you some of
Yourdon’s ideas later.)

I’ve discussed the importance of balancing
synthesis with analysis and of balancing holis-
tic thinking with analytic thinking.  I accept the
need for balance, but will focus on general
skills for system analysis here.  You can imag-
ine that a structured system analysis would be
the height of analytical thinking.

I’ve also discussed the parts of the Manage-
ment System Model (MSM) the manager (tool
user) and the information specialist (tool
builder) know best and the interfaces at which
their expertise overlaps.  I’ll emphasize the
view of the information specialist, or system
analyst, here.  (We have to be careful to recog-
nize that information specialists aren’t the
only people who analyze systems.  However,
as a job title, system analyst often designates
the analyzing of information systems.)  Don‘t
forget that the general skills are valuable for
much more than system analysis.  However, if
we’re going to focus on building management
tools, system analysis for building an MIS is a
good place to focus.  The MIS tends to be the
more structured of the management tools and
makes a tangible example for considering the
general skills.

Information specialists, or system analysts,
should consider all management tools and
how they together convert data into informa-
tion to support the decision maker.  However,
I’ll emphasize the analysis of the data-to-
information chain here because that type of
tool is both structured and representative.  The
MIS is exercised as a tool more frequently than
a plan, for example, even though the data from
the plan (what you intend to do) and from the
MIS (what you did do) should be compared
frequently (to see how well you did what you
intended to do).

The skills of system analysis go beyond build-
ing management tools.  Analysis of a system
goes hand in hand with synthesis of a system.
There’s no sense in doing synthesis if there’s
no analysis.  For example, can you use a
management tool if you don’t build one?  As I
described in Module 1.5.5.2., one of the cat-
egories of skills we need in management sys-
tem engineering is the general skills that cross-
cut the other categories.  These general skills
include iteration and recursion; hierarchical
decomposition; use of charts, graphs, and dia-
grams; use of models; balancing analysis and
synthesis; creative skills; and problem solv-
ing.

The system analyst provides a service function
to support a user.  A system analyst is a
professional.  Service professionals serve cli-
ents.  Clients depend on those services.  The
system analyst role is an important one.

As we apply these general skills to help pro-
vide the decision maker with the information
he or she needs, we can thoughtfully ask: Why
the decision maker doesn’t use these skills to

You need certain general skills to do the system analysis to build a management tool.
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We can repeat all of the steps or only the last
few.  We can skip ahead to future steps of the
process.  We saw this recursion when we
looked at conducting management system
analysis and management system synthesis
together.

Later I’ll describe a partitioning process you
can use to determine the subdomains in your
domain of responsibility.  You’ll repeat the
partitioning activity again and again until you
can distinguish the fundamental information
flows within your domain.  You took the first
step in this iteration when you scoped a do-
main of responsibility in Module 1.1.18.8.
Clearly the idea of partitioning is hierarchical
decomposition and is analytic, not holistic.

Hierarchical Decomposition
In hierarchical decomposition, we decompose
the whole into its component parts and those
components into their component parts.  We
are dividing, or partitioning, each system or
process into its subsystems or subprocesses
repeatedly until we reach what we believe are
manageable pieces.  We’ll use hierarchical
decomposition when we look at information
flows inside the domain of responsibility.  If
we partition the context diagram, or the man-
agement system, into its subdomains or sub-
systems, we can look at the information flows
between these subdomains.  Then, we can
partition the subdomain further and further
until we have no need to decompose any more.
At that point, we believe we have all the
information flows in the organization and can
then identify the data set that makes up all the
information used in the organization.  We
abandon the decomposition when we clearly
understand the fundamental parts of the sys-
tem.

Use of Graphs, Charts, and Diagrams
We’ll use diagrams to help us iterate through
hierarchical decomposition to find the funda-
mental information flows.  Graphs and charts

provide his or her own information?  Why
doesn’t the decision maker use their knowl-
edge of their own decision making style and
their operation to develop the best tools to
meet their needs?  The answer is that the
management tool builder has several advan-
tages over the decision maker.  First, the tool
builder deals with many different domains of
responsibility.  If the tool builder is a general-
ist, he or she can transfer many lessons learned
from one domain to another.  The tool builder
is better able to understand the frameworks for
diagnosing the domain based on using the
frameworks for a large number of domains.
Second, the decision maker often can’t see the
forest for the trees.  He or she is so involved
with the details of the domain and the deci-
sions, he or she lacks the objectivity of seeing
the total system and seeing that system from a
fresh perspective.  Third, the tool builder has
developed experience in effectively and effi-
ciently developing management tools.  How-
ever, the tool builder, and anyone practicing
system analysis, needs a set of general skills to
apply to any situation.

Iteration and Recursion
In analysis, we decompose the whole into its
component parts.  We’ll learn a number of
skills and techniques for looking at the details
of a system.  We can repeatedly apply the
techniques to look deeper and deeper into the
system.  We repeat the techniques iteratively
or recursively.  When we use iteration, we
recycle through a closed-loop process.  In the
case of skills, we reapply the skill in the same
way over and over to the increasingly detailed
understanding of the system.  For example, we
can look at information flows across the bound-
aries of a domain of responsibility like we did
in developing context diagrams.  We can reap-
ply the technique of developing information
flows by treating the partitions of the domain
as individual context diagrams.  When we use
recursion, we go back or forward in a closed-
loop process by skipping steps in the process.
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engineering process.  You should see some
similarity between the DFD in Figure 1.5.5.5.
and Figures 1.1.20.1.1.a. and 1.1.20.1.1.b. Fig-
ure 1.5.5.5. shows three sided boxes for data
stores.  Data stores are where you store data for
later access, like a computer data base or a file
cabinet.  (Figure 1.1.20.1.3. is much like a
work flow diagram in that the figure includes
both decisions and actions.)

Use of Models
We’ve seen how we use models for showing
the organization and for showing performance
criteria in the illustrative model.  We’ve dis-
cussed the types of models.  Here, we’re inter-
ested in modelling as a general skill and the use
of models to help build management tools.  We
can use equations or diagrams as a model.  An
organization diagram models how people in-
teract in an organization.  A data flow diagram
models how information moves in an organi-
zation.  A work flow diagram models how the
activities of the operation fit together.  We use
models as graphic, written, or visual represen-
tations of the system we’re analyzing.

Balancing Analysis and Synthesis
I discussed the meaning and importance of
analysis and synthesis in a general definition
module.  The issue here is that we can’t do one
effectively without the other.  Just as we com-
bined management system analysis and man-
agement system synthesis, we get more out of
doing one of these skills when we’re able to do
the other.

Consider an analogy from Powers, Adams,
and Mills.  “When an architect develops a
home  for a client, a process takes place that
begins with a description of the life-style to be
supported and special features desired.  From
this description, the architect visualizes a way
to meet the client’s needs. Before breaking
ground to construct a building, however, some
modeling must take place.  This is done with
blueprints, detailed drawings, and, in cases,

help us see the entire system.  Since to touch a
system anywhere is to touch the system every-
where, we need to see the entire system to
decide where to touch it.  We need to diagram,
or chart, the work flow to see where we want
to measure.  We need to diagram the entire
organization to see the individual information
flows to determine the set of data from which
we make all the information.  We need to graph
the total effect of an impact on a system to see
the effect of an individual force, as in the
example of a force field analysis or a cause and
effect diagram.

Graphs and charts are very effective as com-
munication tools.  System analysts use graphs,
charts, and diagrams to describe the organiza-
tion for the user to confirm.  I’ve shown a
relatively simple data flow diagram, describ-
ing the processing involved in a student regis-
tration system, in Figure 1.5.5.5.  We can use
Figure 1.5.5.5. to communicate with people
responsible for registration or for students
who register to make sure we’ve captured
what really goes on in the system.

Charting is an important tool for both the
manager and the information specialist.  The
manager does a work flow chart to understand
and improve his or her operation, or work
flow.  I’ll discuss work flow charts in detail
when I talk about using management tools.
The system analyst does a data flow diagram
(DFD) to understand and improve the data and
information provided to the manager.  I be-
lieve a DFD is really an information flow
diagram, in that the DFD captures the informa-
tion flows in the organization.  Another tool,
the data dictionary, identifies what data are
carried along with the information flows.

Recall the diagram for the framework of the
engineering process in Figures 1.1.20.1.1.a.,
and 1.1.20.1.1.b.  Those figures are much like
a data flow diagram, in that the arrows symbol-
ize information flows between functions of the



675

actual miniature models of the buildings.  In
the same way, data flow diagrams and the
supporting data dictionary model a system
conceived in the mind of a systems analyst for
a user.  Models, then, are tools for communi-
cation and understanding.”  (Powers, Adams,
and Mills, Computer Information Systems
Development: Analysis and Design, South-
Western Publishing Co., 1984, pp. 53-54.)

Creative Skills
The system analyst must strive for ultimate
understanding of the workings, needs, and
issues in the existing system (WWA) and for
creative, visionary thinking for the workings
in the future system (WWWTB).  Using cre-
ative skills, the system analyst can figure out
the best way to transform the existing system
into the future system.  This transformation is
partly content and structure of management
tools and partly communication with and sup-
port of the people who will be affected by the
transformation and will be threatened by the
change.

One of the biggest problems facing a system
analyst is sorting out what’s right with a sys-
tem and what needs to be changed.  This
problem requires the builder to put aside his or
her desire to be creative and make sure he or
she doesn’t propose change for change sake.
Once the system analyst knows a change is
clearly needed, then he or she can use creative
skills to make the change without undoing
what’s working well.  He or she must know
when the change is necessary and have the
imagination to develop the process and con-
tent of the change without being inhibited by
what’s now in place.  The system analyst faces
an interesting paradox: Respect the value in
what exists and improve the system.

To illustrate the level of creative thinking
required in deciding the types of changes
needed, consider the situation in many govern-
ment oversight agencies.  A government over-
sight agency is one that’s close to the legisla-

tive body they serve.  The government over-
sight agency is usually called the headquarters
for the many local government implementa-
tion agencies located where the work is being
done.

I’ll use a state department of transportation as
an example of a government oversight agency.
The government oversight agency is the state
department of transportation (headquarters)
which is located in the state capitol where the
legislative body is.  The local government
implementation agency is the county highway
department that maintains the roads and clears
the snow during winter storms.  I’ve found that
many government oversight agencies design
their organization structure as a management
tool to reflect the work that’s being done
locally.  That is, headquarters has divisions for
each of the functions implemented at the local
level; in the case of the state department of
transportation, a division for maintenance, a
division for bridges, a division for snow re-
moval, a division for construction projects,
and so on.   However, nobody at the state level
ever maintains anything, constructs anything,
or removes any snow.  What the government
oversight agency does do is broker informa-
tion.  They interpret the desires of the state
legislature regarding transportation and make
adjustments to the resources allocated to the
local agencies to support their interpretation.
They interpret the needs and problems of the
local highway departments and make adjust-
ments to their proposals and issue statements
(usually in the form of budgets) to the legisla-
ture to reflect those needs and problems.  The
government oversight agency brokers infor-
mation in two directions.  But, they are orga-
nized as bridge builders and highway con-
struction people, not as information brokers.

Here’s where the creativity comes in.  How
does the system analyst ensure that he or she
puts aside his or her view of what’s needed to
ferret out what’s working well in the govern-
ment oversight agency’s organization struc-
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Problem Solving
I described problem solving as a general con-
cept in Module 1.1.14.1. and highlighted prob-
lem solving as a fundamental of the engineer-
ing process in Module 1.1.11.6.4.  I’ll describe
problem solving as a general skill in Module
1.5.5.6.

The system analysis process supports the needs
of the system analyst for creativity and for
problem solving.  The use of models begins
with diagramming the physical existing and
future system.  The system analyst uses the
physical model to gather information from
those who know the system and communicate
the future to those who will be affected by the
change in the system.  The system analyst must
be able to translate the physical model into a
logical model needed by those who will build
the management tool based on the logical
relationship between data and information,
not on the physical operation in the workplace.
As the transformation takes place, the physical
and logical models continue to play important
roles for the system analyst.

ture that moves information up and down the
state hierarchy?  How do you get the agency’s
decision makers to see the advantages of chang-
ing their tried and true organization structure
so they can be more effective in their work?
Once the decision makers agree to a new
organization, how fast and in what way do you
transform the organization from its existing
structure to its new structure?  As the organi-
zation goes through the throes of change, how
do you encourage, support, and resolve real
concerns over the problems caused by the
change?  To work out the answers to these
questions, the system analyst needs incredible
understanding of the work process, the man-
agement process, and the people being af-
fected.   The system analyst must be visionary
in seeing and holding onto the vision of what
should be and how that future state will work.
The system analyst must be creative in not
only suggesting how to make the change but in
working with the people and resources during
the change to support the fear that accompa-
nies any change in job description and in
interagency relationships.
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Figure 1.5.5.5.  The data flow diagram for a simplified student registration system illustrates how
system analysts model information flows.  (taken from Powers, Adams, and Mills, p. 54)
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BACKGROUND/TOOLS AND SKILL CATEGORIES/TOOLS

1.5.5.6. SKILLS  FOR PROBLEM  SOLVING

Problem solving involves making a number of
connected decisions, often in a group setting,
all aimed at a specific objective.  Recall that
the decision making process includes the steps
of investigation (get the facts), design (de-
velop alternatives), and choice (pick an alter-
native).  The problem solving process involv-
ing skills, as well as tools, will follow a similar
path to the one for decision making.  I’ve
shown ten steps for problem solving in Figure
1.5.5.6.

The first step has to be to figure out what the
problem is.  This step requires an open mind,
a quick learn, and an understanding or experi-
ence with other problems and their character-
istics.  From here on out in the process, be sure
not to lose sight of what you decided the
problem was.  If you made a mistake, redefine
the problem.  All diagnosing skills are impor-
tant here.

The second step is to determine the goals
(qualitative) and objectives (quantitative) for
what a solution means for that problem.  Make
sure everyone preparing and implementing
the solution understands the same goals and
objectives.  Holistic skills are important here.

The third step is to study the problem.  Where
did the problem come from?  What’s its root
cause?  What are the characteristics of the
problem relative to the goals and objectives
you determined?  What assumptions do you
have to make to consider the problem?  Ana-
lyze the problem.  Can the problem be divided
into subproblems such that solving all the
subproblems solves the problem and achieves
your goals and objectives?  This question

involves the general skill of hierarchical de-
composition.  What are the consequences of
not solving all the subproblems or partially
solving some or all of them?  Recall that the
do-nothing alternative is an alternative.  There-
fore, you must know the consequences (both
good and bad) of solving the problem as well
as not solving it.  Analysis skills are important
here.

The first three steps parallel Simon’s intelli-
gence phase of decision making.  In the case of
problem solving, we’re cycling through any
number of decisions and the early phases of the
decision making process for a number of deci-
sions.

The fourth step is to develop alternatives for
solving the problem.  For each alternative,
consider a strategy for how you’ll implement
the solution.  Many of your alternatives will be
part of the solution as opposed to the complete
solution.  By that I mean one alternative for
solving the problem may have a clear begin-
ning but then have a number of alternatives for
what to do next.  The idea of strategy carries
with it the ideas of priorities and contingen-
cies.  Which is the highest priority goal?  Which
alternative has the most or best fall-back posi-
tion.  This step is almost as important as the
first step for identifying the right problem to
solve.  If you overlook a good alternative, you
only have sub-par alternatives to choose from.
All creative skills are most important here.

The fifth step is to evaluate the alternatives.
Develop a consistent set of criteria to measure
the alternatives against.  Apply your under-
standing of priorities and contingencies to the

As a fundamental for the engineering process, problem solving is a skill that involves
a large number of interpersonal, informational, decisional, process, and attitudinal
skills.  The steps for problem solving show where the skills fit together.
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alternatives.  Identify the resources you’ll need
for each alternative.  Consider the method and
its difficulty for applying the resources to the
problem.  Consider the risks and threats to the
organization and its people for each alterna-
tive.  Procedural and appraisal skills are im-
portant here.

The fourth and fifth steps parallel Simon’s
design phase of decision making.  You need to
design not one but many good alternatives to
choose from.  You need enough of a plan for
implementation for each alternative that you
haven’t overlooked a risk or a barrier that will
set you back when it rears up after you’ve
chosen a particular alternative.

The sixth step is to choose one of the alterna-
tives.  By considering the advantages and
disadvantages of each alternative in terms of
the method, priorities, contingencies, and con-
sequences of implementing the alternative,
you must select the alternative to carry for-
ward as the solution to the problem.  Group
choice requires an understanding of informa-
tion sharing and consensus gathering.  I dis-
cuss those concepts shortly.  Decisional skills
are important here.

The sixth step parallels Simon’s choice phase
of decision making.  Now you must continue
on from your choice and make sure the choice
is implemented.  In essence, you’re following
the choice phase with an action phase.

The seventh step is to formalize the action plan
for implementing the solution.  Through the
action plan, you assign responsibilities, dedi-
cate resources, and lay out the method and
contingencies for implementation.  Part of
your action plan must include points to test the
choice and the progress of the implementation.

You must ensure all those affected by the
method for solution have bought in to the need
(There is a real problem.) and the solution (The
method will work.).  Interpersonal and infor-
mational skills are important for this step and
the next few steps.

The eighth step is to implement the solution.
We learned from the Management System
Model that every decision requires an atten-
dant action.  Now is the time to act.  And you
must monitor the progress of the solution.
Evaluate the solution to determine if you chose
the right alternative.

The ninth step is to follow up on the solution.
You want to formalize the solution, especially
if the problem is recurring.  If possible, you
want to go to the root cause of the problem and
make sure the problem doesn’t come up again.
If not, you want to ensure you identify the next
occurrence of the problem early and apply
what you learned from solving the problem
before.  You don’t want to go to all the trouble
to figure out how to solve a problem and not
have your solution formalized and at the ready
to solve the problem again.

The tenth step is to iterate on the solution for
continuous improvement.  Your skills for it-
eration and recursion help you know when to
apply what you learned in earlier steps to
improve the steps next time through.  The
resemblance to the Plan-Do-Study-Act (PDSA)
Cycle occurs because both the PDSA Cycle
and problem solving stem from the scientific
method.

Clearly, problem solving is an opportunity to
integrate your skills.  As an integrator, prob-
lem solving cross-cuts all the categories of
skills.
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THE TEN STEPS FOR PROBLEM SOLVING
CROSS-CUT THE SKILLS CATEGORIES.

• Identify the problem

• Determine goals and objectives

• Study the problem

• Develop solution alternatives

• Evaluate the alternatives

• Choose an alternative

• Formalize an action plan

• Implement the solution

• Follow-up on the solution

• Iterate for continuous improvement

Figure 1.5.5.6.  The ten problem solving steps reflect the scientific method leading to a resem-
blance with the PDSA Cycle.
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BACKGROUND/TOOLS AND SKILL CATEGORIES/TOOLS

1.5.5.7. THE SKILL  OF UNDERSTANDING THE SYSTEM LIFE CYCLE .

Understanding the system life cycle puts the other skills of the management system
engineer into context.

The system life cycle is the framework for the
engineering process, the process by which we
improve organizations and build, select, or
change management tools.  As such the func-
tions of the life cycle discussed in Module
1.1.20.1. tell us where each of the skills high-
lighted in Module 1.5.5.2. fit into the engineer-
ing process.  Even though the skills described
can be effectively used in the management
process, I’ve highlighted them here to indicate
their importance in carrying out the engineer-
ing process.  I’m not surprised by the effective-
ness of these skills in both the management and
the engineering processes because both pro-
cesses have the same root: the scientific method.

The understanding and use of the system life
cycle, either for the engineering process or for
the organization life, is a skill in and of itself.
I might call the role needed for exercising this
skill that of a system synthesist.  Of course, I
believe the management system engineer must
be able to play both roles and to find the right
balance between the roles.  The skills may be
the same or similar for playing both analyst and
synthesist roles, but each role dictates how the
skills will be used.  Even the ability to make
such a balance indicates an associated skill.

Developing a management tool isn’t a simple

process.  We recognized that problem when
we saw the complexity in the system life cycle
in Figure 1.1.20.1.  To develop a management
tool, the management system engineer must be
able to 1) identify the information require-
ments of the decision maker (Recall manage-
ment system analysis.), 2) design the manage-
ment tool to convert the needed data into the
information to meet the requirements, 3) build
the management tool to carry out the design, 4)
make sure the designing and building of the
management are conducive to the dismantling
and replacement of the tool when the tool
becomes obsolete, and 5) prepare the needed
documentation, training, and project manage-
ment to support the design, building, and use
of the tool.  Recall that these five activities are
the analysis, design, implementation, follow-
up, and follow-through groups of functions of
the framework of the engineering process.

The way in which the framework of the engi-
neering process is applied differs from situa-
tion to situation.  The skills required to carry
out the framework are broadly transferable.
The skills for identifying needs and solving
problems transcend any methodology or any
discipline.  These skills are needed for ad-
dressing any problem and building any solu-
tion.
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BACKGROUND/TOOLS AND SKILL CATEGORIES/TOOLS

1.5.5.8. AN INFORMATION  SYSTEM NEEDS THE SYSTEMS APPROACH.

Everyone has some form of information sys-
tem.  Some information systems are primitive,
but they are indeed  information systems.  The
information system may be misunderstood or
poorly suited to the organization.  Such fail-
ings put managers and their system at cross
purposes.

The way you manage can result from the state-
of-the-art in establishing an information sys-
tem.  For example, in the Roman Empire, it
took weeks or months to transfer information
to and from the outposts.  Therefore, the terri-
tories were given a great deal of autonomy to
set policy and make decisions.  With better
information systems, authority can be focused
better.

The existence of an information system does
not imply the existence of the systems ap-
proach.  You are familiar with your informa-
tion system and it has worked to some degree.
It reflects history and the real world.  As
suggested in Figure 1.5.5.6., don’t abandon or
abuse your existing information system.  There
are reasons why you have the information
system you do—they probably are good rea-
sons.  You must know these reasons before
turning to a new information system.  Your
existing information system is the first itera-
tion in the process to develop your new infor-
mation system.

Know Your Domain and Your Role Within
It.
Microcomputer or no microcomputer, main-
frame or no mainframe, you should analyze
what it is you manage. The reason you must do
that for computers is that they only do auto-
matically what we tell them to do—we have to

tell them things to do that will be helpful to us
and work toward our mission.  Otherwise they
will do something, and a random selection will
result in much harm.

I remember a day when I needed to assemble
a number of notebooks for a prototype work-
shop on office automation.  The 500 pages
were to be divided by tabs; but, because of the
last minute rush, the decision had been made
not to number the pages.  I knew very well
where each page belonged; but, to get ready to
leave for the workshop, I wanted my own
workers, who are intelligent, logical, and know
my idiosyncrasies, to assemble the books for
me.  If I led the process and the workers
through the assembly we could assemble the
books, otherwise for that one afternoon the job
couldn’t be done.

The bottom line is that even though I knew
very well what I was doing and could do it
myself, I could not in that short time tell my
workers well enough how to do the job by
themselves.  (Later we numbered the pages
and had the time for the workers to learn how
to assemble the books.) Most importantly, if I
didn't know the process well enough to tell my
people how to do the job, surely I didn’t know
the process well enough to tell the computer
how to do it.

For this reason, most of us have experience
with automation specialists who repeatedly
fail us.  If we don’t know what we manage well
enough, surely the automation specialist
doesn’t.  To deal with computer systems analy-
sis you must balance a thorough understand-
ing of your information needs and the avail-
ability and characteristics of automation.

Systems analysts can do more good than harm, if they and you practice the systems
approach.
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Systems Analysts Will Help, If You Know
Your Stuff.
Computer and information or automation or-
ganizations are service organizations.  I learned
a rule from being such a service organization.
That is, “Never mess with the guy’s opera-
tion.”  Do not ask him to change “what is
managed” or “who manages” to make it easier
to develop tools for him.  Otherwise, you'll
throw the management system out of balance
or cause it to fail to meet its’ objectives.  You
must insist that the service organization leave
your operation alone.  I have seen automation

drive companies to bankruptcy—these were
not hardware or software problems; they al-
ways were a fit problem.

Both you and the information specialist should
recognize each other’s responsibilities.  The
information specialist provides a service or
support function to you.  Without knowledge
of your information needs, the information
specialist can do nothing more than tell you the
wonderful things automation is capable of ac-
complishing.

Figure 1.5.5.8. “Good-by, Junior.  We’re tired of you.”



686

BACKGROUND/TOOLS AND SKILL CATEGORIES/TOOLS

1.5.6.  SKILL  LIST WITH  MODULE REFERENCES
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BACKGROUND/TOOLS AND SKILL CATEGORIES/TOOLS

1.5.7.  EXERCISE ON SKILLS

If you know which of your skills are transferable and what they’re transferrable to,
you can determine your perceived value by a person who needs someone with skill to
contribute to their organization.

Explanation
You’ve been developing skills since you were
born.  Some skills you learned at home and in
the community and others you learned at school
and in the workplace.  Many of your skills
seem personal but are applicable to your work
responsibilities.  Learning to cross stitch well
teaches you paying attention to detail.  Skill at
putting together large jigsaw puzzles implies
you are good at seeing a long, tedious effort
through to its end.  Skill derived in high school
geometry indicates you can develop a logical
solution to a problem.

You can transfer some of your skills to a large
number of different situations.  The skill of
cross stitching is limited to situations where
you want to do decorative needle work.  The
skill of paying attention to detail is broadly
applicable to figuring out and solving a host of
different problems and to doing a complete
and thorough job in any line of work.  What
you learned from your life’s experiences and
how you understand the range of applicability

of what you learned affect your skills and their
transferability.

Exercise
Make a list of skills you believe you’ve devel-
oped.  After each skill, briefly identify (with a
phrase, if possible) a situation where you’ve
displayed that skill.  You want a situation that
would convince a stranger that you indeed
have that skill.  Don’t be limited by my lists of
skills in earlier modules.

Group the skills into three groups: high, me-
dium, and low transferability.  As you think of
transferability, think of using your skills in
different work situations.  Make sure you have
at least a few skills in each group.

Which of your skills do you think are most
valuable to a prospective employer?  How do
you show those skills to a prospective em-
ployer?  Where did you get the skills most
valuable to a prospective employer?
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BACKGROUND/TOOLS AND SKILLs CATEGORIES/THE COMMUNICATION SKILL

1.5.8.1. THE MESSAGE ISN’ T IN THE WORDS—FRANCOIS BOUCHER
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BACKGROUND/TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL

1.5.8.2. COMMUNICATION  SKILLS  FOR SYSTEM ANALYSTS

Communication is probably one of the two most important skills you can develop for
your professional advancement.  The other important skill is information gathering.

Often total strangers will need to coordinate
and integrate their efforts to produce a respon-
sive management tool to support a manager in
his or her domain of responsibility.  For ex-
ample, a project for developing a management
tool requires the participation of people with
many different interests and backgrounds and
from different disciplines.  To coordinate these
diverse people, this project needs effective
communication programs directed to the spe-
cific information requirements of all the people
involved.  Some of these people are users,
computer professionals, and top-level manag-
ers.  The project leader must create a commu-
nication structure for delivering the informa-
tion people need to do their jobs.  A good
system analyst should be at the center of this
communication network.  A system analyst
must be able to speak the language of most, if
not all, of the people working on or interested
in the tool.

Who’s Your Audience?
A primary responsibility of the system analyst
in any project is to identify the audiences of
their communications and the needs of those
audiences.  Rudolf Flesch says you should
imagine yourself talking about this subject to
this person at lunch.  In other words, think
about your audience before you begin writing.
The needs of the audience must determine the
context and purpose of the message.  A simple
approach to effective communication in any
systems development project implies you must
know your audience, understand their inter-
ests or motivation, and their information needs.
Three formal communication activities of
management tool development projects in-
clude:  problem solving work sessions, techni-

cal reviews, and reports (written and oral pre-
sentations).  These activities represent situa-
tions in building management tools where
you’ll need to exercise your communication
skills.

Problem Solving Work Sessions
Let’s begin with problem solving work ses-
sions as an example of a setting a system
analyst would find where he or she would need
to practice communication skills.  System
analysis is problem solving.  The overall prob-
lem being solved is made up of hundreds of
smaller subproblems.  Members of the project
team will address one or more of these sub-
problems each day.  According to Powers,
Adams, and Mills, the best problem solving
model involves objectivity when looking at a
problem.  They define five simple and direct
steps to objectivity in problem solving.  (Pow-
ers, Adams, and Mills, Computer Information
Systems Development:  Analysis and Design,
South-Western Publishing Co., 1984, p. 218.)

Step 1: State the problem clearly, separating
large problems into individual smaller
ones.

Step 2: Analyze the problem for its probable
cause.

Step 3: Identify alternatives for eliminating the
cause.

Step 4: Consider the consequences of these
alternatives.

Step 5: Choose the best alternative.



695

review their roles and skills in following the
procedures laid out in the plan and using the
resources available in the room that makes up
the emergency operating center.

People who do a walk-through simply identify
the strengths and weaknesses in the intermedi-
ate products in the development of a manage-
ment tool.  Some example development prod-
ucts are data flow diagrams, program structure
charts, collections of input or output docu-
ments, and test plans.  These walk-through
people aren’t expected to act on what they
find; they just find strengths and weaknesses.

A walk-through is just what it sounds like.
People who’ll use or develop the management
tool and others who want the tool to work walk
through the tool, its features, and its use.  They
pretend they’re exercising the tool.  They put
the tool through its paces.

Walk-through is a term coined in the MIS
business for testing and improving computer-
based information systems.  In planning (pri-
marily emergency planning), this activity is
called a table-top exercise.  Those people with
responsibilities defined in the plan sit around
the table and pretend they’re carrying out their
responsibilities.  As they play out their roles,
they find problems in the plan.  They fix the
problems.  Then, when the plan is needed “to
do its thing,” the glitches are out of it.

In developing a computer-based management
tool, usually three to five people will be in-
volved in reviewing any particular intermedi-
ate product.  The author, or developer, of the
product provides most of the information dur-
ing the walk-through.  For large projects, one
or more experienced system analysts will be
appointed as administrator of walk-throughs.
The administrator resolves any conflicts or
disputes and has authority to cut off any unpro-
ductive discussion.  Each walk-through ad-
ministrator should also appoint a secretary

Compare these problem solving steps with the
steps in Module 1.5.5.6.  Any problem solving
process emulates the scientific method.  Effec-
tive problem solving is done using groups of
people, some of whom know the problem and
some of whom have expertise in solution alter-
natives.  The key to bringing the right solution
together with the right problem is our commu-
nication skills.

Technical Reviews
The second category of communication ac-
tivities is technical reviews.  You can partici-
pate in formal or informal technical reviews.
Engineers tend to think of anything technical
as having to be based on physical science.
However, technical review is the review of the
content of a system or its associated processes
(WWA or WWWTB) or projects (HTGT) as
opposed to the review of the management or
progress of changes in the process or project.
Therefore, you can conduct a technical review
of any process, including those based on life
science or social science as well as physical
science.

A formal review includes the preparation of,
transfer of, and interpretation of technical docu-
ments and reports and oral briefings and brief-
ing charts.  An informal review includes walk-
throughs, table tops, and observations of the
process or project.  The communication issues
in formal technical reviews are similar to those
issues in reports, which I’ll discuss shortly.

To illustrate the communication issues in in-
formal reviews, I’ll discuss what happens in a
walk-through.  In emergency management,
we formalize a walk through a bit and conduct
a table top exercise.  In a table top, the partici-
pants in a potential emergency response gather
and review and test an emergency plan or a
emergency operating center, both of which are
management tools.  They review and test the
management tools by using the tools in an
hypothetical emergency situation.  They also
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(pp. 225-226) list five steps to be used in
organizing a message.  The five steps are:

Step 1: Identify audience needs and set
priorities.

Step 2: Collect all relevant information.

Step 3: Start the presentation (message) with
the most important item, then support
this initial statement.

Step 4: Analyze and critique the content of the
message.

Step 5: Use only enough time or words to
deliver a message that meets the
information needs of the audience.

This approach works equally well with written
reports and oral presentations.  I’ll discuss the
skills needed for both written reports and oral
presentations shortly.  Now, I’ll highlight the
communication activities management tool de-
velopers participate in.

Examples of written reports include manage-
ment summaries, progress reports, procedures
manuals, training manuals, and many others.
We use graphic information portrayal, such as
data flow diagrams and structure charts, in
written reports.  Management summaries are
used as a basis for decision making and there-
fore should include recommendations for so-
lutions and for actions.  The management
summary should be limited to a one-page to
two-page typewritten presentation.  Often the
management summary is written in “bullet”
form.  We’ll practice doing management sum-
maries when we discuss the management pro-
cess function, organizing and presenting in-
formation.

Procedures manuals should do for people what
programs do for computers.  The guiding prin-
ciple in developing a manual should be that

who has a thorough understanding of the prod-
uct being examined.  In table tops, we include
people who observe the exercise and critique
not only the management tool but those people
participating in the table top.

A walk-through should be conducted in a
businesslike way with all parties participating
equally.  Each member of the review team
should receive an advance copy of the product
they’re reviewing.  Additional walk-throughs
may be scheduled if they find rework require-
ments during an earlier walk-through.

There are two end-product documents to a
walk-through.  One is a walk-through report,
which is a brief, factual document identifying
the product, author, date, names of partici-
pants, and outcomes.  Another end-product
document of a walk-through is the manage-
ment report.  This report summarizes the walk-
through report but doesn’t give a detailed list
of errors found during the walk-through.  If the
participants accept the product, in full or in
part, they sign the management report.  The
participants who sign this document share
responsibility for the quality of the product.

Walk-throughs have some problems no matter
how expertly and professionally they’re con-
ducted.  One potential problem is when the
product to be reviewed is too large, which
results in a session taking too long.  Another
problem occurs if participants aren’t given
enough time to review the document and pre-
pare themselves.  Often in walk-throughs, we
rush to give the participants review documents
at the last minute and the participants don’t
have time to prepare properly for the walk-
through.

Reports (Written and Oral Presentations)
The third category of communication activi-
ties is reporting (written reports or oral presen-
tations).  Reports deliver messages to identi-
fied audiences.  Powers, Adams, and Mills
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tools to prepare the content of the project
management review.

We give status reviews to keep user manage-
ment current on the progress of the project.
They are information sessions, not sales meet-
ings.

Acceptance reviews consist of formal docu-
ments prepared in advance and provided to the
decision makers.  The purpose of an accep-
tance review is to get approval for recommen-
dations made.

Most guidelines for preparing written reports
apply equally to oral presentations.  However,
several special considerations also apply to
oral presentations.  An oral presentation should
be supported by visual aids that focus the
attention of the participants on the topics being
discussed.  Members of the audience should be
encouraged to ask questions and participate
actively in the discussion.

people are in the system because they’re able
to apply judgment.  Procedures manuals should
emphasize the importance of the results and
contain items to help build human understand-
ing and interest.

Training manuals should be designed as easy-
to-use references.  No trainer can teach every-
thing needed for smooth, continuous opera-
tion of a computer information system or any
other management tool.  This kind of skill and
experience can only be built on the job.  Effec-
tive training programs teach operators to learn.

Another type of report is an oral presentation,
which may fall into at least three categories:
project management reviews, status reviews,
and acceptance reviews.  Project management
reviews include reports of progress during the
current week, completion of tasks, time re-
maining for tasks in process, reviews of par-
ticular problems encountered, or tasks about to
begin.  I’ll outline a set of ten simple tools for
project management shortly.  You’ll use these
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1.5.8.3.1. AUDIENCE PLUS PURPOSE EQUALS DESIGN.

How do we design an information portrayal so
we can effectively work the information por-
trayal to information perception interface in
the Management System Model?  Lou Middle-
man has the most valuable answer to that
question in his simple equation: Audience plus
purpose equals design.  Whether you’re plan-
ning what to say or what to write, always
consider: Audience plus purpose equals de-
sign.  You design the oral or written portrayal
by considering in similar measure both the
purpose of your communication and the audi-
ence to whom you’re aiming the information.

When discussing the skill of communication,
I choose first to look at written communica-
tion, because the written form is more tan-
gible, is easier to look at again, and is useful for
discussing both written communication and
communication in general.  The two best pieces
to read to learn how to communicate in writing
effectively are Lou Middleman’s In Short
(Louis I. Middleman, In Short: A Concise
Guide to Good Writing, St. Martin’s Press,
Inc, New York, 1981) and Rudolf Flesch’s On
Business Communications (Rudolf Flesch, On
business Communications: How to Say What
You Mean in Plain English, Barnes and Noble
Books, New York, 1972).

Both books speak to the way to write effec-
tively and what to consider in writing so you’ll
hold your audience’s attention.  Neither spends
much time on grammer, punctuation, or sen-
tence structure.  What we want in writing is to
effectively transfer the information we want to
get from us to some audience.  Lou Middleman
puts it well when he indicates that the issue in
spelling or grammer is that if we do it wrong,

we distract the reader.  The reader can usually
figure out what word we mean or what the
grammer should be.  But, why ask the reader to
do that much work?  The reader won’t.  If the
reader has too much (really not much at all)
trouble in finding out what he or she might
want from what we’ve written, the reader will
abandon what we’ve written.

When we set aside the issues of punctuation
and spelling and so on, what’s left?  How do we
communicate so the audience will stick with
our communication long enough to get our
message?  How do we communicate so the
audience will get the message we intend?
Middleman and Flesch get into the specifics of
issues like writing like you speak, spilling the
beans, getting to the point, writing for thinking
versus writing for communicating, using short
sentences, and more.  Middleman tends to be
more intuitive and Flesch tends to be more
sensing.  Probably, your personality type will
dictate which you like best.

One of Middleman’s issues is knowing the
audience of what you write.  Later, I’ll talk
about matching the reader’s and writer’s pur-
pose.  Now, let’s think about how important or
urgent what you write will be to the audience.
Stephen Covey urges us to focus on what’s
both urgent and important rather than just
what’s urgent.  He also argues that the impor-
tant should come before the urgent.  Consider
importance and urgency when you decide to
write.  In business writing, we often write
memos.  Do you expect the reader to read
everything you write?  Of course, you do.
Otherwise, you wouldn’t write it.  Do you read
every word of what people write to you?  Of

When you communicate you must match the purpose of the information sender
to the purpose of the information receiver.
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course, you don’t.  You don’t have time.  The
age of information has gotten out of hand.  We
can’t read everything every writer has labored
so hard to put in front of us.  So, we choose.

When I look at my in-box material I stand over
the trash can.  Most of what I get I never open.
I use the return address on the envelope or the
subject heading on the memo to decide whether
to trash the document.  Sometimes I lose time
because I throw away something I should have
read at least the first sentence of.  Then, I have
to use some of the time I saved by throwing
most of my in-box away.  What do you want

me to do with what you write?  Consider how
important or urgent I’ll feel your document is
based on at most the first sentence.  Figure
1.5.8.3.1. is a scale for the importance and
urgency of memoranda.  What I consider 1
through 7 on the scale, I never get to.  You want
me to consider what you write a 10.  In Figure
1.5.8.3.1., Middleman indicates that a 10 on
the scale requires a reason (because) for read-
ing a memorandum immediately.  You must
know the because before you write the docu-
ment to have any chance for me to have a
because to compel me to read what you wrote.

MIDDLEMAN’S IMPORTANCE/URGENCY
SCALE FOR MEMORANDA

No rush; read
only if infinitely
curious or
paranoid; File Read on 

the john
if you’re 
bored.

Read 
during
insomnia.

Read first
thing this
a.m. or 
tomorrow
a.m.

Stop
whatever
you’re doing!
Read and 
respond at
once.

Read immediately
because_______.

(An I/U number should follow each name on the
distribution list; the number may differ for different
recipients.)

Note:  A “9” or “10” must be
           accompanied by a “because.”

1 2  3  4 5  6 7  8 9  10

Figure 1.5.8.3.1.  What is the reason (because) for me to read your document immediately?

• In a memo, you have at most two sentences to grab your reader.

• No reader should have to ask, “Why is so-and-so telling me this?”  It’s dis-
courteous to waste someone’s time.  Actually, it’s murder, stealing life, be-
cause all we have is time.
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1.5.8.3.2. SCOPING YOUR AUDIENCE

5. Consider the following issues first for the
primary reader and then for the secondary
reader.

a. What is his or her communication level
(education, understanding of terms, expe-
rience, knowledge of the topic or field,
etc.)?

b. What is his or her position relative to acting
on what you propose or discuss in your
document (position, relationship to you,
responsibility, etc.)?

c. What is his or her attitude toward the sub-
ject (interest, history, motivation, concern,
issues, etc.) before reading your document?

d. Why would he or she want to read your
document (need, importance, urgency,
etc.)?

e. What do you want him or her to do after he
or she reads your document (action, re-
sponse, etc.)?

f. What do you need to say to get him or her
to do that?

g. What attitude do you want him or her to
have toward the subject after reading your
document?

h. What attitude do you want him or her to
have toward you after reading your docu-
ment?

i. What do you need to say to get him or her
to feel that way?

How do you figure out your audience when
you write a memorandum?  The first hard
question is: Who’s the audience?  Often, you
don’t know exactly who’s going to read what
you write.  Often, more than one person will
read your writing, and the people are quite
different one from the other.  When you write
a love letter, it’s easier.  You’re writing to one
person that you’ve spent some time trying to
figure out what’s important to him or her, why
he or she should hear what you have to say,
what he or she wants to hear, and how he or she
wants to hear it.

It’s almost impossible to write a document
that’s equally effective for two or more people.
I don’t suggest using the same letter for two or
more lovers.  Tailor each letter to each lover.
Likewise, don’t send the same memo to two or
more bosses.  Consider the following issues
when you scope out the reader of your memo-
randum.  I’ll include issues for a primary
reader and a secondary reader.  If you’re writ-
ing to a bunch of people, I suggest you pick out
one person to focus on and try to make that
person the one who is most important to you in
the bunch.  Then try to group all the rest as the
secondary reader.

1. When did you determine that you need to
write the document?

2. When does the document have to be delivered?

3. What is the subject of the document?

4. If you need a title, what title reflects what
you want the reader to conclude from
reading the document?

If you expect your audience to read what you write, you must know your audience well
before you write.
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6. Why (motivation, purpose, outcome, etc.)
are you writing your document?

7. What do you want to accomplish in your
career or financial position as a result of
writing your document?

8. What resources (library, people, documents,
etc.) do you need to prepare yourd o c u -
ment?

9. What information (facts, data, informa-
tion) do you need to prepare your docu-
ment?

10.What visuals (graphs, photographs, draw-
ings, etc.) do you need to include in your
document?

11.What constraints do you have on the docu-
ment (style, length, etc.)?

12.What form (letterhead, binding, color, etc.)
do you want to put the document in?

13.How many copies will you need to make of
the document and where will they go?

I suggest that before you write a document you
carefully answer these questions.  Based on
the answers, you can write down what you’re
thinking.  Middleman says that we use writing
to help us think through what we want to
communicate.  When we write to think, we’re
writing things down.  He says that we use
writing to help us transfer information.  When
we write to communicate, we’re writing things
up.

What we write down is good for thinking and
lousy for communication.  When we think, we
make wrong turns, say the same thing in differ-
ent ways, put extraneous information in to
remind us of something else, and so many
other cumbersome and messy techniques.  This
extra structure, or scaffolding, gets in the way
when we try to communicate.  Before writing
things up, we have to identify and tear away
the scaffolding so we can see the creation we
worked so hard to build.  Now, we want to
communicate what we’ve exposed by remov-
ing the extraneous stuff and crisply stating the
important stuff.
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1.5.8.3.3. GUIDES FOR WRITING

Guides for writing are legion.  Here are a few
from Lou Middleman.

1. Writing is an highly idiosyncratic, non-
linear, recursive process of inventing and
rehearsing, drafting, revising, and rewrit-
ing.  Writing begins anywhere between
“Oh, Oh!” and “Aha!” and ends when the
written product is abandoned.  Writing
begins before the first word and ends be-
fore the last.

2. Write first to find your thoughts, then to
please yourself, finally to shape the mes-
sage to the reader’s needs.

3. All effective writing is persuasive: it must
persuade a reader to go on.

4. Audience plus purpose equals design.

5. Trust your sense of simplicity, clarity, and
conciseness.  It is easier to muddy a clear
statement than to rescue clarity from
gobbledygook or drivel.  When appropri-
ate, inform your audience, up front, that
for the sake of clarity you have deliber-
ately departed from its formal expecta-
tions of style and word choice (specify), so
he or she won’t respond to your writing as
an accident, a mistake from which you
must be saved.

You abandon any communication.  When I
speak, I can see people shift their attention.

Then I know I have to do something to get
them back.  You abandon any written docu-
ment.  Your eyes may look at the words, but
your mind has gone somewhere else.  To
transfer information, I need your mind, not
your eyes.  When you write, do so knowing
that your audience will mentally and then
physically abandon what you write.  The ques-
tion is : How long can you keep his or her
attention?

Crispness is a guiding rule for the management
process.  Crispness means simplicity, clarity,
and conciseness and also means strength.  I’ll
discuss crispness at length when I discuss the
guiding rules for the management process.

One way to be unclear is to write in the passive
voice.  I suggest you write in the active voice.
When you want to be obtuse or unclear (and,
unfortunately, you’ll want to do that some-
time), you can go back and change the word-
ing.  If you write clearly, you can be unclear on
purpose.  If you write unclearly, you can’t be
clear on purpose.

You can write about your writing or speak
about your speaking.  You can write that
you’re using a certain kind of jargon or that
you’re writing in a very personal style for a
purpose.

Lou Middleman likes to list six rules to help us
write better.  I’ve included the six rules in
Figure 1.5.8.3.3.

To write effectively, keep it simple, spill the beans, consider your audience, and be active.
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SIX “RULES THAT ONE CAN RELY
ON WHEN INSTINCT FAILS”*

• Never use a metaphor, simile, or other figure of speech
which you are used to seeing in print.

• Never use a long word where a short one will do.

• If it is possible to cut a word out, always cut it out.

• Never use the passive where you can use the active.

• Never use a foreign phrase, a scientific word, or a jargon
word if you can think of an everyday English equivalent.

• Break any of these rules sooner than say anything outright
barbarous.

*from George Orwell’s “Politics and the English Language”

Figure 1.5.8.3.3.  These six rules will help you write better.



706

BACKGROUND/TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL

1.5.8.3.4. USAGE OF THE PASSIVE VOICE

Read Kent Porter, "Usage of the Passive Voice,"
Technical Communication, First Quarter 1991,
Vol. 33, pp. 87-88.
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BACKGROUND/TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL

1.5.8.3.5. TO BE OR NOT

Read DeWitt Scott, "To Be or Not,"  Journal
of Management Consulting, Spring 1992, pp.
50-51.
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1.5.8.4. COMMUNICATION  IN BITS—GEORGE SEURAT
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION

1.5.8.5.1. HOW TO SAY WHAT  YOU MEAN AND MEAN WHAT

YOU SAY.

up with drafts of charts to use as visual aids for
the oral presentation and for everyone in-
volved in the presentation to know and influ-
ence the contents of the charts.  You should
work step-by-step through your briefing and
iterate as necessary.  The result of the set of
exercises will be a coherent and agreed-upon
basis for anyone to use to prepare a profes-
sional-quality briefing.

Many of the ideas in the exercise worksheets
were taken from a workshop by Robert Perry
and from texts by Louis Middleman and Rudolf
Flesch.

I designed the exercises as a two-hour partici-
pative session for a group of a dozen people.
The group was a team of people who worked
together and were working on a briefing to be
presented by the team leader.  Working as a
group brought in the added dimension of get-
ting the team members aimed in a common
direction toward a common conclusion with-
out gaps or overlaps.  Preparing an informa-
tion portrayal as a team is a common situation.
We’ll see the situation again in a team-writing
exercise later.

What often happens in team preparation of an
information portrayal is that the briefing or
document is disjointed because of the different
approaches, conclusions, biases, styles, and
perspectives of the team members.  In this
case, the team leader often throws away the
work (or at least most of it) of the team mem-
bers and does the briefing or document himself

You have to prepare if you want to give an
effective oral presentation.  When you pre-
pare, you set up the purpose of the presentation
and determine the conclusion you want to
move your audience toward.  In figuring out
how to meet your purpose and move your
audience, you design your presentation and set
up the visual information portrayal to support
your presentation.  This thinking reflects Lou
Middleman’s equation for writing: audience
plus purpose equals design.

In these nine modules, I’ll lay out a set of
exercises to follow for preparing an oral pre-
sentation.  The first three modules set up a set
of six exercises.  The following six modules
describe each of the six exercises.  I developed
this set of exercises to aid a team of people who
were preparing an important briefing as a
group.  I suggest that you can use these same
exercises when you prepare your briefing.
You may be preparing an oral presentation on
your own for you to present.  Or, you may be
a part of a group of people who are preparing
a presentation for one of the group to present or
to present in sequence as a team.  In many
ways, a participative group presentation is
more difficult to do because the participants
aren’t coordinated in what they think or what
they do.  These exercises are especially good
for group presentations.  I expect you to review
the exercises and reflect on the text supporting
each exercise.  When you have a presentation
to prepare, you’ll work out the exercises.

The purpose of the set of exercises is to come

For effective oral presentations you must move your audience toward the conclu-
sion you mean for them to come to; and you have to prepare your information
portrayal so your audience will know what you mean.
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or herself.  Then, the team leader, by disre-
garding the work of the team, disempowers the
team members.

Many of us do team briefings and documents
when we work on a team project even when
we’re in school working on design projects.
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1.5.8.5.2. PREPARING TO PREPARE.

Before we can effectively design an oral presentation information portrayal as a team,
we each need to do our homework on the purpose and the audience of the presentation.
In this way, we’re preparing to come together to prepare the presentation.

The purpose of the oral presentation worksheet
in this module is preparing to prepare.  When
we bring the team together, we need for each
of the members to do some thinking about the
briefing before they get together and influence
each other.  We’ll want the team members to
influence each other shortly.  However, at this
point, we want to collect their independent
thoughts.  The worksheet focuses on five is-
sues: 1) Who is the audience? 2) What is the
purpose of the presentation? 3) To what con-
clusion do we want to move the audience? 4)
What are the preferences of the audience? and

5) What’s the size of the presentation?

Figure 1.5.8.5.2. contains a leader’s review
sheet.  The purpose of the review sheet is for
the leader to see and to share with the team
members the amount of consensus the team
has even before they come together in terms of
the purpose and desired conclusion of the
presentation.  If you will, this exercise includ-
ing the worksheet and the review sheet is the
homework the team should do before they
come together to share their thoughts about the
presentation.

ORAL PRESENTATION WORKSHEET

1. Write one sentence naming and describing the one person to whom you’re speaking.  [For
very large audiences, you may be speaking primarily to a group or category of people (e.g.,
budget analysts, congressional staff).]

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

2. What is the single overall purpose for making this presentation?  Write a sentence describ-
ing why you’re making this presentation.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________



717

3. What single conclusion do you want your audience to come to as a result of your presenta-
tion?  Write a sentence clearly stating your conclusion.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

4. What three or four important points do you want to make in your presentation?  Each one
must be written as a sentence.

1) _____________________________________________________________

_____________________________________________________________

_____________________________________________________________

2) _____________________________________________________________

_____________________________________________________________

_____________________________________________________________

3) _____________________________________________________________

_____________________________________________________________

_____________________________________________________________

4) _____________________________________________________________

_____________________________________________________________

_____________________________________________________________

5. If you know any, list your audience’s preferences for presentation style, information for-
mats, or content topics.

1) _____________________________________________________________

2) _____________________________________________________________

3) _____________________________________________________________
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6. How many minutes are you considering for this presentation?  And for questions?

Presentation:________minutes Questions:________minutes

    Total:________minutes

LEADER’S REVIEW SHEET

If you’re planning more than one presentation in a single sitting, you want the presentations to
work together to meet a common purpose.  To keep the presentations from working against
each other, review each purpose and conclusion of all presenters.  Make sure they agree with or
support your central purpose and conclusion.  If they don’t agree, you must adjust theirs or
yours.

Purpose Conclusion
Presenter Agrees Agrees Adjustments

_________ ________ __________ _________________________________

_________ ________ __________ _________________________________

_________ ________ __________ _________________________________

_________ ________ __________ _________________________________

_________ ________ __________ _________________________________

Unless the total presentation is extremely long—several hours to several days—you shouldn’t
have more than five presenters.

Of secondary importance, review the important presentation points and audience’s preferences
from the worksheets.  You may gain some additional insight for yourself or have the opportu-
nity to redirect presentations obviously in trouble.  Aside from consistent conclusions and
purposes, be sure to allow presenters freedom in preparing their presentations.  They’ll speak
their own words best.

Figure 1.5.8.5.2.  The leader should see and then share the independent thoughts of the team members
before the team develops their collective thoughts.
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION

1.5.8.5.3. ORGANIZE  THE PRESENTATION .

Figure 1.5.8.5.3.  includes the topics for the set
of six exercises and shows the relative amounts
of time a group should spend on each exercise
and on each step within that exercise so the
group can complete a good draft of the presen-
tation in two hours.  As we organize our
presentation, we’ll work through the steps to
build an effective result.

Both oral and written presentations are formal
communications.  Communication is a means
for transferring information.  If you go to the
trouble of preparing and presenting a formal
communication, you must have a purpose.

A presentation is a device for securing a prede-
termined audience response.  You use a time-
constrained spoken message.  This set of exer-
cises will help you produce a complete mes-
sage to be cued by reinforcing visuals.  Often
we fool ourselves and refuse to admit we have
anything to sell.  Let’s at least agree that you
want to persuade someone of something.
Sometimes you make a presentation because
you’re told to—but a smart person will iden-
tify a purpose anyhow.

Once you have a purpose, you need to know
your audience and the object of your purpose:
your conclusion.  Otherwise, your presenta-
tion will fail.

Every presentation needs two things:  1) a
worthy message and 2) entertainment.  To
entertain means to involve or to draw close.  In
short, you want both to draw your audience
close with entertainment and to move him or
her to a conclusion with your message.  The
important items in your presentation, in prior-
ity order, are:

1) know your audience and purpose,
2) define your conclusion,
3) develop your message, and
4) entertain.

Entertainment is what the definition says; and
only in certain cases should entertainment be
frivolous.  The best entertainment reinforces
your message.  Variety will be your primary
weapon in holding your audience’s attention.

For a short presentation, you may have no time
for entertainment, which is no problem.  You’ll
hold the audience for several minutes just
because of the difference in the audience’s
environment when you get up to speak.

For a presentation longer than five to ten
minutes, we’ll consider entertainment, but we’ll
work on the message first.

We’ll use a set of six exercises to prepare a worthy message and hold your audience’s
attention.  A solid purpose, a good conclusion, a worthy message, and holding the
audience will give us a successful presentation.
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LIST OF EXERCISES AND STEPS

Exercise I LAST THINGS FIRST.  (40 minutes)
Step I (a) Start with the title for your last chart.  (13 minutes)
Step I (b) Put your ideas into your conclusion chart.  (17 minutes)
Step I (c) Clean up your ideas.  (3 minutes)
Step I (d) Prepare your conclusion presentation chart.  (7 minutes)

Exercise II YOUR PURPOSE AIMS YOU AT YOUR CONCLUSION.
(20 minutes)

Step II (a) Say why you’re there.  (9 minutes)
Step II (b) Put your ideas into your purpose chart.  (7 minutes)
Step II (c) Prepare your purpose presentation chart.  (4 minutes)

Exercise III YOUR AUDIENCE CAN HANDLE NO MORE THAN FIVE CONTENT
POINTS.  (20 minutes)

Step III (a) Prepare titles for the content points in your presentation.  (6 minutes)
Step III (b) Put your content ideas into your content charts.  (10 minutes)
Step III (c) Organize your presentation.  (4 minutes)

Exercise IV DETAIL CHARTS EXPAND CONTENT POINTS INTO MODULES.
(15 minutes)

Step IV (a) Develop titles for your ideas to expand one content point.  (6 minutes)
Step IV (b) Prepare detail charts for a content point.  (6 minutes)
Step IV (c) Organize your module.  (3 minutes)

Exercise V SUPPORTING CHARTS ADD LIFE AND EMPHASIS TO YOUR
PRESENTATION.  (24 minutes)

Step V (a) Review your content points.  (1 minute)
Step V (b) Consider additional information.  (7 minutes)
Step V (c) Review your presentation for highlights and emphasis.  (7 minutes)
Step V (d) Plan for detailed data used in supporting charts.  (2 minutes)
Step V (e) Identify ideas for support.  (6 minutes)
Step V (f) Associate supporting charts.  (1 minute)

Exercise VI FIRST THINGS LAST.  (1 minute)
Step VI (a) Start with a formal title.
Step VI (b) Consider an informal title.

Figure 1.5.8.5.3.  The six exercises and the detailed steps within those exercises will build a good draft for
an effective presentation in two hours.
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION

1.5.8.5.4. BRING THE AUDIENCE TO YOUR CONCLUSION.

The hardest and most important part of preparing the oral presentation is working out
the conclusion we want our audience to come to and the supporting points for coming to
that conclusion.  We’ll do this chart, which is our presentation outline, first.

This is the first of the set of six exercises.
Developing the conclusion we want the audi-
ence to come to is the hardest and most impor-
tant part of constructing the oral presentation.
Therefore, we’ll spend most of our time on
what turns out to be the first in importance and
last in sequence of our briefing charts.  Since

the conclusion is what we want the audience to
end up with, by doing this chart first and
foremost, we’re doing last things first.  We’ll
do four steps in completing this exercise.  I’ve
identified the steps as Step I(a) through Step
I(d).

Exercise I - LAST THINGS FIRST.  (40 minutes)

Step I (a) - Start with the title for your last chart.  (13 minutes)

You’ll first prepare your conclusion and final briefing chart.  All other charts will lead your
audience to this chart.  On your oral presentation worksheet in Module 1.5.8.5.2., you wrote the
single conclusion you want your audience to come to as a result of your presentation.

Now work with this sentence until it has ten or fewer words and clearly makes your point.  Keep
the verb “to be” out of your sentence.  You’ll strive to include in your sentence the topic and
what’s in it for your audience.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Using a 4x6 card, write your short sentence at the top of the card.  The sentence will be your
chart title.  (The reason for a 4x6 card is to limit the number of words you use and to set up your
overheads.)  (3 minutes)

Discuss conclusion titles together with others in your group.  The objective is to be sure your
sentences are active (not passive), make the points you want, and are easy to understand.  (10
minutes)

Step I (b) - Put your ideas into your conclusion chart.  (17 minutes)

Write no fewer than three and no more than seven ideas to expand, clarify, prove, justify, sup-
port, emphasize, or reinforce the chart title.  If you want a push to get started or want help if you
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get stuck, read in Figure 1.5.8.5.4. about two concepts to develop and organize your ideas.

1) __________________________________________________________________

__________________________________________________________________

2) __________________________________________________________________

__________________________________________________________________

3) __________________________________________________________________

__________________________________________________________________

4) __________________________________________________________________

__________________________________________________________________

5) __________________________________________________________________

__________________________________________________________________

6) __________________________________________________________________

__________________________________________________________________

7) __________________________________________________________________

__________________________________________________________________

If you believe there are more than seven ideas, pick the best seven (or fewer) and save the others
for later.  Research shows that any conclusion can be proved in six points.  Any more points are
simply diminishing returns.  Your should anguish over any seventh idea.  (7 minutes)

Discuss conclusion ideas together with others in your group.  For the conclusion chart, your
ideas start best as sentences.  You want all the ideas to work together.

The order of these ideas in leading your audience to your conclusion is extremely important.
Use an inverted pyramid style—the second concept described in Figure 1.5.8.5.4.

As you discuss the ideas, you’ll want to mark through the numbers for the ideas and re-number
them.  (10 minutes)

Step I (c) - Clean up your ideas.  (3 minutes)

Now review your ideas and combine, clarify, or eliminate as necessary.  If an idea is good but
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doesn’t strike you as supporting the title, eliminate that idea from this chart and save the idea for
later.  If two ideas are similar, combine them—not with the word “and” but by writing an idea
including them both.  Write each idea with as few words as possible.  Eliminating words brings
you to the “meat” of the idea and will clarify the idea.

One by one, evaluate whether each idea supports or leads the audience to your central conclu-
sion.  We suggest you look at each idea and ask yourself the question, “So what!”  If you can’t
answer yourself, your idea needs work.  Together, your ideas supporting your conclusion should
say what and so what—what is the conclusion and why your audience cares.

As a functional part of your presentation, the conclusion chart is used to tell your audience what
you told them.  You want your conclusion to be a tangible stimulus to action.

Consider again the rank order of the ideas.  Re-order and re-number them to clean up this, your
most important, chart.  (3 minutes)

Step I (d) - Prepare your conclusion presentation chart.  (7 minutes)

Bullet Forms
Each of your ideas will become a bullet on your final chart.  A bullet is a fast, accurately-directed
missile.  That’s how you must fashion each of your ideas.

An advantage of the method you’re now learning for preparing charts is that in addition to being
effective for the audience, the charts are wonderful crutches for you.  Since your title is the
sentence that “says it all” for your chart, read the title to your audience.  Your audience won’t
notice you’re reading because they’re reading the same thing.  Seeing and hearing the same thing
at the same time has been proven to be ten times as effective in remembering a point as in seeing
or hearing by itself.  The bullets for the audience become, for you, ticklers.  The bullets remind
you of your ideas during the stress of the presentation.

You may prepare each of your bullets in one of three forms:  1) words, 2) phrases, or 3) short
sentences with periods.  Your choice of form should be a combination of your preference and
your audience’s preference.  The shorter form is generally better.  If you’re scared to death, a
longer form may be the least of all evils.  If your audience is going to review a hard-copy version
(hand-out) of your presentation before you present the briefing, he or she may prefer a longer
form.  Write your bullets on the 4x6 card with your title from Step I (a).  Don’t number the card
yet!  (5 minutes)

Parallelism
Check for parallelism.  If you chose the word or phrase form, make sure all bullets on the chart
are either noun-based, adjective-based, or verb-based.  Mixing bases is distracting.  If you chose
the sentence form, make sure your tenses are consistent.  Sentences end with periods.  Words and
phrases don’t.  (2 minutes)

You’ve now completed the hardest and most important part of your presentation (at least in first
draft form).
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TWO JOURNALISM CONCEPTS WILL HELP DEVELOP AND ORGANIZE YOUR IDEAS.

Each briefing chart tells a story.  All charts together tell a larger story.  The news media uses a
form of communication that both is effective and efficient and is familiar to your audience.  I’ll
briefly describe two concepts taken from the news media to help you both in constructing a chart
and in organizing your charts when preparing your presentation.

“AIDA” is an acronym used by journalists:
A - gain your audience’s Attention;
 I - arouse your audience’s Interest;
D - bring your audience to Desire the benefit of what you offer; and
A - request an Action.

A good journalist uses AIDA in every piece he or she writes.  It works.  Try it!

The inverted Pyramid style of writing does not keep the audience in suspense.  When competing
for readership, newspapers found they had to “spill the beans” early.

Technical specialists have learned to write by beginning at the beginning and going on to the
end.  It’s the obvious and easiest way to organize your material.  The trouble is that what’s easy
for you is hard on the audience.  Don’t build your audience’s impatience and subconscious
resentment by holding him or her off.

Notice in your newspaper that the headlines are arranged with the broadest headline in the
biggest type on top and successively narrower headlines with smaller type below.  The news
story itself follows the same principle.  Start with a summary of the result.  Follow this with
important details.  Continue with explanatory details and background.  Each step fills in more
and more details of less and less interest and importance.

Arrange your bullets with the most important and inclusive one on top.  (People often forget to
have such a bullet!)  Follow with important details.  The limit of seven (or fewer) bullets may
force you to drop some details.  Good!  You don’t read all of every newspaper article.  You stop
when you have the level of detail you want.  Your audience will stop listening to you when he or
she has the level of detail he or she wants.  If necessary, you can abandon your chart part way
down the bullets—if you use the inverted pyramid style.  You abandon bullets when your
audience’s attention has obviously wandered.  You and I have both experienced our audience’s
attention wandering.  We used too many bullets. We must stop overdoing the amount we want to
communicate.  We always will want to tell the audience more than he or she will want to hear.
We shouldn’t do what we want to do, in this case.

Figure 1.5.8.5.4.  As you figure out the story you’ll tell with each briefing chart and that you’ll tell with
all the charts together, you’ll be wise to use two journalism concepts.



726

TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION

1.5.8.5.5. KNOW YOUR PURPOSE.

The first thing our audience should see is the purpose for the oral presentation and that
purpose should answer for the audience the questions: So what? and What do you want
from me?

This is the second of the set of six exercises.
This chart will come first in the briefing (after
the title, of course).  We’ll do three steps in

completing this exercise.  I’ve identified the
steps as Step II(a) through Step II(c).

Exercise II - YOUR PURPOSE AIMS YOU AT YOUR CONCLUSION.  (20 minutes)

Step II (a) - Say why you’re there.  (9 minutes)

You’ll now prepare the first chart after your title chart.  You’re going to tell your audience why
you’re there.

You’ll prepare your title chart last.  Forget about your title for now!  Your title will be obvious
when the time comes.

On your oral presentation worksheet, you wrote the single purpose for making the presentation.
Now work with that sentence until it has ten or fewer words and clearly makes your point.  The
words “My purpose is” are not allowed in your sentence.  Again, include the topic and what’s in
it for your audience.

Tell your audience why you’re there.  Aside from leading your audience to your conclusion,
you’re there for a reason.  “I want to convince you to fund XYZ Project;” “I need you to support
me on the DEF issue;” “You need to know about the ABC problem;” “I find that most people in
your position believe RST.”  Answer your audience’s question “What do you want from me?”
right now.

Your audience suspects that they’re there for a reason.  Your audience won’t relax and be open
to you and what you’re saying until they know that reason and what’s expected of them.  So, put
your audience at ease and tell them up front why you’re there and what you want from them.  By
the way, you do want something.  Figure it out, and tell your audience up front.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Using another 4x6 card, write your short sentence at the top of the card.  The sentence will be
your chart title.  (3 minutes)

Discuss purpose titles together with others in your group.  The objective is to be sure your
sentences are active (not passive), clear the air with your audience on what you expect of him or
her, and are easy to understand.  (4 minutes)
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Step II (b) - Put your ideas into your purpose chart.  (7 minutes)

Write no fewer than three and no more than seven ideas to expand, clarify, prove, justify, sup-
port, emphasize, or reinforce the chart title.  Remember the news media ideas from Figure
1.5.8.5.4.

1) __________________________________________________________________

__________________________________________________________________

2) __________________________________________________________________

__________________________________________________________________

3) __________________________________________________________________

__________________________________________________________________

4) __________________________________________________________________

__________________________________________________________________

5) __________________________________________________________________

__________________________________________________________________

6) __________________________________________________________________

__________________________________________________________________

7) __________________________________________________________________

__________________________________________________________________

If you believe there are more than seven ideas, pick the best seven (or fewer) and save the others
for later.  Remember, after six points you get diminishing returns.  (5 minutes)

Combine, clarify, or eliminate those ideas that need improvement.  One by one, evaluate whether
each idea helps your audience see the importance of your being there and what you expect of
them after your presentation.

Your audience may have biases on or objections to where your presentation is taking him or her.
If you know the biases or objections, you must acknowledge them.  You don’t have to answer
them now, but you can put your audience at ease by recognizing that he or she has concerns.
Recognize them as soon as possible.  Try your purpose chart.
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When working in a group to prepare a presentation, review your purpose ideas together.  Again,
your ideas should start as sentences.  You want all the ideas to work together.  The rank order of
ideas is always important.  Based on the review, you’ll want to reconsider your purpose ideas.
(4 minutes)

Step II (c) - Prepare your purpose presentation chart.  (4 minutes)

As you did for your conclusion chart, prepare a bullet for each idea in your purpose chart.  Pick a
form (word, phrase, or sentence) for your bullets and check for consistency and parallelism.
Clean up your ideas.  Ask yourself, “So what!” for each idea.  Write your bullets on the 4x6 card
containing your title from the purpose chart.  Number the 4x6 card #2.  This chart follows your
title chart and is therefore your second chart.  (4 minutes)

As a functional part of your presentation, this chart is used to tell your audience what you’re
going to tell them.  Your purpose is a formal statement of why you are there.  There are similari-
ties between your purpose and conclusion charts.  One similarity is that your purpose chart tells
the audience what you’re going to tell them, and your conclusion chart tells them what you’ve
told them.  The charts you’ll develop in the next exercises will tell them.

If your presentation is five minutes or less, you’re probably finished.  You may want to add your
title chart or one or two supporting charts—not content points.  Later, we’ll discuss illustrations,
graphics, tables, photographs, and diagrams as supporting charts.  Then we’ll discuss title charts.
If your presentation is five minutes or less, skip to supporting charts in Step V (a).
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION

1.5.8.5.6. CONTENT POINTS CONTAIN  THE MEAT OF THE PRESENTATION .

We need to support our purpose and conclusion with facts, ideas, and examples.  Our
content points give the audience the reasons for coming to the conclusion we chose for
them.

This is the third of the set of six exercises.
These several charts follow the purpose chart.
We’ll do three steps in completing this exer-

cise.  I’ve identified the steps as Step III(a)
through Step III(c).

Exercise III - YOUR AUDIENCE CAN HANDLE NO MORE THAN FIVE CONTENT
POINTS.  (20 minutes)

Step III (a) - Prepare titles for the content points in your presentation.  (6 minutes)

The content of your presentation will present facts, ask questions, and review principles.  Choose
no more than five content points.  Recall the important points you listed in the oral presentation
worksheet in Module 1.5.8.5.2.  Write each content point as a sentence.  Remember the topic and
what’s in it for your audience.

1) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

2) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

3) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

4) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________
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5) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

One by one, evaluate whether each point supports or leads the audience to your conclusion.  If
one point doesn’t, change or eliminate the point.  Remember, rank order is always important.
(4 minutes)

You may have selected as many as five content points.  If so, together with your purpose and
conclusion charts, you now have seven charts.  The minds of your audience can hold no more.
Psychologists have proven that with more information the brain accepts less than if you have seven
or fewer ideas.  (This fact affects the maximum of seven bullets we allowed on earlier charts.)  To
insist on more ideas will significantly reduce the effectiveness of your presentation.

My friends at Citibank tell me that to communicate something you must tell a person three times.
I believe they expect some time between tellings.  However, you told them what you told them in
the conclusion chart, told them what you were going to tell them in the purpose chart, and now
you’ll tell them.  That’s three times.

Rewrite each of your content-point sentences in ten words or less.  Write one of the sentences at
the top of a 4x6 card, one for each point.  The sentence is the title of your chart.  (2 minutes)

Step III (b) - Put your content ideas into your content charts.  (10 minutes)

For each 4x6 card, titled with a short sentence, prepare no more than seven bullets.  Pick a form
(word, phrase, or sentence) for your bullets and check for consistency and parallelism.  Be very
careful.  Each bullet must clearly support the title of the chart.  If it doesn’t, consider discarding
the bullet, combining it with another bullet and restating the new bullet, moving the bullet to
another chart, or creating an entirely new chart to hold the bullet in question.

When creating a new chart, your total can’t come to more than five content points.  You may
decide to combine two content points to keep from discarding the bullet.  Also, when creating a
new chart, you’ll need more than the one (and really more than two) bullets.  The bullet, in fact,
might be an important content point deserving a series of bullets.

Now is a good time to consider the extra bullets you may have saved from your conclusion and
purpose charts.  If you can’t find a place for the saved bullet on the content-point charts, you
probably don’t need the bullet.

Evaluate each content-point chart to be sure your point is clearly made.  If you prepared the
conclusion and purpose charts properly, each of the well-made points should draw your audience
closer and closer to your conclusion.  We’ll check that now.
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Step III (c) - Organize your presentation.  (4 minutes)

Lay your seven (or fewer) 4x6 cards out on a table.  Lean back and review and evaluate your
entire presentation.  With your #2 (purpose) card in first place and conclusion card in last place,
arrange the content-point charts in the order to most effectively lead your audience to your
conclusion.  Remember the news media ideas from Figure 1.5.8.5.4.  AIDA and the inverted
pyramid style apply to organizing your content points within your presentation as well as order-
ing your bullets on a chart.

When you have the cards in order, number the cards following your #2 (purpose) card from card
#3 to the conclusion card.

If your message isn’t clear from the cards in front of you, you must re-think the presentation.  Is
your problem purpose, conclusion, content points, order of charts or bullets, or consistency?  For
a long presentation, you may produce many more charts (and 4x6 cards).  If the charts you’ve
already finished aren’t effective, more charts won’t help.  Make the charts you’ve finished
effective, and more charts can bring more information to your audience.

If your presentation is fifteen minutes or less, you’re almost finished.  In a presentation this long
you’ll want two to five supporting charts, and of course, a title.  Making your presentation more
detailed will get you into trouble.  Everything we do from now on spices up the presentation.

Later, we’ll discuss illustrations, graphics, tables, photographs, and diagrams as supporting
charts.  We’ll also discuss your title chart.  If your presentation is fifteen minutes or less, go to
Exercise V.

Sometimes a photograph, illustration, table, graphic, or diagram can make your content point
best.  In this infrequent case, the chart makes the point of one of the five sentences that you
began this exercise with.  The short version of that sentence becomes the title of your chart and
must appear as a title on that chart.  For a photograph, you should precede the photograph with a
title chart.
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION

1.5.8.5.7. DEVELOP REINFORCING  DETAILS .

Exercise IV - DETAIL CHARTS EXPAND CONTENT POINTS INTO MODULES.
(15 minutes)

Step IV (a) - Develop titles for your ideas to expand one content point.  (6 minutes)

After you’ve been preparing bullet charts for awhile, you’ll find the best way to develop a bullet
for any chart is to write a sentence first.  Then choose the words for the bullet.

For a longer presentation, you don’t want to make more content points.  You want to expand on
one or more of them.  In expanding a chart, start with the bullets on the chart.  The sentence form
(ten words or less) of each bullet to be expanded becomes the title of a new chart.

Pick one content-point chart.  Choose the ideas you want to expand and to drive home more
forcefully.  Write each idea as a sentence.  Remember the topic and what’s in it for your audi-
ence.  (4 minutes)

1) __________________________________________________________________

__________________________________________________________________

2) __________________________________________________________________

__________________________________________________________________

3) __________________________________________________________________

__________________________________________________________________

4) __________________________________________________________________

__________________________________________________________________

This is the fourth of the set of six exercises.
These several charts make up a module to
clarify and enhance one or more of your con-
tent points.  With these reinforcing charts,
we’ll have the oral presentation laid out.  We

only have a need for adding excitement to our
laid out presentation if we have time left in the
presentation schedule.  We’ll do three steps in
completing this exercise.  I’ve identified the
steps as Step IV(a) through Step IV(c).

We’ll add a measure of clarity and reinforcement to our presentation through the way
we handle our detail charts that expand on the content points of the presentation.
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5) __________________________________________________________________

__________________________________________________________________

6) __________________________________________________________________

__________________________________________________________________

7) __________________________________________________________________

__________________________________________________________________

You can have no more than seven sentences because seven is the maximum number of bullets on
your content-point chart.  Each of these detailed-chart sentences must support or lead the audi-
ence to the content point because you developed the bullets that way.

Write each of the detailed-chart sentences in ten words or less.  Do so on one 4x6 card for each
detail chart.  (2 minutes)

Step IV (b) - Prepare detail charts for a content point.  (6 minutes)

Pick a form for the bullets and check for consistency.  Be very careful.  Each bullet must clearly
support the title of the chart.  Otherwise, as before, you must do something with the bullet.
Remember, rank order is important.

Visuals as Alternatives
Quite often, at this level of detail, you can communicate the title of the detailed chart best
through illustration, table, diagram, graphic, or photograph.  If so, remember the chart must be
titled with your sentence.  Most people in the world are sensing rather than intuitive.  Illustra-
tions, diagrams, graphics, or photographs don’t clearly make the point for them.  Your title will.

Step IV (c) - Organize your module.  (3 minutes)

Lay the cards for your detail charts out on a table with the content-point chart they were derived
from.  Lean back and review and evaluate this module you’ve just created.  Arrange the detail
charts in the order that best supports the content point.  If the order you choose is different from
the order of the bullets on the content-point chart, change the content-point chart.  When you
have the cards in order, the content point has a number, let’s say #4.  Number the detailed chart
cards #4-1, #4-2, and so on, in order.  If you want, you can lay the entire presentation out before
you to evaluate your presentation.  The primary reason for using 4x6 cards is to offer you this
benefit.  The other reason is to reinforce your attention to the brevity needed in what you put on
each chart.

Now you have a module in your presentation.  You can choose to use the content-point chart
alone or supported with its detail charts.  The extra charts will add ten to fifteen minutes to your



736

presentation.  The rule of thumb is that seven charts should take from ten to fifteen minutes to
present.  Clearly, for each detail chart in bullet format, you can develop another level of detail.
The procedure is the same as before.  Always use a sentence as a title.  Make sure each child
chart supports its parent and all children are in the proper order.  Number more-detailed charts
with more-detailed numbers:  e.g., #4-2-1, #4-2-2, and so on.

At this level, you’ll be using more and more illustrations, etc. and must consider variety to hold
the audience’s attention.  We’ll do supporting charts next.



737



738

TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION

1.5.8.5.8. DEVELOP ENTERTAINING  SUPPORT.

We’ll add a little spice and excitement to our presentation through the way we handle our
detail charts that expand on the content points of the presentation.

This is the fifth of the set of six exercises.
These several charts make up a module to
clarify and enhance one or more of your con-
tent points.  With these entertaining charts,
we’ll add to the laid-out presentation by in-
cluding entertainment.  Our intent is to do
more to bring the audience close to us so we

can bring the audience to our conclusion.  If
we’re giving a long presentation, we’ll need a
few charts to add spice and keep the audience’s
attention.  We’ll do six steps in completing this
exercise.  I’ve identified the steps as Step V(a)
through Step V(f).

Exercise V - SUPPORTING CHARTS ADD LIFE AND EMPHASIS TO YOUR
PRESENTATION.  (24 minutes)

Step V (a) - Review your content points.  (1 minute)

Before starting to develop supporting charts, review the important points you listed on your oral
presentation worksheet in Module 1.5.8.5.2.  Make sure you’ve made them in your message or
that you’ve decided not to make them.  Chances are slim you’ll be able to work these points in
now.  Supporting charts generally add variety and emphasize a point already made.  List these
points now as sentences.

1) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

2) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

Try to put the points into the primary part of your presentation and cross them off your list.
We’ll try to work the others into your supporting charts.  (1 minute)

Supporting charts usually reinforce a point already made or add information to support a point.
Sometimes they can effectively make the point by themselves.  This happens mostly for detail
charts.

You have many options for the form of your supporting charts.  They include quotes, illustra-
tions, photographs, diagrams, structures, matrices, graphics, and tables.  We’ll first find the
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additional information, the highlights, or break points needed in your presentation.  Then we’ll
think about which form to use.

Step V (b) - Consider additional information.  (7 minutes)

Write down ideas for additional information you believe generally will strengthen your presenta-
tion.  You might want to highlight something or include facts or concepts you have in your
documents or have seen that strike you as significant.  An important issue or concern could be on
your mind.  Do you have a war story that will make an important point?  Is there an aspect of
your logic that is particularly intense, strange, or visual—from which humor or emotion might
spring?  Write these ideas now.

1) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

2) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

3) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

4) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

5) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

6) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________
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Step V (c) - Review your presentation for highlights and emphasis.  (7 minutes)

Review your 4x6 cards representing your presentation.  Look for points (titles, bullets, implica-
tions) that don’t seem to stand out but should.  Look for points you believe the audience may not
buy without justification or explanation.  Look for points that have subtle implications or impact.
Do any of the points stimulate emotion in you?  Anger, humor, concern?  Write these ideas now.

8) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

9) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

10) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

11) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

12) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

13) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

14) __________________________________________________________________

__________________________________________________________________
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__________________________________________________________________

15) __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

Step V (d) - Plan for detailed data used in supporting charts.  (2 minutes)

Review the two sets of ideas from Steps V (b) and V (c) and indicate whether you can find any
detailed numbers, tables, diagrams, or pictures you need to provide input to the ideas.

_______________ 1) Yes __________ No __________

_______________ 2) Yes __________ No __________

_______________ 3) Yes __________ No __________

_______________ 4) Yes __________ No __________

_______________ 5) Yes __________ No __________

_______________ 6) Yes __________ No __________

_______________ 7) Yes __________ No __________

_______________ 8) Yes __________ No __________

_______________ 9) Yes __________ No __________

_______________ 10) Yes __________ No __________

_______________ 11) Yes __________ No __________

_______________ 12) Yes __________ No __________

_______________ 13) Yes __________ No __________

_______________ 14) Yes __________ No __________

_______________ 15) Yes __________ No __________

Step V (e) - Identify ideas for support.  (6 minutes)

For each of the ideas you’ve listed, take a 4x6 card and write a ten-word or shorter sentence at the top
of the card.  The sentence is the title identifying what the idea says.  Don’t write any bullets under the
title yet.
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Place the 4x6 cards on a table in front of you; arrange and then number them in sequence.  In the
spaces for the other bullets, indicate any needed detailed data.  Use your detailed data list from
Step V (d).

Gather up your 4x6 cards.  These cards represent your supporting charts.  Deciding among
illustration, diagram, table, photograph, or graphic is another concern and, for each chart, de-
pends on the title and the detailed data available.  You’ll consider the best visual after you place
each chart in your presentation.

Step V (f) - Associate supporting charts.  (1 minute)

Place your 4x6 cards representing your primary presentation charts on a table in order in front of
you.  Take your 4x6 cards representing your supporting charts and match them to your primary
presentation charts.  Number each of the cards first with the number of the chart it supports and
write an “S” after that number.

For each primary presentation chart with more than one supporting chart, figure out the sequence
of the supporting charts.  Write the number of the supporting chart in the sequence after the “S.”
For example, if you have three supporting charts for chart #4-2-3 and this is the second support-
ing chart in the sequence, write the number #4-2-3 S 2.

Lay your entire presentation out in front of you.  Think your way through the presentation.  If
you see a place where the presentation drags, has too much detail, or just needs a break for relief,
put a 4x6 card in that place.  Write the word BREAK across the card.  Consider that card a
supporting chart and number it properly.

Your supporting charts will be more visual than your bullet charts.  Consequently, many of them
are lighter in attitude and will entertain.  Primarily, the variety will help keep your presentation
moving and give it life.  Additional entertainment can help at these break points.  At times being
a little frivolous can help change pace, break the intensity, and relax the audience.  Cartoons,
illustrations, photographs, or quotes do this job best when used with war stories or examples to
help make your point.  Don’t start or end your presentation with a war story, example, or joke
unless it makes your entire point.

Work with your 4x6 cards to develop the best form for your supporting charts.  Review the
supporting cards together with all your other charts.  (1 minute)
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We’ll finally know what to title the presentation based on the purpose, conclusion, and
content points we’ve worked so hard to develop and integrate into a tight package.

This is the sixth and final exercise of the set.
This chart is what the audience will see first.
We’ll do two steps in completing this exercise.

I’ve identified the steps as Step VI(a) through
Step VI(b).

Exercise VI - FIRST THINGS LAST.  (1 minute)

Your title is the lead to your persuasive story.  The title should stick in your audience’s mind and
say everything.  The bottom line is at the top.

Step VI (a) - Start with a formal title.

A formal title includes three, and maybe four, items.  First, state who you are.  This attitude
seems assertive; but, in any presentation, you must identify yourself and establish your
credibility first.  Second, state your presentation statement.  Your presentation statement should
paraphrase your conclusion statement.  Third, state who the audience is.  Finally you can add the
date and place of the presentation.  Write the four items below.

1) WHO YOU ARE:____________________________________________________

2) PRESENTATION STATEMENT:_______________________________________

3) WHO THE AUDIENCE IS:____________________________________________

4) (optional) DATE AND PLACE:_________________________________________

Step VI (b) - Consider an informal title.

Try to develop an informal alternative for your title.  Decide which title to use.

This set of exercises has a formal title:  An Oral Presentation Exercise.  I added an informal title
which could have stood by itself: How to Say What You Mean and Mean What You Say.

TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION

1.5.8.5.9. FINISH  THE PRESENTATION  WITH  A TITLE .
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION/LISTENING

1.5.8.5.10.1.  LISTENING  IS THE IMPORTANT  PART OF COMMUNICATION .

We do more listening than any other communication skill, listening is the skill
that makes or breaks the transfer of information (communication), and we don’t
receive instruction on effective empathic active listening.

To be good at communication, listening is the
important skill.  Why?  Because even a poor
sender (speaker) sends some message and a
good receiver (listener) can pick up important
information from that message.  Because of all
the time we spend communicating, by far the
greatest is spent listening.  Because, if we
spend so much time listening, any amount of
ineffectiveness is costly.  Because listening is
the most effective connection we can make
with another person.

Everyone who discusses listening distinguishes
between the physical act of hearing and the
emotional or mental practice of listening.  You
may hear a sound or a word, but if you don’t
listen, you don’t get the meaning or the mes-
sage.  Hearing is but one of a number of senses
we can use as the first step in a listening
process.  I’ll discuss communication and lis-
tening processes and models in the next mod-
ule.  Here, I want to highlight the extent to
which we spend our lives listening—either
well or poorly, mostly poorly.

Shortly, I’ll list for you the facts about listen-
ing.  Everyone who writes about listening
reports these data.  To give you an idea of the
breadth of interest in the elusive listening skill,
I’ll list a number of places you can find these
data.  You can find the data in Leroy L. Lane,
By All Means Communicate, Prentice Hall,
Second Edition, 1991 p. 29; Deborah B.
Strother, “On Listening,” Phi Delta Kappan,
68, April 1987, pp. 625-628; Lyman K. Steil,
et. al., Listening, It Can Change Your Life—A
Handbook for Scientists and Engineers, John
Wiley and Sons, 1983, pp. 2-3; Clare Sproston

and Glenna E. Sutcliffe, 20 Training Work-
shops for Listening Skills, Glower, Aldershot,
1989, Chapter 1, p. 11; Madelyn Burley-Allen,
Listening, The Forgotten Skill, John Wiley
and Sons, 1982, p. 2; Diane Bone, The Busi-
ness of Listening: A Practical Guide to Effec-
tive Listening, Crisp Publications, Inc, 1988,
p. 34; and Larry Barker, et. al., “An Investiga-
tion of Proportional Time Spent in Various
Communication Activities by College Stu-
dents,” Journal of Applied Communication
Research, 8, November 1980, pp. 101-109.

Here are the data.  From studies done many
years ago, we find that we spend 70 to 80
percent of our waking lives communicating.
Of that time we spend 45 percent listening, 30
percent speaking, 16 percent reading, and 9
percent writing.  (I believe these data are
originally from studies summarized by Dr.
Ralph Nichols in his book, Are You Listening
published by McGraw Hill in 1957.)  Listen-
ing is the skill we use most in learning.  Con-
sider how much you learn both inside and
outside your school classes.  Without good
listening skills, you’re a handicapped learner.
Ironically, listening is the least understood
communication skill.  We assume that listen-
ing is understood instinctively from infancy,
so we make little effort to improve our listen-
ing skill.  When faced with the data, the num-
bers seem correct on the face of it.

Let’s play with these numbers some.  Consider
which of the skills you spend most of your time
in school learning.  We receive instruction and
assisted practice in inverse proportion to the
need to use the skill.  (Madelyn Burley-Allen
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reports 12 years formal training in writing, 6-
8 years in reading, 1-2 years in speaking, and
0-1/2 years in listening. (p. 31.))  If we add the
45 percent of our communication time we use
for listening to the 30 percent we use for
speaking and consider approximately 80 per-
cent of our time is spent communicating, then
for 60 percent of our waking lives we’re either
listening to someone or hoping someone is
listening to us.  Most people average a 25
percent efficiency rate in oral communication.
Then, we are wasting 45 percent of our waking
lives.

The average speaker talks about 200 words per
minute and the average listener can process
about 300-500 per minute.  So, it’s easy to
spend time thinking about something other
than what you’re hearing.

When we receive a message from listening to
another person, we get 7 percent of the mes-
sage from the words; 38 percent from vocal
cues like tone, inflection, and so on; and 55
percent from facial expressions, posture, and
gestures. (Albert Mehrabain quoted in the ar-
ticle, “Communication without Words,” Psy-
chology Today, September, 1968, p. 53.)  The
55 percent is commonly called body language.
Then, most of receiving a message from a
sender lies in something we see rather than
hear.

Listening comes before reading.  Both are the
receiving part of information transfer, or com-
munication.  The ability to listen affects our
ability to read.  (Robert Watson and Henry Clay
Lindgren, Psychology of the Child, John Wiley
and Sons, 1973.)  Language is instrumental to
communication and to our culture.  We initially
acquire our language from our ability to listen,
before we have the ability to speak.

The content of what we communicate is rela-
tively insignificant in oral communication
when compared to the tones we hear and the

body language we see.  Then, listening to a
person face-to-face has as much to do with the
sense of sight as it does the sense of hearing.
(However, we can’t today see the person we’re
listening to on the telephone.)  So, listening is
something more than hearing.  Listening in-
cludes sensing what the other person is com-
municating, and hearing is one of the senses
we use.  We know we use sight.  How about
smell?  I understand animals can smell fear,
anger, or friendliness.  Can you recognize
those feelings in another person without hear-
ing or seeing them?  Can you feel positive or
negative energy around a person you’re deal-
ing with?  When you hug someone you haven’t
seen in a long time, do you receive a message?
Perhaps the sixth sense is most important
when listening.  In short, listening has to do
with recognizing a message from someone
and requires that we’re tuned in to the message
they’re sending.  I’ll talk about models for
listening that include more levels or stages in
the listening process than sensing in the next
module.

What is listening?  From “The Human Use of
Human Beings,” Norbert Weiner says, “Speech
is a joint game between the talker and the
listener against the forces of confusion.  Un-
less both make the effort, interpersonal com-
munication is quite hopeless.” (Madelyn
Burley-Allen, Listening, The Forgotten Skill,
John Wiley and Sons, 1982, p. 1.)  Madelyn
Burley-Allen says, “Listening is (a) taking in
information from speakers, other people or
ourselves, while remaining nonjudgmental and
empathic; (b) acknowledging the speakers in a
way that invites the communication to con-
tinue; and (c) providing limited, but encourag-
ing input to the talker’s response, carrying the
person’s idea one step forward.  This defini-
tion stresses the listener’s responsibility in the
communication process.  While listening is
one of the most demanding aspects of commu-
nication, it is also one of the most rewarding.”
(pp. 2-3.)  Burley-Allen’s definition expands



750

Weiner’s to describe effective listening.

According to Sproston and Sutcliffe, “Listen-
ing is to hear and to consider with thoughtful
attention: a complex procedure involving in-
terpretation and understanding.” (p. 13.)  I
believe this definition of listening is good for
telephone listening, where the hearing sense is
all we have to go on.  I believe that listening
face-to-face whether geographically face-to-
face or in cyberspace involves a sense of
recognition and awareness, leading to under-
standing and acknowledgment, in the context
of interpreting, evaluating, remembering, and
responding to support the communication lead-
ing to meeting the speakers needs.  Perhaps
I’ve defined listening, but I believe the models
in the next module will help with our definition.

Listening is much more than hearing.  Listen-
ing has to do with how you handle what you
perceive and how you interpret and respond.
Imagine that you go to a car dealer and ask for
a particular model in green.  The salesperson
takes you across the lot to look at that model in
black.  “We believe black is best for you and
that particular model doesn’t come in green
because there’s not enough interest in that
color.”  How would you feel?  The salesperson
obviously heard you say which model and the
color green.  By not listening to your need or
intent, the salesperson first ignored and then
insulted you.  Would you go back to that car
dealer?  Whether you’re selling cars or ideas,
coats or yourself, effective listening is crucial
to your success.

Listening is a learned skill.  For effective
listening, the listener must be active and en-

gaged, not passive and distant.  Empathic
listening is more than listening for facts like
we often do in the classroom when we are
bored by the instructor.  Listening includes
listening for comparisons between what you’re
sensing and what you sensed yesterday or
somewhere else.  Listening includes listening
for meaning and listening for feelings, which
requires that we be empathic and tuned in.
Listening includes sensing what’s not present
as well as what is.  Just as we must read
between the lines, we must listen to the silence.
Sometimes, the kind and length of silence tells
us more than the sound.  Listening for the
silence is an example of the holistic perspec-
tive in communication.

Here’s a story commonly used to help define
listening (e.g., Lyman K. Steil, JoAnne
Summerfield, and George deMare, Listening,
It Can Change Your Life: A Handbook for
Scientists and Engineers, John Wiley and Sons,
1983, p.9.)  “ Two men were walking along a
crowded sidewalk in a downtown business
area.  Suddenly one exclaimed, ‘Listen to the
lovely sound of that cricket!’  But the other
could not hear.  He asked his companion how
he could detect the sound of a cricket amidst
the din of people and traffic.  The first man,
who was a zoologist, had trained himself to
listen to the voices of nature, but he did not
explain.  He simply took a coin out of his
pocket and dropped it on the sidewalk, where-
upon a dozen people began to look about them.
‘We hear,” he said, ‘what we listen for.’
Bhagwan Shree Rajneesh, The Discipline of
Transcendence.” (Madelyn Burley-Allen, Lis-
tening: the Forgotten Skill, John Wiley and
Sons, 1982, p. 112.)
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/ORAL COMMUNICATION/LISTENING

1.5.8.5.10.2.  THE ELEMENTS  OF LISTENING

Listening is a process.  In fact, effective listen-
ing is a closed-loop process.  We’ve learned
that closed-loop processes bring continual im-
provement, learning, and empowerment.  In
Figure 1.5.8.5.10.2., I’ve shown a closed-loop
process model of listening as a oral communi-
cation model.  You can replace the speaker
with a writer and the listener with a reader and
have a written communication model.  The
model has six elements: 1) speaker (sender), 2)
message (information to be transferred), 3)
channel (means of information transfer), 4)
noise (barriers to transfer), 5) listener (re-
ceiver), and 6) feedback (verification that what
was received was what was sent).  Leroy Lane
leads up to the presentation of this model by
saying, “The need to analyze and understand
oral communication has inspired many mod-
els of human communication.  In 1960, David
K. Berlo, in his book The Process of Commu-
nication [Holt, Rinehart, and Winston, 1960,
p. 32.], published one of the most influential of
these models.  It has six ingredients: (1) the
communication source, (2) the encoder, (3)
the message, (4) the channel, (5) the decoder,
and (6) the communication receiver.  He ap-
plied his model to various practical situations.
As his title suggested, Berlo viewed communi-
cation as a process, one that he saw as ‘on-
going, ever-changing, continuous,’ and with-
out beginning or end.

Berlo’s words remind us that linear models—
which show a source sending to a receiver—
cannot adequately represent a dynamic com-
munication process.  They can, however,
sharpen our awareness of the essential ele-
ments that contribute to that process.  Further-

more, they can help us to perceive speech
communication in concrete, practical terms
rather than in abstract, theoretical ones; thus,
we can apply them to our speaking and evalu-
ate our performance.  Models help us to iden-
tify and connect the elements of speech com-
munication and use them consciously.” (Leroy
L. Lane, By All Means Communicate, Prentice
Hall, 1991, pp. 2-3.)

If you put information portrayal in place of the
sender and information perception in place of
the receiver in Lane’s model or in Berlo’s
description, you can see the complexity of
matching the information portrayal to infor-
mation perception interface of the Manage-
ment System Model.  The Management Sys-
tem Model has three components and three
interfaces, each of which is a process.  The
result of this process, the communication pro-
cess, is a change in state of the receiver.  When
you listen, do you recognize that you have
been changed as a result of the communication
process?  In what ways are you changed?

In Figure 1.5.8.5.10.2., you’ll see two addi-
tional boxes.  The encoder box consists of
selecting and arranging symbols to develop a
message of appropriate content for the lis-
tener.  You combine words, vocal cues, tones,
and body language to symbolize the message.
The decoder box reverses the process.  Noise
is any disturbance that influences the transfer
of information.

Lane makes another interesting point when
considering the context of information trans-
fer within the communication process in Fig-

Listening is more than sensing the content of what a speaker is sending; it means
supporting, interpreting, and being responsive and responsible.
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ure 1.5.8.5.10.2.  He discusses the context of
communication as including intrapersonal
communication (inner dialogue or inner feed-
back), interpersonal communication (two
people exchanging messages), small-group
communication (gaining consensus), and pub-
lic speaking (sharing information).  For indi-
vidual decisions, listening is only important in
listening to yourself.  Effective listening in-
cludes not only listening to others, but tuning
in to ourselves.  Listening effectively to what
we say to ourselves and how we say these
things tells us a lot about ourselves.  (Next time
you talk to yourself, silently or aloud, pay
close attention and try to figure out what you
really mean.)  However, as we move to matched
decisions, consensus, and teams, listening to
others becomes the crucial skill.

Madelyn Burley-Allen sets up a framework
for listening.  She uses three levels of listening.
She indicates that we listen at different levels
at different times and in different circum-
stances.  We listen better in some situations
than in others.  We may listen better to our
friends than to our family or to our colleagues
at work.  Her argument is that we should
control our level of listening and not fall into
an ineffective level by default.  Each succes-
sive level requires more concentration and
sensitivity.  The levels approximate a continu-
ous variable of effective listening as three
discrete levels, with level 3 being the least
effective.  As you consider the three levels,
consider your personal listening style. (Burley-
Allen adapted these levels from Dr. Anthony J.
Alessandra’s article, “How Do You Rate as a
Listener?” in San Diego Realtor, February,
1980.  Effective listening is crucial to effective
sales.  I’ve adapted the levels from Burley-
Allen, Listening:  The Forgotten Skill, John
Wiley and Sons, 1982, pp. 10-11.)

Level 3 includes listening in spurts, tuning in
and out, focusing on yourself, half-listening,
keeping up mostly to interject your thoughts,

passive listening without encouraging or ac-
knowledging the speaker, faking attention,
and being more interested in talking than in
listening.

Level 2 includes hearing sounds and words;
not really listening; staying at the surface with-
out listening for meaning or feeling; tracking
what the speaker is saying but not really under-
standing; not sensing the deeper meaning or
intent of the speaker; listening logically to the
content, not for feelings; and remaining emo-
tionally detached from the discussion and not
participating in the interaction.

Level 1 is active listening; showing empathy
with the speaker; seeing things from the
speaker’s point of view; acknowledging and
responding; paying attention with all senses;
putting aside your ego; not judging the
speaker’s words, intent, or meaning; and lis-
tening for intent, meaning, and feelings.

Level 2 is dangerous because the inattention in
level 3 is more obvious than in level 2 and the
speaker can get a false sense of connection in
level 2.  Most of us listen at each level at one
time or another.  Sometimes level 2 or 3
listening is appropriate for a given situation.
However, most of us aren’t able to control the
level.

We want to learn where each level is appropri-
ate.  Most of all we want to learn how to spend
more time at level 1.  To listen at level 1, you
have to recognize and eliminate physical,
emotional, and semantic barriers between the
speaker and the listener.  Burley-Allen sug-
gests that you avoid being critical and judg-
mental; be attentive; be interested in the
speaker’s needs; listen to the underlying mean-
ing of what is said, empathetically and
nonjudgmentally; be a mirror or sounding
board; don’t ask a lot of questions and hold
your questions until you’ve listened
empathetically a level 1; don’t discount the
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sounds right, you are receiving the informa-
tion through your five senses. Using your five
senses allows you to get fully involved with
the information and be open to listening at
Level 1.  Even smell and taste affect how and
what we listen to.  For example, have you ever
tried to listen to someone with bad breath or
body odor, or while eating something you find
really delicious or distasteful?” (pp. 40-41.)
My interest in this framework is the emphasis
on perception and the relationship of percep-
tion to the information portrayal to informa-
tion perception interface of the Management
System Model.  Also, note that the framework
is influenced by all our senses.  So, once again,
we confront listening as using more than the
hearing sense.  Listening is more an holistic
blend of the senses into a sense of recognition.

Steil, et. al. and Bone offer what Steil calls the
SIER model.  Steil et. al. say, “The model we
have developed here describes the four main
aspects of listening: first, the ability to sense
(in this case to hear, in some cases to get a
reading through facial expression of body lan-
guage) what is being communicated; second,
the ability to interpret to understand what is
being communicated; third, the ability to evalu-
ate what is being communicated, to decide its
relevance to us and its validity within the
context of what we know; and fourth, to re-
spond, to complete the cycle of communica-
tion by indicating in an appropriate way that
we have sensed.” (Lyman K. Steil, et. al.,
Listening:  It Can Change Your Life, John
Wiley and Sons, 1983, pp. 11-12.)

As result-oriented people, we tend to want to
skip the first three steps and respond immedi-
ately.  By skipping sense, interpret, and evalu-
ate, we ensure our response is at best irrelevant
or inappropriate, even though the response
may be correct.  Bone suggest the three keys to
sensing the message as paying attention, choos-
ing the important features, and recognizing the
emotional messages.

speaker’s feelings; don’t solve the speaker’s
problem or do his or her thinking for him or
her; don’t let the speaker get you angry, hurt,
or upset; don’t jump to conclusions; be en-
couraging and acknowledging by using brief
expressions of acknowledgment and body
motions of encouragement; and don’t inter-
rupt, take the discussion on a tangent, interro-
gate, teach, or give advice.  She says, “Keep
two important ideas in mind when interacting
with others: (1) people prefer talking to listen-
ing, and (2) the listener actually controls the
conversation.  To listen effectively and be in
control of what is being said, check your
understanding regularly by summarizing what
the other has said.  Then, wait for feedback—
either confirmation that your understanding is
correct, or clarification of what the speaker
intended.” (p. 101.)

Burley-Allen introduces another listening
framework based on the concepts of attention,
reception, and perception.  She says, “Listen-
ing is a highly selective, subjective experi-
ence.  Information that conflicts with the
listener’s present ideas and beliefs may simply
be tuned out.  When we expect to hear certain
things, we don’t listen to what is really said.
Present in each situation is attention, recep-
tion, and perception.  Depending on the situa-
tion and the listener’s motives, different men-
tal interactions between these three and the
listener may be activated.  For example, we
sometimes pay attention only to what interests
us or what we like about the talker.  On the
other hand, the more we are receptive to people
or to their point of view, the more we will pay
attention to what they say. ....  These factors—
attention, reception, perception—happen un-
consciously.  Often, people aren’t aware of the
internal process that distracts them from lis-
tening at Level 1.  Once we pay attention to
something the speaker is saying, our feelings
about it and the way it sounds to us will
influence our perceptions. When you feel good
about what is said and it makes sense to you or
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speaker’s message are of no value.  Being
offensive affects the relationship between the
speaker and the listener.  Being responsive
means paying complete attention; supporting
the presentation of information, meaning, and
feelings; and being nonjudgmental and ensur-
ing that the speaker feels as though he or she
has had his or her say.  Bone suggests effective
response depends on the desire to reach a
common understanding  (not necessarily agree-
ment) between speaker and listener, giving
feedback in some way, and avoiding confus-
ing messages.

Steil, et. al. also describe five purposes for
communicating orally: the binding purpose,
the cathartic purpose, the informing purpose,
the persuading purpose, and the entertainment
purpose.  The two least obvious purposes are
the binding purpose and the cathartic purpose.
In the binding purpose, we use phatic speech,
which is also known as chitchat or passing the
time.  The primary result of phatic speech is to
establish or evolve a relationship with another
person.  Phatic speech recognizes a person as
a human and is therefore more important than
the other purposes.  Busy people tend to look
at phatic speech as a waste of time.  Nothing
could be further from the truth.  The relation-
ships you build now will save problems and
time later.  The trick, of course, is to know how
much phatic speech to engage in.  Cathartic
speech is for venting emotions.  The sooner
emotions are out and resolved, the fewer prob-
lems the emotions will cause.  Even though we
may prefer to have anger, frustration, or hurt
feelings submerged, they will eventually be
seen as sick days, time spent complaining, or
just plain non-productivity.

Knowing what to do to be an effective listener
isn’t obvious.  The various models or frame-
works that help define effective listening give
us a foundation for what to do but don’t neces-
sarily lay out the procedure.  I’ll set up a
procedure in the next module.

Interpretation has to do with matching your
meaning with my meaning, that is to under-
stand, to grasp, to comprehend, to recognize—
a step that has been the cause of more trouble
in our lives than any other.  Interpreting is the
most mysterious and difficult of all the listen-
ing faculties because we really don’t know
how we understand something.  We can’t
analyze how to understand something.  To
validate interpretation, Covey and others sug-
gest that in dialog we strike a bargain.  You can
talk after I’ve talked if you can tell me to my
satisfaction what I’ve just said.  And I can talk
after you’ve talked when I can tell you to your
satisfaction what you’ve just said.  Covey
claims he can resolve the most bitter conflicts
with this simple method for ensuring the inter-
pretation step in listening.  Bone asks the
difference between the following two state-
ments.  “When I look at you, time stands still.”
“You have a face that would stop a clock.” (p.
16.)  She says the three keys to interpreting the
message are knowing yourself, wanting to
understand, and asking for clarification.

Evaluating is assessing or appraising what
we’ve sensed and interpreted.  Of course,
wrong sensing or interpreting leads to faulty
evaluation.  Evaluation puts value or utility on
what we’ve sensed and interpreted.  One of the
critical evaluations is whether we’re listening
to the right person about the right issue.  The
way the issue is presented will affect the evalu-
ation.  We’re back to the concern over who
should bias the information.  The way the
information is biased and portrayed will dic-
tate the decision.  Bone’s three keys to evalu-
ating the message are: ask questions, analyze
the evidence, and don’t jump to conclusions.

Responding is the fourth step in listening.
Responding completes the cycle.  We usually
think of response in terms of action.  However,
response can be simply in the form of ac-
knowledgment.  No response is offensive.  No
response means that the speaker and the
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Context of Communication

Encoding Noise Decoding

Listener
(Receiver)

Message
ReceivedChannel

Message
Sent

Speaker
(Sender)

Feedback

Figure 1.5.8.5.10.2.  The model for oral communication is a closed-loop process in which the
listening process plays the role of the receiver, or in the standard control loop, the role of the plant.
(taken from Leroy L. Lane, By All Means Communicate, p. 3)
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1.5.8.5.10.3.  SEQUENTIAL  ACTIONS FOR EFFECTIVE  LISTENING

To be an effective empathic active listener, you need to open yourself up, set aside
your ego, and connect with the speaker.

I’ve constructed a procedure to follow in imple-
menting the several models and the advice
given by those who understand effective lis-
tening.  The key to remembering the procedure
is that each skill or action begins with the
letters Re.  I’ve grouped the actions into five
broad categories: Relate, Remember, Reflect,
Respond, and React.

RELATE
As an active listener, you must first and fore-
most open yourself up and connect or RELATE
to the speaker.  If you’re not accepting of what
the speaker has to offer, the speaker will feel
less confident and more anxious and will try
too hard to find your hot button.  As the
listener, you’ll be controlling the dialogue,
which is always the case.  However, not being
alert or involved in the exchange will control
the dialogue in nonproductive ways.  I include
a number of actions and related skills to the
idea of relating to the speaker.  These actions
condition the receiver of the exchange to stimu-
late and enhance the information transfer to
follow.

The first action is to Receive.  Be in a receptive
mode.  Be open to the speaker.  Put aside your
bias for the moment and try not to have your
personal filters working to select out the infor-
mation you may not prefer to receive.  Show
him or her, you’re in an accepting frame of
mind—to accept both the speaker and the
content of the message.  Being receptive doesn’t
mean you have to agree.  Being receptive
means you’re willing to try the ideas on for
size.  You want to absorb what the speaker has
to offer and are eager to receive his or her
issues, concerns, creative ideas, or plans as a

gift.  In being receptive, you’re alert and
attentive.  The speaker knows that if you act
tired, bored, or distracted, you’re not recep-
tive.  You want to connect with the speaker and
get involved in the exchange.  You want to be
focused on the speaker and the message and
indicate that you’re nonjudgmental of the in-
formation and are willing to receive the infor-
mation for your thoughtful and fair consider-
ation.  (I’ve italicized the words that describe
the conditions of the action to Receive.)

The second action is to Request.  Draw out the
speaker.  Encourage him or her to express
himself or herself without hesitation or con-
cern.  Show your interest in the speaker and the
message.  Acknowledge the speaker, the ex-
change, and his or her content, intent, and
feelings.  Invite the speaker to continue.  Will-
ingly permit the speaker to communicate what-
ever is on his or her mind or in his or her heart.
Eagerly anticipate the value, importance, and
usefulness of the message.  Be inquisitive with
encouraging and clarifying questions without
interrogating or quizzing the speaker.

The third action is to Relax.  Allow yourself to
receive the message.  Be at your peak of
performance because listening takes effort—
your best effort.  Concentrate on being just at
the interface between anxious and bored where
you’re excited and relaxed.  That interface is
where you maximize your performance or
your concentration.  Being too eager or anx-
ious makes you nonobservant and more self-
oriented.  Being too laid back makes you
nonobservant and disconnected.  You want to
be tuned in and not distracted.
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The fourth action is to Relate.  Develop the
bridges between you and the speaker and be-
tween you and the message.  Keep your per-
spective in the connection between you and the
speaker.  Internalize the message for thorough
and even-handed consideration.  Be unselfish
and introspective.  Look for what the speaker
most wants to get across to you.  Seek out the
speaker’s needs over your own.  Make sure
you perceive the information, meaning, mo-
tives, and feelings in the message.  Connect the
needs and the message to your life—your
experiences that nurture the ideas and your
interests that celebrate the ideas.  Identify the
value to you and help the speaker recognize the
value and your appreciation.  Perhaps not all
the message is what you need, but in there
somewhere is value to you, at least in your
relationship with the speaker, or the speaker
wouldn’t have offered his or her thoughts to you.

The fifth action is to Recognize.  Show your
awareness of the speaker, the message, and the
value of both.  The speaker is worthy of your
consideration.  The message is intended for
you.  If the speaker knows that he or she has
your acceptance, he or she will expose more of
himself or herself and his or her deeper
thoughts.  Disclosing ideas on the edge of your
understanding is threatening; and your aware-
ness and acceptance provides a level of safety
and comfort for the speaker to disclose ideas
and feelings that are sensitive or aren’t fully
germinated.  If you and the speaker didn’t have
a relationship before this exchange, you do
now.  Show the speaker that you recognize the
relationship.  Be aware of the speaker’s body
language.  Tune in to what isn’t said to identify
what’s missing.  You’ll want to better under-
stand the gaps and absences to fully appreciate
the importance and meaning of the message.

The sixth action is to Reciprocate.  Return
some of the thought process offered by the
speaker by interpreting the message and the

speaker.  Ask questions to clarify and rein-
force the message.  Use sounds and body
motion to show your interest and desire to
receive more.  You really don’t want the speaker
to hold back.  If you worry about what you
want to say or do, you may want the speaker to
stop and let you get on with your own interests.
When you do that, you close the door before
the speaker discloses the idea he or she is most
concerned or sensitive about.  Then, you haven’t
received what the speaker set out to send.
Make sure the speaker feels a sense of give and
take over his or her issues, concerns, informa-
tion, and feelings.  Stay away from cross talk.
Watch for the quizzical look or the tilt of the
head or the tone of voice that communicates a
need for recognition, reinforcement, and con-
tinuation.  Your desire is to secure the message
well enough so you can reciprocate with a
statement that shows you’ve understood the
message to the speaker’s satisfaction.  At this
point, you can check to clarify what you heard,
gather additional ideas or information for com-
pleteness, explore the ideas further, or make
sure you understand the assumptions and de-
limitations on what you’re receiving.  Your
questions seek to find out more about what,
how, or when for information you’ve already
received.

The key to the RELATE category of skills and
actions is that they lay the groundwork for
sensing and interpreting the speaker and the
message.  If you sense or interpret wrong, the
foundation for evaluation and response is weak
or misplaced.  From here on out, you’re wast-
ing your time and the time of the speaker.  If
you do these skills and actions correctly, you
have a chance to make the 60 percent of your
time you spend listening or being listened to
productive for you and for the speaker.  The
concentration, effort, and personal change re-
quired to do these skills and actions is large,
but the payoff is much higher.
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REMEMBER
Once you’ve set up a fertile relationship be-
tween you and the speaker and are receiving
unobstructed ideas, information, and feelings,
then you need to store what you receive in your
memory.  You want to REMEMBER the ideas,
information, and feelings.  You’ll need to
access your short-term memory to respond
when your turn comes.  You’ll need to access
your long-term memory to carry out the parts
of the message that are important in your life.
The primary problem with your memory in
listening is your shifting of attention to what
you want to say.  Always remember that the
other person will never know what you forgot
to tell him or her.  You’ll gain more from the
exchange if you know you received what was
important than if you know you sent what was
important.  In this case, you’ll get more than
you give.  Isn’t it interesting that our conversa-
tions with other people may be the one place
where we typically try to give more than we
get and is the one place where we should get
more than we give?

The seventh action is to Retain.  Without
retention of what the speaker has sent to you,
there is to be no exchange.  You may speak
your piece; but, without retention, your piece
doesn’t relate and the discussion isn’t an ex-
change.  You may be two or more people
speaking at each other or past each other, but
there’s no connection or relationship.  To
retain what you receive, you must connect the
ideas, information, and feelings to what else
you know about the speaker or the message.
You must develop mental images of what
you’re receiving.

REFLECT
If you're open to the speaker and have remem-
bered what you received, you need to return to
the speaker what you received so the speaker
knows whether or not he or she was successful
in transferring the ideas, information, or feel-
ings.  This return to the speaker verifies his or

her part of the transfer process.  You and the
speaker can check out whether you’ve accu-
rately and completely received the message
and whether you understand what you re-
ceived.  You can REFLECT the speaker’s
feelings and restate the basic ideas, emphasiz-
ing the facts.  In mirroring what you received,
you acknowledge that you were involved with
and connected to the speaker.

The eighth action is to Reflect.  You want to
present an unbiased, nonjudgmental, and ac-
curate reflection and feedback of what the
speaker sent to you.  This kind of reflection
comes from a mirror.  One of the gifts you can
return to the speaker is to be a faithful and kind
mirror.  We seldom get to see ourselves accu-
rately.  Reflect the speaker’s feelings to ensure
accurate communication of his or her feelings
by matching your understanding of the mean-
ing of the message to the speaker’s meaning.
You can reflect by starting statements with
words like, “You feel that ........,” “It seems to
me that ........,” or “I sense that ..........”

The ninth action is to Restate.  Try to repeat
what you received.  You’ll receive more than
words.  Your job is to restate the message in
different words, using a different tone and
facial expressions, with different feelings and
capture the meaning of the message to the
speaker’s satisfaction.  Ask, “Did I capture
your meaning?”  “Do I understand how you
feel on this matter?”  Chances are, the speaker
will restate the message more crisply in differ-
ent words with different nuances from the
original communication.  Don’t worry if the
words and expressions change.  You want the
meaning.  You’re being offered that same
meaning from a different perspective.  The
more perspectives you get of the same mean-
ing, the better you’ll understand the message
and the message behind the message.  Para-
phrase in your own words what the speaker
sent to you.  When both you and the speaker are
comfortable that you’ve received what the
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speaker intended to send, then you’ve been
successful.  To restate is not to state your ideas
in relation to those of the speaker.  To restate
is to verify you received the message.  When
you rephrase the message and capture the
meaning, you’ll reinforce the speaker and the
message.

The tenth action is to Recap.  To recap means
to recapitulate, review, or summarize.  When
you summarize, you cut through all the expla-
nation, background, and justification to focus
on the real message.  To be successful at
summarizing, you’ll have to evaluate what
you’ve received.  You’ll need to evaluate, not
based on your own assumptions and premises
but based on the premises and delimitations of
the speaker.  You’ll summarize the major
ideas and feelings of the speaker.  Then, you’ll
not only verify that you heard the message, but
you’ll verify that you listened to the message
and understood.  Based on your summary of
the message, the speaker can determine if he or
she is satisfied with what you got out of the
message.

When you REFLECT, be careful that you
never recite (even though recite is another
word beginning with Re).  You don’t want to
be able to mouth the speaker’s words.  You
want to be able to reflect back to the speaker
what he or she intended to send.

RESPOND
We have to complete a cycle for effective
listening.  The closing of the loop occurs when
the speaker receives a response to his or her
message.  Sometimes the return on the invest-
ment of exposing himself or herself is a sense
of relief.  Sometimes the return is more tan-
gible in the form of emotional or physical
action.  The response is not a retort or argu-
ment.  The response is an acknowledgment or
support.  When we RESPOND, we ensure a
closed-loop process for continual improve-
ment, learning, and empowerment.

The eleventh action is to Relieve.  By respond-
ing empathically, You’ve allowed the speaker
to get off his or her chest what he or she
brought to the table.  Because the speaker has
an opportunity to vent his or her feelings, his or
her emotional level is relaxed and his or her
concerns are relieved.  Often, communication
is initiated over a problem.  Most problems are
best answered by the person who raises the
problem and usually the problems are exacer-
bated by lack of effective communication.
Merely by listening openly and reflecting the
ideas, information, and feelings of the speaker,
you can reduce the problems, support the
speaker as he or she figures our his or her own
solution, and relieve the feeling level in the
relationship between you and the speaker.  If
you are a good listener, more people will
remember you.  The speaker remembers you
because of the sense of comfort, satisfaction,
and relief he or she feels about the exchange.
Listening to the speaker tells him or her that his
or her feelings and ideas are legitimate and
worthy.  Most people worry about being wor-
thy and legitimate.  Listening relieves these
worries.  Relief is an immediate result of your
response of listening well to the speaker’s
message.

The twelfth action is Respond.  Respond is
what we, in our culture, tend to default to.
Even when the time has come for response, we
respond poorly.  Our response is not a retort or
argument.  Listening does not include the
message we want to send.  We’ll get our
chance to send our message later, after we’ve
completed the listening process.  Therefore,
the response here relates to the speaker and his
or her message.  How can we respond to
support the speaker and the message?  We can
acknowledge the legitimacy of the idea, infor-
mation, or feeling.  We can reflect that we’ve
received and understood the message.  We can
indicate some level of support, such as further
consideration, providing resources, or action.
Often the need for response is resolved by the
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speaker himself or herself as he or she talks
through and figures out his or her own issue or
problem.  This result comes as a form of relief.
Sometimes, however, the listener needs to
follow through and follow up on the message.
Now is the time to commit to that follow
through and follow up.

REACT
Throughout the listening process, you not only
need to do things, you need to be.  How you are
as you listen reflects how you REACT to the
speaker and the message.  You’ll notice that
the thirteenth and fourteenth actions include
the words to be along with the Re word.  You
need to be Responsive and to be Responsible.
As with any powerful tool, when used well,
you do great good and when used poorly you
do great harm.  You must use the powerful
listening tool well and must recognize when
another person isn't using the listening tool
well.  When another person is using the pow-
erful tool poorly, you must protect yourself for
your own safety.  Use the listening tool well so
the speaker won't have to spend his or her
energy protecting himself or herself from you.
Few people listen well.  Therefore, when you
listen well, you’ll find that people will seek
you out as a listener.  Since, the process of
listening places you in control of interactions
and people are the key resource in a domain of
responsibility, you’ll find great influence and
power in your group.  Handle that influence
and power well.

The thirteenth action is to be Responsive.
Throughout the actions and skills of effective
listening, you need to show that you’re eager
to receive the speaker’s message, you’re will-
ing to be open and work to understand the
message, and are enthusiastic about following
through and following up from the message.
Often, responsiveness is related to timeliness.
Although you need to be there for the speaker
at the time the speaker is sending his or her
message, I see responsiveness as much more

than timeliness.  Responsiveness has more to
do with an attitude of encouragement, excite-
ment, and support.

The fourteenth action is to be Responsible.  If
you’ve done a good job of the listening skills
up to this point, the speaker has quite possibly
exposed himself or herself and his or her
sensitive issues.  You must handle that expo-
sure and vulnerability with great care.  You
must be kind with feelings.  You must be
gracious with ideas.  You may be carrying a
creation of the speaker in your hands.  You
must be careful not to abuse or damage the
creation or the speaker.  When you handle
exposure and vulnerability with care and kind-
ness, you’ll support the speaker so he or she
can empower himself or herself.

Bone provides a checklist for evaluating your
attitude for listening.  Consider these: I’m
interested in most topics and wouldn’t tune out
anything knowingly.  I listen carefully for your
main point and supporting points.  I take notes
when appropriate so I don’t miss something
important.  I’m not easily distracted.  I keep my
biases, emotions, concerns, and issues under
control.  I concentrate and don’t fake attention.
I wait for you to finish before evaluating your
message.  I respond appropriately with a smile,
nod or word of acknowledgment or encour-
agement during your message.  I’m aware of
and put aside distracting mannerisms, whether
yours or mine.  I don’t interrupt.  I maintain eye
contact about 70 percent of the time.  I often
restate, paraphrase, or summarize what you
send to make sure I have the meaning you
intend.  I listen for feelings and meaning as
well as words.  I ask clarification and encour-
agement questions.  I don’t finish your sen-
tences or ideas.  I attempt to set aside my ego
and focus on you.  I don’t judge you whether or
not I agree with your message.  I’m patient and
caring for you, your message, and our relation-
ship.  (Diane Bone, The Business of Listening:
A Practical Guide to Effective Listening, Crisp
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Publications, Inc, 1988, pp.30-31.)

In Figure 1.5.8.5.10.3., I’ve restated the four-
teen Re words and grouped the words into the
five broad action categories.  By reading the
statements an active listener would make to a
speaker, I expect you to get an understanding
of the attitude of active listening.  Even though
listening is a process, to do the process effec-
tively, you need to have a certain attitude, or be
in a certain state.  The state is unselfish, in-
quisitive, caring, open, and helpful.  As I’ll

discuss later, when you’re in this state and a
speaker sincerely wants to send you a message,
you’ll set up conditions where you’ll support the
speaker as he or she empowers himself or herself.
Notice in the explanation of the fourteen Re
words in this module the introduction of even
more Re words, such as reinforce, review, re-
solve, result, and reduce.  Not all Re words fit
effective listening, but one way to recognize and
remember the skills and actions for effective
listening is to think of Re words.

RELATE
Receive I want to listen to what you have

to send to me.
Request I want you to send me everything

on your mind and in your heart.
Relax I’m ready and able to receive what

you are sending to me.
Relate I’m connected with you and re-

late your message to my experi-
ence and my interests.

Recognize I’m well aware of you, our rela-
tionship, your message, and your
desire that I accept you and your
message.

ReciprocateI’ll return energy to you to renew
and re-energize your desire for
me to understand your thoughts.

REMEMBER
Retain I’ll hold on to what I received so

I can support you.

REFLECT
Reflect I’ll be a mirror for you to view

what you’ve sent.
Restate I’ll return to you in words what

you sent.
Recap I’ll summarize the ideas so you

can decide if you’re satisfied with
what I got  out of your message.

RESPOND
Relieve I want to share your concerns and

issues and will relieve you of
some of the burden of carrying
them around.

Respond I’ll do something to support you
and your message.

REACT
ResponsiveI’m eager to receive your mes-

sage and will willingly and en-
thusiastically reflect and respond
to your message.

ResponsibleI’ll care for you, your message,
and your feelings with kindness.

Figure 1.5.8.5.10.3.  If you had a message you wanted to send to me and I convinced you I believed
the statements in this list, how would you feel about my receptivity and probability I would
understand what you intended for me to learn from your message?
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1.5.8.5.10.4.  LISTENING  STYLES

A number of people have developed instru-
ments for measuring your listening style.  The
instruments consist of questions or checklists
for you to offer your perceptions of yourself.
Based on your answers, you are placed in one
of a number of categories.

Bone identifies five categories: Vacant Vincent
who is a daydreamer, impatient, pencil or toe
tapper, easily distracted, and pretty much miss-
ing in action; Critical Carrie who finds fault,
concentrates on specific words and details of
the message, asks threatening questions, and
misses the meaning or intent; Compliant Curtis
who is passive, is interested in getting along,
reacts little, fakes attention, and generally
doesn’t contribute to the exchange; Arlo Ac-
tive who is involved and committed to good
communication, participative and listens for
meaning and intent, and actively encourages
and acknowledges the speaker; and Lisette
Listener who listens carefully, pays close at-
tention, and asks clarifying questions to accu-
rately interpret the message.  (Diane Bone, The
Business of Listening: A Practical Guide to
Effective Listening, Crisp Publications, Inc,
1988, pp.30-31.)

A more-serious version of listening test is
Watson’s and Barker’s listener preference pro-
file.  (Kittie W. Watson and Larry L. Barker,
Guide to Using the Listener Preference Pro-
file: Tips for Trainers and Facilitators, Spec-
tra, Inc, 1993, pp.5-16.)  They identify listen-
ers who are people-oriented, action-oriented,
content-oriented, time-oriented, multiple
preferenced, and listening avoiders.  “Listen-
ers demonstrate people-oriented preferences
when they: show care and concern for others’

feelings, identify the emotional states of oth-
ers, internalize/adopt emotional states of other,
or try to find areas of common interest.  ....
Listeners demonstrate content-oriented pref-
erences when they: test or evaluate facts and
evidence, welcome complex and challenging
information, listen to facts before forming
judgments and opinion, or favor listening to
technical information.  ....  Listeners demon-
strate action-oriented preferences when they;
jump ahead and finish thoughts of speakers,
get frustrated by unorganized speakers, focus
on inconsistencies and errors in messages, or
show impatience when speakers ramble.  ....
Listeners demonstrate time-oriented prefer-
ences when they: let others know how much
time they have to listen or tell others how long
they have to meet.  Individuals with multiple
preferences may switch back and forth among
preferences in different situations and/or with
different people.  Listening avoiders show no
clear listening preference(s).  Listening avoid-
ance can come from disinterest or listening
burnout.  Each of the types have advantages
and disadvantages. (pp. 4-5.)  Watson and
Barker report research findings that suggest
the female listener is people-oriented and pri-
marily relational rather than task oriented.
Male listeners are more content-oriented or
action-oriented and thus task oriented.

Madelyn Burley-Allen describes five listen-
ing styles: the faker, the dependent listener, the
interrupter, the self-conscious listener, and the
intellectual or logical listener.  (Madelyn
Burley-Allen, Listening: the Forgotten Skill,
John Wiley and Sons, 1982, pp. 48-51.)  The
faker is a listener who fakes attention and
pretends to listen while he or she is thinking

Just as we have different personality types, we have different styles we exercise
as we listen to a speaker.  We can characterize and diagnose those different
styles.
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about his or her own interests.  The dependent
listener is a listener who is highly dependent
and lives vicariously through the ideas, opin-
ions, beliefs, wishes, and feelings of other
people.  The interrupter is a listener who won’t
let the speaker finish offering the message,
usually because he or she is afraid he or she
will forget what he or she wanted to say.  The
self-conscious listener is a listener who is so
concerned about how well the conversation is
going or how well he or she is coming across
that he or she loses track or spontaneity and
becomes involved with his or her own issues
instead of being open to the message.  The
intellectual or logical listener is a listener who
receives the message mostly with his or her
head and receives only what he or she wants to
hear and blots out feelings and meanings.

Woody Ashton and Harold Gilbert of Virginia
Tech’s Training and Development Division
include a communication style worksheet in
their Improving Communication Effectiveness
workbook.  This set of styles is from James H.

Brewer (1989) and includes the bold listener
(assertive, likes bottom line, goal oriented),
the expressive listener (persuasive, talkative,
optimistic), the sympathetic listener (people-
oriented, patient, team player, cautious), and
the technical listener (controlled, precise, rule-
oriented, logical).  Ashton and Gilbert include
a Norbert Weiner quote from “The Human
Use of Human Beings:” “The good Lord
blessed us with two ears and only one mouth.
This should serve as a constant reminder that
we need to listen twice as much as we talk.”

As with all tests that look for preferences, we
have to be very careful with the results and not
to pigeonhole people.  You may prefer one
style but be very competent in another.  The
value of considering the different categories is
to note your own preferences and to know that
other people could approach listening differ-
ently than you do.  So, if you notice a style that
seems strange to you, the difference may be
style or preference and not being right or
wrong or an issue of competence.
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1.5.8.5.10.5.  PRACTICAL  EFFECTIVE  LISTENING  HINTS

In everyday life, practicing effective listening includes a multitude of little
thoughts or acts that implement the fourteen actions or steps in the effective
listening procedure.

I’ve made a numbered list of helpful hints for
effective listening.  I’ve numbered the list so
you can identify a hint for your discussion.
You may want to add some of your own ideas
to the list.

1. Practice listening skills by listening to
yourself.

2. Don’t mentally abandon the speaker by
daydreaming, going on mental tangents,
or forming a rebuttal or questions to con-
fuse the speaker.

3. Don’t tune out the speaker if you don’t
agree or aren’t interested.

4. Don’t assume you know what the speaker
is going to say and stop listening.

5. Repeat in your own words and summarize
what the speaker has said and ask for
verification before you begin on what you
want to say.

6. Make sure you know what the speaker
means when he or she uses words that
could have multiple meanings.

7. Don’t fake listening.  If you can’t listen,
apologize and reschedule.

8. Listen for the main idea, the meaning, or
the real issue, rather than just words or
facts.

9. Make eye contact about 70 percent of the
time.

10. Know which words and phrases have
emotional impact on both you and the
speaker.

11. Take notes when appropriate.

12. Don’t judge or criticize the speaker or the
message.

13. Restate instructions and messages to en-
sure you understand.

14. Be aware of your listening filters (values,
assumptions, beliefs, memories,p re ju -
dices, expectations).

15. When someone says, “Yes, but ......”, he or
she isn’t listening.

16. Don’t attempt an important dialogue when
the speaker or listener is tired or the
energy level is low.

17. Eliminate external distractions, such as
room conditions, noise, acoustics,
interruptions and phone calls, and time
and work pressures.

18. Don’t fidget, blink, yawn, doodle, bite
your lip, frown deeply, play with your
hair, look at your watch, tap your foot or a
pencil, read, jingle money, slouch in your
chair, or talk to someone else.
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19. Listen for pitch, rate, timbre, and subtle
variations in the tone of voice.

20. Don’t give advice to the speaker unless in
response to a direct request.

21. Face the speaker with an open, relaxed
posture.

22. Acknowledge the speaker and the mes-
sage by nodding your head, leaning for-
ward, or making facial expressions that
match the speaker’s feelings.

23. Summarize what the speaker says by us-
ing your own words and then ask if the
speaker is satisfied that you’ve captured
the meaning.

24. Don’t ask why questions.

25. Listen for new ideas everywhere.

26. Become personally involved with what
the speaker is saying.

27. Listen for the essence of the message (the
holistic perspective).

28. Search for an idea you can use.

29. Use encouraging, noncommittal acknowl-
edgments to stimulate the speaker, such as
“Hmm,” Uh-huh,” I see,” “Right,” “Gee,”
“Oh,” and “Interesting.” (People prefer
vocal stroking to silence.  But don’t overdo
it.)

30. Invite the speaker to say more by saying
things like “Tell me more,” “I’d like to

hear what you’re thinking,” “How do you
feel about that,” “Would you like to talk
about it?” “Let’s talk about it,” and “I’m
interested in your ideas about that.”

31. The listener should take responsibility for
at least 51 percent of the totalcommuni-
cation process.

32. Listen to the speaker on his or her own
terms.

33. People who listen well spot the “value
moment,” which is the information or the
part of listening that proves most relevant
to the listener.

34. In a conversation, balance speaking and
listening, where balance means the right
mix.

35. Wait for the speaker to finish before fi-
nally evaluating the message.

36. Don’t finish the speaker's sentences.

37. Build rapport and pace the speaker by
imitating or mirroring his or her gestures,
breathing, voice rate, vocabulary, favorite
phrases, and facial expressions. (Don’t
mimic, however.)

38. Stick to the speaker’s subject.

39. Keep an appropriate distance.

40. Don’t interrogate, teach, or give advice.

41. Overlook a poor speaking technique to get
at the message.
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1.5.8.5.10.6.  EXERCISE ON EFFECTIVE  LISTENING

To understand the fourteen actions of the effective listening procedure better,
you can identify which of the actions is best served by each of the helpful hints
for effective listening.

On the form below, list the helpful hints for effective listening (You can use the numbers.) under the
action where the hint fits best.

RELATE

Receive

Request

Relax

Relate

Recognize

Reciprocate

REMEMBER



769

Retain

REFLECT

Reflect

Restate

Recap

RESPOND

Relieve

Respond

REACT

Responsive

Responsible
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1.5.8.5.10.7.  PRACTICE  IN GOOD LISTENING

The first and easiest exercise to try is to play
the game of gossip.  Gather four or more
people together.  Find a short paragraph of
about 50 words of facts.  Have one person read
the paragraph to the second.  Then the second
must repeat the message to the third person
without benefit of the written paragraph or any
input from the first person.  The third person
tells their understanding of the message as
faithfully as possible to the fourth and so on.
When the last person has received the mes-
sage, he or she should repeat the message as
faithfully as possible and the first person should
compare that version of the message with the
written paragraph.  Usually the last version of
the message is so different from the written
version that the two aren’t comparable.  You
can try the exercise again with a very short
story based on general ideas and feelings rather
that facts and see what happens.

I’ll describe another exercise you can try in
your mind or with a few friends.  The objective
of the exercise is to illustrate some of the skills
for active listening.  The exercise needs three
or more participants.  One person is the moni-
tor.  The other people converse with one an-
other on a controversial topic the group agrees
to discuss.  The job of the monitor is to remain
out of the discussion and focus on the skills for
active listening.

In the typical discussion, we concentrate on
what we intend to say next and don’t really
listen.  In this exercise, before any person can
speak, he or she must summarize the essence
of the previous speaker’s statement to the
satisfaction of the previous speaker.  The moni-
tor will make sure people don’t speak until

they have satisfied this requirement.

Here’s an example discussion.

George: ...... and that’s why I favor the quarter
system over the semester system in
our university.

Sally: Okay.  You’re saying you favor the
quarter system because you can take
more electives and the students and
teachers won’t get so drug out in the
five weeks of the semester after the
quarter would be over.  Do I have that
right?

George: Yes.  I also like the idea of the late
quarter system so I get to include
........

Paul: But that’s ridiculous.  Why would
you want ......

Monitor: Hold it, Paul.  You didn’t let George
finish his point.  You shouldn’t make
value judgments about his point.  You
need to summarize or restate George’s
message before you can make your
point.

George: Well, my point is that I want to in-
clude the beautiful month of Septem-
ber in  my summer vacation.

Paul: How can you care about when your
summer vacation ends.  The begin-
ning of the summer vacation is more
important.

By doing one or two group exercises, you can gain practice in the principles, skills, and
acts of good listening.
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Monitor: Stop, Paul.  You again didn’t restate
George’s point.

Paul: Okay, okay.  George is worried that
he won’t be home for his birthday in
 early September.

Monitor:Let’s see if George is satisfied that
Paul understands his point.

George: Paul doesn’t understand my point at
all; and I’m not sure Sally fully un-
derstands my point either.

Monitor:Paul, do you want to try again to
reflect George’s point of view to him?
Or do you want George to repeat his
point?

This exercise can last as long as the group
wants.  As the discussion continues, other
skills for effective listening will arise.  The
more people who enter the discussion, the
more complicated the monitor’s job becomes.
One way to keep the monitor’s job in bounds
and give a number of people a chance to
participate is for the monitor to let different
people play the discussant roles as the discus-
sion continues.

I’ll discuss listening three more times.  First,
I’ll discuss listening as an important ingredi-
ent in group interaction and decision making.
Second, I’ll discuss the importance of listen-
ing in being an effective leader.  Third, I’ll
discuss active listening as an important ingre-
dient in supporting people as they empower
themselves.
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1.5.8.6.1. REMOVING  CLUTTER —HENRI EMILE  MATISSE.
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1.5.8.6.2.1. THE IDEA BEHIND  STOP.

the sights along the way.”  (p. 22.)  If you’ve
organized your topics and subtopics, have a
thesis for each one, and have a list of the
important sights along the way, you can
storyboard your writing.  By storyboarding, I
mean you can lay out what needs to be written
to make the point of the topic in such a way that
anyone can write the text to support your
thesis.  Each topic contributes to the point of
the document you’re writing.  The topic, thesis
statement, associated 500-700 words of text of
describing sights along the way and, if useful,
a figure highlighting a landmark of the thesis
are combined in a two-page format.  When
read, the two pages of a topical module should
be facing pages, so the reader has the entire
topical exposition in vision all at once.

If a group of people are working together on
writing a document and they develop the
storyboards together, each person can write up
any one of the topics in harmony with others
writing other topics.  If one person is writing
the document, he or she can clearly make
points through theses and associated text and
can connect points logically through the struc-
ture of the topics.

Not only are the thesis statements valuable,
but the list of topics becomes the map to the
document.  The reader can look at the map of
topics (organized topic list) and read from the
beginning, middle, or end of the document.
The writer can write according to what moves
him or her in a creative moment and connect
creative moments through the map.  I’ve found
that people will read more of a STOP docu-
ment than the traditional alternative.  With
STOP writing, the reader starts with the topic
of greatest interest to him or her and moves

The STOP Method (Sequential Thematic Or-
ganization of Publications)  produces a topical
presentation of material.  Based on the idea
that if you write more than a 500-700 word
reasonably-crisp text, you’ve changed topics,
STOP sets out to organize your topics sequen-
tially.  If you organize what you have to say
topically and you state the thesis of each topic,
your audience will be able to find and follow
what he or she needs more easily.  Multiple
writers can coordinate their thinking through
topics and theses so their writings don’t con-
flict, overlap, or leave gaps in a multi-author
document.

Lou Middleman describes your thesis as the
leading idea of your writing.  Your thesis
specifies “The connections you will have per-
ceived and subsequently intend to make clear
to your reader.”  Lou distinguishes topics and
theses by saying, “Topic comes from a Greek
noun meaning ‘places’ and thesis from a Greek
verb meaning ‘to put into place’ or ‘organize’
so your topic is ‘where you go’ to look for your
thesis, and your thesis is ‘what you do when
you get there’ in order to make sense—your
sense—of that place.  The topics provide the
subjects of the thesis sentences, and the predi-
cates, with verbs and their objects, say some-
thing about the topics that specifies the nature
of the connections to be developed in [the
writing].”  (p. 18-20.)

The thesis relating to each topic becomes para-
mount in writing and reading in STOP.  Lou
says, “Because the thesis is your ‘point’—that
is, it marks the point on the reader’s mental
map toward which you intend your essay to
lead him or her—it contains, implicitly or
explicitly, both the route to be followed and

Once you’ve written 500-700 words, you’ve changed topics and should show
the change by separating topics into modular presentations.
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through the document from topic  to topic until
they have all they need.

The classical alternative is called river raft to
indicate a river of words interrupted randomly
by rafts (figures).  With river-raft writing, the
reader starts at the beginning searching for
topics of interest, never sure where he or she is
in a sea of often-overlapping topics, and quit
when he or she decides he or she can’t find
what he or she needs after all.

I’ve attached a set of briefing charts about
STOP.  The charts describe the procedure for
writing in STOP and the advantages of STOP.
I’ve also attached a storyboard form and hints
for writing topic headings and thesis state-
ments.

I first heard about STOP in 1985 from Frank
Falci, a Department of Energy (DOE) man-
ager, who had discovered STOP years earlier
when working with Hughes Aircraft Com-

pany.  Frank had recently been introduced to
the Perry Method for oral presentations and
saw the connections to STOP.  Much later I
was told (I don’t remember by whom) that
Robert Perry was part of the team that started
STOP.  I brought copies of Frank’s notes back
to MSL for our people to study.

In 1988, Lou Middleman revived STOP when
he was responsible to bring the writing of
dozens of people together covering hundreds
of topics for the DOE’s first environmental
management Five-Year Plan.  Lou’s job was
to coordinate the writing of the large team of
people writing new material all in a couple of
months.  Lou realized the job was impossible
without STOP.  The resulting document was
praised by the National Academy of Sciences
as one of the best written documents they had
encountered.  As a result, many other govern-
ment documents have recently been written in
STOP.
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AN UNDERLINED THESIS SENTENCE BEGINS
EACH TOPICAL MODULE.

• A specific, arguable point or contention

• Contains key words and premises

• Module paragraphs and figures demonstrate thesis

• Line of argument always evident

• Prevents reader (and writer) from wandering

• Reader can skim or scan without confusion

TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/WRITTEN COMMUNICATION/STOP

1.5.8.6.2.2. STARTING  TO STOP.

STOP ORGANIZES DOCUMENTS INTO TWO-PAGE
TEXT-AND-FIGURE MODULES.

• Topical rather than categorical outline precludes “river-raft” docu-
ments

• Spoon-feeds reader in bite-size chunks

• Turning page means changing topic

• Permits group organization and review before writing or redrafting

• Can be applied “from scratch” or to “quantize” a river-raft document
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FOUR RULES OF THEMATIC UNITY GUIDE
MODULE FORMULATION.

• Have a point and get to it.

• Treat it completely.

• Keep out extraneous matter.

• Relate figures to text.

THE OVERALL STOP PROCEDURE HAS FIVE STAGES.

• Making a subject list

• Storyboarding

• Group review of storyboards

• Writing the modules

• Converting river-raft material
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TOPICIZING RIVER-RAFT MATERIAL IS A
SIX-STAGE PROCESS.

• Spread out manuscript pages

• Mark figure/table reference to define art/topic relationships

• Obtain copies of figures

• Locate true topic boundaries

• Cut manuscript on topic lines and reassemble as mock-up modules

• STOP Critique

- Write new topic headings

- Extract or create thesis sentences

- Check modules for thematic unity and copy fit

- Identify gaps and overlaps; add, delete, combine, separate,

substitute, transpose

STOP PROVIDES THREE UNAMBIGUOUS
LEVELS OF CONTENT EMPHASIS.

• Less important content occurs within a topic module.

• More important content occupies a whole module.

• Most important content occupies multiple modules.
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HOW TO WRITE TOPIC HEADINGS

1) Since they are not written to, Section and Subsection headings are OK as plain noun groups:

• System Tradeoff Analysis

• Data Processing Equipment Description

2) But, the author, reviewer and reader all need to know “what about?” the Topic Heading:

• “Receiver Design”—what about it?
TRANSISTORIZATION OF RECEIVER DESIGN

• “Target Tracking”—what about it?
NEED FOR REALISM IN TARGET UPDATING

3) Hence, the Topic Heading should be a phrase (a sentence fragment of 4 to 8 words) contain-
ing prepositions:

• DESIGN OF TOW CABLE FOR LOW DRAG
(not “Tow Cable Design”)

• REDUCTION OF NONSYSTEMATIC ERRORS
(not “Nonsystematic Errors”)

or infinitives:

• THREE WAYS TO SIMPLIFY ANTENNA DESIGN
(not “Antenna Design”)

or “ing” verbs:

• CONTROLLING CHARACTERISTIC IMPEDANCE
(not “Characteristic Impedance”)

4) If you can take a position, show your attitude with qualitative words:

• ADVANTAGES OF INTERLACING INSTRUCTIONS

• LIMITATIONS OF ANALOG AZIMUTH CONVERSION

• PITFALLS IN PROGRAM SCHEDULE CONCURRENCIES

5) If at first you don’t know “what about?” the topic heading, go back and revise it for greater
pertinence after you have written out the Story board (or rough draft).

(taken from Hughes Aircraft Company document, 1965)
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HOW TO WRITE THESIS SENTENCES

1) The Thesis Sentence should state your proposition concisely, and it must boil down the
theme body to 25-30 most informative words, showing the whole proposition and proof (or
substance otherwise) at a glance.

2) Make the Thesis Sentence an argument, or arguable hypothesis:

• irrefutable, weak: “TRL gating circuits have been designed to meet the require-
ments.”

• Refutable, strong: “TRL gating design has been adopted because active circuits are
the best way to achieve increased fan out at the required speeds.”

3) There is a “design thesis” behind every block diagram or circuit write-up.  So, no matter how
low the level of detail, you never have to write equipment descriptions that merely describe.
Contemporary proposal evaluators consider straight descriptions tedious and nonpertinent.
Since important technical detail must be included, find the original design issue, or invent a
point (even if it’s “advantages of using a conventional and proven design”).

4) The purpose of a unit, especially if difficult, makes a good thesis sentence for some block-
diagram discussions because it reveals why the unit is organized the way it is:

• “The telemetry system must be capable of multiplexing the outputs of 20 hydrophones
and transmitting the information without degradation in a form suitable for time-com-
pressed signal processing.”

5) If the topic merely embraces a collection of ideas or items unrelated by a single, definite
proposition, then either summarize all the facts, or call attention to one or two most important
and noteworthy ideas.  Go back and check the Thesis Sentence for its summarizing function
after you have filled in the Story Board (or written the draft).

6) Tests for a good Thesis Sentence:

• Does it state an issue that can be refuted?

• Does it repeat the key words of the theme body?

• Does it embrace the major substance of any accompanying figure?

• Does it contain adverbial conjunctions which show a train of reasoning (because, since,
so, therefore, however, but, moreover, etc.)?

• Does it contain comparative adverbs and adjectives which show attitude and conclusions
(more, least, highly, almost, too, very, good, better, only, etc.)?

(taken from Hughes Aircraft Company document , 1965)
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1.5.8.6.3. DISCLOSING PROGRESS

focus on input because input reflects all the
effort you’ve spent on the project.  Don’t give
in to the temptation.  Step back from your
effort, critique your results, and state your
progress.  Use discussions of your effort, rep-
resented by activities involved in getting your
results, to build confidence in your audience
that your results are valid.

Distinguish between your means and ends.
Your activities are your means and your re-
sults are your ends.

“But,” you may ask, “I’m not finished; what
results do I have?”  You have interim results,
milestones along the way to your final results.
The relationships of your interim results to
where you started and to your final results
show your progress.  Before you know those
relationships, you must know what your in-
terim results are.

If this is your first progress report, anything
you understand about your company, anything
you know about your project, and anything
you’ve accomplished is progress.  Remember,
you started with nothing.  But, after the first
report, progress is only what you understand,
know, or have accomplished since the last
report.

Your progress report has a different purpose
from your proposal, for example.  Your pro-
posal talks about what you plan or want to do.
You talk about what you will do.  Your progress
report talks about what you accomplished.
You talk about what you did do.  If your
progress report sounds like what you will do
sometime in the future, your audience won’t
believe you’ve accomplished anything.  Be

Put the bottom line on top.  If your objective is
to communicate, you’ll need to change some
of your old thinking.  You’ll need to concen-
trate more on information portrayal and
information perception.  You’ll need to perfect
your ability to design your information por-
trayals to meet your purpose and suit your
audience.  If you’re a senior in the Industrial
and Systems Engineering Department, one
information portrayal you’ll soon deal with is
your first senior design progress report.  I’ll
use this senior design requirement of yours as
a vehicle to emphasize and demonstrate a way
of thinking about clear communication for
decision making.

As an engineer, you’re taught to start at the
beginning and end at finish—all logical and in
the proper sequence.  Not here.  I’ll try to
convince you to spill the beans.  Say it and then
explain it.  Not vice versa.

What’s the purpose of the senior design
progress report?  The purpose is to communi-
cate your progress.  Your progress is the
difference between where you are and where
you were based on what you’ve done since
then.  Where you were is your situation that
last time your audience reviewed your project.

For your audience—whether faculty or corpo-
rate sponsor, your statement of progress should
have more to do with results than with activi-
ties.  That is, your purpose in the progress
report should be to show accomplishments,
not effort.  You really want to communicate
more about your output than your input be-
cause output is what your audience expects to
see.  Input is nice, yet is necessary but not
sufficient for output.  You’ll be tempted to

When disclosing progress, start with the end (the bottom line), then disclose
what led up to the end.
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this course.  Then you should help them find
what they want in your report.  You should
highlight what they want to see so they can fill
in their check sheet.

Your audience (or in this case, audiences) will
have unique personality types, interests, capa-
bilities, experiences, and expectations.  As a
specific example, recognize the difference
between detail and bulk.  Three-fourths of the
people in the world are sensors.  They like
detail.  Detail gives them confidence they have
all the information they need for decision-
making.  Detail allows them to dig in wherever
they feel they need more information.  Many
of us don’t like to go to the trouble to give all
the details and we also have trouble sorting and
organizing all the details.  Some of us are
intuitive and don’t see any value in all that
detail anyway.  Give the sensing person the
detail they want.

Be careful!  Don’t bulk your audience.  Don’t
pad your report with pages of some documents
you found laying around the company on your
last visit.  A detail person wants to know how
many visits you’ve made.  When did you make
them?  Who on your team went?  Whom did
you meet with?  What did you do while you
were there?  How did that help?  And so on.
My point is these details are germane.  They’re
important to a detail person.  Give them what
they want.

But details will bore an intuitive person to
death.  An intuitive person will skip over the
details.  If the bottom line of what you’ve
accomplished is buried either at the end of the
detail or randomly imbedded deep in the de-
tail, the intuitive person will mentally (or
physically) abandon your report long before
they get to the bottom line.  I’ve been known to
flip pages of seemingly detailed information
(physically abandon the report) and miss bottom
lines.  The detail person will abandon your report
too.  They’ll just spend more time on the details.

sure to modify what you’ve written when you
copy material from your proposal.  Change the
material to clearly show you’ve completed
something.  I’ve seen progress reports I knew
were copied over in part from the proposal.
Everything was in the future tense.  Don’t do
that.  The purposes of the two information
portrayals are different. You did a proposal
written about what you were going to do; now
you should change it for your progress report
written about what you did do.

I’ve just talked about the purpose part of the
equation for designing information portrayals.
Now, let’s talk about the audience part.  You
have several audiences, and each audience is
different from the others.  To explain my point,
I’ll discuss three audiences:  your faculty advi-
sor, your company contact, and the senior
design faculty coordinator.

Consider first your faculty advisor.  If he or she
expects a stereotype, bland, stilted, long, pomp-
ous report, that’s exactly what you should give
him or her.  This particular audience may
know what you’ve done because they meet
with you every day.  They may look at the
report as documenting the steps they already
know you’ve taken to get the results they
already know you’ve obtained.  Their purpose
is documentation.  Then give them that docu-
mentation.  They aren’t finding out for the first
time what you’ve done.  They just want a hard
copy data base to store what you’ve done in a
logical sequence.

Consider next your company contact.  They
may want a crisp, clear, easy-to-read business
report.  Then you should give them what they
want.

Finally, your senior design faculty coordinator
may want to know what you’ve done com-
pared to other design groups.  They may want
to know what you’ve done compared to their
list of things they want you to do and learn in
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times and found your report substantiates sev-
eral of your bullets’ claims, they’ll probably
stop checking.  They’ll love you for saving
them time.

For the company contact, they can see the
differences between where you were and where
you are at a glance.  They can easily check an
item out more closely if they wish by flipping
to the pages you’ve identified for that item.

For your faculty advisor, by using your execu-
tive summary containing a “map” of the
locations of accomplishments in the report,
they can distinguish what they haven’t yet
reviewed from what they already reviewed.
As a faculty advisor, I get tired of reading the
company description again in the fourth
progress report—unless, that is, you’ve
changed or added something; and if you have,
you told me in the executive summary what
you changed or added.

As an aside, any time you have someone
review a long document several times, be sure
to tell them what changes you made.  If you tell
them what the changes are and where they are,
the reviewer only has to find and review the
changes.  If they don’t know the changes you
made, they have to check every word of the
long document to make sure it’s right.

Your faculty advisor and/or senior design fac-
ulty coordinator probably have an evaluation
matrix either on paper or in their mind.  The
matrix lists the design groups on one axis and
their evaluation criteria (and maybe the rela-
tive weights of the criteria) on another axis.
You shouldn’t care about the other design
groups, but you should care about what the
evaluation criteria (and weights) are.

I’m saying here that if you want a high evalu-
ation, knowing what the criteria are comes
before (and in that sense is more important
than) putting the substance into the report to be

How do you know what your audience is so
you can factor that into your information por-
trayal design?  Ask them.  Your audience will
be happy to tell you what they want.  And if
you spend the time to figure out and ask the
right questions, they’ll tell you all you need to
know about their unique traits as information
perceivers and decision makers.

My recommendations are purpose and audi-
ence dependent.  However, I’ll make the
following recommendations.  Write a “users
manual” for your document.  Call it an execu-
tive summary, a foreword, a prologue, or even
an abstract.  (I personally wouldn’t call it an
abstract.)  Title a section “Developments Since
the Last Report.”  Title subsections 1) What
we accomplished since October 10, 1988 (or
whatever the date of the last report was), 2)
How this report was improved, 3) What has
happened at the company, and 4) What has
changed in project management.  Then put
specific items of tangible progress in “bullet”
form under each of the subsections.  For each
bullet identify the page in the progress report
where the audience can find the discussion,
background, and justification for the bullet.

As you discuss each accomplishment, im-
provement, or change, remember you want to
state two things.  First, state what you did or
what changed.  Second, state the usefulness or
significance of what you did or what changed.
You’re not only telling the “what” you’re also
telling the “so what.”

Notice how what you’ve written is actually a
user’s manual for using the progress report.
That is, you’ve shown the audience how to use
the report.  For the senior design faculty coor-
dinator, they can fill in their check list right
from your executive summary.  If they’re not
sure they want to take your word you’ve ac-
complished what you said in a short bullet,
they can check out the appropriate pages in the
progress report.  After they’ve tried several
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evaluated against those criteria.  You can usu-
ally figure out the evaluation criteria from the
assignment document or class discussion (both
information portrayals) about the progress re-
port.  Your faculty advisor or senior design
faculty coordinator most likely will go to those
information portrayals to figure out which
criteria to use for their matrix.  If you’re not
confident you know what those criteria are, I’d
ask.

Now, put yourself in the shoes of your faculty
advisor or senior design faculty coordinator.
How well does your progress report satisfy the
criteria you guessed?  What I’m telling you is
that you can figure out the criteria and look at
your report without bias and come close to
determining the grade you’ll get.  The reason
you might get different grades from the two
people is that they have different criteria or
weights.  After guessing (maybe by just listen-
ing or asking) the different criteria, you can
determine the different grades.  Try it.  Hope-
fully, in trying this technique you’ll want to fix
your report when your report has nothing in it
to meet, or is weak in meeting, a particular
criterion.  Now you’re affecting your own
grade before the fact.

Often, when a decision maker is making a
qualitative evaluation or comparison among
candidates, they use a matrix.  Your senior
design project is such a case.  Your application
for a job is another.  Your prospective employ-
ers won’t compare your height and weight or
other quantitative measures.  They’ll generate
some criteria like “communicates well” or “is
poised” and give you a score of, say, four out
of ten.  I advise you to find out what the criteria
are before you’re evaluated.  The same thing
holds true after you go to work.  Your supervi-
sor will evaluate you.  That’s how they decide
whether to fire you or to give you a raise.  Ask
your supervisor what the criteria are!  Most
people don’t want to ask about the criteria
because people don’t like to think about being

evaluated.  Also, your supervisor won’t offer
the criteria without being asked because people
don’t like to evaluate others.

My midterms and exam are qualitative.  So, I
use a matrix to grade them.  You can guess the
matrix from the statement of the midterm or
from criteria I think are important based on
what I’ve said in class.  You can also guess the
number of criteria.  Let’s guess ten.  Now try
to guess what they are.  Since you don’t know
for sure, you may come up with a few more
than ten.  Try it.  You won’t come up with
many more.  If you came up with, say twelve,
why not write your midterm to provide sub-
stance for meeting all twelve.  Chances are, the
effort won’t be wasted.  Figuring out the ma-
trix helps you not only get a good evaluation
(grade) but it also helps you think through
what constitutes a comprehensive, clear, and
complete midterm.

I’ve discussed how to figure out the evaluation
criteria so you can get a good grade.  How
crass!  Let’s look at the situation more idealis-
tically.  The evaluation criteria are your
advisor’s understandings of what makes a good
report (or a good project).  Do you want to do
a good job?  Then by definition, you want to
address all the criteria in your report.  If you
think about and find out what your audience
wants and thinks is important before you pre-
pare your report (or even before you do the
work you’re reporting on), you can write your
report (and do your work) on the right things.

Research proposals are evaluated qualitatively.
Usually there’s a formal matrix and that matrix
is spelled out when the proposals are requested.
Most faculty write proposals to suit their own
interest in a technical approach.  In their pro-
posals, they ignore the matrix.  Most proposals
fail.  One technique to succeed is to figure out
the matrix, identify the criteria on one or more
cover sheets or foreword, state clearly you’ve
met the criteria, and identify where the sub-
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stance is in the proposal to substantiate you
meet the criteria.  Now, the person evaluating
the proposals can easily give you high scores
on his or her matrix.  Other proposals may have
better content.  But the evaluator never sees the
content and never sees that the proposal meets
a given criterion because their mind wanders
at exactly the wrong time when reading dozens
of proposals.  I’ve gone so far as to use differ-
ent color paper for the pages when I state I’ve

met their criteria and when I show where to
find the supporting information.  I want to
make it easy for the evaluator to put high
marks in his or her matrix.

The senior design faculty coordinator also
reads dozens of rather long documents.  What
can you do to make sure your document has the
substance to meet every criterion the evaluator
is diligently searching to find?
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1.5.8.7.1. COMMUNICATING  IS DIFFICULT —GRANT WOOD
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1.5.8.7.2. HOW WE PORTRAY  INFORMATION .

When you portray something—an idea you
have, a description of something, directions,
etc.—you’re representing it.  You’re portray-
ing information and representing something.
You portray information to bridge the infor-
mation portrayal/information perception in-
terface in the Management System Model
(MSM).  You’re trying to communicate, or
transfer information, across that interface.  Why
is portrayal so important in understanding in-
formation and using information for decision
making (management)?

Except perhaps in mathematics, every por-
trayal involves a betrayal—that is, you omit or
add something.  The idea of betrayal involves
the principle of identity.  Nothing ever con-
sents to be anything other than it is.  But you
override this lack of consent and you bias and
interpret what you see or feel or understand.  If
we start with x, that which is to be portrayed
(the percept), and go to y, the portrayal, we
must go through z, the action of abstracting the
essence of x and translating it into y.

Think about a red vase.  You see a red vase
because whatever color you see you call red.
Another person may see something extremely
different—but they also have learned to call it
red.  And as long as we consistently see the
same thing and can distinguish between differ-
ent colors, we’ll agree the vase is red.  So, we
need nomenclature or definitions of what we’re
trying to represent so we can transfer the
information—which brings us to the idea of
format.

Format is the organization, plan, style, or type
of what we’re portraying, or its appearance.

And we end up finally dealing with our senses.
We portray information in visual, auditory,
tactile, etc. formats.

Of course we can portray information by com-
bining senses.   For example, if you’re giving
an oral presentation and using visual aids,
you’re combining visual and auditory senses.
If you speak the words (auditory) on a visual
aid as the audience reads it (visual), the senses
are working together and the information trans-
fer (communication) is far greater than double
that for using only one sense.  (We’ve gotten
synergy.)

You can see (“see”?) that this generalized idea
of information portrayal is tough for most
engineers to handle. Most of us don’t spend as
much time as some other people thinking about
art (visual), music (auditory), sculpture (tac-
tile and visual), and other ways of expressing
ourselves—especially in terms of what we’re
feeling or thinking.  (Thank goodness, these
days many engineers do spend a lot of time in
these ways of expression.)

Much of our informal information portrayal or
informal communication uses more of our
senses than our formal information portrayal.
Consider gestures and body language, for ex-
ample.  Since information is biased, we need to
get a look (“look”?) at the bias of the person
portraying the information. How helpful body
language is in doing that.

Formal information portrayal is easiest to deal
with because it’s more tangible.  So, the infor-
mation portrayal formats we understand best
and can talk the most about are written for-

When you portray information, you want to bring forth an image in the
mind of your audience that matches the image you have in your mind.
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mats.  The written formats are visual.  We can
use illustrations, photographs, maps, logic
diagrams, data flow diagrams, and other
visual formats.  But the most common are
text, checklist, table, and graphic. And sim-
ply because they’re most common, I’ll talk
mostly about them.  You can, however, ex-
trapolate in your mind to other formats the
ideas of logic and structure that I’ll present

for these common formats.

A management information system (MIS)
can portray any of these more common writ-
ten formats.  So we’ll consider the role the
MIS plays in portraying information and
then concentrate on the different common
written formats.
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1.5.8.7.3. PORTRAYALS  FROM MANAGEMENT  TOOLS.

Like all management tools, the output from a management information system
portrays information to be used by a decision maker depending on how they
perceive that information.

Delivering Information
The first function of MIS outputs is delivering
information.  We portray information so we
can communicate data and information to
people who need it.  We produce this output in
human-readable form.  We can present hu-
man-readable output in a variety of formats
using different types of media.

We can classify information from outputs of
information systems in the form of l) a com-
prehensive document, 2) a short answer to a
query,  and 3) a transaction report.

A comprehensive document is a report pre-
designed to give a comprehensive closed set of
information to managers.  I’ll classify compre-
hensive documents by content and group them
in three general categories:

l) Detail reports present all or nearly all of the
data content of one or more files from a
database.  Managers use detail reports to
monitor their day-to-day activities.  Staff
people use detail reports to respond to
specific inquiries.  Detail reports can be
produced weekly or daily to give the man-
ager operational-level information needed
to formulate and execute work effort for
their operational endeavors.  In some orga-
nizations, managers get a daily MIS re-
port.  Many managers close to the work
flow want detail reports, specifically relat-
ing to problem areas they’re watching.

2) Summary reports show accumulated totals
from detail reports—rather than complete
file contents.  Managers use these reports
for reviewing tactical and sometimes stra-

We can classify MIS information portrayals
several ways.  Normally, we emphasize end-
user information use—the information por-
trayals on the management tool side of the
information portrayal/ information perception
interface in the MSM.  We also produce infor-
mation in the form of reports and query re-
sponses we use in the operation of the manage-
ment tool or to tie management tools together.

Perhaps the best way to classify the outputs of
an MIS is by how we use the output.  MIS
outputs serve three main purposes:

1) Delivering Information.  We use an MIS
primarily to communicate information to
users on a timely and accurate basis.

2) Storing Information.  A computer-based
MIS can store information in forms and
formats to be retrieved later.  We can keep
some archival information in the computer
for ready access,  and we can put most of it
on tape or other long-term media storage
for access when needed.  The MIS can hold
archival information for a long time in a
very small space.

3) Transferring Information.  Computers can
produce information for other computers.
Computers can produce specially encoded
outputs so we can enter data into comput-
ers as transactions are completed.

The first purpose (delivering information)
crosses the information portrayal/information
perception interface of the MSM.  The other
two purposes remain inside the what is used to
manage component.
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tegic-level endeavors. When managing
these endeavors, we must be careful not to
depend solely on summary reports.  Ag-
gregations  (being integration as opposed
to differentiation) can lose or obscure as
much or more information as they surface
or highlight. Summary reports show infor-
mation for a current time period, with
projections and figures for that time period
along with projections and figures for other
time periods.  With this information, the
manager can compare current operating
results with expected results and with prior
operations.  Managers use discrepancies
between actual and expected results to
determine corrective action to bring the
operation back on course.

3) Exception reports call attention to condi-
tions outside normal operating limits.  For
example, we can scan a customer status
file to find overdue accounts.  Rather than
a detail report listing all accounts and the
action dates or a summary report giving
the total sales by sales region, an exception
report would list only those long overdue
accounts so managers can take action on
them.  With an exception report, we try to
identify the crucial data and trends to readily
differentiate the points for managerial at-
tention.  Exception reports can be more
effective than detail reports for day-to-day
control of operational endeavors.

A short answer to a query is like a report in its
data content.  However, a short answer to a
query is dramatically different in its presenta-
tion method, data currency, and delivery cost.

A comprehensive document is printed, uses
one or more files, and presents a snapshot of a
part of the organization as it was when the
report was run.  On the other hand, a short
answer to a query involves a real-time output
presenting up-to-date information for imme-
diate use.  Query response capabilities respond

to managers with current and detailed infor-
mation.  So, the source files for queries must be
updated frequently.  Query responses nor-
mally report at a detail level.  However, query
responses can also access summary and ex-
ception reports.

A transaction is an act of doing business.  A
transaction moves something of value (prod-
uct, money, information, resources, etc.) from
one place to another.  An order is a transaction.
Transactions represent both input to and out-
put from a system.  Transactions play a central
role in many computer information systems.

When doing business, an organization gener-
ates data representing their transactions.  Data
provide evidence of transactions, and, by cap-
turing transaction data, the organization main-
tains records of business activity.  The data
about transactions go to company files as docu-
mentation on the organization’s operations.
We use the comprehensive documents con-
taining these data to provide management with
the information needed to control the
organization’s activity.

We can capture transaction data using source
documents or we can put the data directly into
the computer. However we capture the data,
transactions serve other purposes besides col-
lection of data for historical files.  One of the
most important uses of transaction reports is to
help work flow through the production and
distribution processes of the system.  A trans-
action is either a physical document or a com-
puter record and transmits information be-
tween people.  So the transaction is a process
control device.  Transactions trigger activi-
ties—and are controlled by the information
contained on them.

Consider the following example.  In a manu-
facturing and sales operation, work begins
when a customer orders something.  This order
transaction triggers the preparation of a pro-
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Transferring Information
The third function of MIS outputs is turn-
around documents.  Turnaround documents
are computer output documents we use as
input documents to a follow-up processing
activity.  In its output form, a transaction
document triggers some action on the part of
its recipient.  Usually the action is then indi-
cated on the document itself or accompanies
the document on its return.  The returned
document activates the next processing step in
the system.

Some years ago, we used turnaround docu-
ments for college class registration.  In those
days, the outputs were punched cards repre-
senting individual seats available for each class.
A student registering for a particular class was
given a card identifying a taken seat.  Those
class cards, together with cards containing
student identification information, were col-
lected and reprocessed through the computer
to produce registration records and lists of
students enrolled in particular classes.

A turnaround document triggers a transaction
and produces an output document.  A returned
output document is evidence of the transaction
and becomes input to the next processing phase.
Turnaround documents can take physical forms
besides punched cards.

A turnaround document helps automate data
entry.  In the class registration example, class
cards were punched with identification infor-
mation already in input form.  We didn’t have
to keyboard those data.  We only had to enter
the student identification numbers, saving time
and reducing the possibility for error.

Turnaround documents help collect data.  For
example, in a billing system for an electric
utility, meter reading books serve as turn-
around documents.  The computer can print
the books so the pages are ordered by the
sequence in which the meters will be read and

duction order transaction requesting a manu-
factured product.  Then we produce several
other transactions to gather the material to
produce the item, to specify work orders, and to
integrate the materials, people, machines, and
manufacturing processes to produce the item.
In the meantime, we use the sales order trans-
action to prepare invoices and statements re-
questing payment from the customer.  These
transactions enter the accounting system and
are maintained as historical records for report-
ing and control purposes.  Documents sent to
customers request and provide evidence of
payment for the products.   These transactions,
in turn, enter the accounting system to be
balanced against production and distribution
costs and expenses.

As this scenario suggests, transaction records
are part of many systems.  They provide mecha-
nisms for getting the work done.  They repre-
sent the key data flows in a system, activating
and controlling system processes.

Storing Information
The second function of MIS outputs is archival
storage.  Archival records are permanent docu-
ments. Sometimes archival records are busi-
ness reports and transaction documents.  Some-
times we copy these reports and documents in
either human or machine readable form and
use the right materials for long-term retention
and use.

We have three reasons for archival storage.
First, we’re legally required to retain certain
business transactions.  Second, business records
give us an historical commentary on business
activity.  Long-term trends contained in this
information can be used to project and plan for
future activity.  Third, archival records give us
backup security.  If we destroy active records
through fire or other disaster, we can restore
business files, reports, and turnaround docu-
ments from archival files.  So we must be able
to easily access archival records.
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can contain meter location and other informa-
tion helpful to the meter reader.  Usage data are

then collected by meter readers who record the
data in these books.
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1.5.8.7.4.1. WRITTEN  FORMATS.

Many system analysts design information sys-
tems by first considering the design of the
output formats. They come at the information
specialist part of the MSM  for the information
portrayal/information perception interface.

We design output documents or displays by
first establishing data content.  The system
analyst works with the user to identify the
information needed to support certain deci-
sions.  Then he or she can figure out the list of
data elements to be included in each of the
outputs for the system.  This listing leads
toward the creation of a data dictionary for the
new system.  The user must be involved in
generating this list.  Before you start designing
forms, display screens, or report layouts, you
must know what the content requirements will
be.

Once content is established, analyze and for-
mulate output requirements.  The user and the
analyst together should consider questions such
as these:

• What is the business purpose of the out-
put?

• Who will use the output and how will they
use it?

• What decisions will the manager make
using the output?

• Is each data element in the output essential?

• Are any data elements missing, given the
intended use?

• Is the same information to be included in
other outputs?

• How often should the output be produced?

• How many copies are needed?

• What is the best form and format for pre-
sentation of the data?

Answers to these and other, similar questions
will help the analyst establish a business un-
derstanding of the problems the system will
solve.  By specifying content, format, and
scheduling for output documents, users indi-
cated how important the reports will be and the
role they will play in the new system.

Common Written Formats
Recall the MSM and focus on the information
portrayal/information perception interface.  I’ll
discuss the distinction between data and infor-
mation and explain logical ways to determine
which of the four portrayal formats—graph-
ics, checklists, tables and text—is appropriate
for the various characteristics of the data that
must become information to be useful.

The model has three components: who man-
ages, what is managed, and what is used to
manage; and three interfaces:  the decision/
action interface, the measurement/data inter-
face, and the information portrayal/informa-
tion perception interface.  The manager, the
who, is the forcing function, driving the sys-
tem through decisions that lead to actions that
affect what is managed.  Measurements of
what is managed become the data that feed
what is used to manage:  plans, policies, proce-
dures, reports, and briefings, supported by the
people and machines that collect, store, re-
trieve, manipulate, and portray these data,
which the manager perceives in various for-
mats and uses to make decisions.

In written formats, we must make meaning for our audience.
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informed decisions in the shortest time—when
the information comes to me the way I want it:
when it answers all the questions I need to have
answered, none that I don’t need to have an-
swered, and in a format that is as easy and
pleasant to understand as possible.

Part of managing is measuring what is man-
aged; these measurements yield data that a
variety of people and machines working on
operational endeavors will store, access, ma-
nipulate, and portray for strategic-level deci-
sions.  To manage effectively, the manager
must see to it that the format(s) generated by
these people and machines—by what we call
the data-to-information chain, answer his or
her needs for making the best decisions (down
the line) and the best presentations (up the
line).  In other words, a manager of hardware
inventories is not simply in charge of quanti-
ties of nuts and bolts on hand and on order.
This manager is also in charge (or should be if
he or she isn’t) of the formats in which the
data-to-information chain converts data to in-
formation for his or her use.

The characteristics of information portrayal
depend on the characteristics of the data.  Data
characteristics differ along two dimensions:
purity and volume.  On the purity dimension,
data may be seen as isolated from everything
except that which was measured, the means of
measurement, and (though this last is usually
overlooked or lumped in with the means), the
agency of measurement, i.e., the measurer.
Data lose rawness (if they ever have it!). After
all, to measure anything is to distort it, as
Heisenberg showed; so even measurement as
measurement, as well as the decision to mea-
sure this and not that, constitutes interpreta-
tion and yields the quantitative equivalent of a
metaphor.

A datum, which is a straightforward quantita-
tive physical measurement—for example, the

What do I mean by data becoming informa-
tion?  Aren’t data and information the same
thing?  I just happen to have here 18 volumes
of census data for Czechoslovakia, by prov-
ince, for the years 1920 - 1932.  So what?  But
suppose I was studying Czech demographics
over that period to determine the effects of
increased industrialization on farmers’ migra-
tions to urban areas.

It’s like clues in a mystery.  Until some Sherlock
perceives a pattern of meaning, in which a
bunch of things that-are-the-case add up to
something that tells whodunnit, a clue isn’t a
clue at all.  It doesn’t have meaning all by itself
but must be made meaningful by someone
who figures out how to ask the question to
which the clue becomes part of the answer.
“Data,” after all, means “what is given.”  Data
are the mere results of measurements, either
by instruments or by the inventor of all instru-
ments, the human mind.  Whereas “informa-
tion,” or in-formation, is an internal pattern, a
schema into which data are incorporated by an
organizing principle that selects data that fit
and rejects as noise those that don’t.  Depend-
ing on the schema, that in turn depends upon
the schematizer’s reason for having or want-
ing or needing it, the data’s pattern and there-
fore meaning will differ.  In short, data are a
matter of what is given, and information is a
matter of what is received, or perceived, or
conceived—all three words coming from a
root signifying “to gather.”

Nothing counts as information unless it re-
sponds to someone’s question and therefore
fulfills a purpose.  For purposes of manage-
ment, information is anything that helps a
manager make decisions and take actions that
affect what is managed.  Data become infor-
mation—or rather, managers use data to gen-
erate information—when they apply a bias or
slant or interpretation to a set of data.  I can
make the best decisions—that is, the most
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millimeters of mercury in a thermometer—is
impure in proportion as the device itself is
imperfect.  If the thermometer is read by a
second device, then the original impurity, or
limit of error, is increased by that of the device.
If the thermometer is read by a human, then the
impurity grows by at least the imperfection
inherent in the best human perception.  In
short, though objectivity is in principle impos-
sible since it always involves a human subject’s
perception of an object, the bias in physical
measurement is the lowest attainable and grows
less as instruments mitigate human perceptual
limitations.

At the other end of the purity scale are subjec-
tive, qualitative, conceptual data, as in Will-
iam Blake’s perception of the sun as “an innu-
merable company of the heavenly host shout-
ing ‘holy, holy, holy is the Lord God Al-
mighty.’”  Between these poles come subjec-
tive responses given within an objective and
therefore quantifiable scale or framework, like
grades A to F or the response to

I like meatballs. (circle one number.)
DISLIKE 1 2 3 4 5 6 7 8 9 10 LIKE

The data-volume dimension is simple:  data

can be few or many.

These characteristics and their combinations
(many/pure, many/biased, few/pure, few/bi-
ased—with all possible gradations) help us
logically to determine the appropriate por-
trayal format.  They only help us, because
portrayal logic is one thing, but perceptual
preference, or cognitive style, may be quite
another.  No vendor has ever succeeded in
selling Proctor and Gamble graphics packages
for their computers because the company wants
and hires managers who love tables—detail
people, not visualizers.

Strictly speaking, converting data to informa-
tion is always a matter of losing something and
gaining something else.  What you lose is
some purity, by the very process of selection
(which, you recall, is already a form of inter-
pretation); what you gain is a point of view, a
bias—which means a cut or an angle.  So,
portraying data into information isn’t “lying”
in the sense of deception with intent to protect
oneself and/or harm another.  It is, rather,
deciding what part of the whole truth to tell,
for a particular purpose, to a particular audi-
ence, for a particular occasion.
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/INFORMATION PORTRAYAL/POR-
TRAYAL DESIGN/GRAPHICS

1.5.8.7.4.2.1. WHAT  GRAPHICS DO.

All presentation formats begin with raw data
and add the perspective or goal of the indi-
vidual who creates information from the data.
The form closest to the raw data, which in-
cludes greatest purity and least perspective, is
the table.  The arrangement of data for a table
allows the presenter to choose titles, rows, and
columns, and arrangement of rows and col-
umns.  The data in the table can carry as much
precision as available.  The graphic is the next
most pure representation of the data. In the
transition from table to graphic, much preci-
sion is lost and much perspective or bias is
added.  Within this hierarchy of presentation
formats, the checklist follows; and the final
form is the narrative or text.  The narrative
includes little precision and much perspective,
opinion, and conclusion.  An important point
is the danger in producing a format from a
higher-ordered format.  That is, a graphic
would not be produced from a checklist or
narrative because there doesn’t exist sufficient
purity in those forms.  Rather, a graphic should
be produced from a table or from the raw data.

Figure 1.5.8.7.4.2.1.a., the presentation for-
mats flowchart, allows the manager to choose
the appropriate presentation format.  By look-
ing at the data characteristics, the manager will
be logically moved to select text, tables, check-
lists, or graphics.

Graphics
Some managers, perhaps intuitive managers,
should receive the best decision-oriented in-
formation from graphics.  In support of these
graphics, a management document may con-
tain tables of data, checklists, and narrative,
explanatory, or analytical text.  The key to a
good document is that the graphics will dis-

play the crucial points of information, while
the tables, checklists, and text will provide the
backup data and information the manager
would want when more specific analysis and
interpretation are required.

While graphics can be a concise way to com-
municate information in a book, paper, report,
briefing, or management information docu-
ment, they can also be confusing or misleading
when improperly designed.  The increased
availability of computer-generated graphics
has led to a proliferation of charts and graphs.
Graphics should simplify, not confuse.  They
must focus, not distract.  Some managers dis-
like a particular type of chart; and while pref-
erences are to be expected, given various cog-
nitive styles, chances are that much of this
dislike comes not from the chart type itself but
from experience with the misuse of that chart
type.

Each graphic should be designed to communi-
cate one idea or point.  Once the point is
defined, a logical, structured procedure can be
followed to design an appropriate graphic.
While the following approach contains certain
specific guidelines for graphic design, it also
incorporates considerable flexibility.  Since
the selection of points to be made depends
upon the manager’s personal approach and
style, this design flexibility is one of the
strengths of the presentation format proce-
dure.  My approach is to structure the process
of designing graphics through a set of logic
diagrams.  These diagrams provide guidelines
whereby anyone can address vast amounts of
data and render effective graphics.

The general principles for the design of graph-

A graphic provides a pictorial representation of data with implied comparisons for
making information.  The question is:  Which representation implies a particular
type of comparison best?
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5. Co-relationship comparison—shows how
two variables relate to one another.

We must determine the main idea to be com-
municated before we can select the type of
comparison we want.  Then we can identify the
type of comparison that will best communi-
cate this idea.  The third step in the graphic
design is to select the appropriate chart type.
The final step is to create the graphic following
the design principles for the chart type se-
lected.

There are seven basic types of charts. Figure
1.5.8.7.4.2.1.b. [from Choosing & Using
Charts by Zelanzny and Roche] shows how
each of these chart types applies to the five
types of comparisons.  Figure 1.5.8.7.4.2.1.b.
is the basic tool for selecting a chart type.

There are many possible variations and com-
binations of these seven basic chart types.  For
example, bar and column charts can be subdi-
vided into components that make up each bar
or column; several curves can be superim-
posed on the same chart with varying scales.
The best general guideline is to design the
simplest chart that will communicate the main
point.  A graphic with two curves is not neces-
sarily twice as good as a chart with one.  Each
of the seven chart types and a few of the
individual design rules are given in the follow-
ing sections.

ics arise from two basic criteria.  The graphic
must be easy to read (i.e., clear). And the
graphic must strongly make the desired point
about the data, or conclusion from the data.
The steps described below are intended to
create graphics that satisfy these criteria.

The first and most important step in graphic
design is to determine the main idea to be
communicated.  Then an appropriate graphic
can be selected to communicate this idea.
Since the number of points or ideas success-
fully communicated by a graphic is inversely
proportional to the number of ideas or points
exhibited on the chart, it is important to mini-
mize this number, ideally to one.

Graphics display five different types of com-
parisons:

1. Component comparison—shows the rela-
tive importance of the component parts of
a whole.

2. Item comparison—shows the relative im-
portance,  ranking, or performance of re-
lated items.

3. Time-series comparison—shows the dis-
tribution of an item over time.

4. Frequency distribution—shows the dis-
tribution of an item over several catego-
ries or classifications.
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through time.
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Start

A B C D E
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reference
(categorical data).

Check data
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TABLESTEXT

CHECKLIST

Figure 1.5.8.7.4.2.1.a.  We can flowchart presentation formats to help us logically choose the
presentation format most suitable to the data and to the conclusion we’re trying to make.
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Figure 1.5.8.7.4.2.1.b.  Several types of graphical presentation formats show the different types
of comparison for data.
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/INFORMATION PORTRAYAL/POR-
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1.5.8.7.4.2.2. COMPONENT COMPARISON.

The logic diagram for component compari-
sons is displayed in Figure1.5.8.7.4.2.2.  We
use component comparisons when the main
point of the graph is to show the relative size of
component parts of a whole.  A component
comparison is often described using words
such as “percent of total,” “contribution,” “por-
tion,” or “share.”  Three types of charts are best
for graphically portraying this type of infor-
mation: pie charts, 100% bar charts, and 100%
column charts.

As the first decision node of the logic diagram
in Figure 1.5.8.7.4.2.2. indicates, component
comparison is only appropriate when the num-
ber of components is less than five.  The next
decision node concerns the number of totals or
wholes involved.  When information is to be
given concerning one total, the pie chart is
best.  If a particular component of a pie chart
requires emphasis or if the components can be

ranked by importance, then the component
receiving emphasis should be placed in the pie
starting at the 12 o’clock position and proceed-
ing clockwise.  Darker and denser colors should
be used for the most important components
and for those components that need emphasis.

The logic diagram in Figure 1.5.8.7.4.2.2.
shows that when the components of several
different totals are to be portrayed on a single
chart, the 100% bar chart or the 100% column
chart is indicated.  If there is a time orientation
to the components, the column chart is indi-
cated.  Time is normally displayed on the
abscissa.  When there is no time orientation to
the components, the bar chart is most appro-
priate.  The bars are easier to label, fit in less
space, and make comparisons between sepa-
rate totals easier than two or more pie charts
placed side by side.

We use component comparison when the main point of the graph is to show the
relative importance of the component parts of a whole.
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Figure 1.5.8.7.4.2.2.  We use component comparison when the main point of the graph is to
show the relative importance of the component parts of a whole.
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The logic diagram for item comparison is
displayed in Figure 1.5.8.7.4.2.3.  Item com-
parison differs from component comparison
in that related items are compared on a scale
which is labeled with absolute units.  As the
first decision node of Figure 1.5.8.7.4.2.3.
indicates, if the items aren’t on the same scale,
a text or table should be used, or the items
should be placed on the same scale and the bar
chart used.  These units may be any physical or
monetary scale or a percentage.  When the
scale is a percentage, the 100% mark doesn’t
represent the sum of the items graphed.

Each item in an item comparison is shown with
a value for the characteristic being displayed
in the graphic.  For example, a chart showing
a year’s production (in pounds) of various
chocolate bars made by one company would
be an item comparison.   The focus of item
comparisons is to show the sizes of, or quanti-
ties achieved by, each item.

Although either the horizontal-bar or vertical-
bar chart can be used, current thinking in the
field of graphic art recommends that the pri-
mary tool for item comparisons should be the
horizontal-bar chart.  The horizontal-bar chart
allows sufficient room for a textual descrip-
tion or name for each item in the comparison.

Thus the vertical scale in such a chart is not
really a scale at all.  Item names may be
arranged alphabetically, randomly, or by some
other criteria.  A major advantage of the hori-
zontal-bar chart is that it will not be mistaken
for a time-series chart.  A horizontal-bar chart
is a “snapshot” of the status of the items
involved at a single point in time.

In a bar chart, the main point of the graphic
affects the order of the items.  For example, the
order may be randomized to emphasize the
unevenness of performance among items.  On
the other hand, items may be ordered by in-
creasing or decreasing value of the character-
istic being displayed.  This is often done to
show where particular items lie in the ranking.

There are several variations of the horizontal-
bar chart.  These include range bar charts,
which show a range of performance on the
characteristic scale, and deviation bar charts,
in which bars may extend in either direction
from a vertical base line.  Horizontal-bar charts
may even have bars split into several compo-
nents. While this practice may make the chart
appear similar to a component-comparison
chart, the difference lies in the emphasis on the
comparison between items rather than among
components of a single item.

TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/INFORMATION PORTRAYAL/POR-
TRAYAL DESIGN/GRAPHICS

1.5.8.7.4.2.3. ITEM  COMPARISON.

We use item comparison when we want to show the relative importance, ranking,
or performance of related items.
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Figure 1.5.8.7.4.2.3. We use item comparison when we want to show the relative importance,
ranking, or performance of related items.
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/INFORMATION PORTRAYAL/POR-
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1.5.8.7.4.2.4. TIME -SERIES COMPARISON.

The logic diagram for time-series comparison
is displayed in Figure 1.5.8.7.4.2.4.  A time-
series comparison shows how the performance
of a single item changes through time.  It
highlights fluctuations or trends and exposes
patterns.  Figure 1.5.8.7.4.2.4. requires two
key decisions that narrow the choice among
the four chart types.  The first question is
whether or not the data have been kept on the
same scale over the time period.  If yes, the
next decision is whether the data are discrete or
continuous.  If they’re continuous, the surface
chart or curve chart is most appropriate.  We
select the surface chart if the emphasis is on
magnitude, the curve chart if the emphasis is

on trends or changes.

If the data are discrete, the column or step chart
is indicated.  The key question for selection
between these two types is whether or not the
number of time periods is fifteen or fewer.  If
the number is less than fifteen, proceed to the
column chart; if it’s greater than fifteen, pro-
ceed to the step chart.

Customarily, time is placed on the horizontal
axis in all time-series comparisons.  The verti-
cal axis represents the scale of the characteris-
tic that is being measured for the item.

We use time-series comparison when we want to show the distribution of an item
over time.
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Figure 1.5.8.7.4.2.4.  We use time-series comparison when we want to show the distribution of
an item over time.
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1.5.8.7.4.2.5. FREQUENCY DISTRIBUTION

The logic diagram for frequency distribution
is displayed in Figure 1.5.8.7.4.2.5.  A fre-
quency distribution comparison shows the
number of occurrences or events in each of
several ranges along a scale that measures a
particular characteristic.  Suppose, for example,
you wish to understand something about the
patterns of service calls for various brands of
microcomputers in August 1992.  A frequency
distribution could be created from daily ser-
vice call reports from that month.

Column, step, and curve charts can be used to
display a frequency distribution.  Generally-
accepted practice is to place the scale that
measures the characteristic of interest along
the horizontal axis in these charts.  The vertical
axis in all of these charts is either a simple
frequency count or a percentage of the total

number of occurrences.

As the first decision node of Figure
1.5.8.7.4.2.5. indicates, the key decision for
selection of graph type is whether the data are
discrete or continuous.  If the data are discrete
and we have more than ten valid points and
more than fifteen class intervals, we select the
step chart.  If we have fewer than fifteen class
intervals, we select the column chart (or histo-
gram).

As indicated in the first decision node in Fig-
ure 1.5.8.7.4.2.5., if the data are continuous,
the curve chart (or frequency distribution) is
indicated.  The curve chart will show continu-
ous data where differences between intervals
are infinitesimally small and the number of
intervals is large.

We use frequency distribution when we want to show the distribution of an
item over several categories or classifications.
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Figure 1.5.8.7.4.2.5.  We use frequency distribution when we want to show the distribution of an
item over several categories or classifications.
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1.5.8.7.4.2.6. CO-RELATIONSHIP  COMPARISON

The logic diagram for the co-relationship com-
parison is displayed in Figure 1.5.8.7.4.2.6.
Co-relationship comparisons relate two vari-
ables to each other in a manner similar to the
way variables are examined in regression and
correlation analysis.  The typical purpose of a
chart of this type is to expose a relationship
between the two variables.  For example, we
may want the relationship between the output
from a particular nuclear reactor and the amount
of energy consumed by that reactor.

There are two chart types used to graphically
portray co-relationship comparisons: the dot
chart, also known as a scatter diagram; and the
paired bar chart.  As Figure 1.5.8.7.4.2.6. indi-
cates, the key decision node for selecting chart
type is whether data points must be individu-
ally labeled.

Labeling each dot in a dot chart is difficult to
do so that the reader may easily understand the
source of each data point.  The paired bar chart
solves this problem by using a pair of bars (one
bar for each variable) to represent each data
point.  This type of chart provides the reader
with more confidence in apparent relation-
ships by clearly indicating the source of each
data point.

The scatter diagram contains data in the form
of dots, each of which represents a pair of
variable values, usually obtained from histori-
cal data.  Data for the comparison between
reactor output and energy consumption could
be collected on an annual basis for ten years,
which would result in ten data points (dots).

We use co-relationship comparison when we relate variables to each other.



823

Figure 1.5.8.7.4.2.6.  We use co-relationship comparison when we relate variables to each
other.
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/INFORMATION PORTRAYAL/POR-
TRAYAL DESIGN

1.5.8.7.4.3. TABLES

Tables provide the most unbiased format for data.

Tables
A table is rectangular array of usually numeri-
cal data, designed to show relationships be-
tween the horizontal and vertical categories.
A table is a container for data points; each cell
of a table is a point specified by two coordi-
nates.  Thus, and in accordance with the dic-
tum that a purer format can be used to generate
an exhibit in a less pure format, a table can
yield a set of one or more graphics, checklists,
texts, or a combination of these.  The table, on
the purity dimension, is one step removed
from raw data.  Raw data are in principle
infinite in quantity, and even the longest table
is finite and therefore a selection of data; to
select is to bias.  Further, the table is selective
in the relationship(s) it portrays through the
table maker’s choice of categories.

The purpose of a table is to provide easy access
to a (usually) relatively large number of refer-
ence data.  Thus, unlike a graphic, a checklist,
and (usually) a text, a table is a randomly
accessible database, used primarily only in
part or parts—a table of logarithms or English/
metric conversions or even a telephone book.

Table Design
The logic diagram for constructing tables is
shown in Figure 1.5.8.7.4.3.  First, the preparer

must, as with all portrayal formats, name the
table, i.e., choose what shall be portrayed for
what purpose.  The title or name should indi-
cate the precision and the relative complete-
ness or incompleteness of the data presented.
When possible, the title or name should be
given as a complete sentence, preferably no
longer than 10 words.  This recommendation,
which follows the central criterion of the Perry
Method for constructing briefing charts, is apt
because a sentence, unlike a word or a phrase,
expresses a complete thought.  The table maker
can thereby unequivocally establish his or her
slant on the data by making clear who’s doing
what to whom (or what’s doing what to whom,
or what’s doing what to what).  The normal
pattern of an English sentence—subject, verb,
object—is also (and probably for deep reasons
that neurophysiologists may never understand)
the pattern, the heuristic, that makes data into
information.

Beyond naming, the aim is to make the table as
easy to use as possible.  Given that a user will
look down (or up) and across to find each data
point, this task should be easy on the eye, with
possibly a network of orthogonal lines boxing
in the points if there are many and they’re
physically close together.
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826

TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/INFORMATION PORTRAYAL/POR-
TRAYAL DESIGN

1.5.8.7.4.4. CHECKLISTS

Checklists
A checklist is a mnemonic, a set or sequence of
procedural steps, sometimes appearing as just
a list of items of any sort, for example, a
grocery list.  In fact, the grocery list is a set of
procedures, for the verb “buy” [or in some
neighborhoods, “steal”] must be understood,
as must the verb “mix” or “combine”:  for the
items in another species of checklist, the recipe.

The checklist may be randomly arranged—
like a grocery list of items in the order in which
they came to mind—but the most effective list
will be in some logical order.  For shopping,
the order might be that of related items (meat,
milk, cereal, etc.) or of location, classifying
items by aisle; it might equally be in order of
importance: if money runs out, buy the first
items first.  In short, the checklist must carry
some bias and direct the user to follow the
simplest path to the desired goal. Normally,
unlike a table, which is used for reference and
in part, a checklist is meant to be completed.

The purpose of a checklist is to move a user
through a process to achieve a specific goal.
The user is not to argue with or interpret or
make selections from the list; he or she is to be
controlled by it.  All interpretation—the pur-
pose of the process, the selection and ordering
of the steps—is done beforehand by the
preparer.  Sometimes the order will matter
little, when for example one is to buy eggs and
milk; it’s no great question whether to pick up
one or the other first.  But say a spouse makes
a morning checklist containing the items

wake up
kiss husband/wife
brush teeth

In this case, the order is everything.  If the
purpose of the procedure is to celebrate and
prolong the marriage, the brush precedes the
kiss; if, however, the goal is to show contempt
or slowly to poison the union, then the kiss
should come first.  The distinction is thus
between necessary and conditional constraints.

Checklists Design
The logic diagram for constructing checklists
is given in Figure 1.5.8.7.4.4.  As with graph-
ics and tables, the checklist must be easy to
read and follow.  Ease will partly be a function
of layout—size of type, spacing, etc.—and
partly of length.  The general rule here is that
fewer is better.  The preparer must not, how-
ever, sacrifice clarity for brevity by combining
into one step two or more sub-steps that the
user may not recognize as indicating more
than one action.  The preparer will do well to
keep in mind, if not always to practice, the rule
concerning what has been called “the magic
number 7 plus or minus 2.”  Human short-term
memory, researchers have found, can store
only between five and nine bits.  To remember
many more than nine bits, an individual must
“chunk” bits into larger units—as we do with
telephone numbers, the three-digit prefix be-
coming not three separate pieces but one single
chunk.  Thus, if a checklist contains many
more than nine items, the preparer should try
to organize these items into a smaller number
of groups or categories.

The ease-of-use criterion applies more or less
strongly in proportion to “what’s in it” for the
user.  Someone using a checklist for bomb
disposal is likely to pay the fullest possible
attention to each step.  An experienced pilot,
however, is likely occasionally to neglect—or

The checklist guides your thinking in a predetermined direction.
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find it advisable to make what must necessar-
ily be a long procedure into a series of shorter
ones—two or three separate checklists, per-
haps, instead of one.

wish to neglect—steps in the start checklist
and must be persuaded, insofar as possible, by
the very simplicity of the format, to follow it
through.  In some instances, the preparer may

Figure 1.5.8.7.4.4. The checklist construction flowchart focuses on clarity and usefulness of the
checklist.
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1.5.8.7.4.5. TEXT

Text
Text (discourse) permits the presenter the most
control or bias, for the rules and constraints
governing text production exist only at the
most formal levels (use of conventional let-
ters, numerals, and other symbols; and ac-
cepted standards for spelling, grammar, and
syntax), leaving more to the producer’s choice
than any other medium (except music and
visual art, which is not to the point here).

Textual presentation is appropriate when data
are primarily or entirely qualitative, abstract,
or conceptual, and when the producer must
supply detailed explanation, description, nar-
ration, or argument.  Text is also the only
format that can have a voice—that is, call
clearly to mind a persona, a character behind
the words.

Text may be made randomly accessible by the
use of tiles, headings, and other symbols, but
the smallest unit of text is the sentence, whether
fully represented or elliptical.  The text pro-
ducer must, like the producer of any other
format, take into account both the purpose of
the text and the needs and desires of the audi-
ence.  Given that text communicates both
objective information (facts and hypotheses)
and subjective information (attitudes and feel-
ings), the writer must decide in advance what
he or she wants the reader

a) to know or know how to do as the result of
reading the text, and

b) what attitude toward this knowledge or
ability he or she wishes to elicit.

The schema in Figure 1.5.8.7.4.5. shows the
priorities and subtasks of the process of text
production, moving from matters of choice at
the top to matters of convention at the bottom.

Text Design
So much attention has been paid in recent
years to the cognitive processes underlying the
production of text that even the briefest sum-
mary would occupy many pages.  For my
purposes, let it suffice to highlight those as-
sumptions shared by all theorists and research-
ers. Instead of providing a flowchart in this
section, I’ll highlight the salient premises,
comment on them, and suggest useful applica-
tions.

1. Writing is not merely the transcription of
already-formed thought; it is, more, a tech-
nology for knowing, thinking on paper (or
monitor!).

Comment:
In Rhetoric, Romance, and Technology,
Walter Ong observes that writing makes
possible not only the storing of informa-
tion outside the mind (this storing refers
equally to any presentation format, any set
of marks on paper); more importantly,
writing, discourse, makes it possible to
have thought that would be impossible in a
strictly oral culture.

Every writer surprises himself or herself
by thinking something unexpected.  E. M.
Forrester’s “How do I know what I think
till I see what I say?” jibes with B. F.
Skinner’s assertion that “It is strictly im-

With text, we can portray our bias easily and we can interpret the meaning in many
different ways.  Text carries the maximum richness, biasedness, and opportunity of
ambiguity.
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possible for a person to see all one’s verbal
behavior until he emits it.”

APPLICATION:
Practically no writer “gets it right the first
time.”  Few writers are what British poet
Stephen Spender calls “Mozartian” com-
posers—writers who do all the conception,
generation,  revision, and polishing in their
heads so that when words meet paper they
are fully formed, springing like Athena
from the head of Zeus.  Most of us are,
rather, “Beethovenian”—explicitly messy
in our composing, with all the stages in the
production of a final draft  exhibited.  (Word-
processing equipment makes it easier to
forget this fact, since changes—additions,
deletions, combinations, separations, sub-
stitutions, and transpositions—can be  made
without preserving the evidence.)

Therefore:
Write first to find your thoughts, second to
please yourself, and finally to shape your
message to the characteristics of your audi-
ence.

2. Writing, in the paradigm proposed by
Murray, is a non-linear, iterative process of
collecting, connecting, writing, and read-
ing.  That is, these four activities go on
during the process that begins with the
need or desire to write and terminates when
a piece of text is transmitted to its intended
audience.  But though each activity may
properly designate most  of  what the writer
is doing at any one time, the stages continu-
ally overlap.  In theory, a piece of writing is
never finished; it is rather simply aban-
doned at some point because the writer
has to get on with his or her life.

Comment:
The writer is the first reader of his or her

text but should not be the only reader.  It’s
too easy to overlook information or logic
that, while plain to the writer, will be
absolutely missed by the reader.

APPLICATION:
Get peer commentary on a document be-
fore sending it out.  You won’t have time
to do this with everything you write, but
for the most important documents, it’s
essential.  Writing is always to some extent
gambling, floating a trial balloon:  there’s
simply no way to insure that a one-to-one
correspondence exists between the writer’s
intentions and the reader’s response.  This
difficulty is specific to the textual format
because of the degree to which people can
misunderstand by imposing on a set of
words the interpretation they bring to them
rather than being brought by the words to
the interpretation the writer desires.

3. Every professional manager is also a pro-
fessional writer and reader, and no man-
ager has time to read all that comes into his
or her mail slot.

Comment:
Every manager will agree with the premise
given above as it applies to what he or she
receives; few will realize that it applies
also to what they send out.  Somewhere in
the mind of every manager lurks the erro-
neous assertion that “I know I get a lot of
junk; thank goodness what I write gets
read immediately and with pleasure by all
receivers.”

APPLICATION:
Write as simply, clearly, and briefly as
possible.  This is terribly difficult and
takes practice.  The harder the writer works,
the easier it is for the reader.
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Choices

Conventions

*Adapted from Ellen Nold's "Classification of Writing Subtasks" and Edward P.J. Corbett's The
Little English Handbook

Thematic Choose a subject and thematic design for generating and organizing
(choice, unity, ideas; select adequate points, details, or examples from observation,
and development reading, or other sources of knowledge.
of topic)

Rhetorical Have specific readers in mind and their background and expectations
(audience and regarding the subject and writer; maintain a consistent point of view,
attitude) tone, and style.

Generic Determine the kind of writing required for the subject, circumstances,
(genre or type of and audience and the complexities involved—which may range from
writing project) a simple personal note to the intracacies of a sonnet or a scientific

explanation.

Formal Begin and end paragraphs at proper points.  Use transitional devices,
(coherence) repetition of key words, and parallel sentence structure.

Syntactic Maintain logical word order, grammatical structure, coordination, sub-
(sentence structure) ordination, and effective closure of independent or sentence units.

Lexical Choose words that convey meaning and style accurately and effec-
(diction or tively; keep a dictionary handy.
word choice)

Grapholectical Use the dialect and conventions of standard written discourse as dis-
(standard written tinguished from idiom to irregular patterns of speech.
English)

Graphical Use standard orthography and conventional graphic devices of mech-
(spelling and anics and punctuation.
punctuation)

Scribal Use legible handwriting or accurate typing, the motor skills of
(handwriting or written composition.
typing and
proofreading)

Figure 1.5.8.7.4.5.  Priorities and Subtasks of the Writing Process*
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1.5.8.7.5. EVALUATING  PORTRAYALS

We evaluate outputs of management tools
against criteria involving a number of trade-
offs.  Since information portrayals are the
outputs of the data-to-information conversion
processes within the management tools, we'll
focus on these portrayals.  The criteria for
evaluation include:

1)  Timing
2) Use
3) Volume
4) Quality
5) Cost

The age of information is driven by our need
for the right information in the right form at the
right place and the right time.  We develop
better computer tools because of the larger
quantities of more-rapidly changing informa-
tion.  Timing has to do with the ability of data
to rot.  Data have shelf lives just like tomatoes
do.  And like running a grocery store, different
kinds of data have different shelf lives.  The
problem is that data don’t stink like food does
when it rots.  So, it’s harder to sniff out rotten
data.  It’s the decisions that stink when data rot.
Is the information in the portrayal current?  Is
the information what is needed for this deci-
sion at this time?  These are a couple of timing
issues that affect the value of the information
portrayal.

What will we use the information portrayal
for?  Is the use important?  It’s nice to have a
birthday list of all our employees.  It’s more
important to have a wage rate for all our
employees.  As we look at uses of information,
we need to look at uses inside our domain of
responsibility and uses outside our domain.  In
Module 1.6.1.1., I’ll talk about information

For the outputs of management tools, we evaluate information portrayals for
performance criteria.

portrayals inside our domain as red-loop por-
trayals or information flows and information
portrayals from our domain to another as blue-
loop portrayals.  We don’t want people in other
domains to necessarily see our internal infor-
mation.  We also want to make sure we address
the audience when we prepare information
portrayals for someone else.

Internally, we want to use information to help
us manage better.  This information is usually
process-oriented information.  We either want
summaries and aggregations or details.  When
aggregating data, we get a bottom line or a
trend.  We’re integrating data.  When we look
for details, we’re differentiating data.  We’re
looking for potential problems we can nip in
the bud.  All problems telegraph themselves
first as small details.  If we see the problem
early enough, the problem is easy to fix.  We
may want standard reports, specialized re-
sponses to queries, work-process reports, or
business transactions.  If we look for the right
details, we’ll manage better.  If we look for the
wrong details, we’ll manage poorly.  Ulti-
mately, we want to know if we’re managing
better as a result of having information avail-
able to us.

Externally, we tend to use information to show
others what we’re accomplishing for them or
what we need from them.  This information is
usually result-oriented information.  People in
other domains of responsibility, if they’re think-
ing total quality management, will want pro-
cess-oriented information.  Unfortunately, not
many people have realized yet the value of
looking at the supplier’s or the customer’s
process rather than the results.  For external
domains, the valuable details are usually dif-
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ferent than the best details for internal use.  The
information portrayals typically for those who
want results are reports, invoices, shipping
orders, and so on.

The volume of information we can produce is
unlimited.  So today, the measure of success is
the least amount of information to get the job
done.  Throwing data at a problem is as ineffi-
cient as throwing money at a problem and
about as expensive.  With modern computer
equipment and techniques, we can supply a
vast amount of information in a small amount
of space or time.  Always remember the infor-
mation portrayal to information perception
interface and the equation audience plus pur-
pose equals design.  We have to carefully fit
the amount of information to the needs of the
audience.  We can do great harm by producing
large amounts of information to people who
don’t know where the details they need are or
don’t know how to use the information they get.

Quality of data and information and of the
information portrayal depends on the ratios of
bad, good, and relevant data and information
discussed in Module 2.1.9.3. and on the fit of
the portrayal format to the use of the informa-
tion discussed in Module 1.5.8.7.4.  The qual-
ity we need for an information portrayal de-
pends on its use.

The cost of the information portrayal depends
on the quality and quantity of the data and
information, the process for accessing the data
and information, and on the portrayal mecha-
nism.  The cost depends somewhat on the
timing of the data  and information, although
today speed of delivery is so quick that seldom
is timing a cost factor.

As with all sets of criteria, we have tradeoffs
among them.  Higher quality usually begets
higher cost.  Lower volumes usually mean
lower costs.
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1.5.8.7.6. EXERCISE ON DESIGNING PORTRAYALS  STUDENT REGISTRATION

Scenario
The University Registrar manages academic
information and some other personal informa-
tion about students, like permanent and local
addresses.  We’re only interested in academic
information here.   Most academic information
deals with conducting classes, but some is
regularly needed for things like graduation
and some is sporadically needed for things like
finding out how many classes are held in
McBryde 100.

The Registrar’s Office is the hub for data input
and output on student registration.  The users
of the information are l) students; 2) faculty; 3)
department heads; 4) college deans; and, of
course, 5) the Registrar and the Student Sys-
tems organization that maintains the databases.
The primary inputs to the system come from
the students  and the department heads.  The
assistant department heads (acting for the de-
partment heads) fill out course requests iden-
tifying for a course who teaches, class size,
number of sections, requested time and room
number, and other data.  The Registrar pro-
duces the timetable (output format!).  The
students use the timetable to produce the other
key input instrument to the Registrar—the
registration op-scan sheets.  The Registrar’s
Office is responsible for inputting to the Stu-
dent Systems’ database and for outputting
class rolls and approved class tickets.  The
Student Systems organization maintains the
databases for everyone to access.  In addition
to the users I’ve listed earlier, Student Hous-
ing, Student Affairs, the Office of Institutional
Research, and others can access information.
Both the Registrar and Student Systems report
to the same Associate Provost.

I’ll list the users of the information about
registration and for each user.  I’ll identify
documents they need by the name you’re most
familiar with.

Student
timetable
registration op scan sheet
approved class ticket
grade report
graduation analysis
drop/add form

Faculty
class roll

initial—before first class
revised—after add deadline
final—after drop deadline

individual student information—on re-
quest, for advising
grade sheet

preliminary—for graduating seniors
final—for all students

change of grade

Department Heads
management report—showing class en-
rollment for all classes, no student names—
used to assign faculty before classes begin
class roll—the three versions listed for
faculty
grade sheet—copy from faculty—both
versions
student grade report—for student’s file
graduation analysis

College Deans
grade report—for student’s file
graduation analysis

When we register for classes, we use many different portrayal formats, each need-
ing improvement.
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candidates for degree report—listing all
students who applied for degree
any other report on request
special reports from STUCENFL (student
census file), like those for all classes with
more than 30% failures or all classes taught
in McBryde 100

Registrar
requested course schedule—from depart-
ment heads (to generate time tables)
registration op scan—from students
request for graduation analysis—from stu-
dents application for degree—from stu-
dents

Student Systems supports all this by maintain-
ing the databases.  They do no input.  They
code programs and maintain databases.  They
produce STUCENFL, which is a read-only
file for archival use and is all data for all
students.  The data are frozen ten days into the
semester.  They also maintain a current file for

up-to-date, live data for requests.

Another document all users need is the Uni-
versity Catalog (both undergraduate and gradu-
ate editions) written by each department and
coordinated and published by the Registrar.
Many departments update and extend the cata-
log by producing curriculum flow charts to
help students schedule their classes in the right
sequence.

Exercise
Your job is to pick three different information
documents for three different users and de-
velop student registration documents or out-
put formats to help the users make their deci-
sions.  You can either improve in some signifi-
cant way an existing document or you can
design a new document.  Show what you’ve
done by drawing each format and stating the
purpose of the improvement in the new docu-
ment.  (I’ve attached a few of the formats
you’re now familiar with.)
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1.5.9.1. GATHERING  INFORMATION –JACQUES-LOUIS DAVID
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1.5.9.2. HOW AND WHERE TO COLLECT  DATA

Importance of Information Gathering
In the analysis stage of developing an informa-
tion system or any management tool, you’ll
need to study and learn about specific portions
of the domain of responsibility and about how
information is now processed in that domain.
Therefore, you must gather information be-
fore you can figure out how to build the man-
agement tool.  Much of the pre-existing infor-
mation you gather may be out of date, so you’ll
have to make contacts and observations and
update the information you need.  Gathering
information about a domain of responsibility
and its present activities isn’t an easy task, but
you must do it to build the management tool.
For that matter, you must be good at gathering
information to figure out any problem you’ll
solve as an engineer or as a manager.

Categories of Information
In building an information system, you’ll search
for four categories of information.  The first
category is information about the organiza-
tion.  Organizational information includes
MVP (mission, vision, and guiding principles)
and goals of the company; organizational struc-
ture; work flow charts and objectives and
purposes of functional units; and policies, plans,
and procedures.

The MVP and the goals and objectives of a
company guide the organization and set the
tone and direction for much of the systems
analysis and development work.  Policies are
rules or guidelines for directing the objectives
of the business.  These policies should imple-
ment overall goals and objectives.  Such long-
term statements may be found in orientation
brochures, procedures manuals, or in annual

reports.  Organizational structure indicates
management’s intentions and directions and
should correspond with statements of the goals.

A good place to begin your search for informa-
tion about the organization is to ask for orga-
nization charts, work flow charts, and proce-
dures or production manuals.  Each subdomain
of the organization should have objectives and
purposes stated for its functional units which
network with those of the overall domain.

The second category of information you’ll
gather is information about the people in the
domain of responsibility.  This category should
include information about authority and re-
sponsibility relationships, job duties, interper-
sonal relationships, and information needs.
Authority and responsibility relationships may
be presented by an organization chart, but
actual working relationships may be very dif-
ferent.  You must discover these actual work-
ing relationships, but this information may be
sensitive and you’ll have to keep it confiden-
tial in some work environments.  Make sure
the organization charts are up-to-date and be
ready to draw up some of your own charts to
show the lines of authority in the organization
and other relationships among people (the
who manages in separate domains) and their
responsibilities.

Job duties are what each person does in con-
nection with the ongoing operation of the
existing system.  This type of documentation
may be found in manuals for task perfor-
mance, but these formal, written procedures
may be different from the way work is done.
You can also find position descriptions in an

If you don’t know how to gather data and information, you won’t be able to make
management tools work or make good decisions.
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on your observations is to use diagrams called
work flow diagrams.  These work flow dia-
grams look like computer programmers’ flow
charts.  You should use these diagrams to
discuss and verify the work flow with people
in the domain.  Your flow chart shows the
relationships among all the processes in the
domain.

A document flow chart (similar to a work flow
chart) is one means of representing this type of
information graphically.  Methods and proce-
dures for performing the work focus on the
physical process.  A system flow chart can
often help supply this type of information.
Work schedules and volumes include the
amount of work to be accomplished in a given
period of time.  You should note the variations
in work loads for the areas under study.  Per-
formance criteria are standards against which
the work can be measured.  These standards
should apply to schedules and volumes, as
well as, to quality, accuracy, and reliability of
information processing work.  Control mecha-
nisms are checkpoints at which feedback from
processing is evaluated according to specifi-
cally defined criteria.

I was working with an Office Director in the
Department of Energy.  On one of my visits he
called me into his office and said, “Harold,
I’ve noticed you’re spending a lot of time
helping my secretary make copies of docu-
ments.  Why do you do that?”  I said I not only
helped make the copies but I helped distribute
the copies.  I told him my job was to gather
information about information flow and use.
If I asked him what the information flows were
in his organization, he would tell me either
what he thought they were or what he wanted
them to be.  Because I worked with the physi-
cal evidence, I knew what the information
flows were.  I also knew who put the informa-
tion in their file cabinet or in the trash can or
kept the information on their desk handy for
use.  I wasn’t gathering information about

organization to find out who’s responsible for
what.  Remember that being able to determine
what is occurring is the job of information
gathering.

Gathering information about interpersonal re-
lationships is another piece of information you’ll
need to learn about the people.  This informa-
tion will be used to confirm suspicions estab-
lished by formal organization charts.  As people
do whatever they have to do to get the job done,
the flow of information may differ both from
organization charts and from systems designs.
Finally, you should learn about people’s infor-
mation needs.  You should find out what infor-
mation each person needs and what informa-
tion is received.

We’ll learn about information flow diagrams.
They’re more popularly called data flow dia-
grams.  These diagrams help us capture and
organize how information flows in the organi-
zation.  If we do the diagrams right, they also
help us talk with people in the organization to
make sure we know what’s really going on.
When we get this information, we usually have
trouble distinguishing between what the infor-
mation flows are from what the person we’re
talking to would like for them to be.  For that
reason, we get the best information about infor-
mation flows from observing information flows.

The third category of information gathering is
information about work which includes tasks
and work flows, methods and procedures for
performing the work, work schedules and vol-
umes, performance criteria, and control mecha-
nisms.  Gathering information about tasks and
work flows may begin by collecting flow charts
for the work process and associated forms and
logs that include entries made at each point in
the system.  You should look for processing
steps that center around individual personali-
ties, skills, or experience.

The best method for capturing work flow based
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information in his acquisition from interviews
or questionnaires.  I was gathering information
through observation and direct experience.

The fourth category of information gathering
is information about the work environment.
This information includes physical arrange-
ment of work areas and available resources.
Physical arrangement of work areas may be
illustrated in a diagram of desks and work
positions, along with a series of arrows show-
ing how data move in the course of processing.
This information is essential when evaluating
the efficiency, effectiveness, and degree of
control within the existing system.  Resources
available focuses on the specific items of physi-
cal equipment in use, along with their costs.
You should document the kinds of equipment
and facilities available at each work station
including available resources which are not
being used in the existing system for this
functional area.

Notice how much we can use diagrams and
charts to help us capture, organize, under-
stand, and discuss information about the do-
main of responsibility.  Information overlays
all the workings of the domain.  The manager
will use information about everything in the
domain to make decisions.  To get the right
information to the right people at the right
time, we must understand the workings and
relationships of everything in the domain.
Organization charts, document flow charts,
work flow charts, information flow charts, and
office layouts help us analyze the organiza-
tion.

Sources of Information
One source of information is existing docu-
mentation which includes organization charts,
policy manuals, methods and procedures manu-
als, job descriptions, forms and reports, docu-
ment flow and work flow diagrams, systems
flowcharts, computer program documentation,
data dictionary listings, and computer opera-
tions manuals.  You should evaluate these

things before using other methods of informa-
tion gathering. Another source of information
is information gathered from people such as
system users and managers.  Finally you may
have to gather information from external
sources such as other companies, equipment
and software vendors, and business publica-
tions, seminars, workshops, or visits to show-
rooms or other companies for demonstrations.

Methods for Gathering Information or Col-
lecting Data
Data collection is an important component of
any measurement system.  And you’ll use one
or more of several methods to gather informa-
tion as you analyze the situation you find in
any organization you’re developing an infor-
mation system for.  Six primary methods for
acquiring facts are identified below.  Each has
its advantages and disadvantages, which are
summarized in Figure 2.1.5.2.  These methods
are briefly described below.

1.  Interview.  Conducted face-to-face or over
the phone.

2. Questionnaire.  Can use a variety of re-
sponse formats, such as multiple choice,
open-ended answers, rating and ranking
scales, and semantic differentials.

3. Observation.  Conducted continuously
over a time period (standard), or intermit-
tently at different times (time sampling).

4. Document Analysis.  Accomplished by
analyzing documents such as MIS reports,
appointment books, minutes of meetings,
office memos, and customer correspon-
dence.

5. Critical Incident  Review. Focuses on
events that interrupt business as usual.
Only those things which are especially
important, unique, or revealing are con-
sidered. According to Ruddock (1981)
“much that is usual may have no obvious
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allow sufficient time for gathering and inter-
preting the data.

When planning an interview, the first step is to
identify the sources of information.  As a rule,
you should always interview from the top
down.  Another step in planning an interview
is to define your objectives and prepare for the
interview by writing down an outline of points
to be covered in the interview.  You should
always advise the interview subjects about the
objectives of the interview, the topics to be
covered, and the types of documents that
might be needed.  When possible you should
hold the interview in the subject’s own office
or department.  The best interview is one in
which the interviewer does most of the listen-
ing.  Always follow up the interview by send-
ing information collection summaries to in-
terview subjects so they’ll have a chance to
edit them.

An effective questionnaire should have cer-
tain basic characteristics which include valid-
ity, reliability, face validity, and ease of ad-
ministration and scoring.  Validity means that
the questionnaire measures what it’s supposed
to measure.  One way to measure validity is to
compare the tabulated results of the question-
naire with other measures such as interviews.
Reliability means that the respondents answer
redundant questions in the same way.  Much
of the same information is sought in different
ways through the use of multiple questions.
Face validity implies the respondent feels that
items on the questionnaire have a valid pur-
pose.  Ease of administration and scoring
means that the directions should be clear and
easy to follow.  When possible, the question-
naire should be structured for machine scor-
ing.  There are many things to consider when
planning a questionnaire.  You should refer to
a good source before attempting to use a
questionnaire.

An important characteristic of observation is

explanation.  To explain it may require
analysis, reference to purposes, to com-
mon perceptions, to hidden interests and
sometimes to theory.”  Critical incidents
tend to expose reality often with uncom-
mon clarity.

6. Work Sampling and Measurement.  In-
volves statistical techniques for gathering
information about a large work volume by
studying a carefully selected portion of the
total.

You can combine data-collection techniques.
Charting is a most-effective method for gath-
ering information and collecting data.  If you
do a workflow chart, for example, you ob-
serve, ask questions (interview), and evaluate
documents to identify the activities and deci-
sion points in the work flow.  The draft
workflow chart becomes a good discussion
point to determine what information you’re
missing and what information is wrong.  An-
other method for gathering information is in a
participative decision making or information
sharing meeting.  You surface ideas and cap-
ture information to be shared and evaluated.
How could you use a panel discussion or gripe
session to gather information?  Are some meet-
ings called only for the purpose of gathering or
sharing information?

The choice of data collection method depends
upon a number of factors, including the poten-
tial for embarrassment, sensitivity of informa-
tion sought, number of people to be contacted,
importance and possible impact of the evalua-
tion, routineness and repeatability of proce-
dures, degree of scrutiny to which the evalua-
tion will be subjected, and personal prefer-
ences of the manager or evaluator.  Often, you
may use more than one method.  The method
you choose must be agreeable to the client and
colleagues, must be technically sound (reli-
able, valid, and measure what it should), must
be within the evaluation budget, and must
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that a highly-trained person must do the ob-
serving.  These people usually have to be
experienced systems analysts or industrial
engineers.

All the data collection methods require a great
deal of skill.  You need to learn to look (ob-
serve), listen, and probe.  You want informa-
tion.  You talk or ask questions only to get the

best information you can. Your success as an
engineer or manager will depend on your abil-
ity to ask questions or probe to get the informa-
tion you need to make decisions with.  Being
able to collect data (ranging from technical
situations to personnel situations) and to gather
information is one of the most important things
you’ll ever learn.  Think about it!  Do some-
thing about it!  Don’t forget it!
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Method Advantage Disadvantage

Interview Permits in-depth probing. Expensive and time-consuming
• Face-to-face Permits discussion of sensitive Inter- and intra-rater reliability
• Phone issues. may be difficult to obtain.

Good for eliciting new ideas.

Questionnaire Anonymity encourages truthful May need follow-up to obtain
• Multiple-choice response to embarrassing questions. adequate number of responses.
• Short answers
• Rating scales Can be administered to large groups May require respondents to draw
• Ranking scales at low cost. distinctions that don’t exist.
• Semantic differential

Reduces judgmental data into a May produce no response if
manageable form. poorly designed (complex

instructions; lengthy;
ambiguous).

Observation Permits first hand observation of Observer can change the
• Standard events. environment.
• Time-sampling

Skilled observers can obtain Inter- and intra- observer
insightful facts. reliability may be difficult to

obtain.

Document Analysis Unobtrusive. Documents may be disorganized,
• MIS reports unavailable, or too voluminous.

• Correspondence Can be expensive.

• Financial records Only formal communications are
• Office memos likely to be recorded.
• Timesheets

No new data collection required.

Critical Incident Exposes facets which are otherwise Can be difficult to interpret.
• Internal events not obvious.
• External events

Focuses only on particularly Insiders may not notice situations
important or revealing events. which appear very unusual to an

outsider.

Work Sampling Uses limited and specific results Requires services of highly
and Measurement to make inferences about a large qualified individuals with

population. experience in research design and
statistics.

Figure 1.5.9.2.  Methods for data collection.  (Sources:  adapted from Koscoff and Fink, 1982: Figure 3
on pp. 117-119).

SIX DATA COLLECTION METHODS ARE COMMONLY USED
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TOOLS AND SKILLS CATEGORIES/THE COMMUNICATION SKILL/INFORMATION GATHERING

1.5.9.3. EXERCISE ON GATHERING  INFORMATION

Scenario:
Some years ago Virginia Tech decided to
convert from the quarter system to the semes-
ter system.  All courses had to change from
thirty class periods to forty-five class periods.
Also, so students could possibly finish an
undergraduate degree in four years we had to
decrease the number of courses required to
graduate by one-third.

Each professor wanted to protect his or her
course from elimination.  Clearly we had to
review all courses and determine what to elimi-
nate, what to combine, and what to preserve.
The ISE Department selected a curriculum
transition committee to figure out what was
best for the Department.  The committee had to
submit its new slate of courses for the semester
calendar to the faculty for approval.

Exercise:
You’re on the curriculum transition commit-
tee.  Your committee has decided not only to
convert to the semester calendar but to use this
opportunity (make lemonade out of lemons) to

review each course toward improving the ISE
curriculum. Remember, over the years, the
courses have evolved based on changes in
technology, the latest emphasis in industrial
engineering, or the professor who’s teaching
the class.  It’s time to look at each course and
see if it’s relevant to the curriculum and to
determine how the course might fit into the
curriculum objectives.

Your committee has assigned you the job of
gathering all the information they might need
to improve the ISE curriculum. You have three
months to get the job done.  Some data (or
information) gathering techniques take time to
implement, some techniques depend on the
results of others.  You need to develop a brief
plan (about one page) to make sure you’ve
thought of everything and can set priorities
and schedules for gathering information.

Just for fun:
How might you gather information for com-
pleting this homework assignment?
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BACKGROUND/GROUP DECISION MAKING/MATCHED DECISIONS (TWO)

1.6.1.1. COMMUNICATING  BETWEEN DOMAINS .

We communicate between two domains by linking information flows at the
information-portrayal-to-information-perception interfaces of the two domains.

When we focus on the Management System
Model (MSM), we’re considering one domain
with one decision maker (who manages.)
Obviously we’ve made a simplifying assump-
tion when we think the domain has no interac-
tions with its environment.  We assume our
domain of responsibility is operating as an
island of management, as a closed system.

Now we’ll consider one type of interaction
between one domain and another.  The types
we won’t consider now are those where our
domain sends information to another domain
for their independent decision making or where
our domain receives information from another
domain for our independent decision making.
The type we’ll consider is the one where our
domain and another must pass information
back and forth so the decision makers of both
domains can make decisions leading to a mu-
tual outcome.  This mutual outcome is a single
action affecting both domains.  Such decisions
I call matched decisions because one without
the other is necessary but isn’t sufficient to
achieve the desired mutual outcome.

You can think of a number of situations where
you must receive a decision from another
domain to match your own decision for you to
get the result you want.  Consider the situation
of choosing a mate—the marriage problem.
How about choosing a college?  You’ll soon be
looking for a job.  You’ll want the company
you most want to work for to want you most
also.  If you want them but they don’t want
you, you won’t go to work for them.  If they
want you but you don’t want them, you also
won’t go to work for them.  So, for you to go
to work for them, both you and the company
must make a matched decision.  And you must
make your mutual decisions at exactly the

same time.  Timing is important.  I’ve seen a
situation where Sally wanted to marry Bill but
Bill was marrying Paula.  After Bill and Paula
were divorced, Bill wanted to marry Sally, but
Sally had married Harry.  It’s fascinating how
matches are made.  I’ll add another example
we at the university worry about all the time.
Both the researcher and the sponsor must come
to a mutual decision at the same time or we
don’t get a research contract.

Operations researchers study this problem
mathematically.  One specific application they
consider is the secretary problem.  The gener-
alized problem is called optimal selection and
assignment.  Operations researchers look for
situations to optimize numbers of applicants to
numbers of selectors.  They look for stable and
optimal situations.  In choosing a college, an
assignment of applicants to colleges is called
unstable if, for example, there are two appli-
cants Mary and George who are accepted by
the University of Virginia and Virginia Tech,
respectively, although George prefers UVA
and Mary prefers Tech.  A stable assignment is
called optimal if every applicant is at least as
well off under it as under any other stable
assignment.  Believe it or not, the operations
researchers find that there always exists a
stable set of marriages.  But they’re looking at
large numbers of applicants and selectors.

We’re interested in individual pairs of do-
mains.  That is, given a company and a college
graduate, what information must be passed in
each direction and how do we pass the infor-
mation to find a match, where the only match
we want is a stable one.  In Figure 1.6.1.1., I
show two isolated domains sharing a hiring
decision.
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Figure 1.6.1.1.  Two domains are joined at their information portrayal/information perception
interfaces.
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BACKGROUND/GROUP DECISION MAKING/MATCHED DECISIONS (TWO)

1.6.1.2. THE HIRING  DECISION.

Let’s concentrate for a moment on the domain
of responsibility of you, the student, in Figure
1.6.1.2.  Of course, you use the management
tools in your domain to portray information.
But, portray information to whom?  In this
case, you can portray information either to
you, the who manages of your domain, or to
the recruiter, the who manages of XYZ com-
pany.  Remember, we design information por-
trayals based on the equation:  Purpose plus
audience equals design.  So, we want to por-
tray information about our desires, needs, abili-
ties, preferences, and transferrable skills to
ourselves—within our own domain.  We also
want to portray similar information to the
recruiter.  Note, however, that the audiences
(the different who manages of the two do-
mains in the figure) are certainly different and
the purpose could very likely be different.
Therefore, the design should be different.  I’ll
argue, by the way, that the purpose should be
the same—that is, to make a stable match.

Since the portrayal design should be different
for the two domains, should you design your
resume to fit the audience represented by the
recruiter?  Yes.  The recruiter is the person
whom you want a given action from.  What
action?  The appropriate action to want in the
recruiting process is the setting up of another
information portrayal.  That is, you want the
recruiter, based on the information in your
resume, to decide to invite you to a job inter-
view.

How about the other audience in Figure
1.6.1.2.—you.  You use the resume to accu-
rately display what you like to do, are good at
doing, and want to do.  I believe you should

want your resume to honestly portray your
transferrable skills you believe can help the
company you’ve decided you really want to
work for.  You’ll decide you want to work for
that company based on an entirely different set
of information portrayals.  The information
portrayals you’ll use to decide you want to
work for XYZ company are from the com-
pany, either directly designed for recruiting or
indirectly from the library, a friend who works
for the company, or other information.

Perhaps you need two resumes.  One for the
recruiter and one for you.  Remember, the
audiences are different.

Let’s look at some separate information por-
trayals you might produce from your manage-
ment tools to serve your desire to find the right
company to work for.  These separate informa-
tion portrayals include the resume, interview,
plant trip, letters, telephone calls, and poten-
tially many others.  Yes, letters and telephone
calls are information portrayals, although of-
ten they include portrayals both by you and by
the company.  So, each portrayal should be
designed by you to address the right audience
and to meet the right purpose.

Don’t forget, in addition to concentrating on
information you portray to get the right deci-
sion from the recruiter, you must also concen-
trate on getting (having portrayed and perceiv-
ing) information from the company to get the
right decision from you.  Don’t get caught up
in the chase of getting the company to love you
and make the mistake of going to work for a
company you’ll hate.  (The parallel with get-
ting a matched decision in choosing a mate as

Like a marriage decision, when a hiring decision is made, two domains must
exchange information and make a pair of compatible decisions.
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we discussed earlier is valid here also.)

Each information portrayal should have one
and only one purpose.  For example, single-
purpose, decision-related information portray-
als should help me make my point.  The
resume is an information  portrayal designed
to get a decision and action for an interview.
The interview—at least the kind you’ll have
on campus—should have the single purpose of
getting a plant trip.  The plant trip includes
almost all information portrayal, and focuses
on the decision and action of a job offer.  Even
then, we won’t have a match.  Based on the
information in the job offer (salary, benefits,
and other information), you’ll need to decide
if, indeed, you have a match and will accept or
decline the offer.

Be sure you focus on the purpose the portrayal
should be designed to meet.  Don’t think your
resume is designed to get the action of getting
hired.  If you did that, you’d be admitting it’s
all right if the company hires you sight unseen.

In addition to asking, “What information should
I portray about myself?”  another question you
should ask is, “What information should I seek
about the company?”  The answer to the first
question is:  Portray information about the
transferrable skills you have and the company
needs, and use your experience and attributes
to lend confidence to both you and the com-
pany you have these skills and the skills are
transferrable.  (The only reason for a long
resume is to show you’ve repeatedly trans-
ferred the skills the company is hoping you’ll
transfer to them.)

We’ll address the question of what to look for
in a company when, later in the semester, we
discuss organizational culture.  Organizational
culture is about shared values.  Most of all,
you’ll want to know how your values match up
with the company you’re considering.  That
means you’ll have to figure out what your
values are and the importance of finding a
company that shares your values.

Finally, I’ll mention a key issue in designing
an information portrayal after you’ve figured
out the audience and the purpose.  That issue
is:  When you know what the key information
is you want to portray, put the information
where the audience will find it immediately.

Think about the information portrayals you
hear or see.  How long do they hold your
attention.  I’ll bet not very long.  Soon after the
sounds or sights of the information portrayal
begin, your mind wanders.  And not very long
after that, you either put what you’re reading
down or walk away from whom you’re listen-
ing to.  But, wait a minute.  The information
portrayer is saving the best for last.  Too late.
You’re either mentally or physically gone.  If
you do these things, you can bet your audience
does too.

The bottom line is:  Put the important stuff, all
of it, where the audience (the perceiver—who
manages) will see it first and condense that
important stuff so the audience gets it before
he or she abandons you.  And one place people
usually look or listen first is at the beginning.
So, put the bottom line on top.
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Figure 1.6.1.2.  To make a matched decision, you must exercise the red loop, blue loop information
transfers extensively.
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BACKGROUND/GROUP DECISION MAKING/MATCHED DECISIONS (TWO)

1.6.1.3. THE LESSONS-LEARNED SHARING  PROCESS.

When you make decisions (manage) about
your work process (what is managed), you
want to observe the effects of the action you
take.  Your observation is the information
gathering part of the Plan-Do-Study-Act
(PDSA) Cycle.  After you act on what you plan
to do, you study what happened to see the
effect of that action.  You can share your
actions and the resulting effects with someone
with a similar domain of responsibility.

A good example of similar domains is two
different shifts in a manufacturing plant.  Con-
sider Domain A to be Shift I in a manufactur-
ing plant and Domain B to be Shift II.  The
machines are usually the same between shifts,
but are the work processes the same between
shifts?  No, because, by definition, the people
involved in the work process change between
shifts.  Also the decision maker may change
and so may the management tools.

In Figure 1.6.1.3.1., I show two different do-
mains as two sequential shifts.  I show each
domain as a PDSA Cycle because I want to get
at the lesson learned out of the Study step of the
PDSA Cycle of shift I to share with shift II.
The sharing process shares lessons learned
from one cycle’s Study step to the other cycle’s
Plan step.  Each cycle can represent a work
shift or a project, with the shift or project
beginning with the Plan step.

In Figure 1.6.1.3.2., I show the two different
domains as two Management System Models.
I’ve shown the what is managed components
as tasks and the what is used to manage com-

ponents as organizational memory.  As we
convert data to information in the manage-
ment tools, we have the opportunity to remem-
ber the information.  Since the management
tools gather data about the work process and
the effects of the manager’s decisions and
actions on the work process, the memory is
organizational.

In Figure 1.6.1.3.2., I use the notation {do-
main, cycle} to distinguish the components
and interfaces of the two different domains
and cycles.  I’ll illustrate the cycles in Figure
1.6.1.3.2.  The first cycle begins with a deci-
sion in Domain A and ends with the update of
the organizational memory in Domain A.  The
first who manages {A} during the first cycle
{c1} makes a decision {A, c1} that leads to an
action {A, c1} on a task {A, c1}, all within the
first cycle {c1}.  Measurement {A, c1} on the
task performance produces data {A, c1}.  The
second cycle {c2} begins with the updating of
organizational memory.  Organizational
memory is updated with a lesson learned.

The contents of organizational memory at the
beginning of cycle {c2} are shared between
management domains {A} and {B}.  The
information portrayal of both domains {A}
and {B} at the beginning of the second cycle
{c2} is a set of lessons learned in domain {A}
to be shared with domain {B} and , therefore,
is the same for each domain.  The second cycle
begins when the second who manages {B}
uses this information {B, c2} to make a deci-
sion {B, c2} leading to an action {B, c2}.  The
action on task {B, c2} produces a lesson learned

When we share information between domains of responsibility about what we
learn in one of the domains, we're linking the Management System Model and
the Plan-Do-Study-Act Cycle.
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through measurement and data.  Organiza-
tional memory is updated to represent its new
state at the beginning of the third cycle {c3}.

The lessons-learned sharing process to sup-
port organizational learning is best seen in the
sine-wave representation of the Management
System Model described in Figure 1.1.18.3.
The sine-wave representation is repeated in
Figure 1.6.1.3.3. to emphasize the cycles illus-
trated in Figure 1.6.1.3.2.  The functions of the
lessons-learned sharing process are: 1) the
problem-solving or learning experience, 2) the
storage and refinement of data, 3) the conver-
sion of data to information and the updating of
the organizational memory, and 4) the re-
trieval and interpretation of information.  One

repetition on the lessons-learned sharing pro-
cess overlays one loop from one learning ex-
perience to the next represented as sequential
what is managed components of the Manage-
ment System Model.

The understanding of the lessons-learned shar-
ing process and the linkage between the Man-
agement System Model and the Plan-Do-
Study-Act Cycle was developed during my
collaboration with Tim Kotnour on his Ph.D.
dissertation. (Timothy G. Kotnour, “The Ef-
fect of Lessons-learned Sharing Processes for
Organizational Learning on Decision-making
Performance,” Unpublished Ph.D. disserta-
tion, Virginia Polytechnic Institute and State
University, Blacksburg, Virginia, pp. 6-8.)

Figure 1.6.1.3.1.  One domain shares a lesson learned with another domain when information about
the effects of an action is shared.

Lesson Learned Results

Plan—
Set of ActionsDecision

Study

DoAct

Plan

Domain A or
Shift I

Lesson Learned Results

Plan—
Set of ActionsDecision

Study

DoAct

Plan

Domain B or
Shift II

Sets of
Lessons Learned

Lessons-Learned
Sharing Process



862

Figure 1.6.1.3.2.  The lesson learned is shared when the organizational memories of both domains
are updated.
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Figure 1.6.1.3.3.  The sine-wave representation of the Management System Model shows a number of
sequential lessons-learned sharing process cycles.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING

1.6.2.1.1. SHARING  INFORMATION —JOHN CONSTABLE
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How can informal communication be shared
without turning it into formal communica-
tion?  How do we prevent computer crime—or
the unwarranted distribution of confidential
data and information—without making it un-
reasonably hard on the people who should
have access (Littman, 1984)?  How do we deal
with what we call the Dilemma of Protection:
the problem of unnecessary protection of data
versus counterproductive hoarding?

The word share comes from a root that means
both to join and to separate.  This paradox
leads us to the correct assumption that under-
standing and dealing with sharing isn’t simple.
Sharing is borrowing, or taking from some-
one.  Sharing is lending, or giving to someone.
Sharing is dividing something that can be
divided and then giving or lending part and
keeping the rest.  And then there’s not  shar-
ing—deliberately protecting or hoarding data
and information.  We spoke of the Dilemma of
Protection.  Here we have a similar but distinct
case—sharing with some while hoarding from
others—which is the source of a second di-
lemma of shared information processing, the
Dilemma of Hoarding: the harder you work to
hoard what you want to hoard, the harder it is
to share what you want to share.

Shared information processing can be good or
bad.  It’s good when the result is everyone
singing off the same sheet of music.  It’s bad
when data and information are abused—sto-
len, for example, or incorrectly changed.  We
need to understand and implement shared in-
formation processing to maximize the good
and minimize the bad.

Kreckel (1982) classifies communication as a
form of sharing—sharing information.

Lindenberg (1982) notes three dimensions of
sharing.  The first distinguishes whether the
shared goods are public (parks, streets, com-
munication lines) or private (lawn mowers,
cars, terminals); the second whether the shared
goods are instrumental (time, money, data) or
directly usable (cookies, clothing, informa-
tion); and the third whether the shared goods
are divisible (candy, databases) or indivisible
(books, printers).

Let’s classify the sharing of corporate data,
one factor of shared information processing, in
terms of the three dimensions.  Corporate data
is a public good, as we define it, being shared
by a group of people—the members of the
organization.  Since data are converted into
information, and this information is processed
for use in making decisions, corporate data are
instrumental.  More specifically, corporate
data are instrumental when used for decision
making.  When they are used to gain or main-
tain power by being protected or hoarded,
corporate data are used not instrumentally but
against corporate empowerment goals.  We
generally treat corporate data as being indivis-
ible, because access is given to groups of data,
not to just the specific data items needed.
(Although databases are often partitioned, the
user sees a group of data, even though it may
not be the full body of data.)

Corporate data, then are public, instrumental,
and indivisible—at least among an
organization’s insider network.  But corporate
data carries a twist not exposed by our classi-
fication:  while corporate data are generally
indivisible, the data used can be changed with-
out other sharers being aware of the change.
When you share your lawn mower or your
tuxedo with a neighbor, you can usually tell if

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING

1.6.2.1.2.  SHARING  APPLIED TO SHARED INFORMATION  PROCESSING

Sharing presents several dilemmas as we work with data and information.
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it is returned in its original condition.  But
when you pull data out of a database, change
them, and then replace the original data with
the revised data, other users will not as easily
notice the changes.

A third dilemma, the Commons Dilemma
(Hardin, 1968), an example of sharing studied
25 years ago, is pertinent to shared informa-
tion processing.  This dilemma pits an
individual’s short-term consumption against a
group’s long-term conservation.  The name of
this dilemma comes from the New World

settlers’ designation of a common grazing area
for their cattle, as had been the custom in
England.  The common resource was depleted
as each farmer sought to increase his own herd.
This dilemma appears in shared information
processing.  Managing the integrity of your
own data that only you have access to is not
particularly difficult.  But problems arise when
a group of people makes updates on the same
database.  How do we know if the data re-
trieved are accurate?  How do we know whether
or not they are ready for release?
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No matter how hard it is to do, we must share data, information, decision mecha-
nisms, and information processors.

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING

1.6.2.1.3.  THE FORCING FUNCTION  FOR SHARING

There are three forcing functions for sharing,
and all three are related:  rapidly accelerating
technology, the rising popular emphasis on
participative management (due to society’s
desire to be part of major decisions as the
world becomes an electronic global village,
shared through networks of computers, televi-
sions, and radios), and the public’s, as well as
the Congress’s demand that we run a tighter
economic ship and work smarter and leaner.
We must, now that we seem technologically
capable of it, convert from slack management
to effective management.  No longer can we
solve problems by throwing more money at
them in hopes they’ll go away.  No longer can
we let huge inventories of materials, people,
and equipment mask—or rather, demon-
strate—our collective national inability to
manage.

We have technologized compatibility.  We
have higher processing speed, more users,
more data and information to deal with.  We
have not only word processing but voice and
image processing.  We have networks—local,
national, and international.  And along with all
this revolutionary hardware and software we
have the manager’s strong desire, even de-
mand, that the technology add up to something
big, something good:  increased productivity
for organizational units; improved performance
for the organization as a whole.

More complex technologies lead to greater
specialization within organizations.  There-
fore, these specialized groups need to coordi-
nate and communicate with each other more
than ever before.  “Interdependence is a cen-
tral characteristic of the modern, complex so-
ciety. . . We have learned that we can have

more of everything we want by specializing
individually.  However, the price of special-
ization is dependence on others” (McGregor,
1960).  Our interdependence forces shared
information processing.

Participative management is a further result of
the interdependence McGregor underlines.
Technology says we have no choice but to be
interdependent.  Once we listen to what tech-
nology says, and start to figure out how to
manage our interdependence, we discover that
we really like sharing:  we discover that the
more often we can be heard where it counts,
the more we count, the more we matter.

Shared information processing is not a new
concept.  But because of the three forcing
functions, as never before we need technolo-
gies for effectively managing this sharing.  We
don’t restrict the concept of “technologies” to
mean only computers, distributed databases,
and other computer devices.  We understand
and use the term broadly, like anthropologists,
who define technology as “controlling nature
and taming it to human purposes” (Newman,
1971), or “how people use skills and knowl-
edge to make things” (Howard, 1986).  This
broad definition includes but is not limited to
technologies for sharing information in deci-
sion making, sharing data and information for
strategic planning, and implementation tech-
nologies for shared information processing.

Problems with Shared Information Pro-
cessing
Several researchers are working on the prob-
lems of distributed processing and the sharing
of corporate data (Berstein et al., 1978; Garci-
Molina, 1978; Kohler, 1981; Watson and
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Fletcher, 1979).  Walter Kohler, professor of
computer and electrical engineering at the
University of Massachusetts and pioneer re-
searcher in distributed processing systems,
voices the need for more research in shared
information processing.  He says information
processing is in transition.  “We haven’t
wrestled with the issue of shared systems.”  He
claims researchers are using primitive sharing
models.  He further states the solutions gener-
ated are technical, but the problem of sharing
data and information is general, therefore re-
quiring more general research (Kohler, 1986).
By including the sociological and psychologi-
cal aspects of sharing, we can approach shar-
ing data from precisely this broader shared-
information-processing perspective.  Follow-
ing are three examples of shared-information-
processing problems.  These three are not the
only ones (Rothnie et al. 1980).  Attention
must be paid to distributed query processing
which corresponds to the “execute” phase of a
distributed processing system.

Concurrency Control
Berstein and Goodman (1981) define
concurrency control as “the activity of coordi-
nating concurrent accesses to a database in a
multiuser distributed DBMS.  Concurrency
control permits users to access a database in a
multiprogrammed fashion while preserving
the illusion that each user is executing alone on
a dedicated system.  The main technical diffi-
culty in attaining this goal is to prevent data-
base updates performed by one user from
interfering with database retrievals and up-
dates performed by another.”  Distributed Data
Base Management Systems (DBMS’s) create

problems besides concurrency control since
(1) in a distributed system, users may access
data stored in many different computers, and
(2) one computer’s concurrency control mecha-
nism cannot instantaneously know about in-
teractions at other computers.  Concurrency
control in distributed DBMS’s was and re-
mains “in a state of extreme turbulence”
(Bernstein and Goodman, 1981; Kohler, 1986).

Lack of Responsiveness
Solotruk and Kristofic (1980) say user adapt-
ability should be built into information sys-
tems.  They claim lack of adaptability will lead
to lower information systems quality.  Re-
sponsive systems (adaptive, adaptable, flex-
ible, and custom-fit) deal with adaptability.

Data Security
Shared data poses an additional problem of
security.  Not all members of the organization
owning the data should have access to all the
data.  There need to be procedures and tech-
niques for managing data access.  Roos (1981)
suggests users in a data sharing environment
should draw up a very clear set of agreements
about data usage authority.
The security problem increases exponentially
in an environment containing classified data
and information.  Most people in such envi-
ronments need routine access to both classi-
fied and unclassified data and information.
But the two kinds cannot be stored together for
easy access, nor can they both be processed on
the same equipment.  Again we have the Di-
lemma of Protection:  everything we do to
make data more secure also makes it harder to
share.
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1.6.2.1.4. THE ALTERNATIVES  FOR SHARING

mation processing.”  They also reduce the
need for sharing, but at high (these days, pro-
hibitively high) cost.  Government organiza-
tions, for example, tend to decentralize into
rather independent field offices meeting
Galbraith’s criteria for creating self-contained
tasks.  Government organizations also tend to
achieve management “efficiency” by meeting
Galbraith’s criteria for creating slack resources.
They create slack in the dimensions of time
(slipped milestones or schedules rarely have
dramatic negative consequences), material
inventories (in-process inventories are the
norm), personnel, dollars, and . . . information!
Government organizations are so used to oper-
ating off slack, they produce extra information
just for the sake of having it in case they need
it.  The result of this in-process information
inventory is information overload and conse-
quent muddling of decision processes.  Gov-
ernment organizations act to reduce the need
for shared information processing rather than
increase the capacity for it.

The second two design strategies, “investment
in vertical information systems” and the “cre-
ation of lateral relations,” both “increase the
capacity to process information” and also in-
crease the capacity for sharing.  Organizations
that operate in environments characterized by
high uncertainty must be prepared to make
adjustments (decisions) continuously.  They
need on-line, real-time vertically-integrated
information systems, and they need lateral
relations.

Lateral relations, says Galbraith, “selectively
employ lateral decision processes which cut

Design of Responsive Systems
Consider four stages of responsiveness—adap-
tive, adaptable, flexible, and custom-fit .  Adap-
tive systems are futuristic.  They’ll adjust their
menus and help-routines based on the user’s
knowledge or experience as monitored or
sensed by the system.  Adaptable systems can
adjust to who manages when they are told
about who manages.  Flexible systems provide
a series (large or small) of fixed alternatives
from which the user can select.  Today’s re-
sponsive systems are mostly custom-fit, at
great cost both of time and money, and don’t
perform well in a shared information process-
ing environment.

Organizational Design Strategies
Information processing can be managed
through organizational design strategies.
Galbraith (1973) notes that when an
organization’s hierarchy is overloaded because
of the frequency of exceptions the “organiza-
tion must employ new design strategies.”
Galbraith continues, “the organization can ei-
ther act in two ways to reduce the amount of
information that is processed, or it can act in
two ways to increase its capacity to handle
more information.”  The strategies obviously
extrapolate to shared information processing,
as shown in Figure 1.6.2.1.4.

The first two ways are “creation of slack re-
sources” (reducing the required level of per-
formance by increasing schedule time or per-
son-hours) and “creation of self-contained
tasks” (giving “each group...all the resources it
needs to perform its task”).  These two ways,
Galbraith observes, “reduce the need for infor-

We can share data and information better either by decreasing the need for it or by
increasing our capacity for doing it.



873

across lines of authority.  The strategy moves
the level of decision making down to where the
information exists rather than bringing it up to
the points of decision.”  In a decision environ-
ment heavily reliant on lateral relations, the
manager is in effect a manager of shared infor-
mation processing, responsible “not to make
the best decision but to see that the best deci-
sion gets made.”  Decentralization is truly
effective only in the presence of strong lateral
relations, or sharing; otherwise, hierarchical
decision processes become overloaded, and
the organization has to fall back on the costly
alternatives of slack resources and self-con-
tained tasks.  Galbraith’s second pair should

be the route of choice.

An organization, Galbraith says in summary,
“must adopt at least one of the four strategies
when faced with greater uncertainty.  If it does
not consciously choose one of the four, then
the first, reduced performance standards, will
happen automatically.  The task information
requirements and the capacity of the organiza-
tion to process information are always matched.
If the organization does not consciously match
them, reduced performance through budget
overruns or schedule overruns will occur in
order to bring about equality.”

Figure 1.6.2.1.4.  Organization design strategies offer alternatives for managing shared informa-
tion processing.  (adapted from Galbraith, 1973)

1.  RULES AND PROGRAMS
2.  HIERARCHICAL REFERRAL
3.  GOAL SETTING

4.  CREATION
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SHARED INFORMATION
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1.6.2.1.5. CORPORATE DATABASE EXAMPLE

Many people working out of a corporate database exemplifies the difficulty in
sharing.

Corporate databases allow us to share data.
Sharing data was never easy without the com-
puter; with the computer the problem becomes
messier.  The popularity of the personal com-
puter makes the problem of shared data an
individual as well as an organizational prob-
lem (Frank, 1984).

Defining Corporate Database
A corporate database is a collection of all data
within an organization, driven to third normal
form and available through controlled mea-
sures to anyone within the domain of that
organizational structure.  This definition pre-
supposes the following conditions:

1. Data are integrated from a number of
previously discrete files, databases, or
other access and retrieval systems.

2. Data can be shared among multiple
users according to certain rules and
procedures, without compromising
data integrity.

3. The corporate database is a single re-
pository for the totality of data for that
domain of responsibility.  (For ex-
ample, in a noncomputer-based sys-
tem, the corporate database could com-
prise all of the filing cabinets and their
contents in a given organization.)

Certain features distinguish a corporate data-
base from any other kind of database.  To
define a corporate database, one first must
determine the organization level (domain of
responsibility) the corporate database will com-
prise.  If a company  is the corporate database,
then a department of the company can be

nothing more than a custodian of one partition
or portion of that database, at most.  In short, a
corporate database is mutually exclusive of
other databases that might exist within an
organization.

Our definition of a corporate database in-
cludes the necessity of controlling or minimiz-
ing redundancy.  The aim is to reduce inconsis-
tency in both data entry and data updating.  The
goal is the ability to share data that are accurate
and consistent.  Therefore, the system must
include a means of intelligently sharing data
and information.  As C. J. Date (1981) defines
it:  “By shared, we mean that individual pieces
of data in the database may be shared by
several different users, in the sense that each of
those users may have access to the same piece
of data (and may use it for different purposes).
Such sharing is really a consequence of the fact
that the database is integrated.”

Integration of databases implies the database
is, according to Date’s definition, “...a unifica-
tion of several otherwise distinct data files,
with any redundancy among those files par-
tially or wholly eliminated.”  In practice, this
would mean that any piece of data exists in one
place and one place only (assuming a corpo-
rate database structure), and if anyone ac-
cesses data from the corporate database, it
must be returned to the corporate database.
This way, it is impossible for two versions of
the same piece of data to co-exist in either the
same or in different databases.  This also
implies the database is normalized.

Sharing of the Corporate Database
As indicated in our definition, the corporate
database includes procedures and rules by
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Distributed database literature cites methods
for managing the technical aspects of sharing
data.  Rothnie et al. (1980) and Kohler (1981)
agree the two-phase locking (2PL) method of
concurrency control is the best way to serialize
data requests and updates.  Though the techni-
cal problems (software, hardware, and net-
working) are well-defined and solutions exist,
the broader, more-general problem of sharing
needs to be addressed (Kohler, personal com-
munication).

In many organizations, data are not stored
centrally, nor are they stored in one medium.
For example, a database might be every file
cabinet, telephone directory, mainframe com-
puter terminal, personal-computer floppy disk,
and notebook.  But this isn’t a corporate data-
base.  A corporate database wouldn’t permit
duplication (redundancy) among the various
storage and retrieval media such as the file
cabinet and the floppy disk, both of which
might contain different versions of the same
piece of data.  If, for example, data taken from
a mainframe computer file and copied onto a
PC floppy disk are altered on the floppy and
not on the host file, then a sharing problem
results.  Investigation is required to control
this intelligently to make sure there is no
duplication of data within a particular domain
of responsibility.  This would require develop-
ment of instruments to identify all of the data,
where they are located, what data are depen-
dent upon other data, and how to guarantee
that when someone borrows a piece of data
they don’t compromise its integrity or that of
that of the corporate database.

Special Concerns in Establishing Corpo-
rate Databases
Hierarchy of decision mechanisms is an im-
portant consideration (Galbraith, 1973).  If
qualitative data are put into the system, one
wants decision mechanisms close to the data,
because qualitative data (unlike quantitative

which individuals can share the data contained
in it.  However, within some environments,
one must deal with the aspect of classified
data, which seems to be directly at odds with
the notion of shared data.  Classifying data
restricts sharing; thus, the problem is develop-
ing tools that permit us to relate these data to
those who need it, without compromising clas-
sification, data integrity, and sharing of non-
classified data.  The needed corporate data-
base should be able to intelligently share infor-
mation, including classified data.  This would
entail developing levels of control for sharing.
In theory, if you have a document that contains
a classified figure, that number would never
appear in that document until you accessed the
document from the corporate database.  The
document would then have to access the clas-
sified data from the database to include the
figure.  This accommodates the requisite level
of sharing and prevents the classified figure
from having to appear in several locations or
files simultaneously.

Within a decentralized organization structure,
the temptation exists to create auxiliary re-
positories of data and information.  This owes
to considerations involving both corporate
culture and human nature:  it’s often easier to
work out of a “localized” file than to have to
access a centralized repository which we’ve
defined as a corporate database.  Replication
of data in locations other than the corporate
database works at cross purposes with the
rationale for having a corporate database in the
first place.  In general, nowhere but in the
corporate database should there exist aggrega-
tions of data from or of data derived from the
corporate database.  This is achievement of the
third normal form.  Those needing to share that
data have one, true, primary source for it:  the
corporate database.  The farther one moves
data away from its primary repository, the
greater the chances that data integrity will be
compromised.
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data.  With accurate data about data, the orga-
nization can then manage and maintain the
corporate database, reduce or eliminate redun-
dancy, and know who’s been using which
pieces of data.

In effect, we need more data about data:

1. When it was put in.
2. Who put it in.
3. Why was it entered.
4. When was it updated and how often.
5. Level of confidence in the data.

We need to  clearly define the functions of the
data administrator, and to identify specific
data about data requisite for meeting the terms
of the definition of a corporate database.  The
goal is to move from the real-life situation
toward the ideal, where we have a shared
corporate database.  Doing this requires:

1. Data about data.
2. Defining the function of the data ad-

ministrator.
3. Moving data toward a single location

and with little or no redundancy (third
normal form).

Not only do we need to  determine data about
data, but we need data about databases, and
especially those which may be geographically
dispersed.  Among the considerations here
would be:

1. Defining partitions.
2. What records are kept in which parti-

tions.
3. What kinds of records are kept where.
4. How old.
5. Who updates the records.

data) can lose integrity as they move away
from the source.

In terms of lateral communication (horizon-
tal):  Different personalities place emphasis on
maintenance of different kinds of data.
Changeovers common in some organizations
can affect how data are maintained and handled.
New people might stress different levels of
concern, interest, and importance, depending
upon who’s managing.  What results is a
corporate database problem in terms of keep-
ing the corporate database clean.  For instance,
if one manager wants data files A, B, C, D, E
thoroughly maintained and updated, another
may come on board and insist that D, F, H, I,
and J are the most important.  Then, the data in
A, B, C, and E may fall into disrepair, and if we
assume a computer-based system, it might not
always be possible to determine when data
have become outdated.  (In a filing cabinet
system, physical appearance of the paper may
give a clue.)  Thus, the corporate database is
growing as new and changing demands are put
upon it, but only the most recent data files are
being maintained.  One needs to be able to
clean up the data in those files, or risk a
problem with data integrity down the line.

The reverse problem can also occur as differ-
ent personalities in management dictate shift-
ing values of data in a corporate database.  A
new manager may place a high value on data
files that had been maintained by a person long
since departed.  If these data haven’t been kept
current, problems can arise.

If we gather  and maintain data about data, then
we also need to determine which data, what are
their value, location, etc.  This sort of activity
requires a data administrator.  The function of
this person would be to determine data about
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1.6.2.1.6. HIERARCHICAL  PLANNING  EXAMPLE

When different levels in an organization develop plans, they must share data and
information or work at odds with each other during the planning process and after-
wards when they implement their plans.

One way we can share information among a
number of people at several levels of an
organization’s hierarchy is through hierarchi-
cal planning.  Keeping plans at organizations
lower in a hierarchy consistent with top man-
agement organizational goals doesn’t happen
automatically.  This consistency requires a set
of reporting procedures designed to motivate
plans whose bottom-up formulation aligns with
the top-down directives.  Hierarchical plan-
ning helps in this process.  I'll discuss hierar-
chical planning for its value in sharing infor-
mation.

Hierarchical planning is an instrument to mea-
sure and evaluate the usefulness and effective-
ness of plans.  Under such a standardized
system, all plans might consist of (1) an execu-
tive summary, (2) a series of chapters, and (3)
appendices.  The objectives would be to gain
credibility, increase consistency, reduce
workload, and have a plan that can be used.

Defining Hierarchical Planning
Hierarchical planning is top-down directed
and bottom-up formulated.  Each organization
lower in a hierarchy produces its own plan in
accordance with directives issued by top man-
agement.  The plan of the organizations lower
in the hierarchy includes an executive sum-
mary written to meet top management format
and guidelines and includes summary-level
data in appendices formatted to suit top man-
agement.  At the middle level in the hierarchy,
the executive summaries are skimmed off the
top of each plan of the organizations lower in
the hierarchy and built as chapters into the plan
for the middle level in the hierarchy.  Also the
summary-level data, appropriate for use of the

organizations in the middle of the hierarchy,
become the detail data for the plan of the
organization in the middle of the hierarchy.

The contribution to the plan of the organiza-
tion in the middle of the hierarchy is then the
preparation of their executive summary to
meet top management format and guidelines
and to represent all the chapters of their plan
and the summarization of the detail data to
meet top management’s format.  The informa-
tion in the executive summary of the organiza-
tion lower in the hierarchy is shared between
that executive summary and the chapters of the
organization in the middle of the hierarchy.
The same is true with the shared data of the
appendices.

At the regional, lead, or divisional level (other
mid-level organizations in the hierarchy), the
process is repeated.  The executive summaries
of the organizations in the middle of the hier-
archy become chapters, data are summarized
for appendices, and the higher-level organiza-
tion writes an executive summary represent-
ing their chapters.  In the same fashion this
process is continued at all levels of the hierar-
chy including the top level.  The result is that
information is shared at all the levels, they all
are consistent, and productivity is increased.

Aspects of shared information affect the suc-
cess of hierarchical planning.  For good effec-
tive hierarchical planning, top management
must clearly communicate to all other levels in
the hierarchy the goals and objectives to be
accomplished by the plans.  In turn, these mid-
level organizations must properly interpret
these goals and objectives and integrate them
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into their plans.  Their executive summaries
should represent the plans’ contents if the
summary documents represent plans of all the
lower levels in the hierarchy.

Sharing in Hierarchical Planning
Promoting consistency at and through the hi-
erarchical levels can also help prevent hoard-
ing.  There’s less demand for additional infor-
mation from the top down when the upper
level gets the information it wants and needs.
Information may be power, but data aren’t.
Data should be open, and this is a necessity if
we’re to develop information from those data
(and the personal biases involved).  Data-
hoarding impinges on human considerations
that view data-hoarding as a means of cutting
off the flow of information.

Chakraborty and David (1981) cite lack of
discipline and motivation for effective plan-
ning.  The continuous review and accountabil-
ity brought on by the plan invoke fear and
resentment within those preparing the plans.
Plans threaten the independence of the man-
ager by exposing forecasting errors to others
within the organization.  Qualitative data won’t
usually make it up the chain of command
intact; formatted qualitative data have a better
chance; quantitative data is closer to a sure
thing (Galbraith, 1973).

All definitions of management include plan-
ning, but we must distinguish between the
introspective, coordinative process of plan-
ning and the resulting product.  We want to
produce useful products, or tools, to be used as
guides for when we perform the control func-
tion of management.  However, these formula-
tion tools usually sit on the shelf and gather
dust.  The problem is that the process and
products don’t fit the manager and what he or
she manages.

How Are Government Organizations Af-
fected?
A tremendous number of plans are generated

within government organizations:  contractors
have plans, the field offices have plans, the
area offices have plans, various units at head-
quarters have plans.  In some cases where the
activities of multiple government agencies
overlap, each of the agencies may have its own
set of plans, and, in fact, government sub-
groups may have their individual, indepen-
dent, inconsistent plans.  The problem is those
plans aren’t very well coordinated, and in
some instances, may actually embrace con-
flicting goals and objectives.  In these situa-
tions sharing is needed, and parochialism must
be held to a minimum.  Here, the tools manag-
ers should be using don’t work together to
serve the business of planning and execution.

There can also be difficulties at the top admin-
istrative levels within a government organiza-
tion in terms of understanding plans formu-
lated by entities across the organization’s broad
areas of responsibility.  In part, these difficul-
ties can stem from some rather basic and often
simple differences in physical and editorial
formats, bases of assumption, constraints, and
goals and objectives.  This makes planning
and coordination more difficult.

The industrial engineer’s approach to man-
agement says to plan from the top-down and to
implement from the bottom up.  But this can-
not always be the case in an organization.  A
perfect example is a waste clean-up organiza-
tion, where planning occurs from the bottom-
up, because the real “forcing function” in
dealing with waste products (which result from
production activities) is in the field, not at the
headquarters level.

In planning top-down, however, there is a
headquarters Master Plan, and the lower ech-
elons can then fit their goals and objectives
into those of the Master Plan, and in theory, at
least, if all of the individual goals and objec-
tives at the lower levels are met, then the goals
and objectives of the Master Plan will be met.
But in some government organizations this
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scenario is muddied by the fact that there is
wide-scale decentralization, numerous self-
contained tasks, geographical dispersal, large
number of hierarchical levels, and many dif-
ferent kinds of plans (program, strategic, etc.).

Special Concerns in Establishing Hierar-
chical Planning
We need to test strategic plans, program plans,
and other plans in the same manner that emer-

gency plans are tested.  Emergency plans are
tested to see how well a group of related plans
work together to achieve a common objective,
and where differing jurisdictions are involved.
This tests the quality of sharing and leads to
development of common plan attributes:  for-
mat, assumptions, and goals and objectives.  In
short, the goal is tools consistent with all
stakeholder’s plans, incorporating data integ-
rity and lending themselves to sharing.
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1.6.2.1.7. A SIMPLE  SHARING  DATA  SITUATION  WITHOUT  COMPUTERS

In his landmark book discussing the Theory X
and Theory Y of management, Douglas
McGregor implies that we need to share in our
high-technology society.  McGregor says, “No
individual in society is completely indepen-
dent.  Interdependence is a central characteris-
tic of the modern, complex society.  In every
aspect of life we depend upon each other in
achieving our goals.  We don’t grow our own
food, make our own clothes, provide our own
transportation or shelter, educate ourselves.
We’ve learned that as a society we can have
more of everything we want by specializing
individually.  However, the price of special-
ization is dependence on others.” (Douglas
McGregor, The Human Side of Enterprise,
McGraw-Hill 1985.)

Webster defines sharing as “to have or use in
common with others.”  Sociologists who study
sharing are interested in the common aspect of
what we share.  With the coming of the infor-
mation age, problems in effectively sharing
data, information, decision mechanisms, and
information processors have become more
difficult.  The key to more effectively sharing
is to understand sharing and understand how
we share manually without computers or auto-
mation.  Just as we learn to dance by first
learning the steps and then applying the music
with ever-increasing tempo, I'll examine
manual methods of sharing to derive the basic
steps and then develop the considerations for
sharing more effectively when using comput-
ers.  Automation merely increases the speed,
volume, and audience of the sharing environ-
ment.  In short, for sharing we must understand
how we walk before we can run.

We’ve always shared corporate data.  We
simply haven’t thought of it as such.  Consider
the company file cabinets, a database of corpo-
rate data.  All of us need to access these files at
some time—either to put things in, take things
out, or just look around (read, write, review,
and update).  I'll illustrate the concept by
describing an example of writing a report
(creating information) that requires some data
contained in the filing cabinets.  I retrieve the
necessary data from the files and decide not to
make copies of the data or indicate that I’ve
taken the data.  I use the data retrieved as the
foundation for my report by cutting and past-
ing the data for my report.  After completing
the report, I replace the old report in the file
with my new one, thus returning some of the
uncut data to the files, losing the rest, and
including some of the information generated
in writing my report.  Sound familiar?

Now, let’s look at what I did to write that
report.  First, I borrowed data from the corpo-
rate files without indicating I did so.  Another
person needing something from the filing cabi-
nets while I have the data will either recognize
that those data are missing, or won’t know.  In
the former case, the missing material must be
identified, located, and retrieved.  In the latter,
new information may come from incomplete
data.

Second, I’ve taken corporate data, edited some,
lost some, and exchanged some.  Another
person using these data to make information to
support decision-making won’t know the data
are tainted.  There’s no indication of my as-
sumptions in the bias, if my changes have

Even in traditional office settings without computers we’ve never learned to share
data, information, decision mechanisms, and information processors.
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precedence over the original, or when, or what
was done to the data.  The person doesn’t even
know if the data he or she first retrieved are the
original data.  For that matter, I don't know if
the data I used are the original data either.

Third, I’ve not considered the value of the data
in terms of risks and consequences—both good
and bad.  I haven’t considered who should be
allowed to access the data.  (The illustration in
Figure 1.6.2.1.7. shows an example of com-
puter crime—a form of sharing we don’t want.)
When I returned the new report to the file, I
may have updated the data making them ap-
pear up-to-date.  Have I really improved the
data?  Are the data more accurate?  Are the data
more current?  Could my changes result in a
decision with potentially severe consequences?

I’ll bet my example of borrowing from the file
cabinet is familiar to you, but I'll continue to
thicken the sharing plot.  Let’s look at sharing
the information I just created in my report.
I’ve finished my draft of the report, my infor-
mation document, but I want several people to
review what I've written.  I make several
copies of my report and distribute the copies.
I’ve just shared information.

Consider several factors in the sharing of this
information.  For example, the time frame
(shelf life) of the data help determine the
applicability of the data.  I need to know the
location of all copies of my report if I want
them returned.  The value of the reviewer’s
comments, the nature of his or her data source,
and his or her own hidden agenda are all
critical in my understanding of what I’m ex-
pecting from the reviewer.  The priority and
sequence of dissemination and collection, and
the level of each review (i.e., check for typos,
substance, philosophy) help determine the bias
of the reviews (sharing) as the information
sharing progresses.  Many questions must be
answered and understood prior to making de-
cisions about the effectiveness of the review

(sharing) process.

In my story, I've discussed sharing data and
gleaning information.  Now I'll continue the
story to include sharing decision mechanisms.
Each recipient returns his or her marked-up
copy of the report to the secretary for the final
draft.  After sharing information, changes are
received from several sources.  How do I
incorporate each of these changes into a single
document.  Whose changes take precedence?
Who decides?  What are the effects of first-
made versus last-made changes, uninformed
changes due to different understandings, and
inaccurate changes?  What is the time frame
during which the information is valid?  Have
all the reviewed copies been turned in, and if
not, where are they?  Which of the reviewer’s
inputs is most valuable?  Should any of the
reviewers see each other’s comments during
the review process?  The secretary is besieged
by reviewers, each of whom knows best.  He or
she must produce consensus on the new report.

What process does the secretary use to resolve
differences in reviews?  How does he or she
use the process?  What constitutes the final
draft?  All these questions relate to sharing the
decision mechanism.  As the secretary and the
reviewers interact, they’re acting as the deci-
sion mechanism for the final decisions.

There's one more thing to share in my story.
Remember the report I drafted several para-
graphs ago?  I used the secretary’s word pro-
cessor to produce the report.  Consider the
word processor, as a simple data processor.
The owner of that word processor had it con-
figured with certain margins, leading, etc.  I
used the word processor for my report and
altered the configuration to my liking.

Again, we can ask the same questions.  Whose
alterations are acceptable?  Is the word proces-
sor still in use, or am I finished?  Will the word
processor be in use again shortly?  Who’s the
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user?  Of what value is the use?  How much
time was spent in determining what was
reconfigured, resetting the configuration, and
then complaining about it?

Something seemingly as simple to share as a
word processor can alter the data produced.
Altering data may change the information gen-
erated.  Changing information may alter the

Figure 1.6.2.1.7.  “I think I’ll share some of this government official’s corporate data.”

decision.  Changing the decision may change
the action taken on what is managed.  A
different action may alter the measured data.
And the cycle through the Management Sys-
tem Model begins again.  With each iteration
through the cycle, I’ve altered the balance
among the what is managed, who manages,
and what is used to manage components of the
Management System Model.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING

1.6.2.1.8. QUESTIONS ABOUT SHARING  APPLY TO SHARED INFORMATION

PROCESSING

We’ve never produced a successful corporate database and information sharing
network because we’ve never answered fundamental questions about the experi-
ence of sharing.

Can you show me a successful corporate data
base and information sharing network?  I’ve
heard a lot of people talk about how good it’s
going to be when she or he has corporate data.
But, I’ve never seen a real operating shared
information processing experience that the
sharers felt good about.

We’ve come a long way with information
systems and personal computers.  But now, in
addition to working independently, we want
for many of us to work with the same informa-
tion and data.  We want to share.  We don't
know how to share.  We can’t share computer-
based data and information for the same reasons
we can’t share data and information in file
cabinets, rolodexes, notebooks, and other
mechanisms serving the same functions as
computers.  We don’t understand what it means
to share or what a sharing experience involves.

Technology is forcing managers to share in-
formation more than ever before.  Competition
is forcing a manager to encourage innovation,
delegate authority, and change his or her stan-
dard operating procedure.  The key to providing
managers with the best information is to un-
derstand how managers share data, information,
decision mechanisms, and information pro-
cessors.  I call this collection of activities
shared information processing.

You need to use your management tools better
by participating in more shared information
processing.  To use your management tools
well, you must first learn how to share.  Even
before recent changes in technology, such as

networks, copy machines, and large databases,
you knew you weren’t sharing.  Technology
has made the problem worse, because now you
believe technology helps you share.  You
believe new technology is improving your
performance and productivity.  Unfortunately,
technology isn’t helping you share better, but
instead is helping you fail faster and on a more
global scale.

My position is quite simple.  Until we under-
stand how we share cookies, library books,
office files, data, and information, we won’t be
able to improve our use of management tools.
Our attempts at sharing are hurting, not help-
ing, our productivity.

Shared information processing is a difficult
concept to understand and use.  I suggest we
separate the concept into 1) information pro-
cessing and 2) sharing.

The Management System Model (MSM) high-
lights the concept of information processing
by modelling the conversion of data to infor-
mation through management tools and the
conversion of information to action through
decision making.  The MSM brings us an
understanding of the domain of responsibility
of the decision maker.  The MSM also brings
us the human characteristics of the decision
maker within the domain of responsibility.

I'll now use the MSM to highlight the concept
of sharing.  I’ll link the information processing
model and the sharing model when we con-
sider what we’re sharing.  That is, when what
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there different kinds of results?  Are there
different kinds of sharing?  These questions
relate to what I call the product of sharing.

Third, what elements make up a sharing expe-
rience?  Which are necessary, sufficient, or
nice?  The elements are the things I look for
from a microscopic view to identify or build a
sharing experience.

Fourth, what tools or techniques help sharing?
How do we apply the tools to the elements?
Once we have the elements for sharing, we use
tools to operate on those elements to generate
sharing.

Fifth, what’s the process or procedure to relate
the elements and tools so we consistently get
the desired product?  What are the steps or
phases in the process?  What is the sequence
and timing of those steps?  The process tells us
how to use the tools on or for the elements to
get the sharing experience we want.

If you like analogies, compare my five sets of
questions to the idea of baking a cake.  Baking
the cake is the experience.  The kind, size, and
so on of the cake is the product.  The ingredi-
ents are the elements.  The cooking utensils
and equipment are the tools.  And the recipe is
the process.  If you don’t know these things,
you’ll bake the cake randomly, won’t have any
idea what cake will result, are apt to hurt
yourself or destroy the cake, and can’t develop
skill or improve your cake baking.

we’re sharing is data, information, decision
mechanisms, or information processors, then
we’ve linked the general sharing model with
the information processing model.

We never learned how to share data and infor-
mation in file cabinets.  We never realized the
dilemma of sharing versus hoarding, or pro-
tecting, information.  We never figured out the
issues of priorities and ownership of informa-
tion.

Until we understand the dynamics of sharing,
we aren’t going to realize any additional ben-
efit from our sophisticated information systems.
What we need is a focusing mechanism:  a
model of shared information processing, simple
and general enough to apply easily and broadly
to sharing, yet detailed and specific enough to
help identify key shared information process-
ing variables and their relationships.  Such a
model will allow us to study shared informa-
tion processing.

The first step to understanding sharing is to
know what questions to ask.  The second step
is to answer them.  My model begins to answer
the questions.  The answers and the model are
in Module 1.6.4.8.  Here are the questions.

First, what constitutes a sharing experience?
How do we delimit the experience?  How do
we get a sharing experience?  How do we
know we got the experience?  This view is a
macro-view or static view of sharing.

Second, what is the result of sharing?  Are
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING

1.6.2.1.9. A MODEL FOR SHARING

To diagnose, design, or conduct a sharing
experience, we have to define the product,
know the elements, be able to use the right tool
at the right time, and have developed a pro-
cess.  So we must characterize the experience
generally, and specifically in terms of product,
elements, tools, and process.  This means we
have to understand, operationalize, measure,
and relate variables of the sharing experience
and its product, elements, tools, and process.
My model will describe and begin to define
these things.

What Are the Products of Sharing?
The result of sharing is a transfer or exchange
of something or change in something you
already have.  We can determine the result as
an output or outcome of the experience.  The
result can be good, bad, or neutral.  The prod-
uct of sharing will be affected by what is
shared, how it’s shared, who shares and why
they share, and when and where the sharing
takes place.

What Are the Elements of Sharing?
The elements of sharing will tell us the what,
how, who, why, when, and where of the shar-
ing experience.  In Figure 1.6.2.1.9.1., I present
the elements of the sharing experience.  By
design, Figure 1.6.2.1.9.1. is a simple view of
the sharing experience.  The sharing experi-
ence is quite complicated, and a comprehensive
figure would be too complicated to draw.

 The stakeholders in Figure 1.6.2.1.9.1. are
who shares.  There must be at least two stake-
holders for sharing to occur.  Usually, more
than two stakeholders participate in a sharing
experience; but as the number of stakeholders
increases, the number of possible relation-

ships between stakeholders increases as a func-
tion of two to the power of the number of
stakeholders.

Every stakeholder has a need to share.  This
need is a combination of the value, motivation,
and intent influencing why stakeholders share.
I assume the major reason stakeholders share
is to maximize their overall gain/loss ratio.

The sharing experience is initiated and per-
petuated by motivators.  Motivators may be
either internal or external to the boundaries of
the sharing experience.  Motivators serve as
forcing functions and/or boundary conditions.
Motivators affect the motivation of stakehold-
ers and influence the boundaries of the sharing
experience.  A motivator could be a simple
sharing opportunity for two or more stake-
holders.  However, motivators could also be
mandated by someone outside the sharing en-
vironment.

An example of an external motivator is the
Freedom of Information Act, which could lead
two stakeholders to share information.  (For
interesting discussions of how external man-
dates affect sharing, see R.N. Clark, “Collusion
and the Incentives for Information Sharing,”
The Bell Journal of Economics, V14, 1983, pp.
383-394 or Ester Gal-Or, “Information Shar-
ing in Oligopoly,” Econometrics, V53, N2,
1985.)  Motivators for sharing could come
from within the sharing environment.
Gatewood describes information sharing
among Southeast Alaskan salmon seiners as
“a wise strategic maneuver” (J.R. Gatewood,
“Cooperation, Competition, and Synergy: In-
formation-Sharing Groups among Southeast
Alaskan Salmon Seiners,” American Ethnolo-

We can understand sharing better by relating the products, elements, tools, and
process of the sharing experience.
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ality type), where (facilities), and so on.

The Process of Sharing Links Stakeholders.
A stakeholder is more than just a human being;
a stakeholder represents a domain of responsi-
bility.  A domain of responsibility contains, in
addition to the human manager, the physical
things the manager is responsible for and the
tools used to manage.

I’ll look at the simplest combination of stake-
holders in a sharing environment.  In Figure
1.6.2.1.9.2., I look at the sharing experience
occurring between two stakeholders.  So Fig-
ure 1.6.2.1.9.2. is a close look at a portion of
Figure 1.6.4.8.1. and highlights the linkage
mechanism, or sharing process.

The need in Figure 1.6.2.1.9.2. includes the
reasons for or the purpose behind a sharing
experience.  The need of a stakeholder in-
cludes the value to the stakeholder, the intent
of the stakeholder, and the motivation of the
stakeholder.  Examples of value, intent, and
motivation are gain/loss, parallel versus serial,
and altruistic versus selfish, respectively.

The entities in Figure 1.6.2.1.9.2. are what the
stakeholders share from within their own do-
mains of responsibility.  The entities influence
the motivations of either stakeholder to share,
because shared entities are used to assess the
gain/loss ratio.

For the salmon seining example, skippers of
salmon seine fishing vessels made various
calculations before they decided to share in-
formation.  The entities being shared aided in
these calculations.  The skippers had to make
decisions about where to fish.  This decision
affected what information was shared.
Gatewood suggests skippers decided to share
information so they could “make wise deci-
sions as to where to fish while reducing travel
time and related costs” (p. 357).  The decision
about where to fish was common to all skip-

gist, V11, N2, 1984: p. 362).  Economic pros-
perity and increasing prestige motivate their
sharing.

Linkage mechanisms connect stakeholders.
The linkage mechanism represents the sharing
process and shows how things are shared.
Linkage mechanisms bring together tools we
use to help us share.  Examples of tools for
shared information processing include note-
books, file cabinets, computers, phones, and
many more.  An entity is what is shared.  For
example, in shared information processing,
stakeholders can share decision mechanisms,
information, data, or computers used to pro-
cess data into information.  These entities of
sharing correlate to the activities of shared
information processing:  data, information,
decision mechanisms, and information pro-
cessors.  Of course, stakeholders can share
other things indirectly related to shared infor-
mation processing, like office space, a
secretary, or a budget.

The environment represents where and when
the sharing experience takes place.  The envi-
ronment delimits the sharing experience.

What Are the Tools of Sharing?
The tools of sharing are used to help stakehold-
ers share.  Sharing tools include meetings,
mail, telephone, telefax, copy machine, com-
puter terminal, and many more.  In sharing,
stakeholders transfer or exchange ownership
or change something they already own, all
affecting the stakeholders of the sharing expe-
rience.  The transfer or exchange can be 1)
one-to-one, 2) one-to-many, 3) many-to-one,
or 4) many-to-many.  Sharing tools help ac-
complish one or more of these types of transfer
or exchange.  As intervenors, we can contrib-
ute to sharing by developing good tools and
knowing which sharing experiences a given
tool will work in.  The tools help bring the
elements of sharing together.  They help with
such things as when (schedule), who (person-
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Figure 1.6.2.1.9.1.  The elements of the sharing experience show how sharing works.

*
*

Environment Stakeholder

Linkage
Mechanism

Need

Internal and
External Motivators

Entities

pers.  But, those skippers who shared informa-
tion did so based on the calculation of how
they could increase their catch by sharing
information versus the losses they would ex-
perience if they didn’t share information.  The

skippers actually shared many other things:
common fishing grounds, the possibility or
increasing or decreasing their prestige as skip-
pers, and their ability or inability to attract the
more skilled crew members.
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Entities

Stakeholder Stakeholder

Entities

Need Need

Linkage 
Mechanism

Figure 1.6.2.1.9.2.  The sharing process, including the linkage mechanism highlights the process
element of the sharing experience.
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1.6.2.1.10. THE PHASES OF THE SHARING  PROCESS.

The sharing process is the map for putting the
elements and tools together to achieve the
desired results in a sharing experience.  The
sharing process, like any process, should be
considered in terms of activities, time, re-
sources, and performance.  I believe sharing
occurs in four phases, represented by the link-
age mechanism in Figure 1.6.4.8.2.  Figure
1.6.4.8.2. shows the sharing process as a link-
age mechanism between stakeholders.  The
sharing process is like any process in manage-
ment.  The process is cyclic in that we learn by
the sharing experience, and  learning affects
that experience or other experiences in the
future.  The phases of the sharing process
include recognition, formulation, execution,
and evaluation.

Stakeholders must first recognize the opportu-
nity to share.  Part of the recognition occurs
when the stakeholder examines the gain/loss
ratio.  Will I benefit or lose if I share?  The
recognition phase shouldn’t be considered one-
sided, since there will be recognition by both
stakeholders.  In the seine fishing example
described by Gatewood (See Module 1.6.4.8.),
both skippers had to recognize the opportunity
for sharing and the attendant benefits to each
for sharing to occur.

Once the opportunities associated with shar-
ing have been recognized, the stakeholders
will enter the second phase and will formulate
a plan.  Using the seine fishing example, the
plan involved where to fish based on the infor-
mation shared between the two skippers.

Third, the stakeholders will execute their re-
spective plans.  I believe this phase is the most

mechanistic because it’s most heavily influ-
enced by the tools stakeholders use to share.

Fourth, the stakeholders will evaluate the
sharing experience based on its result.  The
stakeholders will evaluate the outcome of the
sharing process for continuing and updating
the process to meet their needs.  The evalua-
tion phase will result in a recognition of future
sharing opportunities; and the cycle starts
again.

Consider the similarity between the steps in
the Plan-Do-Study-Act Cycle and the phases
of the sharing process.  Plan relates to formu-
late.  Do relates to execute.  Study relates to
evaluate.  And act relates to recognize.  Since
Plan-Do-Study-Act comes from the scientific
method, I'd expect correlation to sharing.

A sharing experience is an activity and can be
managed like an activity.  That is, project
management concepts are transferable to the
sharing experience and applicable to the rec-
ognition, formulation, execution, and
evaluation phases of the sharing process.  We
use the sharing tools during the sub-activities
of sharing experience.

What Can We Do to Improve Sharing Per-
formance?
I believe our ability to share information is
similar to our capacity to process information.
The way shared information processing af-
fects our organization’s performance and
productivity is influenced by our ability to
share.  Obviously, having the best information
(through appropriate sharing) affects our

The sharing process involves a cycle of four phases: recognition, formulation,
execution, and evaluation.
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organization’s product or service and affects
our productivity in producing our product or
service from our resources.

But let’s focus on how well we share.  How do
we figure out what is the right thing to share
and figure out how to share that thing right?
What can we do to improve our ability to
share; that is, improve our sharing perfor-
mance?  Galbraith (Jay Galbraith, Designing
Complex Organizations, Reading, Massachu-
setts, Addison Wesley, 1973) gives us
strategies for processing information.

I believe we can adapt and transfer his strate-
gies for sharing data, information, decision
mechanisms, and information processing.
Transferring Galbraith’s ideas, I believe we
can 1) reduce the need for sharing or 2) in-
crease the capacity for sharing.  We can reduce
the need for sharing by 1) creating slack
resources or 2) creating self-contained tasks.

If we over-commit resources to a mutual prob-
lem, we don’t need to share as much
information or to share it so well.  If we
separate information and decisions using that
information, we don’t need to share between
the stakeholders who are making the deci-
sions in their self-contained units.

We can increase the capacity for sharing by 1)
improving information systems, especially
vertical information systems, or 2) creating
lateral relations.  As we develop future infor-

mation systems, we must consider building
more integrated data and information stores.
Informal non-threatening data and informa-
tion exchanges enhance our capacity for
sharing.  We need to establish these relations
by developing mechanisms to help the rela-
tions work better.

Finally we have to consider the opposite of
sharing:  hoarding.  Protecting data and infor-
mation can often be a good form of hoarding.
We have to distinguish between when to share
and when to protect or we’ll hurt our
organization’s performance.

Most managers don’t know how to share.
Most managers expect new technology and
sophisticated information systems to help them
share information better.  Until we understand
the dynamics of sharing and the importance of
the elements of sharing, we won’t share well—
which may be worse than not sharing at all.  I
believe my model of sharing helps us under-
stand what sharing is and how we can integrate
the concept of sharing with that of information
processing.  We have a handle on describing
sharing.  Now we can observe sharing and, by
trial and error, find tools and techniques to
help or hinder sharing in a given sharing expe-
rience.  Ultimately, I want to find out why tools
and techniques work so we can characterize a
sharing experience and prescribe what tools
will work in that experience and predict the
results.
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1.6.2.1.11. INTERACTION  AMONG PEOPLE—EDOUARD MANET
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE

1.6.2.1.12.1. THE VALUE  OF THE NOMINAL  GROUP TECHNIQUE

NGT is wonderful for idea generation and efficient meetings, but not quite so good
for effective meetings and consensus.

Nominal Group Technique (NGT) is a com-
mon, valuable, often misused tool for group
decision making.  You misuse the NGT when
you expect NGT to bring a group to consensus.
Consensus requires identifying, acknowledg-
ing, scoping, confronting, and resolving con-
flict; and NGT alone will accomplish none of
these activities.  However, NGT is wonderful
for free and abundant idea generation and for
efficiently (not effectively) bringing a group
to a relatively-well-documented decision.  An
efficient meeting runs smoothly and generates
results.  An effective meeting is on the right
topic, involves the right people, occurs at the
right time, and generates the right results.

In a world of wasted or even counterproduc-
tive group interaction in meetings, any sem-
blance of process, progress, or result can help
people feel productive, which is good.  How-
ever, in this environment being lulled into a
temporary feeling of agreement and commit-
ment followed by no follow through on deci-
sions made will make people even more frus-
trated than before, which is bad.  Therefore, if
you use NGT for what it is best suited for and
are careful that people have realistic expecta-
tions, NGT can be wonderful.  Furthermore,
the individual steps of NGT are wonderful
examples of steps you can custom tailor into a
group decision making process to achieve spe-
cific results you want.

The steps of NGT sometimes are most useful
when you use only one or two of the steps in a
facilitation process to move a stagnated group
forward.  I add a few steps to the standard five-
step NGT process so I can help some of NGT’s
weaknesses.  For NGT, helping weaknesses
doesn’t resolve weaknesses.  Your best bet is

to recognize the strengths and weaknesses of
NGT and use NGT in whole or in part to take
advantage of the strengths.

Where does NGT fit into facilitation?  In the 7-
P model for meetings in Module 1.6.2.2.13.1.,
the sixth P is for process.  NGT is a set of steps
that suggests a process for facilitation.  NGT is
a process tool for facilitation.  You can use one
or more of the NGT steps as you identify the
process you want to use for facilitating the
group.  Also, the 7-P model requires before
you begin the process (such as NGT) that you
have clearly defined the issue to be worked on
(the third P is for problem) and the people who
will participate (the second P is for people).
Example issues might be 1) What are the
action items we need to accomplish to increase
our sales by 20% this year?, 2) What skills do
management systems engineers need to be
successful?, and 3) How can we find better
programmers in a highly competitive market
for good talent?  (Consider the 7-P model.  The
fifth P is for participation.  When using the
NGT, participation is free and open informa-
tion sharing and controlled, facilitated partici-
pative decision making.)

Each participant needs to know his or her role
in the meeting and what contribution is ex-
pected of him or her.  When a willing and able
participant doesn’t have a role, he or she will
contribute something, and that something is
usually disruptive.  You also need to make sure
all the perspectives of the issue under consid-
eration are fairly represented among the par-
ticipants.  Unrepresented stakeholders and other
critics will discredit the results of decisions
made by a group, thus discrediting the compo-
sition of the group.  When assembling the
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group, consider all stakeholders.  Any stake-
holders not represented are not going to be
committed to the result.  The NGT is designed
to get relatively equal and unbiased ideas from
each participant in the group and to rank order
the ideas.

The words nominal group mean a group in
name only.  To make an effective intervention
in the workings of an organization supported
by the group, you need to convert the nominal
group into a real group.  A real group is a group
of people who share common interests and are
able to communicate well so they can develop
consensus around neeeded results that they are
committed to following through with.

The potential problem with a real group is
group think.  Group think is when a group is so
close and collaborative that a bad idea in the
group isn’t challenged enough and the group
risks going to Abilene (Jerry Harvey, “The
Abilene Paradox:  The Management of Agree-
ment,” Organizational Dynamics, Summer
1988, pp. 17-34. [Kurstedt, Module
1.6.2.2.11.]) and other dysfunctional behav-
ior.

I find that 16 participants is the best number of
people to be facilitated in group decision mak-
ing.  My nuclear engineering background sug-
gests a magic number related to 16.  (Four
squared is 16, and two squared is four.)  My
facilitation experience suggests that more than
16 is difficult and less than 16 isn’t good
representation—unless, of course, the number
of participants less than 16 is everyone with a
stake in the result.  I have facilitated groups
with as many as 40 people and as few as three.
The problems with large groups are not mov-
ing the process at a fast enough rate to keep
everyone’s interest and having trouble making
sure everyone has ample opportunity to ex-
press their views.  The problems with small
groups are inadequate representation, and lack
of mutual stimulation of creative idea genera-
tion.

Successful NGT (or any participative decision
making tool) requires a convener (usually a
manager) who believes in participation and
the value of group action.  If potential group
members believe any participative activity is
an empty activity, he or she will find a way out
of the meeting and send someone in his or her
place who may not have the ability, under-
standing, or authority to represent his or her
constituency.  Then, you will have an empty
activity.  A good convenor provides a need,
impetus, and resources to bring the group
together and supports the group action before,
during, and after the meeting.

I’ve never had a group with a bad result from
the interaction of the participants.  I’ve had
participants who were outliers, with strange,
angry, or misguided ideas.  But the will of the
group filters the ideas of outliers well.  I
recommend that the convenor agree to imple-
ment to group’s ideas at the outset—or at least
agree to implement some fraction of the ideas,
like 70%, 80%, or 90%.  That means that the
convenor believes that 7, 8, or 9 of about ten
high-priority ideas generated by the group are
as good as or better than what the convenor
might generate.  See Module 1.6.2.1.13. for a
good reason to believe that the group’s result
may be the one to use.

Since a well-constituted group has broader
and more specific knowledge than any one
person, the odds are in favor of the group’s
result.  Since the group members or the con-
stituencies of the group members will prob-
ably be the ones to implement the ideas or will
have the ideas implemented on them, the
group’s result clearly is the one to follow.  The
convenor may have some inside information
affecting an idea or two, but groups will accept
that response, even after the fact.  That is, if I
do my best to generate a result and you tell me
the majority of what I did is meaningful and
will be implemented but due to inside informa-
tion you can’t share with me, you’ll make
minor changes, I’ll buy in.
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If the participants in a group believe most or all
of their hard work will be implemented, they’ll
be motivated and bring an even greater sense
of responsibility to their work.  I am positive
the group will generate an excellent, respon-
sible action plan.  I recommend the convenor
follow the plan.

Successful NGT requires a facilitator who
only works the process and doesn’t get in-
volved in the content of the discussion.  The
objectives of the facilitator are to move the
process forward and to ensure that each par-
ticipant believes he or she has had adequate
opportunity to express his or her views.  Our
studies have shown that people feel more like
consensus if they feel they’ve had adequate
opportunity to express their views.  No other
variable seems to have much effect on their
feeling of consensus—at least feeling consen-
sus during the meeting and shortly thereafter.

Based on my experience, the big worry is that
a short time after the NGT meeting there is
little commitment to the NGT results and the
meeting doesn’t yield anything tangible but
the meeting itself.  Especially after a well-
facilitated NGT meeting that generates a feel-
ing of accomplishment not usually felt in meet-
ings and a feeling of having had opportunity to
express views, a participant can become even
more frustrated when the results lead nowhere
after the meeting.  Some consultants have been
quite successful in leading good NGT meet-
ings with a feeling of accomplishment and a
feeling of consensus and then escaping before

participants attach any responsibility to the
consultant for no follow up or follow through.

The key to true consensus is not only accep-
tance, but agreement and commitment.  Agree-
ment and commitment imply that people are
willing and ready to follow up and follow
through.  One consideration as a facilitator is
to get the group to define realistic expectations
on the group’s ability to follow up and follow
through.  To make something tangible happen,
the group and its members need to be ready,
willing, and able to carry out the actions im-
plied by the decisions they make.

In my experience, I tell the group up front that
NGT is good for idea generation and for effi-
cient meetings and decision making.  I also tell
the group that idea generation is necessary but
not sufficient for good consensus and that they
have to work on consensus after the NGT part
of the process.  The NGT gets them part way
there but not all the way to consensus.  Groups
understand and appreciate the truth and are
thankful for any progress made in a meeting,
thereby making NGT successful over the long
haul.  To move beyond the idea generation in
NGT, the facilitator needs to be good at deal-
ing with and resolving conflict and then mov-
ing on to consensus.

The NGT steps I’ll discuss are shown in Figure
1.6.2.1.12.1.  The first five are standard NGT
steps.  Steps six through eight are steps I’ve
added over the years to make NGT more
effective.
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1. Silent generation of ideas.

2. Round robin offering of ideas.

3. Combination and clarification of ideas.

4. Voting and ranking of ideas.

5. Selection of high-priority ideas.

6. Sanity checks on high-priority ideas.

7. Sanity checks on left-out ideas.

8. Scoping of high-priority ideas.

Figure 1.6.2.1.12.1.  The NGT steps help a group creatively generate ideas and surface a high-
priority list of ideas the group can support.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE

1.6.2.1.12.2. IDEA GENERATION  AND THE NOMINAL  GROUP TECHNIQUE

NGT helps everyone contribute a large number of diverse ideas as a pool for selecting
the high-priority ideas.

outlook, and personalities.  So, you’ll get a
number of very different ideas.  Some ideas
will be general, some specific, some seem-
ingly off base.  All ideas help at this point to
stimulate other ideas; and the group will cull
out ideas that don’t fit in later steps.  Remind
the participants that they can add to their list of
ideas during the next step (round robin offer-
ing of ideas).  Therefore, you don’t have to
wait the next step until everyone has written
down everything they know.  When you think
each participant has several ideas written down,
begin the next step.

In your group, you may have a participant who
isn’t used to being involved and who will sit
back and watch.  Remind everyone that in the
next step you’ll call on each person in se-
quence (perhaps starting at the front left-hand
side of the room) to offer up one of his or her
ideas.  You’ll find that the person who sits back
will get involved sooner or later during the
round robin step.

In round robin offering of ideas (Step 2), the
purpose is to lay out all possible ideas for
everyone to see and to stimulate new ideas as
this step proceeds.  The person who has been
sitting back gets stimulated too.  Unless we use
a form of high technology, the way we show
ideas is on flip chart paper, or we can use big
Post-it notes.  The facilitator recognizes each
person in the room, one at a time, to offer his
or her favorite idea—only one—and records
the idea on the flip chart.

The facilitator will go around the room as
many times it takes for everyone to offer all
their ideas, one at a time.  The reasons for
offering ideas one at a time are to give every-

The first two NGT steps, silent generation of
ideas and round robin offering of ideas, will
encourage people to look within themselves
for good ideas, without being affected by oth-
ers.  And then the participants will be in a
situation where the ideas of other people will
stimulate even more ideas from them.  These
two steps ensure that each person participates
and that the participation is roughly equal.
These steps help you, as facilitator, give all
participants ample opportunity to express their
views.  When you do the round robin offering
of ideas efficiently with the help of good
people acting as recorders, you’ll generate a
level of excitement and expectation people
aren’t used to in meetings.

In silent generation (Step 1), the purpose is to
generate as many ideas as possible, without
any discussion.  You want each participant to
think of all possible ideas, from very general
ideas to very specific ideas.  Since there’s no
discussion, no person is influenced by any
other person at this step.  Those people who are
more introverted or less apt to speak out can
generate as many ideas as anyone else.  One
advantage of this step is that people aren’t
influenced by dominating personalities.  You
can also use machines that collect ideas anony-
mously in subsequent steps so people aren’t
fearful when generating more-controversial or
possibly less-realistic ideas in this step.

Once people clearly know the issue under
consideration, you should give the partici-
pants several minutes to write down their ideas.
Don’t give them too much guidance on what
the ideas should look like, either in form or in
substance.  Any idea is worthy at this point.
Different people have different experience,



903

one a chance and to give people the opportu-
nity to think of new ideas stimulated by some-
one else’s ideas.  Remind the participants that
if someone else identifies his or her idea, it’s
okay; the idea is on the flip chart—that’s all
that matters at this point.  Record all ideas.  No
idea is bad or silly, too general or too specific.
If an idea looks like someone else’s, ask the
two offerers if the ideas are the same.  If either
participant says no, then record both.  Allow
no discussion during this step.  The spoken
words are for offering ideas and clarifying the
process only.

As you go around the room, some people will
either have offered all their ideas or will have
their ideas offered by someone else.  At that
time, a person can pass; and you go on to the
next person in sequence.  When going around
the room the next time, be sure to recognize
each person who passed before.  Often they’ll
come up with additional ideas because of some-
thing someone else offered.  The purpose is to
generate as many ideas as possible.  When you
have a lot of passes in group, by that time you
can recognize people with a glance and they’ll
respond orally or with a head nod.  You can
move very fast now.  At this point, people
recognize the end is in sight and they’ll perk up
a little.  When you get everyone to pass, you
can stop this step.  I’ve shown a typical flip
chart page in Figure 1.6.2.1.12.2.

As you record ideas on the flip chart, be sure to
leave room between ideas.  In later steps,
you’ll want space to write some numbers.  Five
or six ideas on a flip chart page is enough.
When you get to 50 to 70 ideas, you’ll have ten
to twelve flip chart pages taped up (or tacked
up) around the room.  Being surrounded by
charts lends a strong sense of accomplishment.
Remember, you’ll always need individual idea
numbers.  Often, it’s handy to record the name
of the person offering the idea (especially in
large groups).  You’ll need to identify the
offerer later when combining and clarifying

ideas in Step 3.

For tracking purposes, you should sequen-
tially number the ideas offered.  Depending on
the concern for attaching a person’s name to
each idea, the facilitator can record the person’s
name with his or her idea.  Actually, one way
to help NGT be successful is to have one or two
(preferably two) recorders to put the ideas on
the flip charts.  Good recorders are crucial.  A
good recorder hears well (doesn’t have to hear
an idea over and over again) and writes legibly
very fast.  The facilitator wants to move quickly
around the room to keep everyone’s interest.
Participants are attentive to the offering of the
idea but lose interest and will disrupt by start-
ing side conversations if writing the idea takes
time.  The facilitator should feel almost like an
auctioneer, encouraging bidding of ideas and
giving everyone a chance and keeping up a
pace and cadence that keeps people interested
and involved.  The facilitator has no interest in
the ideas themselves, only in the involvement
in and movement of the process.

Often, people will seek a facilitator who has
content knowledge.  I don’t see great value in
having content knowledge except for not mis-
interpreting jargon when you repeat the ideas
for the benefit of your recorders.  The facilita-
tor is clearly in charge of the recorders and
relays ideas quickly from the participants to
the recorders.  One recorder writes ideas 1, 3,
5, 7, etc. and the other writes ideas 2, 4, 6, etc.
In Figure 1.6.2.1.12.2., I’ve shown the chart
for the first recorder.  The facilitator directs
ideas by alternating this way to keep things
moving faster.

If done well, this step is fun and enlightening
for the participants.  It’s interesting to see new
ideas flash up quickly and see the diversity of
thinking in any group.  You should expect
from 40 to 80 ideas.  At about five ideas per flip
chart page, you’ll get eight to 16 pages to hang
around the room.  Not only is seeing the ideas
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fun, but seeing all the productivity implied in
that many sheets of paper hanging in every
direction around the room is fun too.  This is

the first of two high points in the process.  As
facilitator, you want to make the most of the
good feelings at this step.

 ACTION ITEMS FOR INCREASING SALES.

Mary  1. Advertise more.

Ted    3. Find better products.

Sue   5. Change the word benefit to feature in the sign.

Sam   7. Hire more sales people.

Joe    9. Hire better sales people.

Phil  11. Reduce the number of sales people.

Figure 1.6.2.1.12.2.  The typical flip chart page shows ideas generated by sequence number and the
name of the offerer.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE

1.6.2.1.12.3. THE GET-IT-OFF-YOUR-CHEST STEP

Usually, people come to meetings with an issue on their mind.  If a participant doesn’t
get his or her issue off his or her chest, that issue will distract them from the business
of the meeting until he or she uses his or her issue to disrupt the meeting.

My experience is that, especially if a partici-
pant is a stakeholder in the objective of a
meeting, any person coming to a meeting will
bring baggage.  That baggage can be bad
history with someone or something related to
the meeting’s objective, a concern for the
outcome of the objective, or a concern related
to but somewhat distant from the meeting’s
objective.  The participant will have his or her
issue on his or her mind until you get the issue
off.  The participant can’t get into the flow of
the meeting and into the objective of the meet-
ing as long as he or she is dealing with the
issue.  The participant wants to voice his or her
concern.  However, you really don’t want to
start off by getting all the dirty linen and
conflict out on the table.  The NGT can help
you get through his problem.

According to the 7-P Model in Module
1.6.2.2.13.1., you’ll have defined the meeting’s
objective (problem) and process before the
meeting.  You want to advertise both the
objective and the process before the meeting
and at the beginning of the meeting.  By
making the objective and process clear, you’ll
scope the meeting but you won’t solve the
problem of participants bringing their issues to
the meeting.  I suggest the following addi-
tional steps in the NGT (steps I’ve already
discussed, but used for a different purpose) to
clear the air and focus all the participants on
the objective you want.

To clear the air, I tell people in meetings that
we start by getting relevant information in
front of the group—information that doesn’t
directly address the objective, but that is rel-
evant.  Recall the example issues for an NGT

listed in Module 1.6.2.1.12.1.  The first issue
was, “What are the action items we need to
accomplish to increase our sales by 20% this
year?”  A question that raises relevant infor-
mation is, “What are the barriers to increasing
our sales?”  That one is bound to help people
get issues of their chests.  Another relevant
question is, “Why do we need to increase our
sales this year?”  Questions like these aren’t as
specific and don’t get to a solution like the
statement of the issue.  However, the general-
ity of the question helps people feel whatever
issues they may have on their chest will fit and
promotes the participants getting the issues off
their chests and onto the flip chart for everyone
to see.

The second issue was, “What skills do man-
agement systems engineers need to be suc-
cessful?”  A question that raises relevant infor-
mation is, “What courses should management
systems engineers take in school?”  When
people address their skills and knowledge,
they tend to think of the issues related to where
and how they got the skills and knowledge
they have.  The relevant question opens the
way for participants to get their issues off their
chests.

The third issue was, “How can we find better
programmers in a highly competitive market
for good talent?”  A question that raises rel-
evant information is, “Where are there people
who have programming skills?”  Another rel-
evant question is, “Why do we need better
programmers?”

When you identify the relevant question, you
should carry the group through the first two
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steps of the NGT.  You’ll not only get the
issues off the chests of the participants, but you
warm the participants up to the process you’re
using.  Also, if some of the participants have
never done NGT, you’ll be training them a
little bit.

When you finish the first two NGT steps for
the relevant question, you’ll have five to ten

flip charts around the room.  As shown in
Figure 1.6.2.1.12.3., the participants will feel
like they’ve started in doing something in the
meeting process.  And, in fact, the relevant
information will be relevant and can serve as
additional stimulation of ideas as the group
moves into the next steps of the meeting pro-
cess.

Figure 1.6.2.1.12.3.  When we are surrounded by tangible evidence of results from our work, we feel
successful.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE

1.6.2.1.12.4. SORTING  IDEAS BY PRIORITY

The second two steps, combination and clari-
fication of ideas and voting and ranking of
ideas, will encourage people to clarify and
separate ideas so you can work on a tractable
number of ideas.  When you do the voting and
ranking of ideas carefully and get to the point
of tallying and recording scores to show par-
ticipants where they fit into the group, you
generate a level of excitement and expectation
people are used to at sporting events.

In combination and clarification (Step 3), your
objective is to gather ideas that are really
similar and be sure not to lose or submerge
anyone’s offering.  People don’t like their stuff
discarded.  You must gather together ideas that
are essentially the same.  Also, you must not
give anyone the thought his or her idea is gone.
The way you accomplish this seemingly mutu-
ally exclusive pair of tasks is to ask the group
to find similarities.  In this step, the only
discussion is to clarify an idea that someone
doesn’t clearly understand.  You need to clarify
now to be able to discern similarities.  Don’t
allow anyone to make a pitch for his or her idea
by saying something like, “We’re only doing
clarification here; you can show your enthusi-
asm for your idea in the next step.”  Do make
sure people understand what the words of the
idea mean enough to be able to contrast the
idea in their own minds with other ideas.

If, for example, ideas #6, #21, and #47 are
suggested by a participant to be similar, ask
which seems to be the parent for the other two.
Assume the participant suggests #21 as the
parent idea.  Then ask the offerers of the three
ideas if they agree with the suggestion.  If any
of the three disagrees, leave his or her idea
alone.  If any of the three agrees, fold the other

ideas under the parent by first putting a line
through the number of the idea to be folded and
listing that number next to the number of the
parent.  Put the number or numbers in the space
you left between ideas on the flip chart.  If the
person offering #6 or #21 disagrees that idea
#6 should be folded in, then leave #6 alone.  If
the people offering #21 and #47 agree #47
should be folded in, then show #47 under #21.
The offerers may prefer #21 be folded in under
#47.  That’s okay, of course.

Be sure to tell the participants that when they
get the typed version of the proceedings, they’ll
see the parent listed with the other ideas listed
in their entirety (the idea number and all the
words) indented underneath.  Tell the partici-
pants also that, when selecting ideas, they’ll
select the group of ideas as a package.  In my
example, #21 and #47 are considered a pack-
age.  I like to use the term “folded in” for the
ideas placed under a parent idea.  The impor-
tant issue is that no idea at this point is more or
less important than any other.  “Folded in”
sounds to me more like a mutual occurrence
among the ideas.

Some participants will get carried away by this
step and, if you let them, will find similarities
everywhere and tend to reduce the entire list
down to a handful of superordinate ideas.
Superordinate ideas are difficult to implement
due to lack of specificity.  The facilitator needs
to guide the participants to just combine very
similar ideas.  The group will move logically
through this step.  That is, the group will do the
combination job well for a while and then as
time goes on will overdo the job.  So, you
should call time when the combination step
gets essentially finished.

The group will bring the high-priority ideas to the top for scoping, refinement, and
action.
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In voting and ranking (Step 4), your objective
is to raise to the surface a group of high-
priority ideas.  Be very careful you don’t think
or the participants don’t think that in doing this
step you have a true ranked list of ideas.  You’ll
use one of several methods to get people to
vote on the combined and clarified ideas.
Through their voting, you’ll get numbers that
yield data but not decisions.  This step is an
opportunity to make or break the process.  If
people think that the data from the vote is
consensus, you’re in trouble.  Voting doesn’t
yield consensus; voting yields data.

Remember that strength of consensus can vary.
Strong consensus implies higher-confidence
results.  Strong consensus implies acceptance,
agreement, and commitment.  Americans are
pretty good at acceptance of the results of
voting.  But, do you necessarily agree with
someone if you have voted for him or her?
And even more importantly, are you necessar-
ily committed to him or her just because of
your vote?  And if you voted against him or
her, what’s your level of agreement and com-
mitment?

I’ve facilitated groups where one of the ground
rules was that nothing came out of the group
that wasn’t unanimous.  One group included
15 lobbyists who represented opposing con-
stituencies.  Believe it or not, the results were
good.  It took time because the group had to
refine all their thinking to the point of separat-
ing out what they could and couldn’t agree on.
Most people will agree most of the time.  How-
ever, most people like to focus on their dis-
agreement.  By focusing on their agreement
and agreeing to separate out and hold respect-
fully their disagreement, the group accom-
plished a lot.  This was a hard job; and NGT
wasn’t nearly enough, but I often used indi-
vidual steps of the NGT.

A technique I often use to deal with disagree-
ment, important but tangential ideas, or other

Make sure the group knows that someone will
type out the list as combined and clarified as
the raw data base of ideas from the meeting.
Often in doing NGT, you can have someone
bring a laptop computer, type as the process
progresses, and provide a printout at any time
during the process.  If you don’t have on-site
typing and reproduction of proceedings, make
sure each participant gets the results of this
step and all the following steps soon after the
meeting is finished.  Make sure that each
person who participates by offering ideas or
later voting and ranking can see his or her
contribution clearly and exactly.  Rapid feed-
back of group results gives the participants a
clear sense of progress and accomplishment.

In preparation for Step 4, voting and ranking,
you can add a new step into the process.  I don’t
include this step in my list of NGT steps in
Figure 1.6.2.1.12.1. because it’s not part of
classical NGT and I almost never use the step.
I don’t use the step mostly because I’m almost
never given enough time to do the process the
way I’d like; and this is a step I choose to leave
out.  However, for completeness, I mention the
step here.  The purpose of the step is to get the
participants to review all the ideas and to
wrestle with what makes an idea high priority.

In this new step, you can ask questions about
relevancy, usability, urgency, importance, re-
sources required, political impact, etc.  You
can give the participants an exercise in placing
the number for each of the ideas in a grid
showing one of these measures against an-
other; e.g., a relevance versus resources re-
quired grid.  You don’t need to worry too much
about what’s on the grid.  You want the partici-
pants to review the ideas and to consider each
idea against each other idea according to some
measure.  Then the participants are more ready
to begin the voting and ranking step.  The
participants will do the exercise where they sit;
and you don’t need to gather or record any data
on flip charts.
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related but distracting issues is to list the dis-
agreement, tangential idea, or distracting issue
on a separate flip chart.  Sometimes I call that
flip chart “the parking lot” to give participants
the notion of setting an idea aside for a while
and not putting the idea away or discarding the
idea.  Using this technique, you can deal with
participants’ actions that can be disruptive,
distracting, or delaying.

In the voting and ranking step, pass out five to
nine 3 x 5 cards, depending on how many ideas
the participants have to choose from.  Each
card should have a line for the idea number in
the upper left-hand corner, lines for the words
of the idea in the middle of the card, and a line
for the ranking of the idea in the lower right-
hand corner.  Use five cards for 30 to 50 ideas
resulting from Step 3 (combination and clari-
fication of ideas), seven cards for 50 to 70
ideas, and nine cards for 70 or more ideas.  I’ve
shown a typical 3 x 5 card layout in Figure
1.6.2.1.12.4.

Each participant should take his or her cards
(assume for this example, seven cards) and
write one idea on each card.  The participant
should write one number (the parent number
for combined ideas) and a few words of the
idea (for verification, if necessary) on each
card and end up with seven cards with a total
of seven ideas.  The participants shouldn’t
write anything on the ranking line in the lower
right-hand corner of the card yet.

After each participant has completed his or her
seven cards, he or she should rank his or her
seven ideas in sequential order, with a seven
ranking for his or her favorite idea.  Don’t
define favorite as most important, most ur-
gent, or other characteristic.  Let each partici-
pant interpret favorite for himself or herself.
There are a number of ways to rank the cards.
Supposedly, the scientific way to do this part
of the step is to identify the most favorite idea
and assign a rank of seven in the lower right-

hand corner of the card.  Then identify the least
favorite idea and assign a rank of one on the
card.  Then, for the remaining five cards,
identify the most favorite of that group and
assign a rank of six and identify the least
favorite with a rank of two, and so on.  I do the
job differently.  I lay my seven cards out in
front of me in any order and then by pairwise
comparison keep moving cards until I see
them all together in the sequence I like.  Then
I rank them in sequence from a high of seven
to a low of one.

During this step of the process, everyone will
mill around to read the flip charts more clearly,
to stretch, to think better, or whatever.  When
they finish writing the seven ideas on their
cards and rank the cards, they should give their
packages of cards to you for you to collect and
tally the data.  Since everyone moves at a
different pace and everyone is milling around,
you should announce before starting everyone
on the step that when a person has finished the
step and given his or her cards to you, they
should take a break.  But, be sure to tell the
participants that as you get the cards you’ll be
tallying the results and have the results of their
voting and ranking posted on the flip chart
pages when they return from their break.
Knowing they’ll soon see results, participants
will keep their breaks short to get back to see
the results unfolding.

This step is the second of two high points in the
NGT process.  The participants will be glad to
be able to move around some.  Most of all,
people love to see the results unfold on a
scoreboard.  It’s the American way.  Everyone
loves to see one idea ahead for a while only to
be overtaken by another and to see how well
the ideas they voted for fare.  While you want
to make the most of the fun in this step, you
have to keep reminding yourself and the par-
ticipants that the idea that has the highest score
isn’t necessarily the highest-priority idea.
However, you will find that ten or so ideas will
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clearly form a top group—a group of higher
scores.  The voting and ranking usually gener-
ates a top group, a large middle group, and a
bottom group.  Usually the ideas in the bottom
group get no votes or maybe one vote.

When you tally the results, you want to track
and record both the number of votes and the
total score for each idea.  Use the space you left
between ideas on the flip chart to record the
results.  You must show both the number of
votes and the total score.  You may want to

include the list of individual votes.  For ex-
ample, assume idea #21 (with #47 folded in)
gets votes of 7, 7, 5, 3, 3, 2, 1, 1, 1.  You track
and record 30/9.  This score isn’t an average of
3.33.  This score is a total of nine people voting
a combined score of 30.  Write the score 30/9
under the idea #2 in a different color from the
idea list.  Write the scores under each idea
number.  You’ll likely find some interesting
results.  The participants will be fascinated
with what they’ve done.

Idea Number

Idea statement

Rank

Figure 1.6.2.1.12.4.  The typical 3 x 5 card includes space for the idea number, a few words from
the idea statement for verification, and for the ranking of the idea.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE

1.6.2.1.12.5. GETTING  THE IDEAS TO WORK ON FIRST

The fifth step of the standard NGT plus the
first two of my added steps are needed to
separate out from all the ideas generated those
ideas that are doable, are of higher priority
than the others for the group of participants,
are somewhat challenged.  You want the group
to challenge ideas (especially the higher-pri-
ority ideas) to ensure the group feels good
about their set of higher-priority ideas, the
ideas are at least acceptable to everyone, and,
hopefully, everyone agrees these are the ideas
to work on before tackling the others.  The
important situation now is that participants
will have (or will soon get) a ranked list of the
large number of ideas they’ve generated.
However, some of the ideas are out of bounds,
are infeasible, or are low priority.  If the group
believes time and resources will be spent on
some of the ideas, they’ll be concerned that the
right ideas get time and resources first.  As
facilitator, your job is to surface those ideas
that should be considered higher priority by
the entire group and that the entire group will
support after the meeting and during the weeks
or months when implementing the ideas con-
fronts the many distractions of the typical
workplace.

The fifth step of the standard NGT, selection
of high-priority ideas, produces a draft list of
higher-priority ideas.  The first two of my
added steps, sanity checks on high-priority
ideas and sanity checks on left-out ideas, help
generate a more-finished list of high-priority
ideas that you’ll have a bit stronger consensus
on.  Be careful.  Even though the consensus is
a bit stronger, it’s still not real strong.  Why?

Because you won’t raise and resolve conflict.

Raising and resolving conflict takes much
more time and much more facilitator skill than
does the NGT.  (The key step in contentious
meetings where confrontation, emotions, and
conflict are expected is to first participatively
generate a list of ground rules for proper be-
havior, facilitator authority, and moving the
process forward.)  Whether you expect a meet-
ing to be contentious or not, if you want
consensus, you’ll have to deal with confronta-
tion and conflict.

In selection of high-priority ideas (Step 5),
you’ll engage the group in surfacing a reason-
able number of ideas the group wants to work
on first.  As you look at the scores written
under each idea, don’t look for sequence.  Look
for groupings.  For example, idea #21 may get
a score of 30/9 and idea #3 a score of 28/10.
Which is higher priority—the one with higher
total score or the one more people voted for?
Now you’re beginning to see why you can’t
say one idea is higher priority than an idea with
a similar vote.  You can however, say that an
idea with 30/9 is higher priority than an idea
with 2/1.  So, if you look at the list you can
isolate what looks like the top group of higher-
priority ideas.  I suggest that you write the
letter A next to ideas with relatively large
numbers in the numerator or denominator of
the scores.  Write the letter C next to ideas with
low numbers in the scores, and write the letter
B next to the middle group of ideas.  Be careful
not to think or to let the group think that these
letters clearly demark ideas of greater or lesser

The objective of the process should be to get the group to accept and possibly to
agree on a list of a doable number of ideas from their long list to work on first
because those ideas are of higher priority to the group of participants.
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worth.  You’ll get about ten A ideas, ten C
ideas, and the rest B ideas.

You still can’t be sure that one of the ideas in
the A list wasn’t an unintentional or inten-
tional block vote by a clique in your group or
that one of the ideas in the B or C lists really
belongs in the A list.  You do have a good
feeling that the majority of the ideas in the A
list belong there and the majority of the ideas
in the B and C lists belong there.  The next
steps will help you deal with these issues.
Without the next steps, you run the risk of
someone recognizing the issues I’ve just raised
or other issues that will render your result
meaningless and unsupported by the group
over the long haul.

At this point, you want to start saying, “Is this
set of ideas (the A list) the ideas you want to
work on first?” or “Is this list of ideas what you
together believe are higher-priority for now?”
Ultimately, you want to look each participant
directly in the eye (no kidding) and have him
or her clearly signify, “Yes.”  But you may not
want to force the issue before you consider the
next two steps.  (For contentious meetings, the
technique of looking each person in the eye for
concurrence is a facilitator role to be clearly
defined in the ground rules.)

These five steps (silent generation, round robin,
combination and clarification, voting and rank-
ing, and selection of high-priority ideas) com-
pletes the steps in the standard NGT, at least in
terms of how I’ve done them and the experi-
ences I’ve had.  At this point you have a ranked
list of ideas.  Some facilitators will numeri-
cally number the ideas according to the scores
and the vast majority of groups will let you get
away with this practice—at least during the
meeting.  After the meeting, if any of the
participants feel uneasy in their gut, they won’t
actively support the result.

The next steps will get people to feel better

about the result and will yield something that
smells more like consensus.  But, without
raising, dealing with, and resolving conflict,
you aren’t at consensus yet.  You might want
to call the result weak consensus; but, I strongly
suggest you discuss this issue with the group to
make sure everyone has realistic expectations.

In sanity checks on high-priority ideas (Step
6), you want to get the group to wrestle with the
A list of ideas as a package and first determine
if any of the ideas doesn’t belong.  In my
experience, you often find one idea the group
agrees to drop from the A list.  Sometimes
you’ll find two ideas.  This experience rein-
forces my notion that the voting and ranking
step doesn’t generate consensus.

I’m a bit uncomfortable with the term “sanity
check,” but I use the term anyway.  You should
tell the group that voting and ranking gave the
group data to generate the draft A list of ideas.
Now you want the group to generate more data
to challenge the A list.  Remind the group that
the A list is now their focus.  The A list is of
reasonable size and you’ll note is of reason-
able substance.  That is, the will of the group
has filtered the ideas to eliminate unworkable,
facetious, mischievous, or unreasonable ideas.
The A list is a wonderful start.  I’ve never been
disappointed in the workings of the group.
You may have some strange people or strange
ideas in the meeting.  However, the group
takes care of itself and the group result is good.
The convener of the group (usually a supervi-
sor) might think he or she has a better set of
ideas for the issue.  (I’ll bet the overlap be-
tween the convener’s list and the group’s list is
great.)  However, if the group or the constitu-
encies represented by group members are to be
part of the implementation of the ideas or will
have the implementation done to them, you’ll
get better results if you choose the group’s list
over the convener’s list.  See Module 1.6.2.1.13.
on calculating whether your solution is better
than the group’s.
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Tell the group that in the sanity checks you’re
adding data to the voting and ranking results
for the participants to challenge their A list.
My favorite sanity check is to highlight each
idea in the A list, one idea at a time.  Ask a show
of hands (or other voting method) of those who
believe this idea really belongs in the A list.
Record the number of votes divided by the
number of participants next to each of the A
list ideas.  You’re checking plurality.  If fewer
than half the people in the room believe the
idea belongs, its place in the group is chal-
lenged.  Now comes the consensus piece.  I go
around the room one at a time and look each
person in the eye and ask, “Do you think this
idea should be dropped from the A list?”  If any
one person says, “No.”, I leave the idea in the
list.  I personally believe that messing with the
A list requires unanimity.  I, of course, suggest
the rule of unanimity to the group and discuss
the issue of consensus before I do the look-in-
the-eye thing.  You need to get the group to
realize that it’s the A list you’re focusing on
and that no idea in the list is more important
than another at this stage.  This focus changes
the participants’ outlooks and they don’t feel
an idea in the A list is threatened.  I’ve never
had a group with a problem in the unanimity
rule for sanity checking.

You may think of other ways to ensure that the
group doesn’t keep an idea in the A list that
shouldn’t be there.  You don’t want the group
to get in an “Abilene” condition started by the
voting and ranking step.  See Module 1.6.2.1.11.

for what I mean by Abilene.

In sanity checks on left-out ideas (Step 7), I’m
interested in the reverse situation.  We checked
for what’s in the A list that should really be out.
Now we check for what’s out that should really
be in.  Again, you want to suggest the unanim-
ity rule.

Ask the group if anyone sees an idea that
somehow didn’t get many votes but really
belongs in the A group.  You run a risk here of
someone with a pet idea pushing for his or her
idea to be included.  However, the group is
pretty well conditioned at this point to the
notion that only talk for clarification is needed;
and I haven’t experienced many passioned
monologues for an idea.  I have experienced a
real sanity check in this step.  I’ve seen ideas
resurfaced that somehow the group knows
belongs in the group but didn’t vote that way.
I’ve even had ideas from the C list move into
the A list.  The unanimity rule takes care of pet
ideas that don’t belong.  And retrieving an idea
for the A list gives participants a feeling of
security for all ideas not on the A list.

Now, you have a better draft of the A list and
a little bit stronger consensus.  I show an A list
in Figure 1.6.2.1.12.5.  The unanimity rule
seems to bring more agreement to the list.  The
next step, and usually my last step, brings more
sanity and another level of understanding and
consensus to the list.
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ACTION ITEMS FOR INCREASING SALES.

Sally  21. Change sales manager.

Ted  47. Hire better sales manager.

A 7,7,5,3,3,2,1,1,1 30/9

Mary  1. Advertise more

B 5,3,2,2 12/4

Sue  5. Change the word benefit to feature in the sign.

C 1 1/1

Figure 1.6.2.1.12.5.1.  After voting and ranking, the flip chart page includes the ideas folded in other
parent ideas, the votes, the tallies, and the list designation (e.g., A list).

A LIST.

21. Change sales manager.

plurality:  5/16

18. Get a new advertising agency.

plurality:  15/16

1. Advertise more

moved from B list.

Figure 1.6.2.1.12.5.2.  The flip chart showing the A list allows for additions and deletions resulting
from sanity checks.
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When the group reviews the scope of each of the higher-priority ideas, the participants
cement their agreement and begin on commitment through accountability.

To do the scoping step, have the participants
group themselves into small teams.  Each team
will take one idea and scope the idea in terms
of objective, impact, time, and resources.  Have
the teams go to breakout spaces and brain-
storm and document the scope of the task.
Have the teams select a spokesperson to report
back to the larger group.  Have the spokesper-
son make his or her report to the group.  Have
the team record feedback from the larger group.
Figure 1.6.2.1.12.6. is a form I use to help the
scoping team cover needed issues around
implementing an idea.  Collect the forms with
feedback and have them typed.  Pass this
information on to the person responsible for
implementation.

Now, you must help the group follow through.
Have the group decide if they intend to meet
again and what the objective of their next
meeting is to be.  An example objective could
be to hear from the implementation teams
implementing the ideas so the group can have
some input.  Another objective is to reconvene
at some regular time (e.g., quarterly or annu-
ally) to generate a new A list.  Since the world
is continually changing, the A list may need to
reflect the changes.  Also, as ideas on the A list
get implemented, the participants may want to
elevate ideas from the B list to be imple-
mented.

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE

1.6.2.1.12.6. FINDING  OUT WHAT  IT TAKES TO IMPLEMENT  THE IDEAS

After you have an A list, you need to consider
next steps.  The first next step is to scope each
higher-priority idea on the A list to determine
feasibility, to assign responsibility and due
dates, and to give the responsible person a
head start in scoping the task related to the idea
based on the understanding of what the idea
means the group attained during the meeting.
In fact, this step can be yet another sanity
check.  That is, if scoping the task shows the
implementation of the idea to be infeasible
given the situation or resources available or
that implementing one or two ideas means no
time or resources for the many other ideas, the
group can decide to hold the idea aside to
accomplish the many other ideas.

Often, the facilitator can help the group come
to closure.  Especially a nominal group has
trouble coming to closure.  For example, you
can identify and suggest action on action items
that come up during the meeting.  The key to
action on action items is determining the re-
sponsible person and due date.  You can iden-
tify and verify decisions made that extend
beyond the process of the meeting.  I see these
interventions as process interventions and,
therefore, within the purview of the facilitator.
As you make these kind of interventions, the
group will get into the swing of it, and, before
long, the participants will identify action items
and decisions made.
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Scoping Form for Action Items

ACTION ITEM NAME_____________________________________________DATE_________

Scoping Team Leader:

Scoping Team Members:

  1. Define and Describe.  Write down a concise, comprehensive statement of your action item.

  2. Define objectives/desired outcomes.

  3. Define the expected benefits.  To whom?

  4. What has to be done?  Try to lay out general steps.

  5. By when should it be done, and why is the date important?  When should it start to make the
deadline?  What are major milestones?

6. Who should be involved for contribution and/or implementation?
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  7. Are there people/groups to coordinate or cooperate with?  If so, when?

  8. What will the action item cost in funding and materials?

  9. What are the potential risks from considering and/or implementing the action item?

10. Establish measures of performance:  How will we know we have succeeded?  How will others
know/be persuaded?

11. Actions:  What follows form this scoping?

Figure 1.6.2.1.12.6.  The scoping sheet gives the breakout groups direction on what to consider to ensure
the total group knows what the idea will require for implementation.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.1. DESCRIPTION OF THE EXPERIENCE FOR DETERMINING

NEEDED MSE SKILLS

Include general information on the vision of the department and other information that will give good
background.
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ISE Vision

The vision for the ISE Department is influenced by the environment in which it must function.  This
environment currently presents extraordinary challenges due to diminished public and government
support, increased accountability, and public expectations concerning improved productivity and
lower tuition increases.  The ISE Department welcomes these challenges and is committed to
utilizing innovative and creative systems, technology, and processes to:

• Improve the quality of instruction and advising that are integral to comprehensive
curriculum reform now underway.

• Enhance (funded and unfunded) research activities and their dissemination to address the
needs of society.

• Improve degree productivity, student support base, and enhance students’ likelihood of
degree completion.

• Update the educational experience to encompass a global outlook.

• Address the needs of the nontraditional student.

• Maintain a continuous improvement program for faculty, staff, curriculum and facilities.

• Maintain high academic standards commensurate with the long-standing high reputation
of Virginia Tech.
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Mission Statement

Department of Industrial and Systems Engineering

The faculty of the department is committed to advance the state of the art of the discipline and to
communicate existing and new subject matter to students, both undergraduate and graduate.  The
faculty is also responsible for both the broader education and intellectual growth of students.

Objectives:
The field of industrial engineering embraces a broad spectrum of technical activities including the
classical techniques of work methods, production and facilities planning, quality control, and safety.
It also embraces the fields of human factors, operations research, manufacturing systems, and
organization and management systems, with the latter four fields well defined at the graduate level.
Within this framework, the major objectives of our educational programs are as follows:

1. To provide a quality education that will prepare our undergraduate and graduate students for a
life-long learning experience in this rapidly changing field and to prepare these students to be
future leaders in the industrial engineering profession, in business, and in industry.

2. To conduct basic and applied research to advance the frontiers of engineering and to support the
industrial and economic growth of our state and nation.

3. To provide service to the profession, industry, and society to contribute to the advancement of
civilization and the betterment of all.

Principles
• Faculty will be committed to the teaching of students.

• Monitoring and improving the quality of instruction and verifying the relevance of our curricula,
at both the undergraduate and graduate level, will be an ongoing responsibility.  Our students are
entitled to no less.

• The total education of the student, as he or she prepares to enter the profession and society, is
also an obligation.

• Faculty will be committed to research both for their own professional development and to
advance our understanding of the discipline of industrial engineering.

• Research funding and the return of overhead funds accruing from research contracts are
important to the well being of the department.

• Faculty will share their research results and facilitate instruction across the discipline through
presentations at national and international conferences, and publications in scholarly journals,
wider read professional magazines, and textbooks.
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• Public service is another obligation and a specific component of the land grant mission of the
institution.

• An intelligent, competent, and articulate faculty will be a continuing priority.  Toward that aim,
the recruitment, development, and retention of faculty colleagues will be a shared responsibility.

• The attraction of undergraduate and graduate students of high academic potential is important to
the well being of the department and the discipline.

• Modernization and well-equipped laboratories are important to our success in instruction and
research.

• Funds from the private sector are necessary to supplement state appropriations.

• To be a part of a learned profession is a high calling and includes, in addition to high principles
and a commitment to seek out truth, a shared respect for colleagues and a diversity of points of
view, along with a genuine interest in and support for the students entrusted to our care and
education.

The following formal definition of industrial engineering has been adopted by the Institute of
Industrial Engineers:

Industrial Engineering is concerned with the design, improvement,
and installation of integrated systems of people, materials, informa-
tion, equipment, and energy.  It draws upon specialized knowledge
and skill in the mathematical, physical, and social sciences together
with the principles and methods of engineering analysis and design to
specify, predict, and evaluate the results to be obtained from such
systems.

Program Objectives
The ISE Department has as its general objective to provide a superior educational opportunity for
qualified students coupled with strong research and extension programs to serve the needs of the
Commonwealth of Virginia, the nation and the world.  To accomplish this objective the department
combines a “hands-on” educational philosophy in conjunction with a systems approach in addressing
instruction, scholarship, research and extension in a manner consistent with the stated mission of the
College of Engineering.  The College of Engineer’s position on these areas is stated as:

“Instruction:  to provide, in an environment conducive to learning, the instruction, guidance,
and encouragement necessary to insure that each graduate will possess a foundation of
knowledge, skills, and ethics essential to his or her progressive and continued development
throughout a career in the engineering profession.

Scholarship:  to provide the resources and the environment in which faculty and students can
achieve academic excellence.
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Research:  to provide the facilities, faculty, and staff necessary to attract sufficient research
funding so that we can continue to perform as a major research institution known for quality
research which has significant impact on the practice of engineering.

Extension:  to provide the widest possible dissemination of the engineering knowledge
gained through study and research and to assist wherever possible in the practice of
engineering.”

The manner in which the objectives are addressed in the undergraduate curriculum include:

1. Concentrate On The Functional Areas Of Industrial Engineering As Historically Defined:
Examples of these well-known functional areas are cost effectiveness (engineering economy and
cost analysis), facilities planning and material handling, manufacturing, work measurement and
methods engineering, production planning and control (include forecasting, scheduling, and
inventory control), human factors, and principles of organization and management.  However,
the methodology used for analysis in these subject areas includes operations research models and
the exercise of systems philosophy, as well as the “traditional” tools (note Section XI.E.).

Although a substantial majority of the undergraduates continue to be employed by industrial and
business firms, an increasing number of graduates are hired by a variety of service organizations such
as banks, hospitals, major accounting firms, consulting firms, and research groups.  Additionally,
governmental, military, and educational organizations offer employment opportunities for the
industrial engineering graduate.  Thus, a primary emphasis on functional areas provides a more
flexible educational base than a curriculum structured with purely “applications” courses.

2. Provide A Balanced, Or General, Curriculum:  In consonance with the first objective, the
functional areas identified above are defined as traditional industrial engineering.  By integrating
additional, required basic courses in statistics and probability theory, deterministic and proba-
bilistic operations research methodology, and simulation, a balanced curriculum is thus defined.
This balanced undergraduate industrial engineering curriculum also retains a fundamental
physical and engineering science base (note Section XII.E.).

3. Provide Curriculum Flexibility:  Since the practicing industrial engineer is a disciple of change,
a minority portion of the undergraduate curriculum should be sensitive to new horizons or
contemporary approaches to traditional problems.  The recent national emphases on energy
conservation and automated manufacturing are cases in point.  The ISE Department believes this
objective is accomplished by incorporating 12 credit hours of departmental and non-departmen-
tal technical, senior approved, and free electives, taken during the senior year, into the required
credit-hour curriculum.  These electives, plus a judicious choice of required humanities electives,
provide an opportunity for (1) undergraduate specialization or (2) more specific preparation for
entrance into graduate degree programs.  However, the department’s philosophy is to control the
number and scope of electives (note Section XII.E.).

4. Emphasize Communication Skills, Both Verbal And Written:  The successful, practicing
industrial engineer must have the ability to communicate effectively at different organizational
levels, a fact documented by history and current feedback from the market-place.  Individual (or
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group) projects and in-class presentations, a standard practice in the ISE curriculum, serve to
develop this ability.  Further, students are required to take Technical Writing, ENGL 3764 and
may elect, and are encouraged to elect, formal communication skills courses as approved
electives (note Section XII.K.).

5. Emphasize The Use Of The Digital Computer In The Industrial Engineering Functional Areas:
Section XII.L. describes the ISE students’ usage of the digital computer.

6. Encourage Professionalism:  Attempts to accomplish this objective are made through departmen-
tal and individual faculty support of IIE, SME, Human Factors Society, SOLE, ORSA and Alpha
Pi Mu student organizations.  Further, both academic and non-academic guest lecturers are
invited to speak to undergraduate classes.  The ISE Department has found that an Advisory
Board, with both academic and industrial members, has been very helpful in promoting an
environment of professionalism within the department.  Further, a policy of encouraging students
to serve as regular members of certain departmental committees allows a continuing faculty-
student interchange of ideas and results in joint work on departmental projects.  Such cooperative
effort on behalf of faculty and students has stimulated mutual respect, unanimity of purpose and,
in general, fostered a professional atmosphere within the ISE Department (note Sections XIV.A.,
XIV.B., and XIV.G.).

Action to Correct Previous Weaknesses
There were two specific areas addressed in the last accreditation visit with required action by the
department, within its capacity to respond.  These will be addressed separately in the following
paragraphs, the first being addition of space for the program including the manner in which the added
space has been integrated with the department, and second changes in staff.

Space remains a concern and a priority item within the department, however, progress has been made
and immediate future developments appear promising.  Improvements have resulted from an
increase in the space available to the department and in renovation of existing space that has resulted
in a better use of space (note Sections XIII.A. and XIII.D.).  The most significant addition of new
space is the 17,200 net square feet of new space in the recently completed fifth floor of Whittemore
Hall.  The departmental space in Whittemore Hall is approximately one half of the first, second and
third floors and all of the fifth floor.  The Manufacturing laboratories and faculty offices occupy the
first floor, the records office and faculty offices are located on the second floor, the human factors
laboratories and offices occupy the fifth floor and the department office and remaining faculty offices
and facilities are located on the third floor.

The expansion of Whittemore Hall has added substantially to the human factors laboratories and also
has added 4,100 square feet to the manufacturing instructional laboratories, almost doubling their
size.  In addition, the manufacturing laboratory space was entirely renovated at a cost of over
$100,000 to assure the additional space would be both appropriate and effectively utilized.  New
undergraduate instructional laboratories were developed in the areas of programmable controllers,
automation, advanced automation, and robotics.



928

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.2. SILENT  GENERATION  OF IMPORTANT  COURSES

Please identify and list below the courses, by title (and number if known) you believe are the most
essential to the ISE curriculum.  The courses you select don’t have to be in the ISE department.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.3. ROUND ROBIN OFFERING OF IDEAS FOR IMPORTANT

COURSES

We’ll now go around the room soliciting your ideas one-at-a-time and will write them on the flip
charts for everyone to see.  We’ll continue until all your ideas are on the charts.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.4. COMBINATION  AND CLARIFICATION  OF IDEAS FOR

IMPORTANT  COURSES

Look at the list of ideas generated in the round robin step.  Do you understand what each one means?
Do some ideas express the same idea and can therefore be grouped together?
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.5. SILENT  GENERATION  OF NEEDED SKILLS

Please identify and list below the concepts and skills you believe important for industrial engineering
students.
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We’ll now go around the room soliciting your ideas one-at-a-time.  We’ll continue until all your ideas
are on the charts.

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.6. ROUND ROBIN OFFERING OF IDEAS FOR NEEDED SKILLS
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.7. COMBINATION  AND CLARIFICATION  OF IDEAS FOR NEEDED

SKILLS

Look at the list of concepts and skills generated in the round robin step.  Do you understand what each
one means?  Are there some ideas that express the same idea and can be grouped together?
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.8. A RELEVANCE /RESOURCES REQUIRED GRID FOR IDEAS FOR

NEEDED SKILLS

Relate the relevance of the presented concepts and skills and the resources required to implement
them.  As you consider the list of all the concepts and skills generated by the group, a relevance/
resources-required grid helps you silently rank the items.  The grid is on the next page.  Everyone
will not only view the list differently, but will also have different measures of the relevance of the
concept or skill to industrial engineering students and the requirements for resources (e.g., faculty,
laboratories, etc.) in implementing them as part of the ISE curriculum.  The grid is personal, for you
to place the numbers of the items from the charts produced in the round robin step.  You’ll have a
representation of how you feel about the relevance of and resources required to implement the
concept or skill.
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RELEVANCE OF
CONCEPT OR SKILL

HIGH

LOW

FEW MANY

RESOURCES REQUIRED TO
IMPLEMENT CONCEPT OR SKILL

RELEVANCE/RESOURCES-REQUIRED GRID

Figure 1.6.2.1.12.7.8.  Relevance/Resources-Required Grid.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.9. VOTING  AND RANKING  OF IDEAS FOR NEEDED SKILLS

There are several ways you can vote on and rank the ideas presented in the round robin step and then
combined and clarified.  How you do this is subject to your preference.  The initial steps are common
to all methods.  Pick your top seven ideas from the lists on the charts.  Write the idea number in the
upper left corner of the 3x5 card and a short statement of what the idea is on the cards.  Once you’ve
identified the ideas for all seven cards, lay out your cards so you can see all of them.  Here are ways
to rank your seven cards.

1. Developers of the NGT suggest that you pick the most important of the seven ideas.  Give this
idea a vote of 7 and put it aside.  Then pick the least important of the remaining six.  Give that
one a vote of 1.  Keep alternating from most important to least important until all cards have a
vote.

2. Lay out all your cards in front of you.  Arrange in order of most important to least important using
whatever means you wish.  Give the most important item a vote of 7, next important a vote of 6,
and so on to the least important with a vote of 1.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.10. SELECTION  OF HIGH-PRIORITY  IDEAS FOR NEEDED SKILLS

The facilitator will summarize the NGT results and point out the high-ranking items.
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We’ll do a couple of sanity checks against our A list.  First, we’ll check each idea on the A list by
asking our group to signify whether he or she thinks that idea belongs on the higher-priority list.  We’ll
tally the total number of people who think so.  Second, we’ll ask the group if any idea not on the A
list should be put on the A list.  If we get unanimity, we’ll add the idea.

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.11. SANITY  CHECKS FOR IDEAS FOR NEEDED SKILLS
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING/NOMINAL GROUP TECHNIQUE/EXPERIENCE WITH THE NOMINAL GROUP TECHNIQUE

1.6.2.1.12.7.12. SCOPING DOCUMENTS FOR HIGH-PRIORITY  IDEAS FOR

NEEDED SKILLS

We could divide our larger group into teams and fill in the form from Module 1.6.2.1.12.6.  In doing
this step, we’d see the difficulty in converting the idea into action for implementation
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN TWO)/INFORMATION
SHARING

1.6.2.1.13. EXERCISE ON PARTICIPATIVE  DECISION MAKING

The probability of making a decision that results in a lasting effective action increases
when we make a collaborative decision among those affected by the decision.

Explanation
We learn from the Management System Model
(MSM) that to be of value, a decision must
have an action that affects the work process.  In
the traditional organization, the person mak-
ing the decision does not carry out the action to
implement the decision.  In fact, seldom does
the decision maker check up to make sure his
or her decision is carried out.  That is, there’s
no follow through and follow up on decision
making.  However, if decisions are made
collaboratively, the follow through is auto-
matic and the follow up unnecessary.

The idea of this exercise is for you to convince
yourself that whether you’re an expert or gen-
erally lucky or you can find a consultant who
is an expert or generally lucky, you don’t want
to make decisions based on expertise or luck
alone.  I want you to answer the question: Why
implement the group’s idea when you know
(suspect) your idea is better?  In short: Which
is better, decision quality or consensus?

Situation Description
Sally and Bob graduated from Virginia Tech
together five years ago.  Sally, an engineering
graduate, has been successful in technical sales
for a major chemical company.  Bob, a busi-
ness graduate, has been an administrative offi-
cer for a small company.

Based on their success in working for others,
they both wanted to go into business for them-
selves.  They brought a small shoe store in
Blacksburg, Virginia, close to their alma ma-
ter.

Bob and Sally agreed that Bob would invest

10% more than Sally and thus be the control-
ling partner in the business.

Sally does the inventory and customer end of
the business and Bob does the purchasing and
financial end of the business.  Sally hired John
to carry much of the day-in-day-out customer
service.  John has a flair for decorating and
advertising.

Sally and Bob want to get their management
started right.  You've been hired as a manage-
ment consultant to advise them.

Exercise
Pretend that you’re Bob.  You’ve dreamed up
the idea of carrying a new line of shoes.  You
call them designer athletic shoes.  You’ve
been thinking about the idea for weeks and
have considered all the possible alternatives.
You’re excited about the idea and your strat-
egy for pulling the idea off.  You think you
know which vendor, which shoes, a neat ad
campaign, etc.  You have the whole package
laid out—who to get, what to say, what to do.

You’ve just introduced the idea to Sally and
John.  They like the idea, but Sally says she has
a better vendor.  John says he has a nifty idea
for an ad campaign and which customers would
be interested.  But, your whole package (sys-
tem) is being pulled apart at the seams by the
people who are where the action is.

You have more experience in the business than
they do.  You have a complete package set
forth in your proposal.  They know the vendors
and the customers best.  After several days of
discussion, you don’t come around to their
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accept as the right decision the decision made
by the expert, the lucky person, or by the team,
which includes her.  Then, estimate the prob-
ability of the person who must carry out the
decision actually going out and enthusiasti-
cally and competently doing what must be
done to make the decision a reality.  When you
have the probabilities for the decision quality,
acceptance of the decision, and commitment
to carry out the decision, multiply the prob-
abilities together and determine the probabil-
ity of action that affects the work place due to
the decision that’s been made.

If action is what’s important, who should make
the decision?  Why?  What’s the most impor-
tant thing you’ve learned from this exercise?

way of thinking and they don’t come around to
yours.  Which way do you go and why?

Fill in the following table.  When considering
the probabilities the table calls for, include
your confidence in what the probability ad-
dresses.  For example, the probability of a high
quality decision should include how confident
you are that you as an expert or a lucky person
and the group acting as a team will make the
highest possible quality decision.  Estimate
first the probability of a high quality decision
for an expert, a lucky person, and the team of
you, Sally, and John.  Then, estimate the prob-
ability of the person who must carry out the
decision accepting the decision reached as the
right decision.  For example, if Sally must deal
with the vendors, what’s the probability she’ll

Probability of a 
High Quality 

Decision

Probability of 
Doer Accepting 

Decision

Probability of 
Doer Committing

to Decision

Probability of 
ActionDecision

Maker

Expert

Lucky 
Person

Team
Decision

Quality of decision versus action: Decision isn’t important; action is.

WHO SHOULD MAKE THE DECISION?

Figure 1.6.2.1.13.  Which process for decision making leads to the highest probability of action?
(A decision without a corresponding action is of no value.)
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.1. EXPOSURE—VARIOUS ARTISTS
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.2. DEFINING  CONSENSUS

We sometimes expect and work toward consensus when making group decisions.
Decision quality and consensus are different concepts.

Parts of this module were adapted from
Kurstedt, H. A., Jr., R. M. Jones, J. A. Walker,
and L. I. Middleman, “Achieving Consensus
in Environmental Programs,” Proceedings of
the Waste Management ’89 Symposium, Feb-
ruary 1989, pp. 113-117, Best Paper in Sym-
posium Award.

Introduction
The key defining feature of many government
organizations, especially those responsible for
uncertain activities like environmental man-
agement isn’t autonomy but “polyonomy,” a
term we’ve invented to signify the diffusion of
responsibility and power among many agen-
cies and sub-agencies.  The U.S. Department
of Energy (DOE) is what we call a “Govern-
ment Oversight Agency” (GOA); GOA’s at all
levels of government (federal, state, and local)
must implement laws made by the Congress
and by state legislatures—must coordinate their
overlapping roles and responsibilities.  Fur-
ther, they must learn to cooperate in an arena
that rewards adversariality, and they must learn
to maintain this cooperation over long periods,
to adapt to inevitable change.

Research Context
The popularity of books and articles on the
“new” management and manager, emphasiz-
ing consensus rather than edict, is in part the
result of a drastic increase in the number of
organizations whose authority isn’t complete
and autonomous but partial and polyonomous—
literally, “many-portioned” or “many-ruled.”
Even the few autonomous organizations left
today are undergoing changes to be or remain
competitive.  Although many people are “only
vaguely aware” of it, “modern society is a
complex of interdependent groups or teams”
(Dyer, William G.  Team Building:  Issues and

Alternatives, 2nd edition.  Reading, Massa-
chusetts:  Addison-Wesley Publishing Com-
pany, 1987.).  Autocratic management may
work in small, centralized, independent, iso-
lated organizations where one person’s word
is law and where formal and informal public
scrutiny is low. Nothing could be further from
describing the characteristics of GOA’s:  large,
decentralized, regulated, dependent, and in a
veritable fishbowl of public scrutiny.  Getting
things done within and among GOA’s means
implementing national policy derived from
Congressional legislation. A GOA manager’s
first step toward such implementation nor-
mally meets with resistance from outside agen-
cies and from various levels of parallel sub-
organizations within the manager’s own orga-
nization.  That’s no accident. Indeed, in prin-
ciple it’s a fine setup: a multitude of mandated
checks and balances on everything actually or
potentially affecting the public good.

Consensus within such a polyonomous system
requires “acceptance-level decisions” (Vroom,
Victor H. and Phillip W. Yetton.  Leadership
and Decision-Making.  University of Pitts-
burgh Press, 1973.) in addition to and as distin-
guished from “technical-level decisions.”  The
latter refer to decisions about what will or
won’t “work”—for example, what kind of
treatment will or won’t reduce PCB contami-
nation at a certain waste disposal site to an
acceptable amount.  The point is, whether
there be only one or a number of equally
effective and efficient technical solutions to
such a problem, none will be implemented
unless all affected parties agree (or are com-
pelled).

The consensus necessary to achieve accep-
tance-level decisions within, between, and
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among organizations is often the result of what
are called “informal” and “lateral” processes,
as contrasted with those of the formal hierar-
chy. Galbraith (Galbraith, Jay.  Designing
Complex Organizations.  Reading, Massachu-
setts:  Addison-Wesley Publishing Company,
1973.) stresses the importance of not leaving
informal structures to chance.  “These infor-
mal processes,” Galbraith writes, “are thought
to arise spontaneously and are the processes
through which most organizations accomplish
their work despite the formally designed struc-
ture.  A typical point of view is, ‘If we had to
go through channels, we would never get any-
thing done.’  The point of view being taken
here is that these informal processes are neces-
sary as well as inevitable, but their use can be
substantially improved by designing them into
the formal organization....  [A]  more impor-
tant reason for formalization is that these pro-
cesses do not always arise spontaneously from
the task requirements, especially in highly
differentiated organizations. When the relevant
participants have different and sometimes
antagonistic attitudes...and are separated geo-
graphically, the effective use of joint decision
making requires formally designed processes”
(italics added).

Defining Consensus
Consensus denotes “collective opinion or con-
cord; general agreement or accord” (William
Morris, ed.  The American Heritage Dictio-
nary of the English Language.  Boston:
Houghton Mifflin Company, 1976.).  Further
elucidation comes through the word’s origin
in the Indo-European root sent, meaning “to
head for, go” following the prefix con- mean-
ing “along with” or “together.”  This etymol-
ogy suggests why consensus is necessary to
the effective and efficient work of a system (or
organization) with many parts.  A system is a
collection of entities, related by structure or
communication, such that a perceptible or
measurable change in one part causes a per-
ceptible or measurable change in all the other
parts.  And work is the application of a force

through a distance. For efficient work, the sum
of the movement of the system’s interdepen-
dent parts must point toward the objective and
exert maximum energy in that direction.  Or-
ganizations need consensus about these two
things:  the objective and the movement—the
ends and the means. If you have the objective
but not the ability to move as a unit, you won’t
get there (zero or low efficiency).  If you have
the ability to move but don’t know where to go,
your energy is pointless and will be wasted
(zero or low effectiveness).

Defined in this way, consensus is pragmati-
cally and morally neutral. Consensus on means
and ends is a necessary condition of progress
toward an objective, but it isn’t sufficient.  For,
as a “collective opinion,” consensus by itself
implies neither accuracy nor morality nor even
feasibility.  Opinion is, in Plato’s words, “some-
thing between ignorance and knowledge.”  The
better opinions are those closer to knowledge,
and the way you show this closeness is through
adequate supporting information.  An opinion,
though collective among a certain group, can
still be bad (evil); wrong (incorrect); and dif-
ficult, perhaps even impossible to implement
if it has to fight against a strong or stronger
opposition.  Consider the ancient consensus
achieved by Pontious Pilate and his lieuten-
ants, the ongoing consensus among the mem-
bership of the Flat Earth Society, and the 1982
Congressional consensus that high-level ra-
dioactive waste be permanently disposed of in
a deep geologic repository.

Consensus as a State Variable
Consensus, then, is a parameter, a variable
that must always be taken into account in
describing the state of a system.  Understand-
ing consensus focuses on interactions within
and among systems of people—and between
these systems and the population they serve;
we’re using the term as a gross or macro-level
“state variable” characterizing the degree to
which a group of people behaves as one per-
son.  It’s the measure of a group’s tendency, as
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grow, develop, and change over time.  We
need to understand the necessity and the power
of flexible consensus maintenance.  To ap-
proach understanding, don’t judge whether a
particular proposal for consensus is good or
bad.  First, understand the factors making up
each kind of consensus and take the necessary
steps to achieve the kind of consensus desired.

it moves through time, to behave as a unit—
irrespective of the force behind this tendency
(reward/punishment), the source of the move-
ment (internal/external), or the level of the
source (horizontal/vertical/mixed).

We want no mere and stagnant consensus but
a living, maintained consensus on good means
to good ends, realizing that these goods will
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.3. OTHER CONCEPTS LIKE  CONSENSUS

Because we don’t always want or can’t always get consensus, we must consider
other concepts that have meanings similar to consensus.

Parts of this module were adapted from
Kurstedt, H. A., Jr., R. M. Jones, J. A. Walker,
and L. I. Middleman, “Achieving Consensus
in Environmental Programs,” Proceedings of
the Waste Management ’89 Symposium, Feb-
ruary 1989, pp. 113-117, Best Paper in Sym-
posium Award.

Consensus Distinguished from Its Synonyms
When consensus results from participative de-
cision making or from a directive that fits what
the group would have chosen had it been
asked, based on preliminary research we dis-
tinguished degrees of consensus (how collec-
tive the opinion?) by placing it between two
other levels or values of the state variable:

Acceptance: One or more members find the
behavior (idea, plan, decision)
undesirable but will go along with
it.  Acceptance will yield the same
behavior as consensus as long as
the member or members ac-
knowledge there’s no better way
to proceed.

Consensus: The behavior (idea, plan, deci-
sion) may not be in the form any
one member proposed, but it’s
roughly satisfactory to all and is
adopted and implemented.

Agreement: The behavior (idea, plan, deci-
sion) has the enthusiastic sup-
port of the entire group, all of
whom sing off the same sheet of
music.  Once there’s physical
evidence of implementation,
probably each will attempt to take
credit for it.

Consensus, Unanimity, and Compromise
Another word for “agreement” is “unanimity”
(literally, “one soul”).  Agreement or unanim-
ity is rare.  Gordon L. Lippitt (in Bradford, ed.,
1978), distinguishes among consensus, una-
nimity, and compromise: “...there is a differ-
ence between unanimous decision-making and
a ‘consensus’ decision.  In a consensus type of
decision, the members of the group agree on
the next steps, but those who are not in agree-
ment with the decision reserve the right to have
the tentative decision tested and evaluated for
later assessment.  In other words, certain mem-
bers of the group will agree that on a ‘provi-
sional try’ or a ‘first-time’ basis we could try
out a particular alternative; but they want to
put in a certain evaluative means for testing
whether or not the feelings of the majority are
the most appropriate for group action.  In a
very real sense, this is different from compro-
mise.  In a compromise situation, the decision
is taken from two opposing points of view and
becomes something quite different from either
of them.  In the consensus type of decision,
individuals in the group might be saying that
they are ‘not sure’ of the best decision, but
realizing the need for action, they will build in
some commitment to an action step that will be
assessed later.”

McGregor (1960), a pioneer management
scholar, characterizes an “effective work team”
as one in which “Most decisions are reached
by a kind of consensus in which it is clear that
everybody is in general agreement and willing
to go along.”  “Sometime,” McGregor ob-
serves, “there are basic disagreements which
cannot be resolved.  The group finds it possible
to live with them, accepting them but not
permitting them to block its efforts.  Under
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some conditions, action will be deferred to
permit further study of an issue between the
members.  On other occasions, where the dis-
agreement cannot be resolved and action is
necessary, it will be taken but with open cau-
tion and recognition that the action may be
subject to later reconsideration.”

Galbraith (1973) defines consensus in the fol-
lowing context:  “The problem solving ap-
proach [to group decision making] is intended
to achieve a consensus which obviates the
need for a powerful leader.  Consensus is not
unanimity but a state of affairs in which the
individual who disagrees with the preferred
solution feels as follows:  ‘I understand what
most of you would like to do.  I personally
would not do that, but I feel that you under-
stand what my alternative would be.  I have
had sufficient opportunity to sway you to my
point of view but clearly have not been able to
do so.  Therefore, I will go along with what
most of you wish to do.”

Consensus Distinguished from and Favored
over Compulsion
When consensus results from a directive that
doesn’t fit what the group would have come up
with had it been asked, we call it compulsion,
meaning that the environment (i.e., one or
more people coupled with one or more condi-
tions) forces the group to behave in a certain
way and prevents the group from behaving in
any other way.

No group is ever completely free of compul-
sion.  The environment always more or less
constrains this freedom, making certain be-
haviors undesirable or impossible and requir-
ing certain behaviors nobody likes. Galbraith
(Galbraith, Jay.  Designing Complex Organi-
zations.  Reading, Massachusetts:  Addison-
Wesley Publishing Company, 1973.) calls
compulsion “forcing,” which he defines as
“power or position or knowledge being used to
force a preferred alternative on the rest of the
group.”  He goes on to posit the general inef-
fectiveness of strictly hierarchical decision
processes within a polyonomous context as
follows:  “Although forcing is not generally
recommended, it can result in effective deci-
sion making.  This will be true if the forced
alternative is consistent with organizational
goals and the act of forcing does not limit
future confrontation and information sharing.”

“Forcing,” says Galbraith, “will lead to inef-
fective decisions if it is the dominant mode.  If
one function or dominant department always
forces, then there is no need for a group effort,
since information from other departments is
ignored.  Suboptimal decisions and poor imple-
mentation result when a forced solution is
based on local information in the presence of
interdependence.  The preferred approach to
conflict resolution therefore is to use confron-
tation and problem solving backed up by occa-
sional forcing when lack of agreement stymies
the group” (italics added).
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.4. ACTUAL  VERSUS PERCEIVED  CONSENSUS

63-80.) is the cautionary tale of a Texas family
that reaches a false but powerful consensus
and ends up doing something none of them
actually wants to do.  They somehow find
themselves driving a dusty 106 miles in an un-
air-conditioned car on a 104-degree summer
afternoon from Coleman to Abilene to eat
unpalatable food in a fourth-rate cafeteria,
instead of doing what they all really want—to
stay out on the electric-fan-equipped screened-
in porch, play dominos, listen to the radio,
drink lemonade, and chat.  Having returned
from Abilene thoroughly disgruntled, they re-
veal their true thoughts and feelings—and
their bewilderment at how they ever decided
on that stupid trip.

Consensus like that which motivated this fam-
ily is false to the group members’ thoughts and
desires. In its effects, however, their consen-
sus is actual, and therein lies the danger.  We
humans are skilled at hiding thoughts and
feelings from others, but we forget others are
just as good at hiding theirs from us.  To avoid
and prevent trips to Abilene, group members
(meaning, one time or another, everyone) must
learn the skills of self-disclosure and learn to
overcome the fear of risking this disclosure.

They’ll find this learning easiest (though it’s
never easy) in a work environment where
management rewards openness because it sees
hierarchy as secondary to merit—where what
matters is not the source but the quality of an
idea—and where, consequently, all partici-
pants feel free, indeed required, to unveil their
thoughts.  (Many ideas, though suboptimal,
may lead to better ideas; and ideas on the
fringe may be the most creative and stimulat-
ing.)  As Dyer (1987) says, “Since the reac-

Parts of this module were adapted from
Kurstedt, H. A., Jr., R. M. Jones, J. A. Walker,
and L. I. Middleman, “Achieving Consensus
in Environmental Programs,” Proceedings of
the Waste Management ’89 Symposium, Feb-
ruary 1989, pp. 113-117, Best Paper in Sym-
posium Award.

When we look at consensus as common or
unified behavior, we see consensus if the be-
havior shows it.  The observable behavior,
however, may or may not be congruent with
group members’ unobservable internal states.
We can define the degree of actual as opposed
to perceived consensus as the difference, if
any, between the assumptions an external ob-
server or a group member would make about a
group’s attitudes based on the group’s objec-
tive (visible) behavior, and the group’s subjec-
tive (invisible) thoughts and feelings about
this behavior.  Consensus can be more per-
ceived than actual, or vice versa, both from the
perspective of a group member (including the
leader or the person who called the group
together) and from the perspective of someone
outside.  The importance of the distinction
between actual and perceived consensus may
be seen in the following two examples of
incongruence, one principally affective and
the other principally cognitive.

Avoiding the Trip to Abilene
Unhealthy agreement—the false pretense of
consensus born of fear of self-disclosure—can
move a group to unwanted behavior as much
as, perhaps even more than, an excess of ex-
plicit conflict can stymie them.  The “Abilene
Paradox” (Harvey, J.  “Managing Agreement
in Organizations:  The Abilene Paradox.”
Organizational Dynamics, Summer 1974, pp.

W sometimes think we have consensus when we don’t.
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them—”too fast.”  Unless the idea is already
part of the receiver’s cognitive structure—his
or her “theory of the world in the head” (Smith,
1982)—it will jostle some of the things al-
ready there.  The effect of the receiving mind’s
partial resistance is confusion—a state of rela-
tively high entropy and hence of relatively low
consensus.  For a group to achieve consensus,
the participants’ expressed terms and ideas
must be embedded in a context sufficiently
rich and integrated to minimize confusion with
other terms and ideas.

To mitigate inconsistency-based conflict,
Brehmer says, requires more knowledge of
“how the persons perceive the policies of their
opponents, as well as how the persons per-
ceive the reasons and motives of their oppo-
nents in these situations.  In general, people do
not seem to explain the behavior of other
people in terms of cognitive limitations shared
by all persons.”  The most fruitful research
path toward an antidote to fragile consensus
appears, then, to be a deliberate and painstak-
ing attention to understanding and overcom-
ing impediments to clear communication—
communication so designed and practiced that
all group members understand written and oral
messages 1) as the sender intended and 2)
within the context from which the sender sent.

Thus, one focus of our proposed research will
be to analyze the human cognitive factors
involved in interpersonal communication with
the aim of learning how to maximize the sig-
nal-to-noise ratio in interpersonal oral, writ-
ten, visual, and multi-media communication.
Another focus is understanding the role of the
process in consensus—how a structured pro-
cess surfaces ideas through open self-disclo-
sure, shares the ideas, sorts them, and develops
healthy communications about them.

tions of authority figures set the parameters of
other responses in any type of confrontation
meeting, it is helpful if the head of the organi-
zation [or whoever in an inter-organizational
group will be seen as the chief authority figure]
can begin the process and can own up to
personal concerns about any trips to Abilene
that he or she has observed, participated in,
led, or may foresee leading.”

Avoiding Fragile Consensus
The consensus engendered by Abilene-ism is
dangerous because, though false, it’s power-
ful:  nobody’s intentions somehow get trans-
lated into everybody’s behavior.  But their’s
another way for a consensus process to go
awry.  Instead of resulting in unwanted behav-
ior, nothing (except frustration and anger)
results because the decision process that seemed
to be going so well suddenly breaks down,
taking with it all that the group thought it had
settled.  What seemed strong is suddenly shown
to have been fragile.  Fragile consensus dem-
onstrates its fragility when group members
take what has been said and make inferences,
extrapolations, qualifications, or embellish-
ments based on idiosyncratic or in any case
unshared understandings of key word or
phrases.  “No,” say others, “that is not what we
meant at all—or is it?”

Brehmer (1976) has shown that such confu-
sion, related to cognitive factors alone, is often
sufficient to account for interpersonal policy
conflicts, irrespective of emotional consider-
ations or conflicts of interest.  Further, Brehmer
highlights “inconsistency,” not intransigence,
in an individual’s policy as the factor most
likely to produce unresolvable conflicts.  Con-
flicts persist not because people refuse to give
up some of their ideas but, paradoxically,
because they give them up—or give up parts of
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.5. HOW MUCH CONSENSUS IS ENOUGH?

Make sure you know how much consensus you need.

Parts of this module were adapted from
Kurstedt, H. A., Jr., R. M. Jones, J. A. Walker,
and L. I. Middleman, “Achieving Consensus
in Environmental Programs,” Proceedings of
the Waste Management ’89 Symposium, Feb-
ruary 1989, pp. 113-117, Best Paper in Sym-
posium Award.

A behavior-based definition of consensus pro-
vides an answer to “How much consensus is
enough?”.  A group member’s behavior, either
toward or away from the group’s ostensible
objective (what an observer would predict to
be the effect of the group’s decision) is analo-
gous to a vector.  If the vector sum of all
members’ behavior is toward the ostensible
objective, then there’s enough consensus.  And
“enough” isn’t strictly a matter of numbers, of
how many participants’ vectors point the same
way, but of their relative magnitudes, and
moreover, the changing magnitude of their
vector sum over time.  Over time, the objective
will be reached if and only if the sum of all
consensus vectors is greater than the sum of all
antagonistic compulsion vectors.

There’s no necessary one-to-one correlation
between a group’s achievement of consensus
on an objective and the reaching of that objec-
tive.  Consensus by itself, though necessary to
reaching the objective, isn’t sufficient.  The
consensus reached in a football huddle may be
total, yet the play may fail because, literally
and figuratively, it bumps into another and
stronger consensus.  In terms of the effects of
group decision-making, we must measure con-
sensus by discovering how to measure the
extent to which the actions and conditions
(including costs and schedules) that should
follow from the group decision actually do

follow, and by how long they remain in effect
in comparison to how long the decision-mak-
ers expected them to remain in effect.

Why Consensus is Necessary for Govern-
ment Oversight Agencies (GOA’s)
Nowhere is interdependency more apparent
than in and among GOA’s and in interdepen-
dent programs like the Department of Energy’s
environmental remediation programs.  These
organizations differ from product and service
organizations in the private sector and from
other government field offices and public works
units.  Whereas the latter are close to the
provision of services to the public, GOA’s are
close to the legislative bodies from which they
take their mandates.  As such they are the
interface points between public policy-mak-
ing and implementation and must
participatively interact with legislatures, other
GOA’s, and other elements within their own
organizations.  However, when called upon to
solve problems GOA’s don’t have tools, meth-
ods, or processes uniquely tailored to fit their
participative environment.  Rather they have
tools, methods, and processes designed for
hierarchically structured environments.

Given so much to do with such a (relative)
paucity of resources, those people responsible
for managing and implementing uncertain ac-
tivities, like environmental management, must
invite consensus on task and funding
prioritization.  Numerous organizations at all
levels of government, as well as private inter-
est groups and individual citizens, are bound
to be dissatisfied no matter how the funds are
spent, unless there’s consensus on the priori-
ties.  But what—this is the key question—
nationally constitutes the greatest overall ben-
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ment of Energy’s environmental management
program will see changes in leadership and
personnel (nobody working in any organiza-
tion will be working there sixty years from
now).  It’s also because GOA managers are, as
Kotter (Kotter, John P.  Organizational Dy-
namics:  Diagnosis and Intervention.  Read-
ing, Massachusetts:  Addison-Wesley Pub-
lishing Company, 1978.) says, “rewarded al-
most entirely for short-run performance.”
Though environmental programs are all long-
term efforts, funding comes just once a year,
and it’s impossible with any confidence to
allocate dollars you don’t yet have.  As a result
of this short-run focus, “they spend far too
much... of their discretionary resources trying
to keep current processes effective and effi-
cient, far too little of their time and other
resources trying to create or maintain a
coalignment, and far too little effort trying to
create adaptive element states.”

efit to be realized from the available dollars?
It’s one thing to prioritize activities vertically
at each government agency field site (and
that’s no small matter in itself, for the potential
hazards of many waste sites may take years to
estimate accurately).  It’s quite another to
prioritize activities horizontally across all field
sites.  There are simply too many squeaky
wheels and too little grease.  The first formal
activity of the Waste Management Review
Group, discussed in Module 1.6.2.2.7., is to
review a prioritization model, the Program
Optimization System (POS), and recommend
ways to assess the degree of consensus likely
to result among stakeholders nationally.

If short-term consensus about priorities is hard
to achieve at all, it’s surely harder to maintain
in the moderate run, and it’s exponentially
more difficult in the long run.  This is partly
because, like any organization, the Depart-
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1.6.2.2.6. EXAMINING  THE NOMINAL  GROUP TECHNIQUE  (NGT).

The Nominal Group Technique helps us share information in group decision
making; but does the technique help gain consensus?

Parts of this module were adapted from
Kurstedt, H. A., Jr., R. M. Jones, J. A. Walker,
and L. I. Middleman, “Achieving Consensus
in Environmental Programs,” Proceedings of
the Waste Management ’89 Symposium, Feb-
ruary 1989, pp. 113-117, Best Paper in Sym-
posium Award.

We want to find out what works and why it
works.  We assume no one method works all
the time.  What works will depend on the
group’s characteristics and the problem to be
solved or the decision to be made.  When we
find something that works, what we’ve found
is something that works in a particular, con-
strained situation.  If we understand the con-
straints, we ought to be able to make it work in
a similarly constrained situation.  And if we
get things to work enough times in enough
differently constrained situations, we can be-
gin to generalize about why things work.

The Nominal Group Technique (NGT) was
first developed by Van de Ven and Delbecq
(Van de Ven, Andrew H. and Andre Delbecq.
“The Effectiveness of Nominal, Delphi, and
Interacting Group Decision Making Pro-
cesses.”  Academy of Management Journal,
vol. 17, no. 4, 1977, pp. 605-621.).  NGT is a
method—a series of tools applied in se-
quence—to provide free and equal expression
and ranking of opinions in groups which oth-
erwise might be dominated by certain indi-
viduals or certain paths of thought.  Both the
tools for idea proposal and the tools for rank-
ing limit the potential for conflict between
group members.  The four steps of the NGT
proposed by Van de Ven and Delbecq are as
follows:  1) Individual members first silently
and independently generate their ideas on a

problem or task in writing; 2) This period of
silent writing is followed by a recorded round-
robin procedure in which each group member
(one at a time, in turn, around the table) pre-
sents one of his or her ideas to the group
without discussion.  The ideas are summarized
in a terse phrase and written on a blackboard or
sheet of paper on the wall; 3) After all indi-
viduals have presented their ideas, there is a
discussion of the recorded ideas for the pur-
poses of clarification and evaluation; 4) The
meeting concludes with a silent independent
voting on priorities by individuals through a
rank ordering or rating procedure, depending
upon the group’s decision vote.  Other practi-
tioners expand NGT to six steps (Rohrbaugh,
John.  “Improving the Quality of Group Judg-
ment:  Social Judgment Analysis and the Nomi-
nal Group Technique.”  Organizational Be-
havior and Human Performance, vol. 28, 1981,
pp. 272-288.)  (Sink, D. Scott.  “Using the
Nominal Group Technique Effectively.”  Na-
tional Productivity Review, Spring 1983, pp.
173-184.), affording more interaction among
group members:  5) After the voting and rank-
ing, participants consider the aggregated re-
sults to measure the extent to which they’ve
supported their true positions or taken a trip to
Abilene.  At this point they may revise their
rank ordering of ideas; 6) Finally they consider
the resources available to implement their high-
priority action items, choose a set of these
items to scope for implementation, and divide
into smaller groups to begin the scoping pro-
cess, which involves measuring the feasible
application of available human, funding, and
material resources within known or estimated
time constraints.

“Nominal” is the key word describing this
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method; the group that meets for an NGT
session isn’t (or isn’t necessarily) a regular
work group within one organization.  It’s not a
real group (a group sharing common aims and
values and therefore predisposed to cooper-
ate) but a group in name only (a nominal
group).  The question arises whether consen-
sus is possible within a nominal group; if not,
then you have to take a nominal group and
somehow transform it into a real group. Can
NGT help in this transformation?  We need to
ask such questions because the set of stake-
holders would have to be called a nominal
group.

At least one NGT study, Mahler’s (Mahler,
Julianne G. “Structured Decision Making in
Public Organizations.”  Public Administration
Review, July/August 1987.), suggests group
dissatisfaction with the resulting decision is
high; however, the results come from 45-
minutes applications with student groups work-
ing on unsolvable problems in which they had
no stake.  Studies made on day-long applica-
tions outside classroom situations and with
real, pressing, solvable problems have found
more favorable results.  Mahler is correct in
linking the use of pure NGT primarily to the
generation rather than to the evaluation of
ideas.  Indeed, in its original formulation,
since ranking is numerical and done by straw
vote, a “pure” NGT application gives little
chance for conflict between members and there-
fore little opportunity for persuasion, bargain-
ing, compromise, or what can loosely be called
the politics of consensus. In the generative and
in portions of the evaluative stage of consen-
sus reaching, this is an advantage; later, how-
ever, a group would probably wish to tailor the
technique to provide for surfacing enough
essential conflicts (ad hoc rather than ad
hominem) to increase the probability of results
participants won’t torpedo once they leave the
meeting.

NGT is a popular technique.  We know what
works in one circumstance will fail in another.

We’ve seen an apparent deadlock become a
consensus as if by magic, not in the meeting
itself but in the hallway out to the parking lot.
We’ve seen an apparent consensus fall to pieces
when participants realized some were using a
term to mean one thing and others something
different.  We see NGT as a group of tools and
we believe there must be a fit between the
users and the problem to be solved.  Just as
with computers, you don’t simply accept NGT
because you heard it worked somewhere else.

We can hypothesize an ideal group on which
NGT should work  Such a group, of about eight
to 12 people, would likely share interest in
common issues and be all at about the same
level in their organizations.  They’d probably
be more divergent than convergent in their
information gathering styles, preferring open-
endedness to closure.  NGT would both satisfy
their need to brainstorm—it’s a great idea-
generating technique—and constrain their di-
vergence through the requirement to vote and
rank.

Okay.  Say (no simple matter) we find the tools
that work for our ideal nominal group.  We’re
likely to encounter an actual environmental
remediation program nominal group that’s “all
wrong”—convergent if we want divergent; at
levels all over the hierarchies of their respec-
tive organizations, larger than we think any
group should be to function well together but
needing to be that size or else we lose legiti-
mate stakeholders who if not included will
vitiate the efforts of the rest.  Well, we don’t
have a perfect tool, so we try to combine or
modify tools we know to get as close as pos-
sible.  In our research we must ask: what are the
important characteristics of groups and what
are the important characteristics of tools?  Then
we can hope to synthesize an answer to the
question of the relationships between these
sets of characteristics and why they hold.

We must identify all tools, methods, and tech-
niques that might apply to our real-world nomi-
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nal groups and keep a running list, a living list.
We’ll do test runs, we’ll discover that a certain
tool works nine times out of 10 and use that
fact as a reference point.  We’ll ask, if you
change the group in such-and-such a way,
what must you do to the NGT to make it work?
We’ll start to understand what parts of NGT
work in different situations and begin to gen-
eralize and to understand why.  In our attempt

to understand why and confirm that under-
standing, we’ll first generalize tool by tool;
then group of tools by group of tools.  Finally,
we’ll hope to generalize in terms of all consen-
sus tools.  When we can do this, we can predict
outcomes and prescribe the sets of tools like-
liest to facilitate consensus within various given
situations.
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Parts of this module were adapted from
Kurstedt, H. A., Jr., R. M. Jones, J. A. Walker,
and L. I. Middleman, “Achieving Consensus
in Environmental Programs,” Proceedings of
the Waste Management ’89 Symposium, Feb-
ruary 1989, pp. 113-117, Best Paper in Sym-
posium Award.

Whereas with NGT we start with a tool or a
group of tools (a method) and try to figure out
how that method yields or doesn’t yield con-
sensus, with WMRG we start with a group, a
group specifically selected for the necessity of
its members’ knowledge and experience to the
furthering of environmental cleanup and
remediation.  The idea for such a group came
from the realization that another group, the
Technical Review Group (TRG) convened by
Martin Marietta Energy Systems, Inc. was
increasingly spending its time on policy issues
rather than on purely technical issues.  Since
both kinds of issues are vital to environmental
cleanup and remediation, it was decided to
form a second group devoted entirely to policy.
The WMRG’s chartered scope is to provide l)
objective reviews, evaluations, and assess-
ments of current plans, projects, and activities
related to DOE’s environmental management
policies and actions mandated by Congress,
the Executive Branch, and the DOE; and 2)
research, analysis, and communication neces-
sary to substantiate the reviews, evaluations,
and assessments and provide useful informa-
tion, conclusions, and recommendations to a
new organization, the Waste Policy Institute
(WPI).

The WMRG was chartered and convened un-

der the auspices of WPI, a not-for-profit uni-
versity-related corporation at Virginia Tech.
The principles for assembling the WMRG
were instinctive, intuitive.  It had to be done
that way because we don’t know enough about
GOA team building processes to have put it
together scientifically.  What we tried to do
was exhaust the categories representing those
constituencies in the general population which
must form part of the consensus necessary to
ensure success.  The five categories from which
we chose members are universities, industry,
States and Indian tribes, the Federal govern-
ment, and public interest groups and profes-
sional societies.

Though not all members know each other, the
WMRG starts out probably closer to a real
group than a nominal group. But though for
this reason it should find it easier to achieve
consensus on prioritization in its review of the
Program Optimization System (POS), what
DOE needs is far beyond the consensus of that
group.  What DOE needs us to do in our
research is figure out how to configure WMRG
so it’s a faithful microcosm of the population
it needs to represent.  To put it another way, our
job wasn’t to set up the group.  Setting up the
group was a necessary precondition, like set-
ting up experimental apparatus.  Our research
mission is to discover the extent to which our
partitioning of DOE’s environmental
remediation program world has yielded the
right constituencies—all the right ones—so
this wider world will look at the WMRG’s
conclusions and adopt them because the
WMRG’s consensus is representative; because
the WMRG sample represents the relevant

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.7. THE WASTE MANAGEMENT  REVIEW  GROUP (WMRG): A
FORUM FOR CONSENSUS.

A specific example of group decision making for reviewing environmental issues
illustrates the consensus concepts.
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population.

The convener of the TRG attends but is not a
member of the WMRG.  The convener of the
Ad Hoc Waste Contractors Group attends but
is not a member of the WMRG. And I, the
convener of the WMRG attend but am not a
member of the TRG and the Ad Hoc Waste
Contractors Group.  We call it “interdigitation.”

We watch the extent to which consensus on
technical issues and consensus on policy is-
sues combines to yield a larger, synergistic
consensus.  The WMRG and related activities
thus provide an ideal real-world laboratory for
our research, a perfect opportunity to study
intra-group consensus, inter-group consensus,
and extra-group consensus.
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1.6.2.2.8. TYPES OF CONSENSUS

Parts of this module were adapted from MSL’s
progress report in 1991 on its research grant to
study consensus in DOE’s environmental
management program.

We defined three different types of consensus:
intra-group, inter-group, and extra-group.  You
might ask, “Why separate consensus into dif-
ferent types?”  From our preliminary literature
search, we’ve found consensus is thought of as
a state among individuals.  Consequently,
measurement techniques have been derived to
measure consensus among individuals (intra-
group consensus).  We believe, however, there
are consensus situations where these methods
are applicable but not feasible due to their
complexity.  In some environments, especially
DOE, consensus is necessary among groups of
individuals, or agencies (inter-group consen-
sus).  When trying to measure consensus be-
tween groups of individuals, the methods com-
monly used are too complex.  Consensus is
also necessary between DOE and its external
environment, the public (extra-group consen-
sus).  We recognized there are different types
of consensus which arise from different situa-
tions and must be measured in different ways.

We defined intra-group consensus as a state
achieved between three or more people after
sufficient discussion has occurred for every
individual to voice their opinion.  Each indi-
vidual then accepts the outcome which isn’t
the same as the one any individual wanted
going in.  Consider Galbraith’s explanation:
“The problem solving approach [to group de-
cision making] is intended to achieve a con-
sensus which obviates the need for a powerful
leader.  Consensus is not unanimity but a state
of affairs in which the individual who dis-

agrees with the preferred solution feels as
follows:  ‘I understand what most of you
would like to do.  I personally would not do
that, but I feel that you understand what my
alternative would be.  I have had sufficient
opportunity to sway you to my point of view
but clearly have not been able to do so.  There-
fore, I will go along with what most of you
wish to do.’”

This type of consensus deals with human inter-
action on the micro level.  It deals with small
group interaction and decision making.

If we try to measure intra-group consensus as
a state variable describing the degree to which
a decision is carried out, we risk measuring the
wrong indicator of consensus.  In the intra-
group situation, a decision is made irrespec-
tive of the ability of the group to carry it out.
Therefore, measuring the extent to which a
decision is carried out may only be indicative
of the power the group wields within the orga-
nization, not the actual consensus achieved in
the intra-group situation.  To measure intra-
group consensus, you must deal with the hu-
man aspects of decision making and interac-
tion.

We believe to achieve consensus, a group
must transform from a nominal group (a group
in name only) to a real group.  This transforma-
tion requires the raising and resolution of un-
derlying conflict among group members.  That
is why we believe the Nominal Group Tech-
nique, for example, is better for information
sharing than it is for deriving consensus.

We defined inter-group consensus as the de-
gree to which two or more groups (who have

Does our group get consensus or represent consensus?
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achieved intra-group consensus) within a larger
group or organization, agree on actions to take
place or issues of importance to the organiza-
tion.  This type of consensus, unlike intra-
group consensus, deals with human interac-
tion on a macro level between two or more
independent groups or societies.  This is the
type of consensus the different government
oversight agencies need to coordinate their
actions.

We believe inter-group consensus can be mea-
sured by the actions taken as a result of the
consensus achieved between groups.  When
dealing with groups, we can model each group’s
preferences, values, and opinions as a single
point and then proceed with the same methods
used for intra-group consensus.  This would
not be very accurate however.  When two or
more groups of individuals are asked to come
to consensus, we assume their consensus is to
relate to some course of action.  This allows us
to measure the strength of inter-group consen-
sus by measuring the degree to which consen-
sus decisions are carried out (regardless of
quality).

An important point must be made regarding
the measurement of consensus.  The choice of
using either interaction methods such as those
proposed for intra-group consensus or activity
methods such as those proposed for inter-
group consensus really depends on the power
of the group to carry out any decisions made.
If a group has the power to implement their
consensus decision, intra-group consensus can
be measured with the methods proposed for
inter-group.  Likewise, if the groups coming to
inter-group consensus don’t have any power
but are acting in an advisory role, then inter-
group consensus must be measured with the
methods proposed for intra-group consensus.

It’s not clear conflict resolution is needed to
get inter-group consensus when the groups are
advisory and power isn’t a question.  We have
set up a consensus group called the Environ-

mental Management Review Group.  This
group plays a consultative role and as such
can’t have its consensus measured by the ac-
tions carried out as a result of their recommen-
dations.  To do so might measure the power of
the group members or the quality of their
recommendations, but it definitely would not
measure the degree of consensus achieved by
the group members.  DOE is made up of many
groups which must act in concert with each
other.  Therefore, they need inter-group con-
sensus on the actions taken within DOE.  Inter-
group consensus, in this case, is best measured
by the extent to which these actions are carried
out.

Extra-group consensus is a state achieved be-
tween one or more groups in an organization
and one or more groups in the external envi-
ronment outside the organization.  The differ-
ence between extra-group and inter-group con-
sensus is that for extra-group consensus the
group in the external environment doesn’t
have the power to directly affect the actions of
the domain or organization being analyzed.
The organization, however, needs acceptance
of the external group to be most effective in
carrying out their actions.  For example, if we
look at EM, inter-group consensus is achieved
between the oversight agencies and extra-group
consensus is achieved between GOA’s and
DOE.  If, however, we look at DOE, the
consensus achieved between GOA’s and DOE
is a higher level of inter-group consensus than
the consensus achieved between the GOA’s.
Extra-group consensus in this case is the con-
sensus achieved between the GOA’s or DOE’s
office for Environmental Management (EM)
or DOE and the various groups making up the
public of the United States.

DOE has often acted without considering the
wants of the public or states affected by their
decisions.  They have tended to bring in the
affected outside parties after the fact — after
decisions are made — to get their reactions,
not to involve them in the decision making
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process from the beginning.

In the case of the Environmental Management
Review Group (EMRG), by the definition we
just proposed, the unit of analysis must be
DOE.  EMRG was set up to represent a range
of stakeholders—together representing the
public.  Therefore, the outside group is the
public and the organizational unit of analysis
must be DOE.  We’re looking at extra-group
consensus between EM (a group within DOE)
and the public of the United States.  Consensus
between EM and DOE on any actions taken as
a result of EMRG recommendations will be
inter-group consensus.  In actuality, EMRG
will come to intra-group consensus among
themselves, but EM is using them to model
inter-group consensus among public interest
groups.  If EMRG’s intra-group consensus
doesn’t accurately model inter-group consen-
sus among public groups, the extra-group con-
sensus between EM and the public will be
weak or non-existent.  By setting up EMRG,
DOE is attempting to get information on how
to involve the public earlier in the decision
making process.  This attempt moves DOE

further toward the goal of including stakehold-
ers at the beginning of the decision process.  It
isn’t enough, however.

This type of measurement can’t be measured
by any of the methods discussed so far.  Since
an external group has no direct say in any
actions taken within the domain being consid-
ered, extra-group consensus can’t be mea-
sured by any actions taken within that domain.
This doesn’t mean an external group can’t
influence the actions taken within an organiza-
tion.  They can influence actions through pres-
sure, lawsuits, lobbying, etc.  They don’t,
however, have the ability to directly tell the
organization what they should do.  We think,
to measure this type of consensus, you need to
measure external groups’ reactions to the ac-
tions taken as a result of inter- and intra-group
consensus.  In the case of DOE, extra-group
consensus with the public might be measured
indirectly by the response of congress to their
actions since Congress is supposed to repre-
sent the public.  It might also be measured by
reactions printed in newspapers or demonstra-
tions by public groups.
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1.6.2.2.9. CONSENSUS AS A CONTINUUM

The strength of the consensus we get depends on where we are in the continuum
of consensus.

Parts of this module were adapted from MSL’s
progress report in 1991 on its research grant to
study consensus in DOE’s environmental
management program.

Consensus isn’t a discrete variable.  It’s a
continuum encompassing different levels of
interaction.  If we just consider measuring
consensus by the actions taken as a result of the
consensus to say “yes, we have consensus,” or
“no, we don’t have consensus,” we’re looking
at consensus too narrowly.  If we want to look
at consensus as a group acting as one, we must
differentiate different consensus levels.  It’s
too simple to consider a situation where people
are coerced into certain actions on the same
level as people who freely agree to act in a
certain way.  We can say consensus is achieved
in each of these situations, but we must go
further and define the level of, or strength of,
the consensus.

The difference between types and levels is
this:  a level is a measure of the cognitive
aspect of consensus and a type is a classifica-
tion of the consensus situation.  A level is a
point on a continuous scale, a type is a discrete
situation.  Each type of consensus can have
any level of consensus.

We define these terms in the following way:

coercion - one person defines the behavior
(idea, plan, decision) and has power to, and
uses power to force other group members to
accept the behavior.

compulsion - one or more people (the total
being a minority in the group) are the main
drivers of the behavior (idea, plan, decision)

while the others “go along”.

acceptance - one or more members find the
behavior (idea, plan, decision) undesirable but
will go along with it.

agreement - the behavior (idea, plan, deci-
sion) has support of the entire group although
it isn’t the ideal behavior for some or most of
the members.

unanimity - all members unanimously and
enthusiastically agree on and support the be-
havior (idea, plan, decision).

We must realize that, in each of the levels
defined above, actions are taken that lead us to
conclude consensus was achieved.  The strength
of the consensus, however, is vastly different
in each of these situations.

Strength of consensus is some combination of
the attitudinal and the behavioral sides of con-
sensus.  A group can leave a discussion think-
ing they have achieved unanimity (regardless
of whether the decision is of good or poor
quality); but, if nothing is done to implement
the actions decided upon, the consensus was
very strong attitudinally but very weak behav-
iorally.  If we combine these two parts of
consensus multiplicatively, the consensus
achieved is very weak.  Likewise, if a group
leaves a discussion and the members are angry
and very factioned but they carry out the be-
haviors agreed to, the consensus is weak from
an attitudinal standpoint but strong from a
behavioral standpoint.  The overall consensus
achieved is then weak.  The only way to assure
a strong and lasting consensus is to achieve
both a strong attitudinal and behavioral con-
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sensus.

One area where consensus is important in an
organization is to agree on the information
requirements that the organization needs.  The
reason you need to agree on the information
requirements is:  if you have limited resources,
you can improve, computerize, or move for-
ward only on some of the information require-
ments but not on all of them.  So what you want
to do is agree on the relative importance of the
various information requirements.  There are
several ways to do this.  The typical way is to
bring in the information specialist unit in your
organization.  Have them conduct interviews,
which is one way of trying to derive consen-
sus, talk to all the stakeholders, meld every-
thing together into an approach, and then re-
turn to the stakeholders for their concurrence
on something like an information requirements
document.  The problem is, it takes a very long
time to gather the information, produce the
document, and get concurrence.  In the mean-
time, everything has changed.  Information

requirements themselves h ave changed.  So
it’s very difficult to keep up.  Also, developing
information requirements is considered a sup-
port activity and not a line activity, so it’s hard
to get people’s attention.  Therefore you don’t
get people’s full attention on the information
requirements document.

Another approach to getting consensus on
information requirements is to bring stake-
holders together in a workshop setting.  The
stakeholders include people with information
requirements and the information specialists.
In a workshop setting, the stakeholders can 1)
concentrate on this support activity, 2) inter-
act, and 3) move forward quickly.  You would
use consensus techniques or tools in the work-
shop to try to come to consensus.  You’d also
use information systems techniques in the
workshop.  The workshop then includes a
structured approach to getting consensus and a
structured approach to identifying informa-
tion.

coercion compulsion acceptance agreement unanimity

Figure 1.6.2.2.9.  The strength of consensus is a combination of cognitive and behavioral factors.
To quantify the cognitive factor, consider five levels of consensus along a continuum.
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1.6.2.2.10. TECHNIQUES RELATED  TO CONSENSUS

As we work toward consensus, we can choose from a number of techniques one
that will best fit our situation.

Parts of this module were adapted from MSL’s
progress report in 1991 on its research grant to
study consensus in DOE’s environmental
management program.

Consensus is an ideal group decision state,
often strived for, but rarely achieved.  Ideally,
consensus assures complete understanding of
the issues and options, total agreement on the
best solution, and complete commitment and
support for that solution (Gentry, 1982).  Re-
search concerning whether individuals or
groups make better decisions isn’t conclusive,
but does suggest groups make better decisions
under certain conditions .  Achieving consen-
sus depends on a number of variables.  We’re
building a paradigm of consensus which re-
lates variables and is the framework for our
research.  We’ve identified and are studying a
number of these variables.  Several of these
variables are the role of facilitators, experts,
conflict, and information availability as they
relate to consensus.

Measuring consensus is difficult.  The best
way to characterize consensus is as a “hypo-
thetical construct.”  We often presume consen-
sus exists at some point when everyone’s ideas
have been combined into one complex whole.
We may not be able to measure consensus
directly.  We may need to infer it.  Some ways
consensus has been measured are by degree of
agreement, individual feelings about the prob-
ability of an event occurring, interaction pat-
terns within a group, and individual prefer-
ences.  [One way to deal with conflict is
avoidance, (Thomas and Kilman).  In that this
method is included, NGT involves consensus
because it makes “full use of available re-

sources and [resolves] conflict creatively.”]

Adding to this confusion is the fact that con-
sensus refers to both 1) an ideal situation in
groups (product) and 2) the ideal means to
achieve group goals (process).  Consensus in a
small group setting can apply to a decision
making process or the product of the process.
Jay Hall, defines consensus as “a decision
process for making full use of available re-
sources and for resolving conflicts creatively.”
If we look at consensus as the ideal goal in
groups instead of a process, we are still faced
with different meanings.  Definitions used in
the literature for consensus range from the
degree to which the most influential people in
a group agree to perfect unanimity among all
group members.  Some people refer to consen-
sus as a state of mind, a “we” feeling among the
participants in a group, Irving Janis empha-
sizes the negative aspects of this in his book
Groupthink.  He defines groupthink as “....the
desperate drive for consensus at any cost that
suppresses dissent....”

Examples of decisions environmental man-
agement groups made that can benefit from
consensus include prioritization, resource al-
location, selection, and compliance.  I’ll de-
scribe a number of techniques that help deal
with consensus for these decisions.

While it’s important to find ways to measure
consensus so we know whether or not we’ve
achieved it, our foremost task is to find how to
achieve it in the first place.  We’ve focused
heavily on techniques for achieving agree-
ment. We’ve studied a number of group tech-
niques for idea generation:  brainstorming,
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brainwriting, idea writing, and forced rela-
tionship techniques.

Brainstorming  is one of the most widely used
group techniques for creating ideas.  The theory
is that verbally inputted ideas from group
members will spark other ideas from other
participants.  These new ideas may in turn
spark other ideas from other group members,
and so on.  Alex Osborn, the originator of
brainstorming, calls this “organized ideation.”
The process should result in a large pool of
ideas.

Brainwriting  differs from brainstorming be-
cause participants generate and submit ideas
on 3x5 index cards instead of verbally input-
ting ideas.  An advantage of this process over
brainstorming is group members are more
likely to submit any idea simply because the
source of the idea is unknown to the group.

Idea Writing  is a more structured version of
brainstorming and works best with groups of
four or five.  Each participant writes three
ideas separately on three index cards and passes
the cards to the left.  The next participant sorts
the cards in any manner he or she wisher (e.g.,
importance, usefulness, simplicity) to help
structure his or her thoughts on the problem.
The participants add three more ideas to the
cards they have and then pass them to the left.
This process continues until each participant
has written twelve ideas and sorted the last
stack received.

Forced Relationship Techniques are struc-
tured techniques to aid in stimulating new
ideas.  Two or more ideas, objects, or methods
are forced together to produce something new.
Because of the structure of these techniques,
they generally result in a more-focused list
compared to unstructured techniques like brain-
storming or brainwriting.  Forced relationship
techniques include transformation and attribute
changing.  Transformation is used to change
an object or a process to make it more useful.

Attribute changing breaks an object or process
down into its characteristics and generates a
list of possible ways to change the attribute.
We’ve also studied group techniques for prob-
lem cause identification:  pareto analysis and
cause and effect analysis.  Various techniques
are employed to examine the cause of a prob-
lem.

Pareto Analysis delineates the causes of a
problem and helps the group focus on the most
important causes.  It does this by using a pareto
diagram.  The pareto diagram consists of a
combination bar graph and line graph.  The X
axis of the pareto graph is typically the indi-
vidual causes of the problem.  The Y axis is
typically a measure of the problem (e.g., cost
to the company).  By viewing separate causes
of the problem together, measured on a com-
mon scale, it’s easy to see what causes are the
greatest contributors to the problem.

Cause and Effect Analysis also incorporates
a graphical method, cause and effect diagram,
to show relationships between causes and the
effect of those causes for a given process or
problem.  The effect of a problem is listed at
the end of a long arrow.  Then all causes of the
effect are grouped by category and linked
along the arrow.  This produces a “fishbone-
like” diagram.  This diagram can be used to
understand the relationship between causes of
a problem and aid the users in identifying
“attack areas” for problem resolution.

Our research effort has mainly focused on
group techniques for idea generation and deci-
sion formulation.  We’ve studied and tested a
number of techniques for group decision mak-
ing:  Nominal Group Technique, Improved
Nominal Group Technique, Delphi Technique,
and “Generic” Interactive Group Decision
Process.

Nominal Group Technique (NGT) is a struc-
tured group decision technique consisting of
four steps:  1) individual silent generation (i.e.,
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group members write their own ideas about the
problem), 2) round-robin recording of ideas
(i.e., each group member, one at a time, pre-
sents one of his or her ideas to the group
without discussion, 3) group discussion for the
purposes of clarification and evaluation, and
4) individual voting on priorities through rank-
order or rating procedure.  “The group deci-
sion is the ‘pooled’ outcome of individual
votes” (Van De Ven & Delbecq, 1974).

Improved Nominal Group Technique
(INGT) adds several steps to NGT.  First it
uses Delphi’s (see below for description of
Delphi technique) method of inputting and
review of ideas (through the mail) before the
meeting takes place.  Next, instead of inputting
ideas for clarification and evaluation verbally
(as in NGT), INGT has group members submit
ideas on 3x5 cards (maintaining group ano-
nymity).  Inputting ideas on 3x5 cards also
allows more than one input at a time (reducing
bottlenecks).  Last, INGT provides for post
voting, ranking discussion, and a second round
of voting and ranking if the group so desires.

Delphi Technique is a group decision process
that provides for the systematic solicitation
and collation of judgments on a particular
topic through a set of carefully designed se-
quential questionnaires interspersed with sum-
marized information and feedback of opinions
derived from earlier responses (Van De Ven &
Delbecq, 1974).  Two iterations of question-
naires and summary reports are used.  The first
questionnaire is designed to obtain informa-
tion on the topic or problem.  It is distributed
anonymously to participants through the mail.
(Note:  This is the “diverging” questionnaire).
The participants generate their responses to
the questionnaire and mail these back to the
administrator of the process.  The responses
are summarized into a feedback report.  This
report, along with a second questionnaire de-
signed to probe more deeply into the ideas
developed in the first questionnaire, is sent

back to the participants.  (Note:  This is the
“converging” questionnaire).  Participants in-
dependently (and anonymously) evaluate the
feedback and respond to the second set of
questions.  Typically, participants will be asked
to vote independently on priority ideas.  Par-
ticipants return their second responses to the
administrator by mail.  Generally, a final sum-
mary and feedback report is sent to all partici-
pants.

“Generic” Interactive Group Decision Pro-
cess is an interactive group decision process
with a typical format that starts with a problem
statement by the facilitator to the group.  A
group discussion for generating information
and pooling judgments follows.  The meeting
concludes with a majority voting procedure on
priorities, or a consensus decision.

We’ve researched group techniques for deci-
sion formulation, decision analysis, and judg-
ment evaluation.  These techniques go beyond
formulation of decision and analysis of result.
These techniques are Consensus Mapping and
Social Judgment Analysis.

Consensus Mapping group decision process
assumes a task group has already (a) generated
a list of ideas about a particular issue or prob-
lem under consideration, (b) clarified the mean-
ing of those ideas, and (c) conducted a prelimi-
nary evaluation (i.e., ratings or prioritization)
(Hart, et.al, 1985).  Therefore, consensus map-
ping would start where a process like NGT
would finish.  Consensus mapping uses two to
four task groups (usually five to nine members
each).

Social Judgment Analysis (SJA) is based on
Tolman and Brunswik’s approach to cogni-
tion (Tolman, 1932; Brunswik, 1943; Tolman
and Brunswik, 1935) and includes:  (a) placing
a weight (i.e., a particular degree of impor-
tance) on a piece of information, (b) develop-
ing a “functional form”, or a functional rela-
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tion between each piece of information and the
final judgment, and (c) using a particular
method for integrating all dimensions of the
problem (this is called “organization prin-
ciple”).

SJA uses “cognitive feedback” to help reduce
disagreement and improve the quality of judg-
ment.  It allows participants to deal openly
with conflict and/or disagreements in underly-
ing judgment policies.  They can see the exact
locations of agreement and disagreement.  Par-
ticipants examine the weights and functional
forms of other participants.  Therefore, they
can understand why another participant makes
a particular judgment by looking at the impor-
tance the other participant places on each piece
of information and the functional relation be-
tween each piece of information and the other
participant’s final judgment.  These functional
relationships are represented by individual
“cognitive maps.”

We examined a few group techniques incorpo-
rating conflict.  These techniques for arriving
at a decision include conflict as part of the
process.  They are:  Dialectical Inquiry and
Devil’s Advocacy.

Dialectical Inquiry uses conflict among two
teams to arrive at a quality decision.  It devel-
ops two different recommendations, based on
contrary assumptions, from the same data.
The group divides into two teams, each team
taking a side.  The teams debate each recom-
mendation to spell out the implications of each
decision, revealing its underlying assumptions,
and challenging (defending) those assump-
tions as effectively as possible.  The assump-
tions that survive the scrutiny of the debate
(along with new assumptions formed during
the debate) are grouped and recommendations
are formed by the group members.  These final
recommendations are the group’s solution.

Devil’s Advocacy also uses conflict to arrive

at a quality decision, but it does it differently
than dialectical inquiry.  In this approach, a
solid argument is developed for a reasonable
recommendation.  This recommendation is
then subjected to a formal critique that at-
tempts to show why the recommendation
should not be adopted.  Through repeated
criticism and revision, a mutually acceptable
recommendation is formed.

So the difference between dialectical inquiry
and devil’s advocacy is that dialectical inquiry
starts with two recommendations and employs
a debate to arrive at a mutually exclusive
decision, while devil’s advocacy uses one rec-
ommendation and employs criticism and modi-
fication to arrive at a mutually exclusive deci-
sion.

We’ve studied the few documented group tech-
niques for gaining consensus:  Hall’s Consen-
sus Guidelines and Social Judgment Analysis.

Hall’s Consensus Guidelines provides rules
to follow for gaining consensus.  Hall (1971)
noticed through experimentation that groups
with formal training perform consistently bet-
ter than groups without.  He summarized the
behaviors of the most effective groups and
translated them into a list of guidelines for
consensus gaining.  The guidelines are:

1. Avoid arguing for your own rankings.
Present your position as lucidly and logi-
cally as possible, but listen to the other
members’ reactions and consider them
carefully before you press your point.

2. Do not assume that someone must lose
when the discussion reaches a stalemate.
Instead, look for the next-most-acceptable
alternative for all parties.

3. Do not change your mind simply to avoid
conflict and to reach agreement and har-
mony.  When agreement seems to come



982

too quickly and easily, be suspicious.
Explore the reasons and be sure everyone
accepts the solution for basically similar or
complementary reasons.  Yield only to
positions that have objective and logically
sound foundations.

4. Avoid conflict-reducing techniques such
as majority vote, averages, coin flips, and
bargaining.  When a dissenting member
finally agrees, don’t feel that he or she
must be rewarded by having his or her own
way on some later point.

5. Differences of opinion are natural and ex-
pected.  Seek them out and try to involve
everyone in the decision process.  Dis-
agreements can help the group’s decision

because, with a wide range of information
and opinions, there is a greater chance that
the group will hit upon more adequate
solutions.

Social Judgment Analysis, which we’ve al-
ready described, can also be included as a
consensus gaining technique.

The above discussion illustrates some of the
state-of-the-art techniques available for deci-
sion making in general and the consensus
process in particular.  But a “tool kit” of
available techniques doesn’t provide us a suf-
ficient understanding of consensus.  Nor does
the tool kit enable us to validly measure con-
sensus, or know when we’ve achieved it.
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1.6.2.2.11. ABILENE

Read Jerry Harvey, "The Abilene Paradox:
The Management of Agreement," Organiza-
tional Dynamics, Summer 1988, pp. 17-34.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS/
CONFLICT

1.6.2.2.12.1. A MODEL FOR CONFLICT

If you understand positives and negatives of conflict, you can use conflict to
your advantage.

an environment that stimulates creative think-
ing and allows group members to express their
views without being punished.  Conveners,
facilitators, managers, and group members
need to understand and learn the possible con-
sequences of intrapersonal conflict so they can
intervene in the group process before damage
occurs.

A  Model Relating Conflict and Conflict
Resolution to Consensus and Decision Qual-
ity
As illustrated in Figure 1.6.2.2.12.1., I believe
a group meeting can be divided into two com-
ponents:  l) the group process including the
physical gathering of the group members and
their interaction and 2) the products of the
group process.  For the sake of analyzing
conflict in decision making groups, I divide
the group process component into two blocks:
the conflict and the attempt to resolve the
conflict.  Although there are many different
types of conflicts and conflict resolution strat-
egies, here I’m primarily interested in task
conflict versus social conflict and collabora-
tive versus competitive conflict resolution strat-
egies.

I believe it’s difficult to separate conflict from
the attempts to resolve conflict.  In fact, the
literature makes little distinction between them.
Frequently the attempt to resolve one conflict
causes a new conflict.  This is my justification
for the feedback loop in Figure 1.6.2.2.12.1.
The loop shows the reciprocating actions of
conflict on conflict resolution and vice versa.

The products box in Figure 1.6.2.2.12.1. con-
tains dimensions affected by the different types
of conflict resolution strategies.  At the same
time these dimensions are mediating variables

This module is based on the presentation by
Grunau, M. H., and H. A. Kurstedt, “The
Effects of Conflict and Its Resolution on Deci-
sion Quality and the Strength of Consensus in
Consensus Groups,” TIMS/ORSA Joint Na-
tional Meeting, May 1991.

I describe a model relating intragroup conflict
and its resolution attempts to group consensus
and decision quality.  Consensus groups are
groups trying to produce high-quality deci-
sions with strong agreement and support for
these decisions.  I differentiate task conflict
from social conflict and competitive conflict
resolution from collaborative conflict resolu-
tion.  After analyzing the consequences of
these types of conflict and their resolution
strategies, I urge managers not to be afraid of
task conflict.  Task conflict is a functional
element of a decision making process, whereas
social conflict can be dysfunctional.  I propose
the use of collaborative conflict resolution in
consensus groups.  I propose steps for manag-
ers to follow when trying to achieve collabora-
tion in a meeting.

Groups trying to achieve consensus are usually
made up of people with a variety of different
opinions, goals, roles, personalities, and back-
grounds.  These differences will naturally cause
interpersonal conflict.  Conflict and its resolu-
tion during the meeting can be the key to a
successful meeting; for example, enabling a
consensus group to come up with a decision of
high quality and strong acceptance among the
group members.  However, if conflict isn’t
managed properly, conflict will be detrimental
to the group and the meeting products.  The
goals of consensus groups are 1) to create
satisfaction and commitment to the group de-
cision and process and 2) In conflict, provide
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affecting decision quality and strength of con-
sensus.  For clarification, I believe decision
quality relates to the goodness or correctness
of a decision, whereas consensus strength re-
lates to the degree to which group members
agree and support the group’s final decision.

Managers Need to Understand Conflict to
Resolve it Effectively.
Two fundamental beliefs exist about the phe-
nomena of conflict. Hegel (Hegel, G.W.F.,
The Essential Writings, Harper & Row, 1974.)
said conflict is the precedent and consequence
of any change.  Tjosvold (Tjosvold, D.,  Coop-
eration Theory and Organizations, Human
Relations, 1984.) has shown conflict occurs
naturally in any kind of meeting.  Often, man-
agers in groups ignore these findings because
they’re afraid of conflict’s potential harmful
outcomes.  So, managers passively ignore or
actively suppress conflict. If conflict is the
input and output to change, or if change is the
input and output of conflict, then conflict must
be a controlling variable of change.  Conflict
becomes a powerful tool to proactively ma-
nipulate change.  Conflict occurs naturally
because of people’s diverse experiences, per-
sonalities, interests, and beliefs.  We must
reduce our fear of conflict to learn how to
effectively use conflict.

The consequences of mismanaged conflict have
been described in the literature.  Mismanaged
conflict can lead to intolerance among group
members (Simmel, G.,  Conflict and the Web

of Group-Affiliation, New York: Free Press,
1955.), lead to low commitment or support of
the group and the final decision (Pfeffer, J.,
Power in Organizations. Boston: Pittman,
1981.), reduce the trust among group members
(Deutsch, M.,  The resolution of conflict, New
Haven: Yale University Press, 1973.), reduce
the amount of information shared between the
group members (Rabbie, J.M. & Wilkens, G.,
Intergroup Competition and its Effects on Intra-
and Intergroup Relations. European Journal
of Social Psychology, Vol. l, 1971.), and there-
fore, reduce the quality of the group decision
(Wall, V.D., Galanes, G.J., & Love, S.B.,
Conflict, Conflict Management, Satisfaction
and Decision Quality in Small, Task Oriented
Groups, Speech Monographs, 41,1974.).

The potential positive outcomes from well-
managed conflict are an increase in informa-
tion sharing and a greater number of creative
alternatives generated within the group, an
increase in the satisfaction with group process
and the resulting decision (Wall, V.D. & Nolan,
L.L.,  Perceptions of Inequity, Satisfaction,
and Conflict in Task-oriented Groups, Human
Relation, 1986.), an increase in interpersonal
attraction or a better decision.

When I speak of well-managed or poorly-
managed conflict, I speak about attempts to
resolve conflict.  Therefore, I must find con-
flict resolution techniques later on which match
the consequences of well-managed conflict.

Group Process

Conflict

Task Conflict
Social Conflict

Conflict Resolution

Collaboration
Competition

Products

Decision

Shared Information

Shared Understanding

Met Expectations

Decision Quality

Strength of
Consensus

Figure 1.6.2.2.12.1.  A model relating conflict and conflict resolution to decision quality and
consensus.
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1.6.2.2.12.2. FUNCTIONAL  AND DYSFUNCTNAL  CONFLICT

When dealing with group decision making, consider task conflict as useful and social
conflict as dysfunctional.

This module is based on the presentation by
Grunau, M. H., and H. A. Kurstedt, “The
Effects of Conflict and Its Resolution on Deci-
sion Quality and the Strength of Consensus in
Consensus Groups,” TIMS/ORSA Joint Na-
tional Meeting, May 1991.

I Classify Conflict According to Who the
Conflict Involves and What the Conflict
Pertains to.
Conflict can be either interactive or non-inter-
active.  The difference lies in who the conflict
involves (Figure 1.6.2.2.12.2.).  Interactive
conflict requires the involvement of two or
more parties and is expressed in the form of
communicated disagreement.

An example of interactive conflict in a dia-
logue is the statement of one person that when
shopping he prefers the use of plastic bags
while another person states that he would
rather use paper bags.  Both statements are in
disagreement with one another and have been
communicated between two parties.  A non-
interactive conflict occurs within a person;
and, therefore, affects one group member only.
Non-interactive conflict is not openly visible
and can be experienced in the form of guilt,
cognitive dissonance, frustration, and
uncommunicated disagreement.  An example
of non-interactive conflict may be not meeting
an individual’s expectations. I believe non-
interactive conflict often leads to interactive
conflict.

I list social conflict and task conflict for what
the conflict pertains to, although they’re not
always easy to distinguish.  Social conflict is a
contradiction of emotions about other mem-
bers and their behaviors.  An example might be

a disagreement merely based on the fact that
one individual is male and the other one fe-
male, or that two people have had a joint
negative past experience.  The nature of social
conflict is mostly irrational and emotional.
Task conflict on the other hand is disagree-
ment on the problem to be solved during the
meeting.  Task conflict for example may be a
disagreement on one of the alternatives gener-
ated to solve a particular problem.  Task con-
flict is rational, logical, and factual.  The
difference in the characteristics between task
and social conflicts has implications on their
respective usefulness in decision making
groups.

In Consensus Groups, Social Conflict Can
Be Dysfunctional while Task Conflict Is
Functional.
Since social conflict is aimed at individuals,
not at the task to be solved, it diverts the
group’s attention from the purpose of the meet-
ing, which is to make a decision. Individuals
exposed to social conflict may feel a need for
saving face or for retaliation.  These activities
are based on an individuals’ sense of equity
and are aimed at the person they believe is
responsible for the existence of social conflict.
That is, people want to feel they were treated
justly or they were able to get even.  During a
meeting, these activities take up additional
time, prolonging the group process.  The
dysfunctionality of social conflict is also evi-
dent when we view how it can be resolved.
The successful resolution of social conflict
requires more resources, such as skilled me-
diators or facilitators.

Conflict occurs naturally in groups primarily
because people are different.  These differ-
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ences in personalities and backgrounds for
example will cause each group member to
view the problem to be solved from a different
angle than other group members.  Therefore,
we shouldn’t be afraid to permit or even raise
task conflict, because it occurs naturally and
focuses the group on the goal of the meeting:
to make a decision.  Task conflict sets the stage
for sharing information and generating cre-
ative alternatives, since individuals sense the
group is scrutinizing the task, not the individu-
als.  This reduces group members’ fear of other
group members’ judgments and they’ll feel
less inhibited to speak out.  As I mentioned
before, task conflict is based on logic, ratio-
nale, and facts.  These elements make the

conflict resolution process less time consum-
ing and less sensitive, since it is easier and
more convincing to reason with facts than with
ambiguous emotions.  Group members will be
more committed to the final group decision
knowing they’ve scrutinized the problem from
as many angles as possible.  If they perceive all
relevant information was shared and the group
was able to generate creative alternatives, group
members will be more convinced they have
come up with a good decision.

From this analysis I conclude social conflict
should be avoided and task conflict should be
permitted and even raised.  Having looked at
conflict, let’s look at conflict resolution.

Figure 1.6.2.2.12.2.  Conflict can beclassified into who it involves and what the conflict pertains
to.

Conflict

Non-interactive
Conflict

Within-Group
Conflict
Communicated
  disagreement

Within-Person
Conflict
Guilt
Cogntive Dissonance
Frustration
Uncommunicated
   disagreement

Social Conflict
   Irrational
   Emotional

Task Conflict
   Rational
   Logical
   Factual

Disagreement on the problem that
needs to be solved during the meeting

Contradicting emotions about other 
members and their behaviors

Who is involved? What does the conflict pertain to?

Interactive
Conflict
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This module is based on the presentation by
Grunau, M. H., and H. A. Kurstedt, “The
Effects of Conflict and Its Resolution on Deci-
sion Quality and the Strength of Consensus in
Consensus Groups,” TIMS/ORSA Joint Na-
tional Meeting, May 1991.

There Is No One Best Conflict Resolution
Strategy for all Situations.
Too often we get trapped feeling comfortable
with one particular conflict resolution style
and we begin to apply it to all conflict situa-
tions in life.  Eventually, we’ll fail.  Each of the
five conflict resolution strategies in Figure
1.6.2.2.12.3. is applicable in certain situations.

Even our English language supports the use of
all conflict resolution styles with phrases such
as “leave well enough alone” for avoidance,
“kill your enemies with kindness” for accom-
modation, “split the difference” for compro-
mise, “might makes right” for competing, and
“two heads are better than one” for collabora-
tion (Thomas, W.K, & Kilmann, R.H.,  Tho-
mas-Kilmann Conflict Mode Instrument, Tux-
edo, New York: XICOM, Inc, 1974.).  Each
strategy may be expressed in different ways.
For example, avoidance can be practiced by
defusing the issue, resigning or giving up on
the problem, covering-up vital aspects that
should be considered, isolating or withdraw-
ing oneself from the group, showing indiffer-
ence toward the problem, or simply refusing to
help find a solution.

However, when the situation is one requiring
a small group to come up with a good decision
while at the same time having strong consen-
sus on this decision, some conflict resolution
styles on this list are less applicable than oth-

ers.  I believe collaboration will be the most
effective approach for consensus groups.  I’ll
contrast competitive and collaborative con-
flict resolution styles.  In the everyday use of
these terms, collaboration is often used to refer
to the absence of conflict, while competition
refers to challenge and high aspirations.  How-
ever, we must break our paradigms on what we
believe collaboration and competition are.  I’ll
define what competitive and collaborative
conflict resolution are.

Competitive Conflict Resolution Can Be
Dysfunctional in Consensus Groups.
A competitive situation is defined to be one in
which individuals are assertive yet uncoopera-
tive; an individual pursues his own concerns at
the expense of another group member.  Com-
petitive conflict resolution is a power-oriented
mode in which one uses whatever power seems
appropriate to win one’s position.  Competi-
tion is caused when group members perceive
their goals are negatively linked (Deutsch, M.,
The resolution of conflict, New Haven: Yale
University Press, 1973.).  This means one
group member can achieve his or her goal only
when another group member doesn’t achieve
his or her goal.  Negatively linked goals create
win/lose situations: one individual wins, an-
other loses.  An increase in group hostility is
the result of win/lose situations.  Intragroup
hostility could be an example of the recipro-
cating actions between conflict and conflict
resolution.  The hostility is a consequence of
the conflict resolution attempt, producing a
new conflict requiring additional conflict reso-
lution attempts in the future.

When group members believe they can’t
achieve their goal because they’re competing

You need to learn different conflict resolution styles to be able to handle conflict
when it arises.

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS/
CONFLICT

1.6.2.2.12.3. CONFLICT  RESOLUTION
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with someone else, they’re also less inclined to
share relevant information with the rest of the
group, since it might give other group mem-
bers an advantage.  Deutsch found competitive
conflict resolution stifled innovation.  The
reason is based on fear of expressing innova-
tive ideas that would help someone else achieve
their goal while reducing the chance to achieve
one’s own goal.  In a competitive conflict
resolution phase, individuals expect other group
members won’t help them achieve their goal.
They’re suspicious other group members’
messages and influence are attempts to mis-
lead them from their goals.

Collaborative Conflict Resolution is Func-
tional
A collaborative conflict resolution is defined
as being assertive and cooperative.  The differ-
ence then between competition and collabora-
tion is their degree of cooperativeness.  Col-
laboration is an attempt to work with the other
person finding some solution fully satisfying
the concerns of both.  It requires exploring the
issue to identify the underlying concerns of the
individuals and to find an alternative to meet
both sets of concerns.  Collaboration is caused
when group members perceive their goals to
be positively linked.  This means one group
member can achieve his or her goal only when
others achieve their goals as well.

Positively linked goals create win/win situa-
tions.  Both parties perceive they win. When
individuals in the group perceive other group
members value their presence, threat and hos-
tility appear to a lesser degree or are reduced.
This provides a medium for group members to
safely express their views and dare to think up
innovative or creative alternatives.  The in-
crease in group participation caused through
collaboration increases the stake of the group
members in the group process and the final
decision.  The result is an increase in group
commitment to the group process and the final
solution.  The reduction of threat and hostility
among group members has another conse-
quence.  Group morale and satisfaction of
individual group members increases.  The
only drawback to collaboration in consensus
groups is that collaboration is very time con-
suming.

From this analysis, I conclude that collabora-
tive conflict resolution is desirable, whereas
competitive conflict resolution is dysfunc-
tional.  To make sure, I’ll look at the require-
ments for strong consensus and decision qual-
ity.  The best match between the decision
quality and consensus requirements and con-
flict resolution strategy consequences should
prescribe the type of conflict resolution strat-
egy applicable for consensus groups.
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Figure 1.6.2.2.12.3.  Different conflict resolution styles are applicable in different situations.
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Overpowering
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Avoidance

Accomodation

Compromise

Collaboration

Competition

(Five Conflict resolution categories adapted from Thomas and Kilmann, 1973)
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS/
CONFLICT

1.6.2.2.12.4. ACHIEVING  CONSENSUS BY INCLUDING  COLLABORATION

This module is based on the presentation by
Grunau, M. H., and H. A. Kurstedt, “The
Effects of Conflict and Its Resolution on Deci-
sion Quality and the Strength of Consensus in
Consensus Groups,” TIMS/ORSA Joint Na-
tional Meeting, May 1991.

To Achieve Strong Consensus and High
Decision Quality, Certain Requirements
Have to Be Met.
The literature lists the following requirements
to achieve consensus.  All group members
must have the opportunity to express their
opinions (Hall, J.,  Decisions, Decisions, De-
cisions, Psychology Today, 1971.).  This in-
creases group participation and therefore com-
mitment to the group process and the final
decision.  Further, the group must share rel-
evant information with one another.  A group
is less likely to gain consensus if they feel vital
information has been withheld from them.  If
group members are finally satisfied with the
group process and their decision made in a
joint effort and their own individual expecta-
tions or goals are met, the largest and most
important obstacles to achieve consensus are
overcome.

The requirements for high-quality decisions
are similar, in that they require the sharing of
relevant information and the pooling of gener-
ated creative alternatives (Janis, I.,  Victims of
Groupthink, Boston: Houghton-Mifflin,
1972.).  Looking at these requirements, col-
laborative conflict resolution is clearly a better
match to achieve strong consensus and high
quality decisions than competitive conflict
resolution.

Choose a Conflict Resolution Strategy Ac-
cording to the Situation.
Before I conclude with some propositions for
inducing collaboration, I would like to list
situations in social and task conflict when
either collaborative or competitive conflict
resolution strategies are applicable (Figure
1.6.2.2.12.4.).  Competitive conflict resolu-
tion isn’t suitable for social conflict, since it
only increases further hostility.  However, it’s
applicable in some nonconsensus task-con-
flict situations.  For example, emergencies
require quick and decisive action in which a
bias for action is frequently more important
than gaining consensus.  Sometimes groups
come up with necessary but unpopular actions
that need to be implemented.  A competitive
approach may be the only way to divide up the
tasks for implementation.

The last situation in which competitive con-
flict resolution is justified is a situation where
individuals need to protect themselves from
otherwise ruthless exploitation of another com-
petitor who would otherwise take advantage
of any noncompetitive behavior.  In situations
demanding strong consensus and good deci-
sions, collaborative conflict resolution is more
applicable for both social conflict and task
conflict.

Competition should be used when the meeting’s
goal is known to be complex to take advantage
of the diversity of opinions.  Collaboration
should be used when managers request critical
thinking of group members and their commit-
ment to a decision.

Group facilitators and managers can induce collaborative conflict resolution in
groups.



997

can prevent additional social conflict since
they put group members into artificial roles.
Examples of such techniques are devil’s
advocacy and dialectical inquiry.

4) A key component affecting managers and
facilitators is how group members will be
rewarded.  During the meeting, group
members showing efforts to collaborate
need to be rewarded to reinforce their
behaviors and to serve as models to other
group members.  When all group members
are collaborating according to the
manager’s expectations, the entire group,
not just selected individuals, must be re-
warded.  The manager’s expectations must
be realistic, otherwise these expectations
become a frustration and a disincentive.

5) Social conflict should be anticipated or
quickly resolved so the group has suffi-
cient time to raise, permit, and resolve task
conflict.

6) If managers expect groups to reach con-
sensus, they must give the group the neces-
sary resources—primarily time.

Social conflict should be resolved
collaboratively, since rationalizing emotions
through constructive verbalizations of emo-
tions begins to break down the irrational na-
ture of social conflict.

I Propose Six Steps to Achieve Strong Con-
sensus and High Decision Quality by Induc-
ing Collaboration.
I conclude by proposing six steps group facili-
tators and managers should know of when they
intend to induce collaborative conflict resolu-
tion within groups.

l) Group members should be informed be-
fore the meeting that the manager requests
group members to collaborate.  This will
set their expectation and reduce some of
the group members’ anxiety.

2) Managers should plan informal ice break-
ers before the consensus meeting starts.
Social ice-breakers may make group mem-
bers feel their goals are more positively
linked.

3) The use of structured conflict techniques

Figure 1.6.2.2.12.4.  Which conflict resolution strategy is applicable for what type of situation
(conflict)?

Social
Conflict

Task
Conflict

Competitive
Conflict
Resolution

Collaborative
Conflict
Resolution

• For emergencies
• When unpopular actions
  need to be implemented
• To protect yourself
  from others taking ad-
  vantage of noncompetitive
  behavior

•  When meeting's purpose
    is complex
•  To gain commitment
•  Increase critical thinking
•  Increase strength of
   consensus
•  Increase decision quality 

•  To reduce hostility between
    groups
•  To refocus the group on
    the task again
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS/
CONFLICT

1.6.2.2.12.5. CONFLICT  MANAGEMENT

This module was adapted from Grunau, M. H.
and H. A. Kurstedt, Jr., “The Effects of Incen-
tives on Conflict Management, Perceived
Strength of Consensus, and Decision Qual-
ity,” Proceedings of the 27th Annual Meeting,
Southeastern Chapter of the Instute of Man-
agement Sciences, October 1991, pp. 68-70.

Introduction
Decision-making groups trying to achieve
consensus are usually made up of people with
a variety of predispositions.  These predispo-
sitions cause social pressures which naturally
lead to conflict (Thomas, K. (1976).  Conflict
and Conflict Management.  In M. Dunnette
(Ed.), Handbook of Industrial and Organiza-
tional Psychology, 889-935.  New York:  Rand
McNally & Co.).  Improperly managed con-
flict is detrimental to the group and the
meeting’s products.  However, providing a
conflict environment that stimulates creative
thinking and open information sharing can
enable groups to reach consensus and a high
quality decision.

A Model of Conflict in Meetings
Figure 1.6.2.2.12.5. shows a conceptual model
of conflict in meetings.  My concept is that
people bring the ingredients for conflict to
meetings.  The ingredients include group mem-
bers’ different backgrounds, personalities,
goals, opinions, and expectations.

This conflict might be based on who the group
members are attending the meeting, what the
problem is that will be dealt with during the
meeting, how the people in the meeting expect
to interact with one another, and why the group
members come to the meeting.

Conflict may not be perceived by all members
of the group.  Unless conflict is brought out in
the open and managed, it will more than likely
go undetected.  Using the model to get the best
products of a meeting, group members must
make the choice to deal with existing conflicts.
Then we can identify, surface, and finally
manage the conflicts by displaying functional
behavior.

The type of behavior displayed by group mem-
bers in meetings can be influenced through
pre-imposed meeting incentive structures.
Depending on the type of incentive (group or
individual) the type of conflict management
strategy used during the meeting can be influ-
enced before or during the group process.

Essentially, there are three ways to manage
conflict.  Group members can escalate con-
flict, reduce conflict, or they can do nothing
about the conflict.  Raising the conflict may
mean exploring the underlying reasons in more
detail or making sure all possible disagree-
ments are aired and dealt with.  A simple way
to reduce conflict temporarily could be to
intentionally avoid or to smooth over the con-
flict.

The justification for the feedback loop be-
tween the conflict management box and con-
flict itself lies in their reciprocating actions.
Frequently it is the characteristics of a conflict
resolution attempt that spurs a new conflict.
Therefore, the consequence of managing one
conflict can produce a new conflict.  All at-
tempts to deal with conflict have some kind of
effect on the group process.  I call the effects
“products,”

We can manage conflict and move competitive conflict toward collaborative
conflict.
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The products box in Figure 1.6.2.2.12.5. con-
tains variables that reflect the state of the group
and its intereactions at the end of the meeting.
These variables, for example, include the de-
gree to which a group has come to consensus
on a decision or how strongly the group be-
lieves they have reached a high quality an-
swer.

Distinction between Conflict and Conflict
Management
In the literature, conflict has been viewed
primarily from two different angles.  Some
researchers believe conflict is internal such as
someone’s belief or perception of disagree-
ment (Schmidt, S.M., Kochan, T.A. (1972).
Conflict: Towards Conceptual Clarity.  Ad-
ministrative Science Quarterly, Vol. 17, 359-
370.), while others stress conflict to be exter-
nal reflected in people’s contradictory actions
and behavior (Katz, D., Kahn, R.L. (1972).
The Social Psychology of Organizations.  2ed.
John Wiley & Sons, INC, New York.).  I
support the notion that conflict is internal.  I
define conflict as a state and label it
uncommunicated disagreement while I define
conflict management as the process following
the state of conflict.  The process is the com-
munication of the disagreement.  Therefore,
conflict management relates to a behavior
aimed at resolving the conflict.

Potential Conflict Consequences
The potential negative consequences of mis-
managed conflict have been described in the
literature.  Mismanaged conflict can reduce
tolerance among group members, commit-
ment or support of the group and the final
decision (Pettigrew, A. (1973).  The Politics of
Organizational Decision Making.  London:
Travistock.), trust among group members
(Tjosvold, D., Andrews, I.R., Jones, H. (1983).
Cooperative and Competitive Relationships
between Leaders and Subordinates.  Human
Relations, Vol. 36, 1111-1124.), the amount of
information shared among the group mem-

bers, and the quality of the group decision.

The potential positive outcomes from well-
managed conflict are increased information
sharing and a greater number of creative alter-
natives generated within the group (Hoffman,
L.R., Harburg, E., & Maier, N.R.F. (1962).
Differences and Disagreements as Factors in
Creative Group Problem Solving.  Journal of
Abnormal and Social Psychology, Vol. 2, 235-
244.), increased satisfaction with group pro-
cess and the resulting decision, increased in-
terpersonal attraction (Johnson, D.W., Johnson,
R.T. (1974).  Instruction Goal Structure:  Co-
operation, Competitive, or Individualistic.
Review of Educational Research, Vol. 44,
213-240.), and a better decision (Coser, L.A.
(1956).  The Functions of Social Conflict.
New York:  The Free Press.).

Collaborative and Competitive Conflict
Management
There’s no one best conflict resolution strat-
egy that group facilitators can use in all con-
flict situations.  Here, I focus on two very
different conflict management styles:  col-
laboration and competition.  Collaborative ef-
forts are defined as being assertive and coop-
erative.  They’re most applicable for decision-
making groups, where management has allo-
cated sufficient resources such as time.  Col-
laborative conflict resolution attempts permit
the sharing of information in a non-threaten-
ing environment, producing a shared under-
standing of this information and a high degree
of group satisfaction.  Collaboration results in
a win/win situation.  One party can win only if
the other wins also.  Competitve efforts are
defined as being assertive yet uncooperative.
They’re applicable in situations requiring quick
and decisive actions, and require fewer re-
sources.  However, competitive conflict reso-
lution attempts can create threatening envi-
ronments reducing the amount of information
group members are willing to share and de-
creasing shared understanding as well as satis-



1000

ceptance of the decision (Tjosvold, D., Field,
R.H.G. (1983).  Effects of Social Context on
Consensus and Majority Vote Decision Mak-
ing.  Journal of Social Psychology, 500-506.),
support or commitment to the decision
(DeStephen, R.S. (1983).  High and Low Con-
sensus Groups:  A Content and Relational
Interaction Analysis.  Small Group Behavior,
143-162.), an understanding of the informa-
tion shared to come up with the decision, and
satisfaction with the group process and the
decision.  Therefore, I can express consensus
as a function:

Consensus = f[agreement, understanding,
acceptance, satisfaction, commitment]

I view consensus not as a binary variable, but
as having different levels of strength.

Often the quality of a particular decision can’t
be determined right after the decision is made;
especially if a problem doesn’t have one cor-
rect answer.  Frequently, the decision needs to
be implemented and its quality judged, based
on the consequence its implemention had.
Therefore, since it is difficult to measure the
actual quality of a decision directly, I believe
it is more appropriate to consider the process
elements required to achieve a particular level
of decision quality.  Janis believes the primary
requirement for high-quality decisions is the
sharing of relevant information.  Coser argues
decision quality is primarily influenced by the
generation of a multitude of alternatives from
which the group can choose.  I believe there is
no one variable solely responsible for a group
process ensuring high decision quality.  There-
fore, I measure decision quality through the
subject’s perception of two components which
are believed to be important for high decision
quality.  I express perceived decision quality
as a function of two variables:

Perceived decision quality = f[perceived
opportunity to express views, perceived
generation of alternatives]

faction with the group decision.  Competition
results in a win/lose situation.  One party can
win only if the other loses.

Incentive Structures
Thomas, Deutsch,  Coser, list incentive struc-
tures as one way to manipulate behavior when
managing a conflict.  Coser hypothesized in-
centives geared toward the individual pro-
duced social pressures to compete against other
indviduals causing interpersonal competition.
On the other hand, incentives geared toward
groups give groups a common goal.  This
causes intergroup competition, which in turn
causes intragroup collaboration.  Sherif (Sherif,
M., Harvey, O.J., White, B.J., Hood, W.R.,
Sherif, C.W. (1961).  Intergroup Conflict and
Cooperation:  The Robber’s Cave Experi-
ment.  Norman, Oklahoma:  University of
Oklahoma Press.) supported this hypothesis
with the “robbers’ cave” studies.  After strongly
competitive behaviors occurred among indi-
viduals in groups, superordinate group goals
were introduced.  These goals gave all indi-
viduals a common goal and focused their at-
tention away from the internal conflict.  Com-
petitive behaviors within the group shifted
towards competitive behaviors between the
group and the outside.  The introduction of a
superordinate goal can be compared to the
introduction of a new incentive, producing
different social pressures and causing a shift in
the conflict management strategy.

Perceived Consensus and Decision Quality
Consensus and decision quality are two vari-
ables we can measure to determine the success
of group decisions.  I define consensus to be a
state where a common judgment has been
reached by most of those concerned.  Consen-
sus exists when a group makes and supports a
decision.  I believe the following five subcom-
ponents can be used as measures of consensus.
The subcomponents are group members’ agree-
ment with the decision (Scheff, T.J. (1984).
Toward a Sociological Model of Consensus.
American Sociological Review, 32-46.), ac-
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Figure 1.6.2.2.12.5.  Broad Conceptual Model of Conflict in Meetings
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Managers can better manage groups by understanding the components of group
decision making.

Figure 1.6.2.2.13.1. depicts a model I’ve de-
veloped for understanding group decision mak-
ing.  The model portrays the important compo-
nents of groups.  Managers should consider
each component when planning, managing, or
facilitating groups.  The model also shows
relationships between group-related variables.
The model is useful for all types of decision-
making groups including consensus groups.
The model portrays a group during a single
meeting,  but it’s also useful for understanding
groups over time.  To make the model easier to
remember, I’ve named each component with a
word beginning with the letter “P.”

Precipitator
The precipitator is the person, condition, in-
formation, or event causing a manager to form
a group.  Example precipitators include:
changes in the group’s environment, organiza-
tional crises, top management decrees, organi-
zational culture changes, and specific prob-
lems in a work area.  Usually, the precipitator
is a variable that can’t be controlled.  However,
understanding the reasons for bringing a group
together helps the manager design and manage
the group process.  Understanding the precipi-
tator helps group members understand their
purpose.  Usually, the precipitator determines
which of the next four components in Figure
1.6.6.1. the manager should consider next.  For
example, if a lack of communication between
two divisions is the precipitator, the people
involved should be members of the two divi-
sions.

Purpose
The purpose is what the group expects to
accomplish.  The purpose answers the ques-
tion, “What do we want to come out of this
meeting?”  Example purposes include:  to

make a decision, to reach a consensus, to
develop a list of ideas, and to share informa-
tion.  The purpose usually determines the
desired product(s).  The purpose tends to be
outcome-oriented.  Outcomes are the intan-
gible products the group will work toward.

People
The people are the individuals associated with
the group, both inside and outside the group.
The convener, facilitator, group leader, group
members, and advisors to the group are all
people who may be associated with the group.
Participants in decision making should be the
stakeholders in the issue being discussed.  When
looking at the people involved in the group,
managers should consider the characteristics
of each individual (e.g., expertise, organiza-
tional position) and the characteristics of the
group (e.g., size, homogeneity).  Understand-
ing the characteristics of the people involved
will help you design group processes.

Problem
The problem is the specific task before the
group.  The need to improve performance on
an assembly line, replace a retired employee,
or share information about monthly produc-
tion are examples of group problems.  The
problem is the output expectation or the task
problem.  This is the tangible output the group
should produce.  The problem often dictates
the process the group will use.  For example, if
the problem is to generate multiple ideas for
increasing productivity, the process will likely
include some form of brainstorming.

Participation
Participation  is the degree to which group
members take part in decision making.  Par-
ticipation involves whether the decision will

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.13.1. A MODEL OF GROUP DECISION MAKING
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be made by one group member or all group
members.  In a consensus group, all group
members make the decision and all group
members can express their views.  Possible
types of participation include delegation, con-
sultation, information sharing, and conflict
resolution.

Process
Once you determine the purpose, people, prob-
lem, and participation, you can plan for the
group process.  The process is all aspects of
the group interaction.  We divide process into
two categories:  group process issues and group
techniques.  Group process issues include ex-
pectations, conflict, and cohesiveness.  Group
techniques include idea generation techniques,
nominal group technique (NGT), and devil’s
advocacy.  Managers should match the pro-
cess to the other components in the model.  For
example, if the group is heterogeneous groups
and wants to give all group members a chance
to express their views, NGT is appropriate.
The “Choosing the Proper Group Technique”
module helps managers choose techniques
based on the components of the model.

Products
The products are results of the group process.

Products can be divided into outcomes and
outputs.  Outcomes are intangible results of
the meeting such as consensus, cohesion, or
commitment.  Outputs are tangible results of
the meeting such as decisions, ranked lists,
action items, or plans.  For a meeting to be
successful, the products should address the
purpose.  For example, if the purpose is to
increase productivity, one product should be a
list of specific productivity improvement ideas.

Time Sequence of Components
The components of the model in Figure
1.6.2.2.13.1. have a time sequence associated
with them.  The precipitator occurs at time
zero.  The purpose, people, problem, and par-
ticipation components are all design issues the
manager decides before the meeting occurs.
The process occurs during the meeting.  The
products are generated during, at the end of,
and after the meeting.  The model is a systems
view of groups.  The precipitator, purpose,
people, problem, and participation are inputs
to the system.  The process is the system itself.
The products are the outputs of the system.
Because all systems operate in some environ-
ment, we also must consider the effects of the
environment on groups.
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Figure 1.6.2.2.13.1.  The group decision-making model portrays the important components of
group decision making.
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The consensus conceptual model illustrates
categories of constructs involved in consensus
and the relationships among the constructs.
This model is viewed from the meeting
convenor’s perspective in solving a general
problem.  A precipitating event or issue moti-
vates the convenor to plan a participative prob-
lem-solving session or observer to observe a
population.  The convenor calls a meeting or
session (or observer observes) for a purpose.
For example, the convenor may want a group
decision, a written report or sharing of infor-
mation.  At this point, other components of the
conceptual model come into play.  People are
needed to carry out the task or address the
problem.  The level and type of involvement of
group members constitute participation.  The
process consists of actions that lead to the
products.  The products include both outputs
and outcomes.

Example 1
A fire destroys your house.  The precipitator
is the fire that motivates a group action.  To
organize group actions, you (the convenor)
must plan the purpose, people, problem, and
participation .  (This precipitator leads to the
problem, which in turn leads to purpose, par-
ticipation, and people.)  The purpose or out-
come expectation of the group action is to
shelter your family for the next 50 years.  The
people needed include: an electrician, a
plumber, a builder, etc.  The problem or
output expectation is to build a house.  The
participation  or process expectations are the
roles the people are expected to play in the
group action.  The participation might be the
plan of action which includes:  the builder

constructing the house frame, then the electri-
cian and the plumber working simultaneously
to complete the house infrastructure, and then
the carpenter to do the finish work.

Once group actions are planned, the people
must then go through the actual process of
building your house.  All this work eventually
leads to your final product.  Your products
will include your house as an output and the
satisfaction of sheltering of your family as an
outcome.

Example 2
The Department of Energy (DOE) formed the
State and Tribal Governments Working Group
(STGWG) after DOE received a letter signed
by ten governors from states housing DOE
facilities.  The precipitator (the letter) ex-
pressed the governor’s concern over the waste
management and environmental remediation
at DOE facilities and suggested new waste
management and environmental policies.  This
precipitator led to the purpose of forming
STGWG which was to start a dialogue with the
affected states and Indian tribes to have a more
congenial and productive relationship.  (Note
that a different precipitator might lead to people,
problem, or participation first.  This precipita-
tor led to purpose.)  The people included were:
representatives from nine of the states whose
governors signed the letter, representatives
from two Indian Nations with DOE facilities
on their ceded territory, and representatives
from the National Governors Association, the
Association of Attorneys General, and Na-
tional Conference of State Legislators.  Their
roles were to give DOE feedback and carry

We can understand the group decision making model better by applying the
model to examples of group interaction.

BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.13.2. EXAMPLES  OF APPLYING  THE MODEL OF GROUP DECISION-
MAKING .
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information to their constituencies.  DOE asked
STGWG for help with the task or problem of
developing a Five Year Plan for Environmen-
tal Restoration and Waste Management.  Con-
sultation and information sharing were the
chosen forms of participation .  As a result of
the five previous components (precipitating
the need, defining the purpose; choosing the
people, problem, and participation), DOE chose

a process giving the STGWG  members great
flexibility and time for private executive ses-
sions.  DOE made it clear they didn't expect
consensus.  Finally, the products consisted of
outputs:  the draft of policy recommendations
and a Five Year Plan, and outcomes:  better
working relationships between DOE and the
states and Indian tribes.

Example 3

STRATEGY SUMMIT

Initial Assumptions

PRECIPITATOR: The primary mission at the Hanford site has changed from the
production of nuclear materials in support of national defense
to becoming national and world leaders in environmental
restoration and remediation.  To address this mission change,
the U.S. Department of Energy (DOE) field office and DOE’s
contractors joined together in the Hanford Integrated Planning
Process, resulting in the Hanford Mission Plan (HMP).  To
augment the strategic planning process and site management
system, a summit that helps direct resources in the most effec-
tive and efficient manner is proposed.  The leadership repre-
sented by the “Corporate Board” must develop a common
understanding of the elements required for the successful
continuity of programs and funding sources.  The focus on
achievable, demonstrative, and dramatic results will help
convince the customer, Congress, and the various stakeholders
that the ongoing investment in Hanford provides clear long-
term benefits to the nation and short- and intermediate-term
benefits to the region.

PURPOSE: The purpose of the Strategy Summit is to identify and focus on
the major achievements participants should commit to over the
next 12-18 months, and to gain commitments from participants
on organizational and integrated responsibilities and how they
will result in the identified achievements.

PEOPLE: To fulfill the purpose, participants must come from organiza-
tions responsible for carrying out commitments at Hanford.
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The following list of participants includes the DOE Hanford
field office and key contractor organizations that developed the
Hanford Mission Plan.

• DOE Field Office (5)
• Westinghouse Hanford Company/BCS (5)
• PNL/Battelle Memorial Institute (2)
• Kaiser Engineers Hanford Company (2)
• Hanford Environmental Health Foundation(1)

15

The summit will be facilitated by Management Systems Labo-
ratories (MSL), an independent, objective “honest broker.”
MSL facilitates the State and Tribal Government Working
Group (STGWG) to provide independent public state and tribal
review and comment on the Department of Energy’s (DOE)
Five Year Plan (FYP) for Environmental Restoration and Waste
Management.  MSL also facilitates the Stakeholders’ Forum,
intended to broaden public input into DOE’s FYP and policy
decisions.  Specifically, Dr. Harold Kurstedt will be the lead
facilitator.  He will be supported by Dr. Brian Kleiner, Don
Mausshardt, and Ralph Erickson.

PROBLEM: To build on the strategic planning process and document,
individual and integrated commitments are needed focusing on
achievable, demonstrative, and dramatic results.  Achievable
results must be defined within budget and time demands.
These demands must be balanced with the demonstrative and
dramatic results needed for the customers and other stakehold-
ers.

PARTICIPATION: Summit participants will have an equal voice in generating
ideas and comments.  Equal opportunity to express views will
be achieved by utilizing nominal group technique strategies
and tools.  Consensus will be pursued regarding integrated plan
agreements and concerns.  Agreements will be reached regard-
ing responsibilities and commitments.  In general, an open
discussion format will be used to discuss a strawperson model
for a new way of viewing the site and operations.  The details
follow:
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PROCESS: PRELIMINARY AGENDA

8:00 - 8:10 1) Welcome/Purpose of Meeting DOE

The DOE Manager overviews the purpose of the meeting
and proposes the site and organizational benefits of inter-
organizational planning and cooperation.  He establishes
DOE’s expectations for the summit.

8:10 - 8:15 2) Introduction of facilitator WHC

The Westinghouse President introduces H. Kurstedt and the
MSL team.  H. Kurstedt presents expectations and guide-
lines for the summit process.

8:15 - 8:45 3) Hanford Mission Plan Overview WHC

Participants will be briefed on the purpose, process, and
content of the Hanford Mission Plan.

8:45 - 11:00 4) Obtain consensus on areas of agreement Group
and concern

a) Group silently generates perceived Mission Plan
strengths and weaknesses

b) Round robin communication of Plan strengths and
weaknesses

c) Discussion of weaknesses with brainstorming session
on solutions to weaknesses

11:00 - 2:00 5) Strawman model of new way of doing business WHC

a) Presentation of model by WHC
b) Group silently generates perceived difficulties with

model and barriers to achieving dramatic results at the
site

c) Round robin communication of barriers
d) Discussion of barriers and brainstorming of ideas for

breaking down barriers

2:00 - 5:00 6) Planning of strategic projects Group

a) Based on Strawman and Mission Plan discussion, group
silently generates projects that can demonstrate major
accomplishments in the next 12 - 18 months that will
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delight DOE and key stakeholders (e.g., Congress, the
public)

b) Round robin listing of projects
c) Group discusses merits and potential problems with

projects listed
d) Groups votes and ranks projects to set priorities
e) Beginning with first project, identify responsible par-

ties, required schedule, define budget implications, and
gain necessary commitments.  Iterate through list of
projects.

5:00 - 5:30 7) Closing remarks Contractor Principles

a) Each contractor has the opportunity to offer closing
remarks, feedback on summit, or challenges for the
future.

b) DOE offers closing comments, including expectations
for the future.

PLACE: Members should be isolated from day-to-day routine interruptions.  This
is best achieved at an off-site, comfortable location.  DOE desires to have
the summit take place in February, 1992.

PRODUCTS: The outcome of the summit will be a commitment from participants as to
individual and integrated responsibilities and how they will result in the
identified achievements.  Ultimately, achievable, demonstrative, and
dramatic results will be attained.  The summit process should help build
relationships that will foster rapid movement toward developing a shared
vision.
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BACKGROUND/GROUP DECISION MAKING/GROUP DECISIONS (MORE THAN ONE)/CONSENSUS

1.6.2.2.14. THE CONSENSUS GUIDE

Read modules II.A., II.B., II.D., V.B., VIII.B.3.,
and VIII.B.4., from MSL's "Building Consen-
sus and Improving Quality in Decision Mak-
ing:  A Handbook for Managers."

The module from this document is included on
the next 20 pages.
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1. BACKGROUND
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 MAKING

1.6.3. THE FACILITATION

SKILL
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BACKGROUND/GROUP DECISION MAKING/THE FACILITATION SKILL

1.6.3.1. SUBORDINATING  YOUR EGO—JAMES A.M. WHISTLER



1019



1020

BACKGROUND/GROUP DECISION MAKING/THE FACILITATION SKILL

1.6.3.2. A FACILITATION  GUIDE

Read "Meeting Facilitation:  A Practical Guide
for Running Effective Meetings."

This document is included on the next 20
pages.
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BACKGROUND/GROUP DECISION MAKING/THE FACILITATION SKILL

1.6.3.3. OBSERVATIONS FROM FACILITATING  STGWG

This module is taken from Kurstedt, H. A.,Jr.,
"Lessons Learned from Facilitating the State
and Tribal Government Working Group." Pro-
ceedings of the Waste Management 1994 Sym-
posium, February 1994, Vol. 2, pp. 1151-
1154.

INTRODUCTION

Facilitating the State and Tribal Government
Working Group for the U.S. Department of
Energy (DOE) has revealed and defined les-
sons learned I believe should become prin-
ciples for organizing and facilitating public
involvement groups.  The State and Tribal
Government Working Group (STGWG),
formed in 1989 as DOE’s first national public
involvement group, includes gubernatorial
representatives from states with DOE facili-
ties, affected Indian Nations, and state govern-
ment associations.  STGWG has met quarterly
to provide input to the DOE-EM Five-Year
Plan for Environmental Restoration and Waste
Management and associated policy issues po-
tentially affecting the health and safety of
workers, the public, and the environment.

As a neutral, third-party facilitator of these
meetings since 1989, I’ve identified lessons
learned and listed them below as observations
followed by discussions explaining each one.
STGWG members have reviewed the first ten
lessons and their conceptual justifications and
have tacitly accepted them.  I’ve developed the
last three lessons recently.  I’ve written the
lessons to be understandable and applicable to
all DOE stakeholder/public involvement ac-

tivities.  These lessons are corroborated by my
experience developing or facilitating two other
DOE public involvement programs:  the Envi-
ronmental Management Advisory Committee
(EMAC) and the annual Stakeholders’ Forum.

I believe you can substitute the name for any
stakeholder group for STGWG and substitute
the name for any convenor, or sponsoring
agency, for DOE, and the lessons learned will
transfer.  Other substitutions also apply, such
as substituting a state system for lessons about
the federal system.  Therefore, this paper isn’t
about STGWG or DOE.  Instead, this paper is
about improving stakeholder group activities
based on fundamental, generalizable lessons
learned from the STGWG experience.

OBSERVATIONS FROM FACILITATING
STGWG

1. If DOE brings organizational results
rather than organizational processes to
STGWG, the best  DOE can expect is
criticism.

2. If DOE brings the urgent instead of the
important to STGWG, the best DOE
can expect is frustration.

3. A person outside the federal system
sees any insider as speaking for the
entire perceived system.

4. The need for stakeholders to feel in-
formed doesn’t necessitate discussion
of or response to all issues.

The thirteen lessons learned from my experience in facilitating the State and
Tribal Government Working Group for the U.S. Department of Energy point
out the difficulty in two-directional, two-mode empowerment.
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you act on the process and improve the process
you can improve your results and get closer to
your target.  Results are necessary only as a
window into the process.  Mathematically,
there’s no way around this issue.

People involved in organizational processes
are forward thinking.  People involved in orga-
nizational results are backward thinking.  If
the objective is to improve, then the only ways
available to STGWG for acting on organiza-
tional results most likely will make matters
worse; and if the acting on the results is advice,
the only possible advice is criticism.

If DOE brings an organizational result to
STGWG like a plan (such as the Five-year
Plan), method (such as a prioritization sys-
tem), policy (such as the Indian policy), and so
on and asks for input, the input they’ll get is
what’s wrong with the plan, method, or policy,
not what’s right with it.  Bringing a settled-on
process isn’t much better.  For positive input,
DOE must bring a process in the formulation
stage and supply only the aim of the process
and the constraints on the process.  The pro-
cess begets the result; so, if a group works the
process cooperatively, the group members own
the results together.

To make a contribution, STGWG can make
suggestions toward a good or better process
and can participate in the process.  They will
own the results as much as DOE does.  Given
these results, the only thing left to do is to
figure out a way to improve the process to get
better results.

2. If DOE Brings the Urgent Instead of
the Important to STGWG, the Best
DOE Can Expect Is Frustration.

Participative interaction and involvement is
heavily front-end loaded, time-wise.  In other
words, you can’t push participative interaction

5. If STGWG members seek individual
aims before system-wide clean-up
aims, STGWG fails.

6. The facilitator must focus on the meet-
ing process not the meeting content.

7. Public involvement and consensus re-
quire leadership and training from ev-
eryone.

8. Without specific action items, partici-
pants feel non-productive.

9. Each participant remembers his or her
uncompleted perceived action item as
a failed promise of  the group and/or its
convenor (DOE).

10. When stakeholders are involved, their
feedback turns constructive.

11. Without constancy and consistency of
purpose, STGWG flounders for mean-
ing and existence.

12. STGWG doesn’t feel empowered just
because DOE says so or even because
DOE’s intentions are good.

13. If DOE doesn’t recognize the inherent
variation in stakeholders’ descriptions
of DOE, they’ll feel maligned.

DISCUSSION OF OBSERVATIONS

1. If DOE Brings Organizational Results
Rather Than Organizational Processes
to STGWG, the Best DOE Can Expect
Is Criticism.

Through the famous funnel experiment, W.
Edwards Deming (1) shows that if you act on
results your efforts will move you farther and
farther away from your target.  However, if
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faster than the ability for a large group to give
each person a chance to express his or her
views and to work on gaps between sugges-
tions.

Typically, DOE comes to STGWG in a per-
petual condition of being up to their ears in
alligators.  Anyone in this situation would
want to share any alligator with any sympa-
thetic ear.  While these issues are important
and STGWG needs to be fully informed, no
participative process can act quickly—rela-
tive to individual decision making and action
taking.  Issues with a reasonable lead time can
be affected and improved through public in-
volvement.  Stephen Covey (2) and Peter
Drucker (3) say we must learn to put the
important before the urgent.

People who’re working together on a process
for a long-term solution accept expediencies
needed to keep up with day-to-day situations
while crafting the solution.

3. A Person Outside the Federal System
Sees Any Insider as Speaking for the
Entire Perceived System.

Outsiders don’t delimit responsibilities of the
insider the way insiders do.  Generally speak-
ing, STGWG members feel they’re outside the
federal government system.  So, to them, any-
one in the federal government represents and
is responsible for everything the federal gov-
ernment does.

There are two ways to deal with this untenable
situation.  In the short term, the federal govern-
ment representative can make connections
between the outsider and the person inside the
federal government appropriate to the
outsider’s concern.  In this way, the insider
represents the parts of the perceived system for
which they aren’t responsible as a broker or
match-maker.  In the long term, when the

outsider participates enough in developing and
contributing to the processes of the perceived
system, they’ll be able to divide the larger
system into its subsystems until they see the
insider as responsible for what the insider feels
they’re responsible for.

This misunderstanding of extent of responsi-
bility and authority clears up when the stake-
holders gain ownership of the processes in the
ominous system they feel outsiders of.

4. The Need for Stakeholders to Feel In-
formed Doesn’t Necessitate Discus-
sion of or Response to all Issues.

Informed people are more comfortable with
each other and make better decisions both for
themselves and for the group.  People who feel
uninformed or misinformed feel threatened.
However, there are more efficient ways than
formal STGWG meetings to inform STGWG
and DOE of each other’s situation and needs.
Document distribution, news dissemination
(immediate happenings), and workshops in
coordination with formal STGWG meetings
can help the formal meetings be more produc-
tive.

5. If STGWG Members Seek Individual
Aims before System-wide Clean-up
Aims, STGWG Fails.

Deming says, “If the parts are optimized, the
system will not be.  If the system is optimized,
the parts will not be.” (4)  STGWG members
must be eternally vigilant of issues carrying
the potential of distracting them from the na-
tional clean-up effort.

If STGWG members focus on the common
aim of the group (the common system), they
can achieve cooperation.  However, if STGWG
members begin to focus on the aims of their
individual state or tribe (the parts of the sys-
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more.  This full-time job is not concerned with
logistics like seating and writing ideas on
paper.  Instead, the job is to ensure stakehold-
ers get to express their views, are heard or
know the reason why not, and that diverse
ideas get a fair hearing.

The facilitator must ensure meeting process
expectations are set and met.  For example,
when consensus isn’t needed or sought, the
worst idea is to expect consensus.  The facili-
tator must make sure the group sets the expec-
tations they need and can produce.

7. Public Involvement and Consensus
Require Leadership and Training from
Everyone.

Leadership for participative groups can come
from the facilitator in terms of the meeting
process, from the convenor in terms of needs
and constraints, and from the group members
in terms of meeting content and products.  Max
DePree says the art of leadership is “liberating
people to do what is required of them in the
most effective and humane way possible.” (6)
In STGWG, DOE, STGWG members, and the
facilitator have the opportunity to practice the
art of leadership.

To come to worthwhile group results, partici-
pants must learn about the system they’re
addressing, current and long-term issues, and
group process implementation.

8. Without Specific Action Items, Par-
ticipants Feel Non-productive.

People like tangible evidence of accomplish-
ment—especially in time-consuming meet-
ings.  Documented decisions made, items for
action, and action items addressed provide
tangible evidence.  When an issue is raised that
needs a decision or action, the facilitator or any
group member needs to make sure a specific

tem), they get wrapped up in competition—
usually for a limited resource, such as funding.

Each STGWG member represents a part (sub-
system) of the national clean-up effort (com-
mon system).  Any issue having the potential
to cause STGWG members to refocus from
national clean-up to a parochial need repre-
sents a threat to STGWG’s contribution.

When perceiving multi-million-dollar fund-
ing as potentially available to STGWG, mem-
bers become distracted into a zero-sum game
for optimizing the parts (each State’s portion
of the funding) at the expense of the whole
(National clean-up).  As STGWG matures, it
will increase its potential energy and power.
Everyone will be tempted to focus that power
on their specific needs.  Doing so will hurt
STGWG.  STGWG must always focus on the
national clean-up effort.

6. The Facilitator Must Focus on the
Meeting Process not the Meeting Con-
tent.

The facilitator must be an honest broker.  The
facilitator is responsible to balance moving the
meeting process forward to the needed conclu-
sion with ensuring each stakeholder gets ample
opportunity to express their views.  When the
quality of a decision can’t be tested, group
members perceive information sharing, reso-
lution of conflict, and opportunity to express
their views as decision quality or consensus.
(5)

In any group (and especially a group as large as
STGWG), a facilitator’s full-time job is scru-
pulously watching for hesitation in participat-
ing by group members, concern that questions
aren’t addressed or answered, desire that the
sequence of generated ideas be followed, all
agenda items are fairly addressed, action items
are recognized and followed-up, and many
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action item is identified and assigned and that
a date and method for bringing the resolution
to the group is documented for later reference
and check off.  Without regular and frequent
tangible evidence of accomplishment, group
members feel they’re bringing up old issues
ignored in the past so they can be ignored in the
future.

9. Each Participant Remembers His or
Her Uncompleted Perceived Action
Item as a Failed Promise of the Group
and/or its Convenor (DOE).

Sooner or later, a person remembers any issue
for which they thought an action was to be
taken. To him or her, the perceived action item
becomes an actual action item that isn’t carried
out.  Then trust is weakened.  It’s easier in the
long run to track all action items and confront
forgotten or low-priority action items with the
person who cares.

Stakeholder groups and government convenors
are responsible for a public trust.  Neither the
group nor the convenor deserves or achieves
the public trust until they can achieve mutual
trust within the group and between group mem-
bers and the convenor.  Mutual trust is para-
mount—the foundation on which everything
else is built.  As priorities compete for atten-
tion during periods of rapid change and the
surfacing of important issues, mutual trust
must come first.

10. When Stakeholders Are Involved,
Their Feedback Turns Constructive.

Stakeholders involved in process issues rather
than result issues contribute by improving the
process rather than criticizing the results.  Faced
with process-formation issues, the tendency is
to improve the process—resulting in sugges-
tions for what is to come.  Faced with results

issues, the tendency is to improve the results—
resulting in criticism of what is past.

I’ve adapted an old Chinese proverb to read:
Tell ‘em and they’ll forget; show ‘em and
they’ll remember; involve ‘em and they’ll
understand.  I’ll restate this idea in stakeholder
meeting terms: Give ‘em a briefing and they’ll
forget; take ‘em on a tour and they’ll remem-
ber; listen actively and integrate their ideas
(I’ll discuss empowerment later.) and they’ll
understand.  When a member of the group
understands the purpose, constraints, needs,
issues, status, and progress, he or she wants to
help.  His or her response to any associated
occurrence is largely constructive.

Don’t get into the stakeholder group business
unless you’re after understanding.  People
who understand feel a sense of ownership.
Ownership leads to cooperation and wanting
to improve rather than to sitting and criticiz-
ing.

The convenor needs to recognize what’s con-
structive.  When STGWG’s agenda includes
results and urgent issues—things most condu-
cive to criticism and frustration—constructive
involvement can seem critical.

11. Without Constancy and Consistency
of Purpose, STGWG Flounders for
Meaning and Existence.

STGWG must develop and preferably get
ownership through participation in develop-
ing STGWG’s purpose.  The purpose of
STGWG is the purpose of the group, not
necessarily the purpose of DOE.  While
STGWG must focus on the national cleanup
aim, they must have a purpose for their inter-
action, or a group aim.  The purpose, or aim, of
the group can’t be limited or capricious, be-
cause the purpose won’t be maintained long
enough for the group to be successful.  When
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the purpose is met or becomes superfluous, a
new purpose must be developed immediately
for the group to continue.

STGWG was established ostensibly to review
the Five-year Plan, but DOE couldn’t mesh the
review process with the production process
with any reasonable lead-time due to gliches in
releasing budget numbers and in getting inter-
nal approvals on plan content.  Although
STGWG has commented extensively on the
Five-year Plan and has suggested improve-
ments in the process, STGWG has felt frus-
trated with the stated purpose and hasn’t yet
found another.  The only way to improve this
situation is to face up to the empowerment
issue in lesson 12.

Bill Scherkenbach says that constancy of pur-
pose is necessary for success.  “As Dr. Deming
says, ‘Do you know that doing your best is not
good enough?  You have to know what to do.
Then do your best.’  These are profound words
because they summarize the two important
messages in [Deming’s] first point: that of
knowing what to do—establishing the con-
stancy of purpose and then doing your best—
maintaining consistency of purpose.” (7)
STGWG and DOE are both doing their best,
but with no constant and consistent purpose
for the group, STGWG flounders.  Who is
responsible for STGWG’s purpose?

12. STGWG Doesn’t Feel Empowered Just
Because DOE Says So or Even Be-
cause DOE’s Intentions Are Good.

Neither DOE nor STGWG, nor perhaps any-
body else, knows exactly what empowerment
means or how to do empowerment.  In empow-
erment, we don’t know what it takes to get the
behavior we consider to be empowered behav-
ior.  We think that if we say “You’re empow-
ered.” the person or people we said it to will
behave the way we expect.  We believe that if
we go beyond words and give the person or

people space and resources, they’ll act em-
powered.  Can we give them the responsibility
and authority?  How about accountability?
Even if we could give them all that, what about
their empowered behavior?  We must give
them something more fundamental.  We must
give them an attitude.  An attitude is a belief
that influences emotions, behavior, and what
the members of the group think.

To me, empowerment means more than the
idea you have the right to make decisions and
take actions.  I believe empowerment means
you have the 1) self-confidence, 2) optimism,
3) perceived control, 4) purpose,  5) trust, 6)
self-esteem, 7) accountability, 8) causality, 9)
loyalty, 10) stewardship, and 11) ownership to
do what needs to be done.  Without these
eleven attributes, can you really fulfill your
responsibilities for contributing to a group?
These eleven attributes mean that, through
empowerment, a person feels: 1) “I can do it,”
from self-confidence; 2) “I expect the best,”
from optimism; 3) “I can make a difference,”
from perceived control; 4) “I’m doing some-
thing meaningful,” from purpose; 5) “I feel
safe,” from trust; 6) “I believe in myself,” from
self-esteem; 7) “I care,” from accountability;
8) “I have a choice,” from causality; 9) “I
belong,” from loyalty; 10) “I want to serve,”
from stewardship; and 11) “I get joy from what
I do,” from ownership.

Part of perceived control are the freedom and
resources to make decisions and take actions.
Only this freedom and these resources come
from an external locus of control.  Everything
else comes from within the person.  If you buy
any of my eleven attributes and associated
feelings in addition to the issue of freedom and
resources, you must then believe a person
can’t empower another person.  A person can
only empower himself or herself.  Empower-
ment isn’t a state of being—”I am empow-
ered.”  Empowerment is a state of feeling—”I
feel empowered.”
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You can’t empower a group any more than you
can empower an individual.  DOE can’t em-
power STGWG, no matter what their intent is.
DOE can only support the group as the group
empowers itself.  We’re in a new paradigm
here.  Empowerment isn’t for the impatient or
the uncaring.

STGWG-type groups need to find empower-
ment in two directions: from their states, tribes,
or associations to act as individuals and from
the DOE to act as a group.  Empowerment of
a group is different from empowerment of an
individual.  For example, the individuals each
may have self-confidence, but the collective
group may not.  Or, for another example, a
person may trust his or her state, but not DOE
or the other members of the group.  I believe
the attributes of an empowered group are the
same as those for an empowered person.  But,
we’re looking at collective (additive or multi-
plicative) variables, not individual ones.

13. If DOE Doesn’t Recognize the Inher-
ent Variation in Stakeholders’ Descrip-
tions of DOE, They’ll Feel Maligned.

The key word here is inherent.  All actions
carry variation.  Any stakeholder group will
voice opinions ranging from the negative to
the positive, across a fairly wide range.  There-
fore, there will always be the most negative
opinion and the most positive opinion.  Varia-
tion is part of nature and we have to accept
variation.  Focusing on only the negative opin-
ion to the point of being closed to hearing an
opinion in the middle of the range (let alone the
positive opinion) is dangerous.  The wildly
positive description of DOE is of no more
import than the wildly negative description,
except both extremes are necessary so we can
get a middle.  Both the middle of the range and
the size of the range are valuable bits of infor-
mation.  You have to be able to set aside your
ego to receive both the negative and positive

comments equally and in such a way they both
point toward the middle.

My experience with facilitating groups related
to DOE and in many other circumstances is
that when groups work together they end up at
the most reasonable position—far from both
extremes.  If you don’t trust the stakeholder
group to obtain the best result, your overt or
covert reaction to the negative end of the range
of opinion will taint the group’s work.  DOE’s
culture and history come from an ego-based
approach to the world.

Stakeholders’ comments don’t necessarily re-
flect attitude or potential behavior but are
many different color threads woven into a
multi-color fabric of participation in and un-
derstanding of the issues.  DOE must deal with
the fabric, not with individual threads, and
especially not with threads of a color they
don’t like.

CONCLUSIONS

STGWG is one model for stakeholder in-
volvement; and represents an important link in
the chain of history for the way civilized people
must address multifaceted national or interna-
tional problems.  We must learn all we can
from the STGWG experience if we are to
move into a government that recognizes its
customers and knows how to serve them.

STGWG has made major contributions to the
success and understanding of stakeholders
groups.  They initiated key advances on the
part of DOE by stimulating the 30-year target
for clean-up and by engendering DOE’s rec-
ognition of the sovereignty of the Indian Na-
tions.  They broke ground in learning lessons
about stakeholder groups.

The crux of a successful stakeholder group is
resolving the issue of empowerment.  For a



1029

STGWG-type stakeholder group, we have four
degrees of freedom: a two-directional, two-
mode empowerment.  One direction is from
the state, tribe, or association; the other direc-
tion is from DOE.  One mode is to feel empow-
ered as a person; the other mode is to feel
empowered as a group.

Techniques for empowerment are elusive.
However, I believe a classic example tech-
nique is active listening.  Until STGWG mem-
bers and DOE become skilled at active listen-
ing, they’ll practice active talking to nobody’s
benefit.

The rest of what is needed for a successful
stakeholder group is the scope of empower-
ment.  Is STGWG empowered to critique
results or influence a process within DOE?
What is the purpose of STGWG?  How can the
facilitator support the group as each member
expresses his or her views and as the group
generates tangible evidence of accomplish-
ment?

Many of the lessons are intertwined.  For
example, can you be empowered in a group
where there’s no constancy and consistency of
purpose?
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BACKGROUND/GROUP DECISION MAKING/MANAGING CHANGE

1.6.4.1. ANTICIPATING  CHANGE

As an industrial engineer, you’ll be faced with
managing in a time of frequent and dramatic
change.  To move with change, you’ll need
information-based tools.  Fortunately, man-
agement tools are becoming more sophisti-
cated to help manage the effects of change.
For example, the computer is nothing more
than a modern device allowing you to distill
greater quantities of rapidly changing infor-
mation.  The better information you have, the
better decision you can make.  For the best
decision, you must get the right information to
the right people about the right things at the
right time.  Tools not working toward your
needs work against you and are at odds with
each other.  Selecting the right tool for the right
purpose is critical.  Someone else’s miracu-
lous tool may be disastrous for you.

Anticipating Change
Tools should work together to help anticipate
change.  Anticipate has two synonyms:  1) to
prevent or forestall and 2) to foresee or divine.
I use anticipate to include predicting change
and doing something about it, making it hap-
pen or preventing it from happening, which-
ever best serves our needs.

You anticipate and recognize change through
information.  Is this change inevitable?  What
can I do to work with this change to the
organization’s best advantage?  The manager’s
experience, judgment, and capability are para-
mount.  All information is biased; however,
the bias should be the manager’s, especially
when dealing with change.

Types of Change
Change occurs either in the environment around
the management system or in the management

system itself.  Environmental changes include
government regulations, unexpected interest
in your product or service, a new competitive
product, or a legal crisis (e.g., the acceleration
problem of the Audi 500).  Internal changes
include corporate takeover, a reorganization,
formation of a union, or discovery of a new
product concept (e.g., new uses of Arm and
Hammer baking soda).

Along the vertical axis of the cube in Figure
1.6.4.1.a., you’ll see planned changes.  These
are changes we plan and cause.  At another
point on the same axis is unexpected changes.
These are changes we plan for and respond to.
Planned changes are easiest to manage, but
unexpected changes are not necessarily
counter-productive.  You can often use unex-
pected change for benefit.

On the horizontal axis are revolutionary
changes.  These occur rapidly with great im-
pact.  They sometimes propel businesses into
mass confusion, causing them to focus on the
side effects of the change instead of the change
itself.

Further along the horizontal axis, you’ll find
evolutionary changes.  These changes have
well-defined stages occurring over sufficient
time to allow the organization to adjust to each
stage.  These changes are heavily managed
and allow time to involve specialists (experts)
and ensure each functional activity is efficient
and effective.

I’ve illustrated the parameters of change in
Figure 1.6.4.1.b.  This figure expands on the
framework for anticipating change and shows
you the various changes possible.

The only constant in life is change.
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As illustrated in Figure 1.6.4.1.c., there are
three dimensions of change:  1) progression, 2)
prior knowledge, and 3) consequence.  Pro-
gression measures if the change is evolution-
ary or revolutionary.  Prior knowledge mea-
sures if the change is planned or unexpected.
Consequence tells you if the result of change is
helpful or harmful.

Changes Affect Components of the Man-
agement System Model.
All Management responsibilities can be viewed
through the Management System Model
(MSM).  When the components of the MSM
are in balance, the manager will want more
from his or her management tools.  He or she
will cause the management system to change
(mature) by seeking more sophisticated tools.
The maturity stages of the management sys-
tem must be accomplished in sequence:  1)
visibility, 2) control, and 3) optimization.

Both environmental and internal changes af-
fect your management responsibilities through
their impact on the components of the MSM.
Use your management tools to respond to
change by concentrating on the MSM inter-
faces.  By doing so, you move the domain of
responsibility to a new state and stabilize it
there.  Any type of change affects corporate
growth or decline.  Through effective manage-
ment, you can direct any change to work for
you.

Tools to Manage Change
A Management Information System (MIS) is

one of the tools used to manage; it makes up
the data-to-information chain.  The MIS links
the measurement-to-data interface with the
information-portrayal-to-information percep-
tion interface.  Success with the MIS isn’t
good.  MIS failures (which in my estimates,
run at about 70% of the time) include projects
which are one or more of the following:

1)  not finished on time

2)  exceeding reasonable cost before any re-
turn

3)  lacking follow-through

4)  obsolete

5)  lacking a proper fit

A Decision Support System (DSS) is more
comprehensive than an MIS; it includes all the
tools within the what is used to manage com-
ponent, and it addresses their interrelatedness.
Based on my definition of DSS, I doubt there
has been a successful one.

An Expert System (ES) is a methods tool.  An
ES includes the replication of an expert’s
knowledge of facts and rules for generating
new facts or hypotheses from what is known.
These facts and rules are applied to a very
limited, well-defined domain of responsibil-
ity.  ES along with quantitative models and
heuristics are the best tools to use in managing
change.
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Figure 1.6.4.1.a.  A framework for anticipating change has four categories.

Figure 1.6.4.1.b.  Stacking sub-cubes yields sub-faces as parameters of change.
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DIMENSIONS

Sub-Cube Progression Prior Knowledge Consequence Type of Change

1.1.1 Evolutionary Planned Helpful Controlled
1.1.2 Evolutionary Planned Harmful Perverse
1.2.1 Evolutionary Unexpected Helpful Serendipitous
1.2.2 Evolutionary Unexpected Harmful Problematic
2.1.1 Revolutionary Planned Helpful Heroic
2.1.2 Revolutionary Planned Harmful Botched
2.2.1 Revolutionary Unexpected Helpful Windfall
2.2.2 Revolutionary Unexpected Harmful Crisis

Figure 1.6.4.1.c.  Dimensions of change determine types of changes.
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BACKGROUND/GROUP DECISION MAKING/MANAGING CHANGE

1.6.4.2. BEING A CHANGE MASTER

The following paragraphs are based on Change
Masters by Rosabeth Moss Kanter.

Environment Affects Change.
Rosabeth Moss Kanter defines change as a
“disruption of existing activities; a redirection
of organizational energies.”  Change requires
new agreements, tools for action—and the
right environment.

Managers and employees cling to existing
standards in a certain environment—Kanter
refers to this change-resisting environment as
segmentalist.  Different departments of a given
company are completely separate and com-
partmentalized.  Managers try to downplay
problems.  If one department has a problem,
the manager of that department tries to solve it
alone.  In a segmentalist company, a problem
is divided into subproblems, each assigned to
subunits.  As a result, each department or
subunit has only one goal and one piece of the
problem.  At this rate, the entire problem may
never be solved.

Changes can flourish in a integrative environ-
ment.  Managers and employers on all levels
are more likely to work together in such an
environment.  Integrative conditions encour-
age fluidity of boundaries, the free flow of
ideas, and the empowerment of people to act
on new information.  Subproblems are aggre-
gated into larger ones to provide more insight.
Integrative managers consider the whole be-
fore taking action.

Movers and shakers promote change—almost
for change’s sake.  They like loose, rather than
fixed, situations.  They build off other changes,
both negative and positive.  So if you want to

make a positive change, you can most easily
do it when the environment or other parts of
the company are changing, either for the better
or the worse.  The most difficult time to make
a difference is when the company is at a status
quo.

People Behind Change
People who innovate within an organization
are corporate entrepreneurs.  They test limits
and create new possibilities for organizational
action by pushing and directing the innovation
process. They don’t start businesses, but they
do improve them.  All corporate entrepreneurs
have three sets of power skills to help them
manage change effectively.  The first set of
skills is in persuading others to invest informa-
tion, support, and resources in new initiatives.
The second is the ability to manage the prob-
lems associated with the greater use of teams
and employee participation.  And the third is
understanding how change is designed and
constructed in an organization.

Power is intimately connected with the ability
to produce; it is the capacity to mobilize people
and resources to get things done.  The three
basic commodities of organizational power
are:  information, resources, and data.

Information gathering is the first step to change.
The more available the sources, the better.  A
corporate entrepreneur can learn a lot by ac-
tively listening to information circulating  the
neighborhood.  It’s also beneficial for the
entrepreneur to move outside established cat-
egories to get a variety of viewpoints.  Mul-
tiple perspectives are key.  The right informa-
tion can open the door to resources and sup-
port.

You can be the master of change rather than letting change be the master of you.
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possible.  They must sell their solution project
to the company.

The most salable projects will be:

1) trial-able:  can be demonstrated on a pilot
basis

2) reversible:  allows the organization to go
back to preproject status if it doesn’t work

3) consistent with sunk costs:  builds on prior
resource commitments

4) concrete:  tangible

5) familiar:  consistent with a successful past
experience

6) congruent:  fits the organization’s direc-
tion

7) with publicity value:  visibility potential if
it works

If these features aren’t present, projects can
still move ahead if they’re either marginal
(appear off-to the-sidelines so they can slip in)
or idiosyncratic (can be accepted by a few
people with power without requiring much
additional support).

The Building Blocks of Change
Most companies handling change effectively
go through a series of steps to reach their goals.
Their change isn’t global, but partial.  They
experiment, they research, and they move cau-
tiously.  Good managers know this and use it
to their advantage.  They have more time to
gather information and build a successful strat-
egy.  A company’s capacity to meet new
challenges is increased when its managers
follow the five major building blocks to pro-
ductive corporate changes.

1) Departures from tradition.  This may be
purely accidental, or it may be driven by an

When these sources of power are tapped, inno-
vation can begin.  A prototypical innovation,
led by a corporate entrepreneur, has three
identifiable waves of activity:

1) problem definition:  acquisition and appli-
cation of information to shape a feasible,
focused project.

2) coalition building:  development of a net-
work of backers who agree to provide
resources and/or support.

3) mobilization:  the investment of the ac-
quired resources, information, and support
in the project itself.

Corporate entrepreneurs are visionaries, and
their leadership depends on their ability to
keep everyone’s mind on the shared vision.
They aren’t dictators or solo artists.  As the
project progresses, entrepreneurs become more
like politicians and public relations agents
than technical experts.  Their power comes by
mobilizing others through one or more of the
following methods:

1) persuading more than ordering

2) team building (frequent staff meetings,
sharing information, etc.)

3) seeking input from others

4) showing political sensitivity (Know exist-
ing stakes in the issue; be considerate of
other areas’ needs.  Their needs could be
tied to your project and help sell it.)

5) willingness to share rewards and recogni-
tion

Once corporate entrepreneurs have gathered
and focused information, they must use their
intuition to take imaginative leaps into un-
known territory.  They must assume what’s
still uncertain in the minds of others is still
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entrepreneur.  Sometimes unusual or devi-
ant events bring about “solutions looking
for problems.”  Maybe there is no plan so
the company innovates by default.  In
innovative, integrative companies, it’s
more likely the entrepreneurs will move
beyond the job-as-given.

2) Crisis or galvanizing event.  These may
come from outside the organization—e.g.,
a lawsuit, a competitive new product intro-
duction.  But the events may be within an
organization’s borders—e.g., a new de-
mand from a higher-level official, a change
of technology.  The event or crisis is de-
manding and requires a response.

3) Strategic decisions.  This is the point where

leaders enter, and strategies are developed
to build new methods, products, and struc-
tures into official plans.

4) Individual “Prime Movers.”  No matter
how brilliant a new strategy is, it has little
chance of being carried out unless there’s
someone with power pushing it.

5) Action vehicles.  The last critical force is
making sure there are mechanisms to carry
out the plan or strategy.  Changes in train-
ing and communication are important.
People need to learn how to use the new
structure, method, or opportunity.  Re-
wards must change to support new prac-
tices.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS

2.1.1. MODELING —PIETER  BRUEGEL.



1043



1044

BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS

2.1.2. THE DATA-TO-INFORMATION  CHAIN .

As an industrial engineer, you’ll likely be
asked to produce a management tool, whether
it be an organization structure or a manage-
ment information system.  To do so, you’ll
need three things: 1) existing tools and guides,
2) a procedure to tie tools and guides together
and to build such a tool, and 3) the systems
analysis skills to use the tools as methods and
carry out the procedure.  You’ll either have the
resources and the authority to build the tool
within your domain or you’ll have to contract
out to have someone else build the tool for you.
In either case, you’ll want to be familiar with
the needed procedure and skills.

We’ve seen the Management System Model
(MSM).  It shows us what our management
system looks like and how it works.  Once
we’ve delimited a domain of responsibility,
we can use the MSM to more clearly probe into
what makes up that domain.

Any domain has management tools, although
they may not be very sophisticated or struc-
tured.  They may only be in the heads of a few
people in the organization and not consistently
or widely used.  For example, the real organi-
zation structure (one of the management tools)
may not be written down but instead in
someone’s head.  The marketing plan may be
in someone else’s head.  The plan really exists,
but you have to ask the person who knows to
find out what the marketing plan really is.  Best
of all, if you ask the right person, you’ll get the
most up-to-date version of it.  However, it’s
hard to get everyone to sing off the same sheet
of music if we have no sheets of music to sing
off of.  So, we opt to write down some version
of the plan and let everyone read the same,

Since all management tools convert data to information, you follow much the same
procedure and use similar tools, guides, and skills in building the tools .

albeit usually out of date, information.

The same thing is true with the data-to-infor-
mation chain, or MIS (Management Informa-
tion System).  It may be in someone’s head.
The marketing plan is usually best found in
one person’s head, but the latest marketing
data are in a whole bunch of people’s heads,
which is even more reason to write the data
down.  Where do we write them?  On paper, the
back of an envelope, in a notebook, on cards,
in a computer, or wherever.  You’ll find some
pretty primitive MIS out there.

Let’s take a moment to recall what the MIS is.
It’s the data-to-information chain that rou-
tinely converts data to information.  The data-
to-information chain is special, and different
from other management tools, because it most
frequently and regularly acquires, stores, re-
trieves, and manipulates data to compare to
reference points (biases) to make and display
information.

Figure 2.1.2. shows the data-to-information
chain and emphasizes the links we use to get
data and step them through a routine process to
provide information for decision making.
Notice the parallel between this figure and the
MSM.  The operation is what is managed.  I’ll
use those terms interchangeably.  Manage-
ment intelligence represents the who man-
ages.  The point of the figure is to show the
details of one of the management tools in what
is used to manage.

All the tools convert data into information.
The one in Figure 2.1.2., the MIS, converts
data frequently and routinely.  Because of the
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amount of data, the frequency and speed we
need to convert them, and the varying rates at
which different data become out of date, we’ll
focus (l) on the steps (links of the chain) and
substeps of the conversion process and (2) on
the steps we use to figure out what tool to build
and to design, build, implement, evaluate, and
modify that tool.

Each link in the chain represents a type of
technical expertise we need in building and
operating an MIS.  The links you see full-on
represent things we have to build (emphasiz-
ing nouns) and the links you see on-side repre-
sent what we have to do with data or informa-
tion (emphasizing verbs) to get to the storage
or the programs, etc.  As an industrial engi-
neer, these links should intrigue you.  You’re
trained to solve general problems like these.
Shouldn’t inventory analysis apply to data
storage?  We have fast and slow movers in
data.  Data also have shelf lives.  Should
materials management apply to acquiring and
retrieving data?  How about human factors and
information portrayal?

For links of the data-to-information chain, I
use terminology typical of MIS and especially
computer-based MIS.  I believe we could
generalize these links and apply them, or groups
of links or sublinks, to any type of manage-
ment tool that converts data to information.

Whether in a primitive form, like someone’s
head, a clipboard, or a card file, or in a sophis-
ticated form, like computerized data bases,
we’re sorely tempted to think most about how
good a new MIS could be.  We should really
first think about how good the existing MIS is.

Put this firmly in your mind.  When you look
at a management tool, start by considering
what’s right with the existing tool, not what’s
wrong with it.  Remember the manager, or
user, has a management system.  They may not
be able to tell you about components and

interfaces, but components and interfaces are
there.  And the management tools are there and
they work (for better or worse) in relation to
who manages and to what is managed.  The
tools are what they are for a reason and they
match the interfaces about as well as can be
done without anyone realizing the interfaces
are there to be matched.  So there’s really more
right with the tools in regard to the MSM than
there is wrong.  If you don’t figure out what’s
right, you’ll probably build a tool that fixes a
lot of what was wrong with the old tool but
does little of what was right with the old tool
(neglecting dumb luck, of course).  We call
what you’ve built a failure.

So, we can figure out what we have in the
domain of responsibility by using what we
know about the MSM and the various ways we
can characterize the management system (like
the pursuits, endeavors, and so on).  We also
know we start by looking for what’s right with
the existing tools.  But where are we to be when
we build a new tool and how do we get there
from here?  (By the way, I’ve just stated the
engineering method in its simplest form: know
where you are, know where you want to be,
and figure out how to get from here to there.)
We can solve any problem by doing those
three things.  However we don’t have to do the
first two in that order.  Also, it’s hard to do the
third without doing the first two.  How many
people try to do the third step too soon?

We can figure out where we want to be in
designing management tools by using man-
agement system analysis (MSA) to logically
figure out what data the management tools
should be accessing based on what informa-
tion those tools should be portraying to sup-
port decision-making.  We can also use some-
thing called the automation objectives model
I’ll describe later.

What I’m going to do now is concentrate on a
procedure to use for getting from here to there
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in management tool building.  I’ll talk about
this procedure now for two reasons.  First,
books on MIS focus on such a procedure.
Second, implementing the procedure requires
a set of skills all industrial engineers should
have.  I want to focus much of this book on
those skills.  [By the way, industrial engineers
should have these skills for building any kind

of management tool.  Remember plans, quan-
titative models, and the like convert data to
information too.  They’re just not as repetitive,
frequent, and routine as the MIS.  For that
matter, industrial engineers should have these
skills for solving any problem—or better yet,
for figuring out what problem they have to
solve and then solving it.

Figure 2.1.2.  The data-to-information chain biases data to provide information.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/THE SYSTEM LIFE CYCLE

2.1.3.1. THE SYSTEM LIFE CYCLE

The steps and stages for developing any management tool flow logically.

and 1.1.20.1.1.b. are the activities in Figure
1.1.20.1.3.  We’ve talked about the different
systems analysis tools of logic diagrams and
information flow diagrams. Information flow
charting, like what we see in Figures
1.1.20.1.1.a. and 1.1.20.1.1.b., is especially
suited for viewing what we want to do when
we build a management tool or especially an
MIS.  You’ll see a lot more about information
flow charting in this course.  That’s another
systems analysis skill.

Figures 1.1.20.1.3., 2.1.3., and 1.1.20.1.1.a.
and 1.1.20.1.1.b. represent three ways of mak-
ing pictorial representations of what we need
to do to build a management tool.  The logic
diagram in Figure 1.1.20.1.3. looks at decision
points, branching from decisions, and the ac-
tions getting us from one decision to the next.
The work flow diagram in Figures 2.1.3.1.
shows us the steps we take in an effort, the
sequence of those steps, and the outcomes
from the steps.  The information flow diagram
in Figures 1.1.20.1.1.a. and 1.1.20.1.1.b. high-
lights the information flows and information
conversion processes.

Engineers like pictorial representations be-
cause engineers think logically and in sequen-
tial steps and they’re used to dealing with more
tangible or quantitative presentations of their
ideas and their results.  You can use these three
different pictorial representations for almost
anything.  In Figures 1.1.20.1.3., 2.1.3.1., and
1.1.20.1.1.a. and 1.1.20.1.1.b., we’re looking
at building the MIS.  Later we’ll use these three
representations to look at the domain of re-
sponsibility of the user—a domain we’re build-
ing the MIS to serve.  As a matter of fact, that’s
exactly what we’ll do in one of the early steps
in the procedure for building the MIS.  We’ll
do at least information flow diagrams for the

The management tool building procedure is
easier to outline and describe in terms of the
MIS.  So I’ll focus on the MIS in this discus-
sion. We can look at this procedure from many
perspectives.  Each perspective shows us some-
thing different.  Figure 1.1.20.1.3. is a control-
oriented view highlighting activities and deci-
sions.  Building an MIS is like building any-
thing else—it’s a project.  Project manage-
ment skills are needed—but more of that later.
A control-oriented diagram is logical—call it
a logic diagram.  It shows decision points and
branching.  (Figure 1.1.20.1.3. is so general
you don’t see much branching; but, of course,
each decision in the figure has more than one
possible outcome.)

Figure 2.1.3.1. highlights the work flow in
building an MIS.  The process flow diagram in
Figure 2.1.3.1. is similar to the logic diagram
for the system life cycle in Figure 1.1.20.1.3.
The process flow diagram neglects the deci-
sions between the activities.  Figure 1.1.20.1.3.
emphasizes the logic in building a manage-
ment tool and the frequent management input
and decision needed in building the tool.  Fig-
ure 2.1.3.1. emphasizes the value of proto-
types the difference between the working MIS
and the goal, and the universality of evaluation
and documentation.

Figures 1.1.20.1.1.a. and 1.1.20.1.1.b. focus
on the process of building an MIS.  They focus
on the information and the information-con-
version processes (for example, in Figures
1.1.20.1.1.a. and 1.1.20.1.1.b. the structured
analysis process converts the feasibility docu-
ment into structured specifications.)  Figures
1.1.20.1.1.a. and 1.1.20.1.1.b. emphasize in-
formation conversion processes in the rounded
rectangles and information flows on the ar-
rows. The processes in Figures 1.1.20.1.1.a.
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Figure 2.1.3.1. The process flow diagram includes the user.
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domain we’re building the MIS for.

Let’s now look more closely at the steps of the
procedure in Figure 2.1.3.1. we commonly use
to build an MIS.  The analysis steps and
implementation steps are the responsibility of
the manager using the resulting management
tool.  Also, they’re historically the weakest
steps, and probably the steps most responsible
for the 70% failure rate in management infor-
mation systems.  Note that the manager plays
a crucial role in building the management tool.

Two circumstances which lead to the high
failure rate are (l) an inaccurate analysis of the
management situation, usually from a failure
to follow-through causes an inappropriate MIS
design, and (2) an appropriate MIS is not
followed up—monitored, maintained and en-
hanced to ensure an ongoing fit to the informa-
tion requirements of management.

The first pitfall is avoided by careful attention
to the analysis steps in the process flow dia-

gram.  Out of these steps will come a clear
picture of management’s information needs.
Once these needs are accepted and documented,
the situation should not be fought.  In the
military, we learn “don’t fight the situation.”
Once you understand the situation for what it
is, work with it—don’t wish it away or assume
the situation is something it isn’t.  This adage
applies to management tool building—the MIS
must be designed to complement the situation.

The second pitfall is avoided by insisting on a
system follow-up.  This is achieved by follow-
ing up the implementation steps of the process
flow diagram as shown in Figure 1.1.20.1.1.b.

The design steps are for the tool builder.  The
tool builder must be good at getting informa-
tion from the user out of the analysis steps,
putting that information into practice in the
design steps, and then handing off the results
to the user so the user can be successful in the
implementation steps.
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The nine steps in the system development life cycle highlight where you’ll use your
system analysis system.

BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/THE SYSTEM LIFE CYCLE

2.1.3.2.  AN OVERVIEW  OF THE NINE STEPS

Note the graphic portrayal of the Implementa-
tion Procedure Diagram in Figure 2.1.3.1.  The
first three steps, combining to form the Analy-
sis Stage, yield a conceptual design which
defines the objective(s), and serves as a moni-
tor on system design.  The Design Stage,
which follows, requires special training and
experience—it almost always includes the as-
sistance of automation specialists.

The MIS is actually a complete system follow-
ing the seventh step: Implementation and Train-
ing.  The goal, however, hasn't been reached.
The goal is to have an ongoing flow of appro-
priate action based on appropriate informa-
tion.  In terms of the Implementation Proce-
dure Diagram, the goal is reached only after
the system has been in place, been maintained
and upgraded, and used to present useful infor-
mation.

Two more steps, the eighth and ninth—Main-
tenance and Upgrade; and Useful Information
Presentation—are probably the most over-
looked.  They are absolutely essential, how-
ever, to the success of the system.

The most difficult and the most important
steps don’t belong to one stage and don’t
follow one or several of the nine steps.  These
important steps are documentation and evalu-
ation.  We all have experience with computer
systems, plans, time management techniques,
and other tools we can’t use very well because
the documentation is poor.  In these cases,
we’re concerned with user documentation.  In

truth, poor user documentation, operational
problems in the system, and improper fit can
usually be traced to poor documentation dur-
ing one of the steps in the Implementation
Procedure Diagram.  A correct, clear, concise,
comprehensive information requirements
document resulting from the situation analysis
step helps us ensure a good fit.  Design docu-
ments at the several design steps help initiate
operational problems.  In short, we need docu-
mentation at each and every step in the Imple-
mentation Procedure Diagram.  These docu-
ments are crucial for communication—com-
munication between users and analysts and
between analysts and tool builders.

Evaluation is probably the most neglected step
of all.  Many people don’t like conducting
evaluations because they don’t like being evalu-
ated themselves.  Evaluation must start during
the first step and continue throughout all the
steps of the Implementation Procedure Dia-
gram.

System development seldom proceeds in a
purely sequential fashion.  Once there is agree-
ment on an integrated design of the overall
system (following the Conceptual Design
Step), the remaining steps are often applied
incrementally to subsystems of that overall
design.

With these considerations in mind, we can
now turn to the nine steps of development in
the Implementation Procedure Diagram.
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2.1.3.3. THE ANALYSIS STAGE

The analysis stage is most important because it’s the foundation for the following
stages.

Although the Implementation Procedure Dia-
gram has the built-in dual-path feature, it is
best understood by way of a close look at its
individual steps, and the role those steps play
in the three stages of systems development.

The first three steps of the Implementation
Procedure Diagram comprise the Analysis
Stage (Figure 2.1.3.1.).  These steps are 1)
Situation Analysis, 2) Prototype Development,
and 3) Conceptual Design.

Situation Analysis is the most important step
because it ensures the right approach to the
right problem.  Remember: once the situation
is understood and management’s needs are
defined, the system must be built to cater to
that situation.  In other words, change the
system before you change the situation.  This
step belongs to the manager—it is where the
goals, strategies, and priorities of the system
are defined.

This step is critical, so I’ll divide it into seven
substeps.  These substeps are a) define the
domain of responsibility; b) develop manage-
ment issues, and define the Critical Success
Factors; c) understand the existing system; d)
determine information needs; e) uncover gaps
and overlaps; f) prioritize needs in terms of
consequence and immediacy; and g) identify
the potential for creating prototypes.

The second substep defined above, the devel-
opment of management issues, is much stud-
ied and reported; many methods are used for
determining information needs.

Critical Success Factors (CSF)
These are factors which management deems
necessary to the success of their organization.
The most common CSF’s would include cost
structure, product quality and innovation, cus-
tomer satisfaction, management development,
and any change in corporate culture and atti-
tudes.  Note that four of these common CSF’s
are soft data—they are intangible entities which
cannot be quantified.

In the third substep of Situation Analysis, you
should evaluate existing management infor-
mation capabilities.  Many of these capabili-
ties will find their way into the implemented
design—in a much more integrated manner.

The second step in the Analysis Stage is Pro-
totype Development.  Prototypes (also referred
to in Figure 2.1.3.1. as “strawmen”) are small
preliminary subsystems developed to meet
immediate needs and allow critical feedback.
Prototypes pay for themselves through imme-
diate application; they pay again because they
help clarify the architecture of the final sys-
tem.  Often a manager needs something con-
crete to look at; this step provides just that.
This step is borrowed from the bottom-up
approach to systems development; the other
two analysis steps are taken from the top-
down.

The third and final step in the Analysis Stage
is the Conceptual Design.  This step ensures
that overall system requirements are consid-
ered before specific, narrow capabilities are
developed.  The necessities of the system are
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defined here: 1) the system goals; 2) the func-
tions that must be performed to meet those
goals; and 3) the information required to carry
out those functions.

Following the completion of the Conceptual
Design step, a document should be presented

to management for approval and establish-
ment of development priorities.  This docu-
ment might be called the Systems Concept
Document.  It should contain as much detail as
possible—the tighter the specifications, the
smaller the likelihood that the designed sys-
tem will stray from them.
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2.1.3.4. THE DESIGN STAGE

In the design stage you determine how you’re going to meet the situation to satisfy
the information requirements of the decision maker.

Steps four through six of the Implementation
Procedure Diagram comprise the Design Stage.
These steps are: 4) General Design, 5) De-
tailed Design, and 6) Programming and Test-
ing.  Generally, this stage is of least impor-
tance to the manager, since much of its execu-
tion will be carried out by automation special-
ists.  As we emphasized before, tighter speci-
fications in the Analysis Stage will make a big
difference here.  Still, a manager must under-
stand the components of this stage, since its
output will have a huge bearing on the final
system.

The General Design step initiates the System
Design Stage.  With the system concept de-
fined (and documented), General Design again
focuses on user needs.  Flow charts are devel-
oped to illustrate system processes (not com-
puter processes, but the flow of activity—
people’s procedures and interfaces).  I’ve de-
fined user issues in a manner similar to that
used for resolving management issues in the
Situation Analysis step.

Later in the General Design step, important
relationships between the subsystems must be
determined.  This holds true for both manual
systems and automated systems.  Inputs, out-
puts, and all files necessary to the system are
identified here.  System output formats are
very important and historically have been ne-
glected.

Following this, gross estimates of the size of
the system have to be made.  As a result of
these estimates, and other management con-
siderations, computer hardware and software
needs are defined; most importantly, develop-
ment priorities are established.

This design procedure focuses on information
flows in and out of a mode.  The General
Design step results in a General System Speci-
fication (which, needless to say, ought to be a
formal system document) which serves as the
functional baseline against which system ca-
pabilities can be judged.

With the user requirements well established,
the Detailed Design step focuses on the tech-
nical development of a system to meet those
requirements.  User-related processes are trans-
lated into specific programs with detailed per-
formance and test specifications.  Data bases
are designed here and input and output formats
are completed.

All technical issues must be identified and
resolved in this step.  Following this, computer
hardware and software requirements are spe-
cific.  The Detailed Design step results in the
development of the Detailed System Specifi-
cation, which will serve as the technical baseline
for all ensuing development and implementa-
tion.

In the Programming and Testing step, com-
puter resources are acquired, computer pro-
grams are written from the detailed design,
and documented used procedures are devel-
oped and tested.  Programs are prepared in
accordance with approved standards and con-
ventions.  Unit tests must be performed here,
and the operational data bases are loaded.  Test
plans and acceptance specifications are estab-
lished in this step.

After establishing acceptance criteria, we con-
duct system and subsystem testing of both
computer hardware and software.  Successful
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execution of the Progamming and Testing step
results in documented computer programs,
programmers’ guides, input screens, output
formats, and documented test procedures and
criteria.

In discussing the degin steps, I talked about

data bases, input screens, hardware, and soft-
ware.  If the MIS is not computer-based, I’d
talk about file cabinets, data gathering forms,
rolodexes, and procedures for gathering, stor-
ing, and updating the data kept in the manual
system.
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2.1.3.5. THE IMPLEMENTATION  STAGE

The final three steps (seven through nine) of
the Implementation Procedure Diagram com-
prise the Implementation Stage.  These steps
are: 7) Implementation and Training; 8) Use-
ful Information Presentation; and 9) Mainte-
nance and Upgrade.

The Implementation and Training step is a
transition to the new system.  Users must be
trained here, and the old equipment and proce-
dures are replaced with the new.  This step is
accomplished through the integration of tested
systems procedures and programs, documented
human procedures, and trained people, into a
cohesive people machine system.

User manuals and training sessions are de-
signed in this step.  Procedures are established
to back up system use and protect the user
against loss.  Often, implementation is applied
incrementally, to ensure proper integration
before the entire system is activated.

The result of this step is an installed manage-
ment information system, but the work is far
from done—the following two steps are criti-
cal to the success of the system; historically
they have been the most overlooked.

The Useful Information Presentation step takes
into account a number of important consider-
ations about the nature of information.  Infor-
mation is biased data; as such, it should be
biased to meet the needs of the system user (in
this case, the manager(s) who retested the
system).

To satisfy the cognitive style of the user, the

presentation of information must match infor-
mation portrayal (whether it be graphic, table,
checklist, or text) and perception (the value
the user places on the data and information).
The interface between information portrayal
and perception is a critical point of resolu-
tion—the result should be that the manager is
sufficiently comfortable and confident in the
system to guarantee the system’s integration
into the decision-making process.  As a tool
builder, you should try to secure some sort of
formal declaration of this confidence.

Although the system is now up, running, and
used, the possible pitfalls are many.  This is
where the Maintenance and upgrade step comes
in.  To be useful for any length of time, the
system must be continually upgraded to in-
clude any needed improvements as the user
matures in using the system the manager’s
operation changes and evolves.  Additionally,
the system must be maintained to correct for
bugs that surface through continued use.

Periodically, the system should be evaluated.
This is usually a difficult process; nobody
likes to be evaluated nor to have his or her
system brought under scrutiny.  Nonetheless,
evaluations will ensure the system fits the
changing needs of management, personnel,
and any auxiliary organizations involved with
the system.  Additionally, a system operator
should be designated, and the procedures for
operation should be defined and documented.

The result of this final step, which actually
continues through the life of the system (Fig-
ure 2.1.3.1.), is a system which works to meet
its goal.

In the implementation stage you find out how well you meet the information
requirements.
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2.1.3.6. THE FOLLOW -UP STAGE

The follow-up, emphasized so heavily through
the steps in the Implementation Stage, is of
paramount importance.  Many systems fail
because managers believe the work is over
when the MIS is up and running—nothing
could be further from the truth.  The MIS, it
must be remembered, is not equivalent to the
goal.

By careful attention to the steps in the Imple-
mentation Procedure Diagram, you can make
your MIS fall into the 30% success group.  But
management must be committed to its presen-
tation and use.  During the conceptualization
activities, a manager should consider the de-
sirable extend and sophistication of the sys-

tem.  This will ensure resources and commit-
ment are sufficient to complete all the steps in
the Implementation Procedure Diagram.  And,
of course, flexibility is also a key—a good
smaller system is a better result than a sophis-
ticated system failure.

The nine steps in the Implementation Proce-
dure Diagram are needed for successful MIS
development, but their completion does not
guarantee a desired result.  Since a manager
must depend on MIS to give personal and
crucial service, a comparable measure of ener-
gies must be given to the development and
implementation of the system.

A procedure is necessary but not sufficient.
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2.1.4. CLASSICAL  APPROACHES AND THEIR  HYBRID  DESCENT.

Use a dual path approach to implement the system development life cycle so you can
make the most out of the advantages of both classical approaches.

However, the bottom-up approach has as many
disadvantages as it does advantages.  The main
disadvantages are (l) as management's needs
change, system redesigns are frequent; (2) if
one section of management decides not to be
integrated into the system, the evolutionary
process is halted; (3) data inconsistencies are
more probable, once the system becomes more
comprehensive; (4) priorities are not easy to
define; (5) the suborganization needs of the
final system will be loosely integrated; and (6)
the hardware supporting the various functions
may not integrate easily.

The top-down approach states that the way to
develop an overall system is to start with the
organizational goals and objectives (such as
improve personnel assignment and increase
sales by 20%) and progress to more practical
considerations (such as payroll and sales pro-
jections).  The top-down approach assumes
the systems needed to provide information can
be developed once the information needs of
management are determined.  The approach
seeks to develop a model of information flow
in the organization and to design the informa-
tion system to suit this information flow.

The advantages of the top-down approach are
(l) there is allowance for greater development
flexibility; (2) higher management is quickly
committed and involved; (3) the total organi-
zation is included in the design; (4) planning is
done strategically, rather than on a strictly
operational basis; (5) new data are easily inte-
grated into the system, again because of the
flexibility of the design; and (6) all the ele-

Figures 1.1.20.1.3., 2.1.3., and 1.1.20.1.1.a.
and 1.1.20.1.1.b. represent a hybrid of the two
classical approaches to system development.
Because of Figure 2.1.3.’s attention to
conceptualization, emphasis on prototype de-
velopment, and detailed implementation stage,
it offers a hybrid approach to ensure the MIS
meets the manager's information needs.

There are two classical approaches to system
development.  These are the evolutionary (or
bottom-up) approach and the systems (or top-
down) approach.  The bottom-up approach
came first and was primarily responsible for
operational automation.  The top-down ap-
proach came into the MIS world when com-
puters began to be of use to higher levels of
management.

The bottom-up approach states that the way to
develop an overall system is to start with
lower-level functions (such as file updating
and transaction processing), and progress to
more conceptual considerations (such as con-
trol and decision modules).

The advantages of the bottom-up approach are
(l) it proceeds step-by-step, in accordance with
demand; (2) it allows for early gratification
with a preliminary product at little cost; (3) it
builds on transaction processing; (4) it mini-
mizes the risk of building a large-scale system
which doesn't operate properly; (5) the overall
probability of failure is reduced, because
smaller, simpler systems are being worked
with; and (6) there is less likelihood of devel-
oping an overly sophisticated system.
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ments of the management system are consid-
ered.

There are a number of disadvantages to devel-
oping a management information system in
this way; notably, (l) it’s difficult to derive the
system plans from the objectives and activities
of the organization; (2) it’s difficult to assign
cost and value to the modules; (3) the order of
module development isn’t necessarily related
to organizational support or most potential
use; (4) management loses faith when they
don't see early results; and (5) there’s a terrify-
ing risk of building an enormous system which
doesn't work properly.

When evaluating the pros and cons of the two
classical approaches, the tool builder and user
must consider several considerations.  You
must balance risk and results.  Will the results
be small, periodic, and early? How clearly and
correctly do you understand what the final
system should do or will intermediate prod-
ucts provide helpful feedback?  How tangible
are the results, whether early or large, infre-
quent, and late?  What's the risk of improper fit
in terms of size, sophistication, and applicabil-
ity of the system?  What's the advocacy for the
system?  High-level?  Fickle or solid?  What
are the needs for system integrity and integra-
tion?  Is the first focus one of functional tasks
or one of organizational objectives?  How will
the system evolve?

From the classical approaches, we’ve been

and will continue to develop hybrids.  The
idea, of course, is to employ the best contribu-
tions from the two classical approaches.  At
Management Systems Laboratories, we call
the hybrid approach a dual-path approach, to
indicate that both bottom-up and top-down
principles and activities are used to enhance
the advantages, and neutralize the disadvan-
tages, of each.

Figure 2.1.3. emphasizes the strict develop-
ment of organization-wide system specifica-
tions through Situation Analysis, thus ensur-
ing that a designed system will meet the needs
and desires of all levels of management, from
operational to strategic.  At the same time,
Figure 2.1.3. provides for early system proto-
types, thus allowing the immediate gratifica-
tion provided by the bottom-up approach.

Basically, the steps of Figure 2.1.3. allow the
manager to plan from the top-down, and de-
sign from the bottom-up.  Several smaller
functions can be designed while the complete
system is being planned.

We haven’t been able to use a dual-path ap-
proach for too many years.  Ten years ago, the
cost of programming and databases would
have made it prohibitive.  The modern rela-
tional database structures and other technical
developments have relieved the constraints
that kept the dual-path approach from being
cost-effective.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/ANALYZING INFORMATION
FLOW

2.1.5.1. DIAGRAMMING  INFORMATION  FLOW.

Charting
Charting is a tool we use to help gather infor-
mation, make sure it’s complete, verify its
accuracy, and communicate the ideas we’ve
charted.  We’re familiar with many types of
pictorial  representations.  As engineers, we
draw parts we want machined.  As managers,
we chart our organization to see who reports to
whom.  Remember the pictorial representa-
tion, or chart, is only as good as the data it’s
based on.  The chart can quickly get out of date,
and the chart can be drawn from bad informa-
tion (or data) in the first place.

Flow Diagramming
When we chart, or diagram, the flow of some-
thing, we’re interested in identifying the steps
in, or the flow of, a process and in showing
precedence.  We want to know what comes
before (predecessor) and what comes after
(successor).  Since charts are two dimensional
(or, at best, three dimensional), it’s hard to
completely capture a multidimensional situa-
tion like management.  We pick what we want
to show and develop a convention for how we
chart things, so we can show what we want to
show consistently.  As long as we’re consis-
tent, any convention will do.  By convention,
I mean what symbols we use, how we number
or name things, how various charts link to-
gether, and so on.  How consistent we have to
be depends on what we’re going to do with the
chart.  Must the entire organization use the
same convention in everyone’s charting?  How
about everyone in the discipline (e.g., indus-
trial engineering)?

In flow diagramming, we show something
flowing into or out of a process.  We can worry
first about what flows (in our case, informa-

tion) and later about what the flow goes into
and out of or what happens to the flow inside
the thing (in our case, information conversion
processes) it goes into.  Or we can worry first
about the things that transform the flows (what
they are and what they do) and later about what
the flows are that are affected by the transfor-
mations.  Whether we start with the flows or
the transformations is a matter of preference;
and, in some organizations, may be a conven-
tion.  In information flow diagramming, some
books discuss only one preference and the
other books discuss only the other preference.

Flow diagrams also show sources (where flow
comes into the picture from) and sinks (where
the flow goes out of the picture to).  (Remem-
ber, the terms sources and sinks come from
heat transfer.  Sources are where heat comes
from.  Sinks are where heat goes.)  In addition,
flow diagrams show accumulations (merging)
of the flows and distributions (extracting) of
the flows.  Flow diagrams aren’t logic dia-
grams.  They aren’t supposed to show branch-
ing, or choice.  A flow diagram may show
several pieces of information or multiple cop-
ies of the information coming into or out of a
conversion process.  The flow diagram won’t
show a decision determining what informa-
tion is sent and won’t convey the idea of
following one path over the other based on the
decision.

How to Use Flow Diagrams
Flow diagrams will help you improve your
gathering information about the organization
(or whatever) you’re studying.  You’ll gather
all kinds of bits and pieces of information.
True understanding of what you’re studying
depends on your ability to put the bits and

By diagramming the flow of information between conversion processes, we can get to
the data elements we need about our work process.



1067

pieces together, and to do so correctly and
completely.

A flow diagram helps you sort out the bits and
pieces and to try to relate them to each other in
different ways.  You should find out what the
flows or conversion processes are from the
people who do the flows and processes and
know them best.  Then link them together by
showing flows as arrows and conversion pro-
cesses as circles or ovals.  Now you have an
integrated picture.  Check to see if the person
Fred said got a piece of information from him
in turn said they got that information from
Fred.  Can you see what’s going on?  If not,
you’re probably missing something—or it’s
wrong.  Is the information flow easy to under-
stand?  Does a portion of the flow not make
sense to you?  Now look at what you think is
going on and see if you have any questions;
then go ask more about what you’re not sure
of.

When you verify if you captured the ideas
correctly or ask for more information, use the
flow diagram.  Show the diagram to the people
you gathered the information from and see it
makes sense to them.  You may have problems
with confusion between information about
what the flows are or about what the people
you’re getting the information from would
like the flows to be.  You also may have a hard
time getting several people to agree on any one
version you show them.  You’ll have to decide
when you know what’s going on “well enough,”
and, at the right time, abandon your iterations
in improving the flow diagram.  Knowing
when to abandon your iterations comes from
experience.

Information Flow
Consider a domain of responsibility.  Delimit
that domain.  Now draw an oval representing
the boundary of the domain.  Show informa-
tion flows into and out of the domain by
drawing arrows across the boundary.  All
information flows are shown as arrows.  The

arrows are like pipelines, and the information
can flow back and forth.  Many information
flows are not one-directional.  That is, in the
transfer of the information, there is give-and-
take between the sender and receiver.  Usually,
however, the flow is predominantly in one
direction.  You can show the dominant direc-
tion with an arrow head.

Let’s focus on information-flow-type diagrams
and develop some convention.  Many books
like to use the term data flow diagrams (DFD).
I prefer information flow diagrams because
information is what’s transferred.  Informa-
tion, however, is made from data.  The infor-
mation portrayal format (the thing that moves,
or flows) contains selected data elements.

Figure 2.1.5.1.a. shows the symbols we’ll adopt
as convention.  The arrows are the information
flows and the circles, or bubbles, are the infor-
mation conversion processes, or the process-
ing functions.  These diagrams are sometimes
called bubble diagrams.  Sometimes a flow
diagram can get quite large or have a lot of
flows.  To keep from getting too much on a
page or from having a lot of crossed lines,
we’ll use small circles as transfer indicators.  If
an arrow goes to a small circle with a four in it,
look for another small circle with a four in it
and an arrow going away from the circle.
These circles pictorially link the same infor-
mation flow.

We show an organization outside our domain
of responsibility that sends information to or
receives information from our domain as a
square.  We often store information (and data).
A three sided rectangle represents a file, or
data store.  Finally, we use the triangle to show
merging and extracting information flows.

The Context Diagram
In Figure 2.1.5.1.b., I’ve shown the domain of
responsibility for a human resource manage-
ment department in the engineering division
of a company.  I’ve shown the domain as an
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rows.  Then, we’re using the context diagram
as a first step in information flow diagram-
ming.

Also take note that all arrows either come from
an external entity or go to one; there are no
arrows going away from the system into thin
air or coming from thin air.  This representa-
tion is accurate because, in real life, all infor-
mation sent out of a system has to go some-
where—it doesn’t vanish.  And conversely,
information coming into the system has to
come from somewhere—it doesn’t just appear
on your doorstep.  Some authors don’t include
boxes for some external entities because they
feel some entities are so well known, they’re
obvious.  For clarity, I prefer to include all
external entities you can think of.

oval and included only a few simple examples
of the context of this domain.  That is, I’ve
shown just a few of the information flows into
and out of the department and the external
entities related to those flows.

The diagram in Figure 2.1.5.1.b. is called a
context diagram because it places the domain
in context with its environment.  Notice that
the diagram doesn’t include arrows between
any two of the external entities—because we’re
not concerned with information passed be-
tween them. These information flows aren’t in
our domain of responsibility.  Sometimes, we
don’t show what the information flows are in
a context diagram.  (We don’t label the ar-
rows.)  Then, we’re usually trying to delimit
our domain.  Sometimes we do label the ar-

EXTERNAL 
ENTITY

DATA FLOW

PROCESS

CUSTOMER

CALCULATE
PENALTY

PAYMENT

DATA STORE

COLLECTOR

ROUTER
ORDER

CUST-ACCT-#

ITEM

DEPOSIT-TRANS

DEPOSIT-SLIP

CASH-AMT

CHECK

CUSTOMER ACCOUNTS

Figure 2.1.5.1.a.  Data flow diagram symbols and meanings.  (adapted from Powers, Adams, &
Mills, p. 258)
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Figure 2.1.5.1.b.  An example context diagram shows the domain in relation to its environment.
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Partitioning
After you’ve created a context diagram for the
system, your next step is to think about the
information flows within the system.  But since
there are so many flows inside the domain, you
must break down, or partition, the domain into
subdomains so you can track the information
flow in greater detail.  This partitioning in-
volves creating an information flow diagram
for each of the subdomains.  I’ll call these
level-1 diagrams.  You’ll continue partitioning
each process, and thereby create new sublev-
els, until you have a suitable representation of
all the information flows.  Each of the
subdomains will bear the number of the higher
level from which it came plus an additional
digit for the current level.  (See Figure 2.1.5.2.a.)
Just remember: processes have 1 digit at level-
1, 2 at level-2, and so on.

To sum up the system levels, understand that
there is only one context diagram, one level-1
diagram (processes numbered like 1, 2...), sev-
eral level-2 diagrams (1.1, 1.2...), and many
more level-3 diagrams (1.1.1, 1.1.2...), for how-
ever many levels you need to capture all infor-
mation flows.  See Figures 2.1.5.1.b., 2.1.5.2.b.,
and 2.1.5.2.c. to help you visualize the levels of
diagrams .

Figures 2.1.5.1.b., 2.1.5.2.b., and 2.1.5.2.c. all
refer to the same domain.  Figure 2.1.5.1.b. is
the context diagram.  Figure 2.1.5.2.b. is the
level-1 diagram showing the human resource
management department partitioned into four
major parts.  This division was made by func-
tion.  We can divide, or partition, the domain
many different ways.  The important thing here
is all the subdomains must total the entire
domain.

One common way to partition is by functions.
Other ways include partitioning by process
steps, by customer types, by vendors, by prod-
uct, and by geography.

Figure 2.1.5.2.c. is the level-2 diagram (two
digits identify the sub-subdomains).  Figure
2.1.5.2.c. is the domain of the person respon-
sible for computing pay.  The number 2 and 4
domains are outside the domain of computing
pay but part of the human resource manage-
ment domain.  In Figure 2.1.5.2.c., these do-
mains are shown as external entities and iden-
tified by the numbers of the conversion pro-
cesses in Figure 2.1.5.2.b.

We can adopt the convention that entities
external to the subdomain but internal to the
domain are identified by their number.  If one
of the information flows from outside the
larger domain had flowed into the computer
pay process (Notice from Figure 2.1.5.2.b.,
none do.), we would show that in Figure
2.1.5.2.c. as a square with the name of the
external entity written in it.

I’ll recap our partitioning discussion.  We
begin with our entire domain of responsibility
as a context diagram.  Remember that since the
domain is a management system, it’s already
part of a larger system.  We divide, or partition,
the domain into subdomains.  We can partition
any number of ways.  We choose the way that
helps us the most.  I chose the way the book I
took the figure from did it.  We partition the
domain into subdomains.  If our original do-
main is large enough and we partition the
domain like the organization chart is struc-
tured, each subdomain is someone’s domain
of responsibility.

BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/ANALYZING INFORMATION
FLOW

2.1.5.2. DIFFERENT  LEVELS OF DATA  FLOW DIAGRAMS .

By continually partitioning a conversion process, you can develop information flows
to the detail you need to identify all data elements.
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We can further partition each subdomain into
logical parts—all adding up to the whole.  And
we can partition any or all of those parts, or
subdomains, into their parts, or sub-
subdomains.  We continue doing this until
we’ve identified every information flow and
information conversion process in the original
domain.  We’ll end up with many information
flows.  And each information flow has many
data elements in it.  It’s the data elements that
the MIS developer wants to identify so he or
she can figure out ways to acquire, store,
retrieve, and manipulate those data.

When you try to do a data flow diagram (DFD)
or information flow diagram and start with a
blank sheet of paper, what do you do?  One
book (Yourdon) says you should draw in the
information flows and then look at the flows
going into or out of a process to figure out what
the process is and to name it.  For example, in
Figure 2.1.5.2.b., if a valid transaction flows in

and a sorted transaction flows out, the conver-
sion process is the “sort transaction” process.
Another book (Powers, Adams, and Mills)
suggests starting with the process bubbles and
then figure out what the flows are.  I’ve tried
both and usually end up doing it the Powers,
Adams, and Mills way.  Maybe what a person
chooses to do depends on personality type.

To give you another look at partitioned DFDs,
review Figures 2.1.5.2.d., 2.1.5.2.e., 2.1.5.2.f.,
and 2.1.5.2.g..  Figure 2.1.5.2.d. is the context
diagram for the domain of responsibility called
APT (Astro-Pony Toutshops) which is, from
what I can tell, a bookie.  Figure 2.1.5.2.e. is
the level-1 diagram for APT.  APT also has
been partitioned by function.  You’ll notice
this looks more like the second level of APT’s
organization chart.   Look at the external
entities on the level-2 diagrams.  Use the
external entities to find inconsistencies and,
therefore, potential problems.

Figure 2.1.5.2.a.  We can partition domains into subdomains, subdomains into sub-subdomains,
etc.  (adapted from deMarco, p.72)
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Figure 2.1.5.2.b.  An overview data flow diagram.  (adapted from Yourdon, p.13)
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Figure 2.1.5.2.c.  A detailed data flow diagram.  (adapted from Yourdon, p.14)
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Figure 2.1.5.2.d.  Example context diagram.  (adapted from deMarco. p.90)
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Figure 2.1.5.2.e.  Level-1 Data Flow Diagram.  (adapted from deMarco, p. 92)
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Figure 2.1.5.2.f.  Level-2 Data Flow Diagram.  (adapted from deMarco, p.97)
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/ANALYZING INFORMATION
FLOW

2.1.5.3. PHYSICAL  VERSUS LOGICAL  DIAGRAMS

zation of a process.

The logical model’s drawback is that it is not
readily understood by the average person.  The
symbols may be too complex.

Use the characteristics in Figure 2.1.5.3.c. to
compare Figures 2.1.5.3.d. and 2.1.5.3.e.  You
can see an additional convention in Figure
2.1.5.3.e.  The book from which I got the figure
uses a single slash in the lower left-hand corner
of an external entity to show that entity is
repeated on the diagram.  They repeat the
student external entity because they don’t want
to draw such a long arrow from the external
entity to wherever it’s going.  It’s a matter of
making the diagram look pretty.

Much of information flow diagramming is
convention; that is, the symbols and other
techniques vary from author to author.  Each
has his or her own preferences.  I’m not saying
here you should adopt my conventions; I just
want you to be able to look at anyone’s infor-
mation flow diagram and understand it.  Re-
member that a convention must be used con-
sistently within a work to maintain clarity.

You can look at yet another example of physi-
cal and logical information flow diagrams.  In
Figure 2.1.5.3.f., you see a fairly cluttered
physical DFD.  This one is more typical.  No-
tice how well you could use this diagram with
the people you’re gathering information from
to see if you’ve captured what’s going on.  The
symbols are simple.  I advise drawing the
external entities on the diagram, so you can
verify them too.

The next major consideration in information
flow diagramming is that there are two ways to
chart information flow on an information flow
diagram.  These ways are physical and logical.
Physical models focus on how a job gets done:
the physical means such as documents, people
and forms.  Logical models represent what the
system does and concentrate on the data and
the underlying process used to manipulate the
data.  Look at Figures 2.1.5.3.a. and 2.1.5.3.b.
Figure 2.1.5.3.a. shows a report flowing in a
physical model.  Figure 2.1.5.3.b. shows what
happens to the same report in a logical model.
Figure 2.1.5.3.c. summarizes the key differ-
ences between physical and logical models.

The physical model shows how the informa-
tion progresses sequentially through a system.
(See Figure 2.1.5.3.a.)  Logical models, how-
ever, show that a piece of information can be
acted on by more than one process at any one
time—in a parallel fashion.  (Refer to Figure
2.1.5.3.b.)

Physical models are good for making sure
you’ve captured the information flows and the
communication into, out of, and within a sys-
tem.  They’re also easier to understand by a
relative novice.  He or she can look at the
physical model and see department names or
people and grasp what’s going on in the do-
main of the diagram.  However, sometimes on
physical models, items that flow into or out of
a process may not be logical—they actually
occur, of course, but it’s not always clear why.
Logical models are better because they make
clear the reasons why something flows in or
out; they’re good for automation and mechani-

Physical information flow diagrams are best for gathering and verifying informa-
tion; and logical information flow diagrams are best for communicating with auto-
mation specialists.
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specialist can work with.

It takes some getting used to be able to capture
the data, make physical DFD’s, find errors and
inconsistencies, review the information with
the managers in the domain, convert to logical
DFD’s, and communicate with the automation
specialists.  For this book, I don’t expect you to
be able to do all this, but I do want you to be
familiar with the concepts, the differences in
convention, the differences between physical
and logical diagrams, and the usefulness of the
DFD’s.  I’ll talk more about DFD’s when we
study system modeling.  DFD’s aren’t the only
tool we have to capture information about how
an organization uses its information.

In this case, you can see an intermediate step to
converting physical DFD’s to logical ones.
Figure 2.1.5.3.g. is that intermediate step.  The
names have been dropped and the processes
are more information conversion.  Notice on
Figure 2.1.5.3.f. that Jerry must have several
duties and different kinds of documents come
across his desk.  Offices are like that.  Often
there’s no rhyme or reason for the combination
of things a person has to deal with.  Figure
2.1.5.3.g. is still physical but a whole lot more
logical.

Figure 2.1.5.3.h. is the logicalized DFD.  Now
we’re ready to talk to the computer program-
mers.  We’ve analyzed the situation and put
what we’ve learned into terms an automation
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Figure 2.1.5.3.a.  Example physical model.  (adapted from deMarco, p.29)

Figure 2.1.5.3.b.  Example logical model.  (adapted from deMarco, p.29)
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MAJOR CHARACTERISTICS OF MODELS

Physical Logical

Viewpoint How procesing is done What the system does

Processes Sequential Often parallel

Names Documents, people, forms Underlying data and processes

Data Flows Excess (tramp) data Only data used or produced by the
process

Controls Includes controls for crossing Limited to essential
man-machine boundaries business controls

Figure 2.1.5.3.c.  Summary of key differences between physical and logical models.  (adapted
from Powers, Adams, & Mills, p.161)

Figure 2.1.5.3.d.  Data flow diagram that emphasizes physical characteristics of a student
registration system.  (adpated from Powers, Adams, & Mills, p.162)
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Figure 2.1.5.3.e.  Data flow diagram that emphasizes logical characteristics of a student regis-
tration system.  (adapted from Powers, Adams, & Mills, p. 163)
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Figure 2.1.5.3.f.  Current physical DFD.  (adapted from Yourdon, p. 67)
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Figure 2.1.5.3.g.  A semi-logical data flow diagram. (adapted from Yourdon, p. 76)
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Figure 2.1.5.3.h.  A logical data flow diagram. (adapted from Yourdon, p. 77)
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/ANALYZING INFORMATION
FLOW

2.1.5.4. EXERCISE ON ANALYZING  INFORMATION  FLOWS.

Explanation
In Module 1.1.18.10., you did a context dia-
gram for a domain of responsibility.  The
context diagram is a zeroth-level DFD.  You
can partition the domain of responsibility to
produce more detailed DFD’s.  Your objective
is to continue to partition domains and
subdomains until you find every information
flow in the organization.  When you know
each information flow, you can figure out the
data carried along with each piece of informa-
tion.  The name of the game is to find the data
requirements so you can find out how to ac-
quire, store, retrieve, and manipulate only the
needed data to later make information through
comparing indicator data to reference data.

You want to use management system analysis.
Start by surveying the work and knowing and
delimiting the domain of responsibility.  Then
you can find the decisions made to manage the
work flow.  With the information flows, you
can get to the data you need so you can figure
out what measurements to make of the work
flow to ultimately run through management
tools to support decision making.

Situation Description
Sally and Bob graduated from Virginia Tech
together five years ago.  Sally, an engineering
graduate, has been successful in technical sales
for a major chemical company.  Bob, a busi-
ness graduate, has been an administrative offi-
cer for a small company.

Based on their success in working for others,
they both wanted to go into business for them-
selves.  They bought a small shoe store in
Blacksburg, Virginia, close to their alma ma-
ter.

Bob and Sally agreed that Bob would invest
10% more than Sally and thus be the control-
ling partner in the business.

Sally does the inventory and customer end of
the business and Bob does the purchasing and
financial end of the business.  Sally hired John
to carry much of the day-in-day-out customer
service.  John has a flair for decorating and
advertising.

Sally and Bob want to get their management
started right.  You’ve been hired as a manage-
ment consultant to advise them.

Exercise
Partition the domain of responsibility of the
shoe store.  Start with the context diagram
from Module 1.1.18.10.  Retain all external
agencies as you move to higher-level, more-
detailed data flow diagrams.  Draw a level-1
DFD for the shoe store.  Then draw a level-2
DFD for any one of the conversion processes
in the level-1 DFD.  Have you yet reached the
level of detail you need for that conversion
process so you could get your hands on the
data involved?
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/SYSTEM MODELING TOOLS

2.1.6.1. TOP-DOWN, BOTTOM -UP, DUAL-PATH—JEAN-FRANCOIS MILLET
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/SYSTEM MODELING TOOLS

2.1.6.2. DATA  FLOW  DIAGRAMS .

In analyzing a domain of responsibilities, one
of the things we want to do is communicate
what we’ve discovered.  If you build a model
of the domain, you’ll have an effective method
of communication.  Since one of the key ele-
ments in analyzing a domain is to trace the
flow of information, you’ll find information
flow diagrams to be one of the most beneficial
models you can build.

Use Information Flow Diagrams to Model
the Domain.
You saw the symbols used in information flow
diagramming when you read the module on
analyzing information flow.  In this module
we’ll apply the symbols in greater detail.

Let’s begin by looking at how names (or de-
scriptions) are assigned to the information
flow diagram symbols.  Consider these three
guidelines:

1. All names should be meaningful descrip-
tors.

2. Names for data flows (arrows) and data
stores (open rectangles) should reflect the
composition of the data.

3. Process bubbles (circles or ovals) should
be named with strong verbs and accurately
reflect the process taking place, or the
transformation of data.

Here’s a strong warning:  difficulty in assign-
ing names can indicate a lack of understanding
of the domain and its information flows.  If this
happens, you’ll want to gather more informa-
tion about the domain.

When You Construct an Information Flow
Diagram Remember These Construction
Hints.
As you put together information flow dia-
grams, I’ll give you two rules to keep in mind.

1. Use bubbles only to show processing or
transformation of data.  You shouldn’t
have data flowing in and out of a bubble
without the data having been processed in
some way.

2. All data flows must either begin or end at
a process or both.  This means there must
be a process associated with each flow.
Flows may not begin and end at a data store
or an external entity.  For a correct ex-
ample, see Figure 2.1.6.2.b.  Figure
2.1.6.2.a.  is wrong because the data flows
both begin and end at data stores or an
external entity—there’s no processing tak-
ing place.

An information flow diagram can be checked
quickly by scanning it for obvious construc-
tion errors.  For example, see Figure 2.1.6.2.c.
For starters, the oval for conversion process 1
receives three inputs but doesn’t put out any
data.  What good is a process if it doesn’t
output any information?  The oval for conver-
sion process 2 produces two information flows
but doesn’t receive any.  Where does its infor-
mation come from?  All processes must have
both inputs and outputs.  A third easily identi-
fiable problem is the data flow starting at data
store 1 and ending at data store 2.  There’s no
process involved.  The same problem occurs
with the flow from external agency 1 to data
store 1.  All information flows begin or end

Data stores and external agencies play key roles in supporting information
flows and conversion processes in information flow diagrams.
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net flows in 2.1.6.2.e. to the flows in 2.1.6.2.d.
You can find all the flows into and out of the
parent oval for conversion process 4 in Figure
2.1.6.2.d. going into or out of the child ovals
for conversion processes 4.1 through 4.4 in
Figure 2.1.6.2.e.  For example, information
flow j in Figure 2.1.6.2.d. flows into conver-
sion process 5.  You can show conversion
process 5 as a square in Figure 2.1.6.2.e. since
it’s external to the domain of conversion pro-
cess 4 in Figure 2.1.6.2.d.  It’s all a matter of
convention.  You may notice in Figure 2.1.6.2.e.
that two input flows come into the system from
entities in the mother diagram and two output
flows go to entities in the mother diagram.

An Example
Consider the data flow diagram shown in Fig-
ure 2.1.6.2.f.  This is a level-1 diagram for a
simplified course registration system for col-
lege students.

The external agencies in the diagrammed sys-
tem are a student (STUDENT), faculty
(FACULTY), and the university’s accounts
receivable systems (A/R SYSTEM).

The data flow diagram shows that the student
submits a registration request (REG-REQ) to
the system.  As part of the processing, the
registration systems accesses the balance due
for the student (STUDENT-BAL-DUE) from
the accounts receivable system.  If the student
still owes money to the university, the system
prepares and delivers to the student a state-
ment for this balance due (STMT).  If there is
no balance due, the transaction is considered
to be a “clean registration,” and conversion
process 1 sends each individual class request
(CLASS-REQ) on to the next conversion pro-
cess.

For each class request, a test of available space
is made.  If the class assignment  is received,
the student social security number (SSN) is
added to the data store 2 for that class (CLASS-

with a process.  A fifth problem occurs when
there’s no access to data store 2.  Data store 2
receives data, but nothing is ever used from it.
The sixth problem is that external agency 1
feeds data store 1.  In this domain we don’t care
about an external agency that doesn’t relate to
a process in the domain.

One purpose of information flow diagram-
ming is to communicate what you’ve found
out about the domain.  Good communication is
clear and simple.  Information flow diagrams
are simple because they involve a few simple
symbols.  But when we put hundreds of these
symbols together, we can get a huge chart
that’s hard to use.

A mechanism used to keep information flow
diagrams simple is hierarchical or top-down
partitioning.  You were introduced to parti-
tioning in the analyzing information flows
module.  Remember, partitioning involves
breaking out details associated with individual
processes.  Partitioning creates new diagrams
to show information flows in greater detail.

Since even the most basic of systems might
contain 200 process ovals and too many over-
lapping flows, we choose to use multiple levels
of relatively simple information flow diagrams.

Individual information flow diagrams can be
kept relatively simple because, at any point, a
single process oval can easily be partitioned
into separate, lower-level information flow
diagrams.  A product of the partitioning pro-
cess is often called a child of the original
process, call the parent.

Remember that the flows in and out of a child
diagram or out from any conversion process
oval (in to any oval from outside the diagram
or out of any oval to outside the diagram) must
be the same as the flows in and out of the parent
oval in the higher-level diagram.  See Figures
2.1.6.2.d. and 2.1.6.2.e. and try to match the
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LISTS).  At the same time, an entry (CLASS-
RECD) is made to indicate a completed class
registration in the record for this student within
the student master (STUDENT-MASTER)
data store 1.

Next, the classes received (CLASS-RECD)
and classes denied (CLASS-CLOSED) are
compiled on a schedule of classes (SCHED-
ULE) sent to the student.

The data store 1 of student master information
is used to issue a tuition bill (TUITION-BILL)
that is sent to the student and also to update the
accounts receivable system (NEW-BAL-
DUE).

Finally, the STUDENT-MASTER data store 1
is used, together with the CLASS-LISTS data

store 2, to prepare lists of students registered in
the various classes (COURSE-ENROLL-
MENT) for delivery to the faculty.

Note that both the external entity STUDENT
and the data store STUDENT-MASTER ap-
pear twice in this diagram.  The reason for this
repetition is to avoid crossing data flow lines.
A special convention has been established for
handling this type of situation.  If an external
entity must be repeated, each occurrence is
marked with a single slash in the lower right-
hand corner.  If a second entity is repeated, a
double slash is used for each occurrence of that
entity, and so on.  A similar convention is used
when data stores are repeated, with the slashes
appearing in the lower left-hand corner.  (This
example is taken from Powers, Adams, and
Mills, pp. 259-261)

DAILY PART RECEIPTS PURCHASING OFFICE

INVENTORY

ITEMS-
RECEIVED

INVENTORY-
STATUS

Figure 2.1.6.2.a.  This information flow diagram is incorrect because there are no processing
ovals.  (adapted from Powers, Adams, and Mills, p. 264)
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Figure 2.1.6.2.b.  This diagram shows a correct approach for the information flows in Figure
2.1.6.2.a.  (adapted from Powers, Adams, and Mills, p. 265)

Figure 2.1.6.2.c.  Can you find six errors in this information flow diagram?  (adapted from
Powers, Adams, & Mills, p. 268)

DAILY PART RECEIPTS PURCHASING OFFICE

INVENTORY

ITEMS-
RECEIVED

INVENTORY-
STATUS

PREPARE INV. 
STATUS 
REPORT

ADD ITEMS 
RECEIVED TO 
INVENTORY

VENDOR-INVOICE

QUANTITY-ON-HAND

Data Store 1

External
Agency

1

Data Store 2

External
Agency

2

External
Agency

3

Conversion
Process

2

Conversion
Process

1
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a

c
d

e

f

g

h

i

k

l

jn

m

b

External
Agency

1

External
Agency

3

External
Agency

4

External
Agency

2

Data Store 1 Data Store 2

Conversion
Process

1

Conversion
Process

2 Conversion
Process

3

Conversion
Process

4

Conversion
process

6

Conversion
Process

5

Figure 2.1.6.2.d.  This level-1 information flow diagram represents a partitioned context dia-
gram.

Figure 2.1.6.2.e.  This level-2 information flow diagram shows the partitions for conversion
process 4 shown in Figure 2.1.6.2.d.

Conversion
Process

4.3

m

j

n

l

External
Agency

2

Conversion
Process 

4.2

Conversion
Process

5

Conversion
Process

4.4

Data Store 4.1

Data Store 2

Conversion
Process

4.1

Data Store 1
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Figure 2.1.6.2.f.  Data flow diagram for simplified course registration system.  (adapted from
Powers, Adams, & Mills, p. 260)

5
PREPARE
COURSE

ENROLLMENT
REPORT

1
CHECK

A/R
STATUS

4
PREPARE
TUITION

BILL

3
PREPARE

SCHEDULE

2
ADD STUDENT

TO CLASS
LIST

2
CLASS-LISTS

1
STUDENT-MASTER

2
A/R

SYSTEM
1

STUDENT

1
STUDENT

3
FACULTY

1
STUDENT MASTER

SCHEDULE

NAME

COURSE-
ENROLLMENT

SSN

SSN

CLOSED-CLASS

CLASS-RECD

CLASS-REQ

REG-REQ STUDENT-
BAL-DUE

NEW-BAL-
DUE

TUITION
BILL

REGISTERED-
HOURS

STMT
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/SYSTEM MODELING TOOLS

2.1.6.3. DATA  DICTIONARY .

Use the Data Dictionary to Define Data
(The discussion of the data dictionary is adapted
from Powers, Adams, and Mills, pp. 286-290.)

In  developing information flow diagrams we
must name the components.  We must name
information flows and data stores.  The names
we assign must be used consistently through-
out system documentation and in the programs
developed to implement the system.  There-
fore, we must establish a common vocabulary,
or data dictionary.  The data dictionary con-
tains the names assigned to all information
flows and data stores, with exact and complete
definitions for each term or data element in
them.

I’ve said information flows are pipelines car-
rying information formats or packets of data.
Each packet may contain several elements of
data.  In building a data dictionary, both indi-
vidual elements and packets of data need special
identities and definitions of their own.

We call a basic unit, or piece, of data not
broken down into more detailed units a data
element.  Examples of data elements include
customer account number, student social se-
curity number, balance due, and billing amount.

We can picture a data packet as a data struc-
ture.  A data structure consists of two or more
logically related data elements.  Data struc-
tures can be made up of other data structures,
as well as of individual data elements.  To
illustrate, in the student registration system
shown in Figure 2.1.6.2.f., the data structure
for a registration request includes the student’s
social security number plus an iteration of
course requests.  This data structure consists of

one data element and a series of other data
structures.  The social security number, which
can’t be broken down meaningfully, is a data
element.  Each course request, however, con-
sists of several data elements, including
department number, course number, section
number, and credit hours to be awarded.  Thus,
each course request is a data structure com-
posed of four data elements.

We have powerful techniques for describing
data structures.  These techniques are similar
to those of everyday English syntax and gram-
mar.  For example, rules of normal English
grammar require that a sentence contain two
basic parts:  a subject and a predicate.  These
basic sentence parts are, in turn, broken down
into parts that can include nouns, verbs, adjec-
tives, adverbs, articles, etc.

In the same sense, we can identify data struc-
tures in terms of three basic structures, or rules
of grammar.  These rules establish structures
using sequence, selection, and iteration.  For
example, consider a file made up of a sequence
of three items:  a header record, the body of the
file, and the trailer record.  The header record
may contain information on how to process the
body of the file.  The trailer record may contain
control information such as instructions for
cross-checking calculations.  In other words,
the file, as a whole, is described simply as a
sequence of three items—header, body, and
trailer.

Next look at the body of the file.  The body can
be considered a file in its own right, because it
is made up of an iteration of a variable number
of records.  In an iterated file, each record may
be of the same type and follow the same

Once we have the information flow diagrams, we can pull the data elements out
of each information flow to form a data dictionary.
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format.  But the file may have records of
several different types, such as a personnel
record, a skill-experience record, a salary-
history record, and so on.  A file of this type
constitutes a use of the selection rule.  That is,
each record is of one type or another, depend-
ing on a selection indicator contained in the
record.  Moving to a more detailed level, a
personnel record might be considered a se-
quence of things like name, address, phone
number, marital status, and so on, together
with a sequence of subrecords.  One of those
subrecords might be a list of children—an
iteration of zero or more names.

We use specific notations to implement syntax
rules.  These notations are illustrated in Figure
2.1.6.3.a.  We’ll first look at sequence.  Within
data structures, a sequence simply means link-
ing together data elements or data structures.
Components in a sequence are grouped into a
single data structure by means of plus signs
(+), which assume the meaning of “and.”

Iteration, or repetition, of data elements or
structures within larger data structures is indi-
cated in Figure 2.1.6.3.a. by braces ({...}).
Thus, for example, within a student record, the
iterated completed courses would be enclosed

in braces.  Optional data elements can also be
considered as iterations because an optional
item may be used either zero times or once.
Thus, optional data items may be enclosed in
braces or may be indicated by parentheses.

The third operation for building data struc-
tures is selection.  Selection refers to choosing
one and only one item from a group of data
elements or structures.  This is indicated by
bracketing.  The example in Figure 2.1.6.3.a.
illustrates the data structure for a course re-
quest—you can choose to either drop or add a
course, with no other alternatives.

Figure 2.1.6.3.b. illustrates the data dictionary
syntax applied to the example of an EM-
PLOYEE-FILE, taken from Powers, Adams,
and Mills.  Note how the increasing levels of
detail in the figure reflect the hierarchical
partitioning of information flow diagrams.  As
a general rule, the data structures that define
the data flows of higher-level data flow dia-
grams will tend to be higher-level data
structures.  As the information flow diagrams
are partitioned into child diagrams, the corre-
sponding data structures tend to be decomposed
on the same basis.
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DATA STRUCTURE NOTATION CONVENTIONS

SEQUENCE
EX:

COURSE = DEPT-NUM
        + COURSE-NUM
        + COURSE-TITLE
        + CREDIT-HOUR-RANGE
        + TERMS-OFFERED
        + DESCRIPTION

REPETITION
EXACTLY N ITERATIONS N{...}
ONE TO N ITERATIONS N{...} OR {...}CONDITION
UNLIMITED ITERATIONS   {...}
OPTIONAL  1{...} OR (...)

EX:
STUDENT RECORD= REGISTRATION-REQUEST=

SOC-SEC-NUM SOC-SEC-NUM
DEPT-NUM     10 DEPT-NUM

          +COURSE-NUM +COURSE-NUM
          +YEAR-TERM +SEC-NUM
          +CREDIT-HOURS +CREDIT-HOURS
          +GRADE

SELECTION—EXACTLY ONE OF SEVERAL OPTIONS
EX:

COURSE-CHANGE-REQUEST =

+
1

ALL COMPLETED
COURSES

ADD-COURSE

DROP-COURSE

+

Figure 2.1.6.3.a.  These examples of data structure notation conventions illustrate sequence, repeti-
tion, and selection..  (taken from Powers, Adams, & Mills, p. 29)
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EMPLOYEE-FILE =  HEADER-RECORD
+BODY
+TRAILER-RECORD

BODY = (BODY-RECORD)

  PERSONNEL-RECORD
BODY-RECORD =   SKILL-EXPERIENCE-RECORD

  SALARY-HISTORY-RECORD

PERSONNEL-RECORD =  NAME
+EMPLOYEE-NUMBER
+BIRTH-DATE
+HOME-ADDRESS
+PHONE
+(SPOUSE-NAME)
+10{PREVIOUS-EMPLOYER + DATES}
+15{CHILD-NAME}

Figure 2.1.6.3.b.  These notations show different, increasing levels of detail for data dictionary
syntax.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/SYSTEM MODELING TOOLS

2.1.6.4. STRUCTURED ENGLISH

We can use formal English statements to set out processing rules for converting
information flows.

(The discussion on Structured English is quoted
from Powers, Adams, and Mills, pp. 305-308.)

“Not all processes involve the consideration of
multiple conditions and resulting outcomes
like those considered above.  Many processes
lend themselves, instead, to a more straight-
forward sequence of steps or the iteration of
smaller processes.  In such instances, a series
of formal English statements, using a small,
strong, selected vocabulary, can be used to
communicate processing rules.  This tool is
known as structured English.

“One of the values of structured English is that
verbal statements are a natural medium of
communication between users and program-
mers.  Users are generally comfortable with
English statements.  At the same time, the
format of structured English is sufficiently
precise so that it will not be misinterpreted by
designers or programmers.  To maintain the
communication link with the user, however,
care must be take to avoid having structured
English statements look like pseudocode.

“Structured English uses three types of con-
structs:

• Sequence
• Selection
• Iteration

SEQUENCE:
Set penalty of 10% of 90 day-arrears.
Set net-bill to sum of curr-charge plus previ-
ous-balance plus penalty.

SELECTION (IF-THEN):
If 90 day arrears is over $50

Then
Set penalty to 15% of 90 day-arrears.

Otherwise
Set penalty to 10% of 90 day-arrears.

Set net-bill to sum of curr-charge plus previ-
ous-balance plus penalty.

SELECTION (CASE CONSTRUCT):
Select the appropriate case.

Case 1 (Customer-type is residential).
.
.
.

Case 2 (Customer-type is commercial).
.
.
.

Case 3 (Customer-type is industrial).
.
.
.

Case 4 (Customer-type is institutional).

ITERATION:
For each account record in the customer-mas-
ter-file:

Set consumption to the difference of
Current-read less previous-read.

If consumption is positive,
Then

Select the appropriate case.
Case 1 (Customer-type is residential):

.

.

.

Case 2 (Customer-type is commercial).
.
.
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glish used in these examples:

• Strong verbs are used to begin statements
that describe initiation of an act or imple-
mentation of a decision.

• Statements are formatted with multiple
levels of indentation.  These indentations
correspond with processing blocks.

“As is the case with decision trees and decision
tables, use of structured English statements is
at the discretion of the analyst.  These three
tools can be used singly or in combination,
depending upon the process being described.”

.

.

.

Otherwise
Write the account-number and ser
vice-address to the accts-not-billed
report.

(pseudocode from Powers, Adams, and Mills,
pp. 306-307)

“Examples of structured English statements
for these three constructs are shown above.
Note the major techniques of structured En-
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/SYSTEM MODELING TOOLS

2.1.6.5. AN INTEGRATED  EXAMPLE .

I’ve quoted a section of Tom deMarco’s book
Structured Analysis and System Specification
to illustrate a combination of system modeling
tools applied to a special example.  Notice
some difference in convention from my pre-
ceding discussion.  You shouldn’t have any
problem with the difference.  For example
deMarco uses the term data flow diagram
instead of information flow diagram.

“The purpose of this chapter is to give you a
look at each one of the tools of Structured
Analysis at work.  Once you have a good idea
of what they are and how they fit together, we
can go back and discuss the details.

3.1 A Sample Situation
“The first example I have chosen is a real one,
involving the workings of our own company,
Yourdon Inc.  To enhance your understanding
of what follows, you ought to be aware of these
facts:

1. Yourdon is a medium-sized computer con-
sulting and training company that teaches
public and in-house sessions in major cit-
ies in North America and occasionally
elsewhere.

2. People register for seminars by mail and
by phone.  Each registration results in a
confirmation letter and invoice being sent
back to the registrant.

3. Payments come in by mail.  Each payment
has to be matched up to its associated
invoice to credit accounts receivable.

4. There is a mechanism for people to cancel
their registrations if they should have to.

Through an integrated example, we can see how the data flow diagram, the data
dictionary, and structured English work together.

5. Once you have taken one of the company’s
courses, or even expressed interest in one,
your name is added to a data base of people
to be pursued relentlessly forever after.
This data base contains entries for tens of
thousands of people in nearly as many
organizations.

6. In addition to the normal sales prompting
usage of the data base, it has to support
inquiries such as

• When is the next Structured Design Pro-
gramming Workshop in the state of
California?

• Who else from my organization has at-
tended the Structured Analysis seminar?
How did they rate it?

• Which instructor is giving the Houston
Structured Design and Programming
Workshop next month?

“In early 1976, Yourdon began a project to
install a set of automated management and
operational aids on a PDP-11/45, running un-
der the UNIX operating system.  Development
of the system—which is now operational—
first called for a study of sales and accounting
functions.  The study made use of tools and
techniques of Structured Analysis.  The fol-
lowing subsections present some partial and
interim products of our analysis.

3.2 A Data Flow Diagram Example
“An early model of the operations of the com-
pany is presented in [Figure 2.1.6.5.a.]  It is in
the form of a Logical Data Flow Diagram.
Refer to that figure now, and we’ll walk through
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one of its paths.  The rest should be clear by
inference.

“Input to the portrayed area comes in the form
of Transactions (“Trans” in the figure).  These
are of five types:  Cancellations, Enrollments,
Payments, Inquiries, plus those that do not
qualify as any of these, and are thus considered
Rejects.  Although there are no people or
locations or departments shown in this figure
(it is logical, not physical), I will fill some of
these in for you, just as I would for a user to
help him relate back to the physical situation
that he knows.  The receptionist (a physical
consideration) handles all incoming transac-
tions, whether they come by phone or by mail.
He performs the initial edit, shown as Process
1 in the figure.  People who want to take a
course in Unmitigated Freelance Speleology,
for example, are told to look elsewhere.  In-
complete or improperly specified enrollment
request and inquiries, etc., are sent back to the
originator with a note.  Only clean transactions
that fall into the four acceptable categories are
passed on.

“Enrollments go next to the registrar.  His
function (Process 2) is to use the information
on the enrollment form to update three files:
the People File, the Seminar File, and the
Payments File.  He then fills out an enrollment
chit and passes it on to the accounting depart-
ment.  In our figure, the enrollment chit is
called “E-Data,” and the accounting process
that receives it is Process 6.

“ Information on the chit is now transformed
into an invoice.  This process is partially auto-
mated, by the way—a ledger machine is
used—but that information is not shown on a
logical Data Flow Diagram.

“The invoice passes on to the confirmation
process (which happens to be done by the
receptionist in this case).  This task (Process 7)
involves combining the invoice with a cus-
tomized form letter, to be sent out together as

a confirmation.  The confirmation goes back to
the customer.

3.2.1. Some Data Flow Diagram
Conventions

“If you have followed the narrative so far, you
have already picked up the major Data Flow
Diagram conventions:

• The Data Flow Diagram shows flow of
data, not of control.  This is the difference
between Data Flow Diagrams and flow-
charts.  The Data Flow Diagram portrays a
situation from the point of view of the data,
while a flowchart portrays it from the point
of view of those who act upon the data.  For
this reason, you almost never see a loop in
a Data Flow Diagram.  A loop is something
that the data are unaware of; each datum
typically goes through it once, and so from
its point of view it is not a loop at all.  Loops
and decisions are control considerations
and do not appear in Data Flow Diagrams.

• Four notations symbols are used.  These
are:

• The name vector (called a data flow),
which portrays a data path.

• The bubble (called a process), which
portrays transformation of data.

• The three-sided rectangle, which por-
trays a file or data base.

• The box (called a source or sink), which
portrays a net originator or receiver of
data—typically a person or an organi-
zation outside the domain of our study.

“Since no control is shown, you can’t tell from
looking at a Data Flow Diagram which path
will be followed.  The Data Flow Diagram
shows only the set of possible paths.  Simi-
larly, you can’t tell what initiates a given
process.  You cannot assume, for instance, that
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Process 6 is started by the arrival of an E-
Data—in fact, that’s not how it works at all.
E-Data’s accumulate until a certain day of the
week arrives, and then invoices all go out in a
group.  So the data flow E-Data indicates that
data path, but not the prompt.  The prompting
information does not appear on a Data Flow
Diagram.

3.2.2. An Important Advantage of the Data
Flow Diagram

“Suppose you were walking through [Figure
2.1.6.5.a.] with your user and he made the
comment:  ‘That’s all very fine, but in addition
to seminars, this company also sells books.  I
don’t see the books operation anywhere.’

“‘Don’t worry, Mr. User, ‘ you reply, ‘the
book operation is fully covered here,’ (now
you are thinking furiously where to stick it)
‘here in Process...um...Process Number 3.  Yes,
definitely 3.  It’s part of recording payments,
only you have to look into the details to see
that.’

“Analysts are always good at thinking on their
feet, but in this case, the effort is futile.  The
book operation has quite simply been left out
in [Figure 2.1.6.5.a.]—it’s wrong.  No amount
of thinking on your feet can cover up this
failing.  No books flow in or out, no inventory
information is available, no reorder data flows
are shown.  Process 3 simply doesn’t have
access to the information it needs to carry out
books functions.  Neither do any of the others.

“Your only option at this point is to admit the
figure is wrong and fix it.  While this might be
galling when it happens, in the long run you
are way ahead—making a similar change later
on to the hard code would cost you consider-
ably more grief

“I have seen this happen so many times:  an
analyst caught flat-footed with an incorrect
Data Flow Diagram, trying to weasel his way
out, but eventually being forced to admit that

it is wrong and having to fix it.  I conclude that
it is a natural characteristic of the tool:

“When a Data Flow Diagram is wrong, it is
glaringly, demonstrably, indefensibly wrong.

“This seems to me to be an enormous advan-
tage of using Data Flow Diagrams.

3.2.3 What Have We Accomplished With
a Data Flow Diagram?

“The Data Flow Diagram is documentation of
a situation from the point of view of the data.
This turns out to be a more useful viewpoint
than that of any of the people or systems that
process the data, because the data itself sees
the big picture.  So the first thing we have
accomplished with the Data Flow Diagram is
to come up with a meaningful portrayal of a
system or part of a system.

“The Data Flow Diagram can also be used as
a model of a real situation.  You can try things
out on it conveniently and get a good idea of
how the real system will react when it is finally
built.

“Both the conceptual documentation and the
modeling are valuable results of our Data Flow
Diagramming effort.  But something else, per-
haps more important, has come about as a
virtually free by-product of the effort:  The
Data Flow Diagram gives us a highly useful
partitioning of a system.  [Figure 2.1.6.5.a.]
shows an unhandily large operation conve-
niently broken down into eight pieces.  (If any
interface is left out, the diagram is simply
wrong and has to be fixed.)

“Notice that the use of a Data Flow Diagram
causes us to go about our partitioning in a
rather oblique way.  If what we wanted to do
was break things down, why didn’t we just do
that?  Why didn’t we concentrate on functions
and subfunctions and just accomplish a brute-
force partitioning?  The reason for this is that
a brute-force partitioning is too difficult.  It is
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Number, and Amount-of-Payment, concat-
enated together.  They must appear in that
order, and they must be all present.  No other
kind of data flow could qualify as a Payment-
Data, even though the name might be
applicable.

“You may have to make several queries to the
Data Dictionary in order to understand a term
completely enough for your needs.  (This also
happens with conventional dictionaries—you
might look up the term perspicacious, and find
that it means sagacious; then you have to look
up sagacious.)  In the case of the example
above, you may have to look further in the
Data Dictionary to see exactly what an In-
voice-Number is:

Invoice-Number = State-Code  +
Custom-Account-Number  +
Salesman-ID  +
Sequential-Invoice-Count

“Just as the Data Flow Diagram effects a
partitioning of the area of our study, the Data
Dictionary effects a partitioning of the area of
our study, the Data Dictionary effects a top-
down partitioning of our data.  At the highest
levels, data flows are defined as being made up
of subordinate elements.  Then the subordinate
elements (also data flows) are themselves de-
fined in terms of still more detailed
subordinates.

“Before our Structured Specification is com-
plete, there will have to be a Data Dictionary
entry for every single data flow on our Data
Flow Diagram, and for all the subordinates
used to define them.  In the same fashion, we
can use Data Dictionary entries to define our
files.

3.4 A Structured English example
“Partitioning is a great aid to specification, but
you can’t specify by partitioning alone.  At
some point you have to stop breaking things
down into finer and finer pieces, and actually

too difficult to say with any assurance that
some task or group of tasks constitutes a “func-
tion.”  In fact, I’ll bet you can’t even define the
work function except in a purely mathematical
sense.  Your dictionary won’t do much bet-
ter—it will give a long-winded definition that
boils down to saying a function is a bunch of
stuff to be done.  The concept of function is just
too imprecise for our purposes.

“The oblique approach of partitioning by Data
Flow Diagram gives us a “functional” parti-
tioning, where this very special-purpose
definition of the word functional applies:

“A partitioning may be considered functional
when the interfaces among the pieces are mini-
mized.

“This kind of partitioning is ideal for our
purposes.

3.3. A Data Dictionary Example
“Refer back to [Figure 2.1.6.5.a.] for a mo-
ment.  What is the interface between Process 3
and Process 7?  As long as all that specifies the
interface is the weak name “Payment-Data,”
we don’t have a specification at all.  “Payment-
Data” could mean anything.  We must state
precisely what we mean by the data flow
bearing that name in order for our Structured
Specification to be anything more than a hazy
sketch of the system.  It is in the Data Dictio-
nary that we state precisely what each of our
data flows is made up of.

“An entry from the sample project Data Dic-
tionary might look like this:

Payment-Data = Customer-Name  +
Customer-Address  +
Invoice-Number  +
Amount-of Payment

“In other words, the data flow called “Pay-
ment-Data” consists precisely of the items
Customer-Name, Customer-Address, Invoice-
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POLICY FOR INVOICE PROCESSING

If the amount of the invoice exceeds $500
If the account has any invoice more than 60 days overdue

hold the confirmation pending resolution of the debt.
Else (account is in good standing),

issue confirmation and invoice.
Else (invoice $500 or less),

If the account has any invoice more than 60 days overdue,
issue confirmation, invoice and write message on the
credit action report.

Else (account is in good standing),
issue confirmation and invoice.

Figure 2.1.6.5.b.  Structured English example of a user’s invoice handlling policy.  (taken from
deMarco, p. 43)

handling policy from the sample analysis.  It
appears without clarification; if clarification is
needed, it has failed in its intended purpose.”
(quoted from deMarco, pp. 37-43)

Conclusion
As we’ve looked at system modeling tools, I
hope you’ve noticed we don’t need to include
a computer in our thinking.  Consider the data
stores in the information flow diagrams.  They
can be metal card files or Rolodex files, etc.  Of
course; the information flows can be hand-
written pieces of paper, carried from desk to
desk by hand.  We can also write a data
dictionary for that hand-written piece of pa-
per—and we can describe what the piece of
paper does in Structured English.

document the makeup of the pieces.  In the
terms of our Structured Specification, we have
to state what it takes to do each of the data
transformations indicated by a bubble on our
Data Flow Diagram.

“There are many ways we could go about this.
Narrative texts is certainly the most familiar of
these.  To the extent that we have partitioned
sufficiently before beginning to specify, we
may be spared the major difficulties of narra-
tive description.  However, we can do even
better.

“A tool that is becoming more and more com-
mon for process description is Structured
English.  Presented in [Figure 2.1.6.5.b.] is a
Structured English example of a user’s invoice
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Figure 2.1.6.5.a.  Model of the operations of the company.  (adapted from deMarco, p. 39)
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/SYSTEM MODELING TOOLS

2.1.6.6. DIAGRAMMING  MSL’ S PERSONNEL ACCOUNTING .

I’ll use Management Systems Laboratories’
personnel accounting system as our domain of
responsibility in an example of information
flow diagramming.  Figure 2.1.6.6.a. is a con-
text diagram for the personnel accounting sys-
tem, showing its relationships with the exter-
nal environment.  We’d like to track the flow
of information in two ways—physically and
logically.  Let’s begin with a physical model,
since it will be easier to follow.  We’ll record
how information, whether in the form of
hardcopy reports or electronic versions of these
in computers, are passed from person to per-
son and what actions he or she takes on this
information.

MSL employees keep track of what they work
on each hour of the day, and a code is assigned
to all the different projects a person works on.
Employees are paid from many different ac-
counts according to their time spent on each
project.  For example, if Mr. Green works
three hours on an emergency management
plan for Westinghouse, the amount ($) that
equals his wage rate times three hours comes
out of the Westinghouse project account and
that amount of money goes toward paying his
salary.  So you can see why it’s important for
the employees to log their time because each
account has a budgeted amount of money that
can be spent on employees’ labor.  See Figure
2.1.6.6.b. for a sample timesheet that is com-
piled by an employee and submitted to his or
her supervisor at the end of each pay period.

To track the timesheets and other pieces of
information through the system, I’ve con-
structed a physical information flow diagram
(Figure 2.1.6.6.c.).  As you can see in the
figure, the supervisor signs the timesheet and

then forwards it to Wanda, who enters the
hours charged to each project code on the
accounting system on the computer.  Wanda
then compiles the total personnel cost figures
and sends them to Diane.  Although not shown
in this process bubble, Diane combines the
personnel cost information with materials costs,
travel expense costs, and other costs that are
charged to the individual project codes.  Diane
uses all of this cost information to produce a
preliminary project cost sheet to tell project
managers how much was spent from each
project account, and how it was divided be-
tween employees’ labor, materials bought for
the project, etc.

Let’s now look at the bubble labelled “Eliza-
beth.”  She’s the personnel director and she
coordinates the personnel information flow in
MSL.  Note how she receives job and salary
information from Tech’s personnel depart-
ment and uses that information to give Wanda
the hourly and fringe benefit rates, who uses
these data to produce the total personnel cost
reports.  Wanda, in turn, sends a report to
Elizabeth to give her the percentage of em-
ployees’ time spent per project so Elizabeth
can create an LDR (labor distribution report).
This information gets passed to Sharon who
drafts the actual reports, circulates them for
approval and signatures, and then sends them
back to Elizabeth.  She now sends the LDR to
an external entity—Tech’s Sponsored Pro-
grams Office.  This office has direct contact
with MSL’s sponsors, who give MSL money
to do research projects for them.  Sponsored
Programs needs the LDR’s to show the spon-
sors we’re keeping within budget guidelines.

Elizabeth and Sharon share another flow of

 By diagramming MSL’s personnel accounting system, you can review the partition-
ing of the domain and more-detailed data flow diagrams.
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vert one information flow into another?  Fig-
ure 2.1.6.6.d. shows the way we want to parti-
tion the domain from Figure 2.1.6.6.a.  Using
the partitioning in Figure 2.1.6.6.d., we can
draw Figure 2.1.6.6.e.—a level-1 logical in-
formation flow diagram.  The next steps (not
shown here) are to partition each of the four
bubbles (conversion processes) and to draw
four level-2 logical information flow diagrams.
The information for drawing the level-2 dia-
grams comes from Figure 2.1.6.6.c.

Think about how you would use Figure
2.1.6.6.c. to discuss the operation of MSL’s
personnel accounting system with someone
who knows nothing about information sys-
tems.  Think also about how you would pro-
duce the level-2 diagrams using Figures
2.1.6.6.c. and 2.1.6.6.e.  Finally, think about
the difference between physical and logical
information flow diagrams from the table in
the section called Analyzing Information Flow.

information.  Elizabeth passes salary and per-
sonnel data to Sharon so she can produce P3-
A forms that go to Tech payroll, who draft the
employees’ paychecks.  I don’t show an infor-
mation flow arrow for carrying payroll checks
back to the employees because this flow would
connect two external entities.  If you recall
your diagramming rules, we don’t concern
ourselves with flows outside our domain of
responsibility.

We can use Figure 2.1.6.6.c., the physical
information flow diagram, to understand what’s
going on in MSL.  We also use the physical
diagram to make sure MSL people agree with
our understanding.  MSL people will think in
terms of who does what to whom; and that’s
what we show in Figure 2.1.6.6.c.

Now let’s prepare the information for possible
automation.  We have to think about the infor-
mation flows logically.  What’s done to con-

Figure 2.1.6.6.a.  Context diagram for MSL’s accounting system.
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Figure 2.1.6.6.b.  MSL’s time sheet.
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M. 1-11-111 2.75 finished editing Citibank proposal

Tu. 77-77-777 14.5 gave presentation to Westinghouse

W. 44-44-444 9.0 wrote management plan for Dept. of Energy
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Budgeting and task code generation

Personnel-oriented project management

Production of labor distribution reports and 
invoices for sponsor

Payment of personnel

Figure 2.1.6.6.d.   Partitions for Context Diagram.
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Figure 2.1.6.6.e.   Logical Information Flow Diagram of MSL’s Personnel Accounting System.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/SYSTEM MODELING TOOLS

2.1.6.7. EXERCISE ON DATA  DICTIONARY .

Explanation
In Module 1.1.18.10., you did a context diagram
for a domain of responsibility.  The context
diagram is a zeroth-level DFD.  In Module
2.1.5.4., you partitioned the domain of
responsibility to produce more detailed DFD’s.
Now that you know each information flow,
you can figure out the data carried along with
each piece of information.  The name of the
game is to find the data requirements so you
can find out how to acquire, store, retrieve, and
manipulate only the needed data to later make
information through comparing indicator data
to reference data.

Situation Description
Sally and Bob graduated from Virginia Tech
together five years ago.  Sally, an engineering
graduate, has been successful in technical sales
for a major chemical company.  Bob, a business
graduate, has been an administrative officer
for a small company.

Based on their success in working for others,
they both wanted to go into business for
themselves.  They bought a small shoe store in

Blacksburg, Virginia, close to their alma mater.

Bob and Sally agreed that Bob would invest
10% more than Sally and thus be the controlling
partner in the business.

Sally does the inventory and customer end of
the business and Bob does the purchasing and
financial end of the business.  Sally hired John
to carry much of the day-in-day-out customer
service.  John has a flair for decorating and
advertising.

Sally and Bob want to get their management
started right.  You’ve been hired as a
management consultant to advise them.

Exercise
Write a data dictionary for three of the
information flows from the domain of
responsibility of the shoe store.  Start with the
DFD’s you did in Module 2.1.5.4..  Choose
three information flows and indicate which
ones they are.  For each information flow,
write a data dictionary showing the data carried
by the information flow.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL DATA ANALYSIS

2.1.7.1. DATA , INFORMATION , AND IMAGE  STORAGE—LILLA  CABOT-
PERRY



1121



1122

BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL DATA ANALYSIS

2.1.7.2. IMAGES AND DATA  ARE PART OF INFORMATION  RESOURCE

MANAGEMENT
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL DATA ANALYSIS/
NORMALIZING DATA BASES

2.1.7.3.1. ANALYZING  DATA

In building any management tool, we ulti-
mately must deal with data.  Data is the stuff
we make information from.  We use informa-
tion to support decision making.  We’ve ap-
proached data from the starting point—from
decisions.  We used the management system
model.  Considering data and information,
we’ll step through the majority of the follow-
ing steps.

1. Domain
2. Context
3. Analyze relationships (partitioning tech-

nique)
4. Information flows (DFD and data

dictionary)
5. Output formats
6. Input methods
7. Information sources (and sinks)
8. Stores (files)
9. External entities
10. Conversion processes
11. Synthesize relationships (layering tech-

nique)
12. Design flows
13. Design sources
14. Design conversion processes
15. Test relationships

Notice several things from this list of steps.
First, the steps are information and data flow
oriented.  That is, they don’t include decisions.
We must figure out what the decisions are
we’ll use the information for.  And we do that
by doing charts like logic charts and work flow
diagrams.  The decisions feed into the steps
I’ve just listed at the point where we start
dealing with analyzing the relationships inter-
nal to the domain of responsibility.  Second,
the analysis steps tend to carry us from a
physical perspective to a logical one.  Third,

the synthesis steps tend to carry us from a
logical perspective back to a physical one.
That is, when we start, we use a physical
perspective in learning what we need from the
user.  Then, when we’re ready to turn every-
thing back to the user, we must go back to a
physical perspective again.

Looking at the 15 steps and thinking about
what we’ve talked about so far, we’re ready to
start thinking about sources (and sinks) of
data.  Data are obviously generated either
internal or external to the domain of responsi-
bility.  And they disappear either internal or
external to it.  Often, as we deal with data, we
want to store them and save them for a while—
maybe for a short while, maybe for a long
while.  So we can get data either from a source
or from a store.  And we can send them to either
one.  Figure 2.1.7.3.1. shows the sources and
sinks of data as we make information.

In logical data analysis, we can look at three
concepts:

1. Document analysis
2. External source/sink analysis
3. Data store analysis

In document analysis, you study the docu-
ments (or portrayal formats) in the domain of
responsibility.  They have data displayed on
them.  How good are the data?  Are there
redundant data?  We can also ask questions
like, “Are the data in the right place?”  In
logical data analysis, we’re interested in the
substance and redundancy of data, not the
form of data.

In analyzing external sources and sinks, you
study the veracity, timing, and use of data,

To evaluate the roles data play in the organzation, we analyze the sources and
sinks of data, the data stores, and the information flows.
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based on where you get the data from or who
you send them to.  In all of this, we’re inter-
ested in “data about data.”  Consider a piece of
data indicating a milestone has slipped two
months.  Who got that datum (data about the
data)?  When did that datum get put in the
system?

In data store analysis, you study the simplicity
and redundancy of putting data into a place
you can faithfully retrieve them from.  Most of
data analysis will focus on this analysis, but we
can’t overlook the others.  We like to deal with
data store analysis because it’s easiest to de-
fine and describe.

These analyses can be carried out in great
detail.  The amount of detail depends on your
objective when doing the analysis.  A cursory
or simple analysis will help find big overlaps
or gaps in the data and will help you under-
stand the management process, the domain of
responsibility, and how the flow of informa-
tion and the sources and sinks of data work.  A
detailed or complex analysis will help you
design a more efficient and easy-to-use infor-
mation system.  Much like the management
element (a concept I’ll describe shortly), good
analysis here tends to help us converge when
things get complicated.

Figure 2.1.7.3.1.  The sources and sinks of data and the data stores fit into the data to informa-
tion conversion process.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL DATA ANALYSIS/
NORMALIZING DATA BASES

2.1.7.3.2. DOCUMENT  ANALYSIS

One quick way to improve data integrity and reduce steps in an organization
is to study and streamline the many types of documents the organization has
accumulated over the years.

In many organizations you’ll find a large num-
ber of documents.  Many of the data will be
repeated from document to document.  Some
of the data will never be used.  For most of the
data, you’ll know nothing about who put them
there, or when, or how old the data are.

Most output formats in a domain of responsi-
bility evolve.  Also, the information system
evolves as different output formats are needed.

Consider this example.  While you’re in col-
lege, you decide to sell tee-shirts on consign-
ment.  You start with an order form.  That’s all
you need to keep track of what you’re doing.
So you make two data stores.  One keeps track
of the shirts you’ve sold (sizes, colors, etc.).
The other keeps track of your customers (name,
address, maybe color and size, etc.).  From
these data stores you can produce documents
listing which shirts make up most of your
business or listing your best customers so you
can send them a Christmas card.

Then your business grows.  You need some
additional students (sales people) to keep up
with all the business.  You also have to keep
some shirts on hand (the fast moving sizes,
styles, and colors).  Now you need data stores
for sales people and inventories.  You’ll need
merchandising and accounts payables docu-
ments.  Soon you’ll need to have payroll,
accounts receivables (no longer cash on the
barrel head), withholding taxes, and other docu-
ments.  As you do business, you’ll want to add
to various data stores so when you need to

aggregate data, you can.  You’ll have more
data stores and more documents.

Someday, you’ll have other personnel in addi-
tion to salespeople—secretary and stock clerks,
for example.  So you have different types of
wages.  Some get fringe benefits (insurance,
paid vacation, etc.).  How much vacation is
accumulated?  As you get bigger, some of your
people will get perks (e.g., a company car).

You didn’t analyze all this.  It just happened.
Your system evolved.  You developed your
information portrayal formats as you needed
them.  Many of your formats contain the same
data.  In some cases you get data for several
documents from the same data store.  In most
cases, you don’t.  You need to do a document
analysis to see what information you still need.
In some cases, you don’t need to know shirt
color like you did when you operated your
business out of the trunk of your car.  When
you developed the merchandising system, the
shirt color was incorporated in the item num-
ber for the shirt.  You’re keeping redundant
data—sometimes on the same document—or
at least on several documents.

These redundant data beget problems with
data integrity.  Each time a datum changes, you
have to find every place it occurs.  Then you
have to change that datum.  Chances are you’ll
miss one or more occurrences of a changed
datum.  Then you won’t know which value for
the datum is the right one.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL DATA ANALYSIS/
NORMALIZING DATA BASES

2.1.7.3.3. DATA  STORE ANALYSIS

If we don’t eliminate redundancy and complexity in data stores, we’ll surely reap
data integrity problems.

which document is most current or accurate.

By studying the idea of normalizing data files
(data stores), we’ll learn a technique for elimi-
nating redundancy and promoting integrity.
The technique also makes the files simpler
(always a valuable thing to do).  We’ll apply
normalization to data stores, but we can ex-
trapolate the ideas to document analysis and
other issues where we want to eliminate redun-
dancy.

Redundancy is bad in a computer because in
the computer data are out of sight and we
forget we may have some data (or derivatives
of those data—e.g., hours, pay rate, and pay) in
several places.  Since we can’t readily see the
situation, we forget it.

We’ve studied information flows and infor-
mation conversion processes.  Now we’ll study
data stores.

We can apply two main criteria to data stores
so we can see if their components and organi-
zation are best for the information system
we’re interested in.  One of these criteria is
simplicity.  We want both the organization of
and the access to a data store to be as simple as
possible.  Usually that means we’ll implement
the data store as a simple sequential or direct-
access file.  That is, the elements in the data
store are referenced by a primary key and we
have no repeating groups of data in the data
store.  A primary key consists of is one or more
data elements that identify uniquely the occur-
rence of a data structure in a data store.  Your
social security number might be the key for a
data store containing data about you.  A data

In the shirt business example in Module
2.1.7.3.2., we talked about building separate
tools for small functions in the bottom-up
approach.  We built one information system
for one separate function.  The information
system had its own database.  Then we did
another information system for another func-
tion with another database.  We used the clas-
sical bottom-up approach (see Module 2.1.4.)
for developing our information system.  With
two databases we had update problems and
data integrity problems—typical problems in
the bottom-up approach.  When we went to
more systems for more functions, the problem
increased.

Now, we’ll look at a top-down approach where
we do several functions simultaneously.  We’ll
find several files in our one database (perhaps
one, maybe a couple).  The database will be
kept in one mechanism—not a file cabinet and
rolodex, but a computer database.  Let’s see
what redundancy plagues us even now.  We
want to remove redundancy from any files,
whether in a file cabinet, rolodex, and/or on a
computer.

At Management Systems Laboratories, no one
trusts the central filing cabinets—mostly be-
cause we don’t lock them.  Locked filing
cabinets make people angry.  Unlocked file
cabinets mean we don’t know what has been
put in, removed, or replaced.  We don’t know
how to share data.  So everyone has their own
filing cabinets.  Things are filed in several
places.  Sometimes, a document is updated in
one of the places.  The others stay the same.
Then, the document you get depends entirely
on which filing cabinets you go to—not on
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store is simpler if it doesn’t have alternate keys
or pointers to link records, and if it doesn’t
require implementation as variable-length
records.  The criterion for logical data organi-
zation is always simplicity over complexity.

The user thinks in terms of information files
and records.  The data processor thinks in
terms of data, groups, records, and blocks.
Before we discuss data stores in detail, we
need some definitions to relate these terms.
I’ve shown the definitions and the hierarchical
nature of the terms in Figure 2.1.7.3.3.

The second criterion for logical data design is
non-redundancy.  We have redundancy, for
the most part, when the same data element
exists within two or more data stores.  Redun-
dancy can threaten the integrity of a system.  If
you change the value of a data component in
one file, you must change the same element in
all other files.  We also have redundancy when
the same data appear in different forms within
the same data store—when two or more data
components within a data store give the same
information.

DATABASE - aggregate of files to meet information system requirements

FILE - related records or blocks

BLOCK - two or more records retained in a particular storage medium such
    as a file cabinet or computer tape

RECORD - a collection of data elements related to a common identifier
        such as a person, machine, place, or operation

GROUP - two or more data elements that are logically related
      and must appear to form a complete unit of meaning
     (street number and name, first and last name of a
     person)

DATA ELEMENT - the lowest level of the data structure
    and the only one with which a spe-
    cific value may be associated (age,
    part number, etc.)

Figure 2.1.7.3.3.  The convention for showing the aggregations of data into storage units helps
us dig into a data store to find the datum we want.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL DATA ANALYSIS/
NORMALIZING DATA BASES

2.1.7.3.4. NORMALIZING  DATA  STORES.

An example will help us track down the potential for data integrity problems
and build a data store that has no redundency.

In the Management Systems Laboratories’
personnel accounting system you saw when
we discussed information flow diagrams, or
data flow diagrams DFD’s, in Module 2.1.6.6.,
we focused on information flows, information
conversion processes, and external entities.
We looked at that example from a physical
perspective.  Now let’s look at a companion
example—the system MSL uses to assign
people to tasks and account for the time they
spend on those tasks.  We’ll look at this ex-
ample from a more logical perspective and
we’ll see more detail in flows and processes.
And we’ll see some data stores.  I’ve shown the
DFD for the personnel task assignment and
execution system in Figure 2.1.7.3.4.a.

The domain of responsibility for this system is
also in MSL’s operations group.  In Figure
2.1.7.3.4.a., you don’t see much about people
and places.  This DFD is logical.  You see three
external entities to the domain.  The group
managers are responsible for their people.
They hire and fire them, give them raises, and
find contracts (or projects) for them to work
on.  The group managers negotiate with the
contract managers to find the best place for
their people to make a contribution to MSL’s
contracts.  The contract managers are respon-
sible to meet the requirements of certain con-
tracts.  MSL’s people are one of the resources
the contract managers need to meet those re-
quirements.  They divide their contracts into
tasks and look for people to do the work of the
task.  The employees work for the group man-
agers and are assigned to contracts under the
direction of the contract managers.  Usually
the contracts they’re assigned to are in their
group.

Eight data stores are shown in Figure
2.1.7.3.4.a.  The figure was produced by talk-
ing to (interviewing) the people involved.  (We
used our information gathering skill so we can
get to the information flow diagramming skill
and ultimately get to the skill for eliminating
redundancy in data stores.)  After doing this
first-draft figure, I haven’t yet reviewed it with
those people and verified its accuracy.  But the
figure is good enough to analyze data stores.
Knowing how this system has evolved over
the years at MSL, I expect there’s lots of
redundancy in the files.  Also the files aren’t
very simple.  Usually, in a DFD, we don’t label
the flows out of and into a data store.  I’ve
labeled some of these flows in Figure
2.1.7.3.4.a. to help describe what’s in the files.
In this case, I’ve put those labels in parenthe-
ses.  The flows between information conver-
sion processes and external entities in Figure
2.1.7.3.4.a. are labeled as usual.

Generally speaking, what happens physically
in this system is that the contract manager gets
a new contract and defines tasks he or she
wants people to work on.  The group manager
has people that need to be put to work.  The
manager of this domain identifies all tasks and
puts them in a file.  He or she also identifies all
available people and puts data about them in a
file.  Then, on the advice of the group and
contract managers, the employees are assigned
to tasks and reports are sent to the group
managers about what their people are working
on and to the contract managers about who’s
working on their tasks.  The employees get a
report showing what tasks they can work on
and charge their time to.  As the employees
work on their tasks, they fill in time sheets,
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which they submit to the manager of this
domain each week.  The assigning of people is
the formulation side of the exercise.  The
charging to tasks is the execution side of the
exercise.  When employees are charged to
tasks, the contract managers need to know
exactly who and how many hours were charged
to their tasks.  The employees and their group
managers need to know exactly what tasks the
people were charged to and for how many
hours.

Figure 2.1.7.3.4.b. shows a partial data dictio-
nary for the data stores in Figure 2.1.7.3.4.a.
Each data store is an iteration of a data struc-
ture.  Thus, the normalization of data stores is
essentially equivalent to the normalization of
a set of data structures.  You can glance at
Figure 2.1.7.3.4.b. and see a lot of redundancy
among the data stores.  Look for task name for
example.

We design data stores to support the informa-
tion conversion processes.  We need to derive
the best logical design for this set of data
stores.  In this analysis, we’ll replace the group
of existing data stores by its logical equivalent.
The result is a set of simple data stores contain-
ing no redundant elements.

The procedure used to derive this logical struc-
ture is called normalization.  In general, nor-
malization produces the simplest, most straight-
forward organization of data elements into
component data stores.  Normalization should
produce a set of data stores containing non-
redundant data elements accessible through
use of unique primary keys.  The keys are
highlighted by showing them in bold type.  I’ll
illustrate the procedure for MSL’s personnel
assignment and execution system.

STEP 1:  PARTITION EACH DATA STRUC-
TURE THAT CONTAINS REPEATING
GROUPS OF DATA ELEMENTS.

Take each repeating group of data elements

and form two or more data structures without
repeating groups.  The newly formed data
structures must accomplish the same purpose
as the original repeating group of data ele-
ments.  After we complete this step, the origi-
nal data structures of Figure 2.1.7.3.4.b. will
be converted into a state known as the first
normal form.  From Figure 2.1.7.3.4.c. you
can see the result of step 1.  For each data
structure that contained a repeating group, the
repeating group was removed and set up as a
separate data structure.  The key for the new
structure was formed by concatenating the key
for the original data store with the key for the
repeating group.  The key for the original file
was retained as the key for the data structure
without its repeating group.  Again, in the
figure the keys are highlighted by using bold
type.

Figure 2.1.7.3.4.d. illustrates the original CON-
TRACT LOADING FILE.  In Figure
2.1.7.3.4.d., I’ve displayed hypothetical data
the way the data dictionary for the CON-
TRACT LOADING FILE indicates they
should look.  The first normal form yields
three new data structures that accomplish the
same purpose as the original.  The new data
structures are shown in Figure 2.1.7.3.4.e.
They are the LOADED CONTRACT FILE,
the CONTRACT TASKS FILE, and the CON-
TRACT EMPLOYEE FILE.  I’ve tried to
select meaningful names for the new files.  The
names are different from the original and from
any other file.  From Figure 2.1.7.3.4.e., you
can see the new files are simple and are linked
together through their keys.

STEP 2:  VERIFY THAT EACH NONKEY
DATA ELEMENT IN A STRUCTURE IS
FULLY FUNCTIONALLY DEPENDENT
ON THE PRIMARY KEY.

This step places the set of data structures in the
second normal form.  In doing this step, we
deal only with those structures that are identi-
fied by concatenated keys.  We accomplish the
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work of this step by verifying that each nonkey
data element in a data structure is dependent on
the full concatenated key, not just on a partial
key.  That is, each element should require the
entire key as a unique identification.  Instead, if
a data element is determined uniquely by only
a part of the key, the element should be re-
moved from the structure and placed in a struc-
ture of its own.  In some cases, one of the
resulting structures contains only key informa-
tion.  This is both permissible and necessary.

From Figure 2.1.7.3.4.f. you can see the result
of step 2.  Figure 2.1.7.3.4.g. shows the CON-
TRACT TASKS FILE in the first normal form
and then shows the results of changing to the
second normal form.  In the second normal
form we’ve gotten the TASK 1 FILE and the
CONTRACT POSITIONS FILE.

STEP 3:  VERIFY THAT ALL NONKEY
DATA ELEMENTS IN A DATA STRUC-
TURE ARE MUTUALLY INDEPENDENT
OF ONE ANOTHER.

After we’ve converted the data structures to the
second normal form, each structure is checked
to verify that each non-key data element is
independent of every other non-key element in
the relation.  We remove duplicate data ele-
ments or elements that can be derived from
other elements to place the relation in the third
normal form.  The only redundant non-key data
element in a data structure is “task duration” in
the TASK DATA FILE.  To get the third
normal form, we must eliminate “task dura-
tion.”

STEP 4:  ELIMINATE REDUNDANT DATA
ELEMENTS AMONG THE DATA STRUC-
TURES.

After we put the set of data structures in the
third normal form, there are likely to be redun-
dancies among the normalized structure.  We
simply remove redundant elements.  In doing
this, we have to use some judgment.  In making

the decision on which structures we should
assemble into a composite structure, we are
guided by a sense of what the object of a
structure is and by what the attributes of that
structure are.  The object of a data structure is
the entity to which the structure pertains.  The
attributes of an object are items of data charac-
terizing that object.  The data structure con-
tains the attributes that pertain to one and only
one object.  No superfluous data elements
appear in the relations, and no elements appear
as attributes in any other relations.  Figure
2.1.7.3.4.h. shows the results of steps 3 and 4.
Three data structures are in the third normal
form.

As a mechanical step, the revisions we’ve
made to the set of data stores in Figure
2.1.7.3.4.a. must be reflected in the data flow
diagram and data dictionary.  The data flow
diagram in Figure 2.1.7.3.4.i. is a redrawing of
the original diagram from Figure 2.1.7.3.4.a.
I’ve removed one of the information conver-
sion processes because it dealt with creating a
file we no longer need.

Advantages of the Third Normal Form
The following list summarizes the advantages
of having data in the third normal form.

1. Ease of Understanding.  In the third nor-
mal form, we present data structures in a
way that operational and management us-
ers can easily understand them.  The data
structures are presented in simple, two-
dimensional tables that do not require tech-
nical understanding on the part of the users
and owners of the data.

2. Ease of Use.  We can partition data struc-
tures further to represent any number of
different logical viewpoints.  Different
structures can have different file organiza-
tions to allow efficient access for primary
application, yet be accessible for many
other secondary applications.  Attributes
from different files can be related with
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little complexity.

3. Ease of Implementation. We can imple-
ment structures in the third normal form as
simple   files set up for either serial or direct
access.  Also, we can implement the struc-
tures within database systems.

4. Ease of Maintenance.  Non-redundancies
in the files reduce problems while keeping
all files up to date.  If we must add to,
change, or delete an attribute from a file,
we’re sure that no other file will require the
same maintenance.  All nonkey attributes
appear only one at a time in one place
within the file structure.

Figure 2.1.7.3.4.a.  Data flow diagram for MSL’s personnel assignment system.
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  EMPLOYEE FILE = {EMPLOYEE} All employees where
EMPLOYEE = Employee-Number   +

Employee-Name  +
Employee-Address  +
Employee-Start-Date  +
Employee-Group-Assignment  +
Employee-Qualifications  +

Position-Title  +
Pay-Rate  +  All pay rates
Fringe-Rate  + for employee
Pay-Start-Date

TASK FILE = {TASK} All tasks available on a contract where
TASK = Task-Number  +

Task-Name  +
Task-Leader  +
Contract-Manager  +
Contract-Number  +
Task-Budget  +
Task-Start-Date  +
Task-End-Date  +
Task-Skill-Requirements

    TASK ASSIGNMENT FILE = {TASK ASSIGNMENT} All tasks where
TASK ASSIGNMENT = Task-Number  +

Task-Name  +
Task-Leader  +
Contract-Manager  +
Contract-Number  +
Task-Budget  +
Task-Duration  +
Task-Start-Date  +
Task-End-Date  +
Number-of-Task-Position  +

Employee-Number  +    All employees
Employee-Name  +    on task
Employee-Qualifications  +
Employee-Group-
  Assignment

   CONTRACT LOADING FILE = {CONTRACT LOADING} All tasks where
CONTRACT LOADING = Contract-Number   +

Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Tasks-on-Contract  +

Task-Number  +        All tasks on
Task-Name  +        contract
Number-of-Task-Positions  +

Employee-Number  +  All employees
Employee-Name     on task

Figure 2.1.7.3.4.b.  Data Dictionary for Data Stores in MSL’s Personnel Assignment System.
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CONTRACT MANAGER FILE = {CONTRACT MANAGER} All contracts
 where

CONTRACT MANAGER = Contract-Manager-Employee-#   +
Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Contracts  +

Contract-Number  +    All contracts
Contract-Name   assigned to

  contract
  manager

CONTRACT STRUCTURE FILE = {CONTRACT} All contracts where
CONTRACT = Contract-Number   +

Contract-Name  +
Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Tasks-on-Contract  +

Task-Number  +
Task-Name  + All tasks
Task-Status  on contract

EMPLOYEE AVAILABILITY FILE = {AVAILABILITY} All employees
where

AVAILABILITY = Employee-Number   +
= Employee-Name  +
= Employee-Qualifications  +
= Percent-Time-Available

HOURS RECORDED ON TASK FILE = {HOURS RECORDED} All tasks for
all employees where

HOURS RECORDED = Task-Number  +
Task-Name  +
Task-Duration-in-Weeks
   Employee-Number  +
   Employee-Name  +     All
   Week-Number  +          employees
   Week-Name  +                  on the
   Hours-Spent  +                   task
   Validity-of-Employee-
    on-Task

Figure 2.1.7.3.4.b. (cont.)  Data Dictionary for Data Stores in MSL’s Personnel Assignment System.
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DATA STRUCTURES IN FIRST NORMAL FORM
ORIGINAL DATA STRUCTURES DATA STRUCTURES IN FIRST NORMAL FORM

EMPLOYEE = Employee-Number  + EMPLOYEE DATA = Employee-Number  +
Employee-Name  + Employee-Name  +
Employee-Address  + Employee Address  +
Employee-Start-Date  + Employee-Start-Date  +
Employee-Group-Assignment  + Employee-Group-Assignment  +
Employee-Qualifications  + Employee-Qualifications

Position-Title  +
Pay-Rate  + POSITION = Employee-Number + Position-Title  +
Fringe-Rate  + Pay-Rate  +
Pay-Start-Date Fringe-Rate  +

Pay-Start-Date

TASK = Task-Number  + TASK = Task-Number  +
Task-Name  + Task-Name  +
Task-Leader  + Task-Leader  +
Contract-Manager  + Contract-Manager  +
Contract-Number  + Contract-Number  +
Task-Budget  + Task-Budget  +
Task-Start-Date  + Task-Start-Date  +
Task-End-Date  + Task-End-Date  +
Task-Skill-Requirements Task-Skill-Requirements

TASK ASSIGNMENT = Task-Number  + TASK DATA = Task-Number  +
Task-Name  + Task-Name  +
Task-Leader  + Task-Leader  +
Contract-Manager  + Contract-Manager  +
Contract-Number  + Contract-Number  +
Task-Budget  + Task-Budget  +
Task-Duration  + Task-Duration  +
Task-Start-Date  + Task-Start-Date  +
Task-End-Date  + Task-End-Date  +
Number-of-Task-Positions  + Number-of-Task-Positions

Employee-Number  +
Employee-Name  +
Employee-Qualifications  + TASK EMPLOYEE = Task-Number + Employee-Number  +
Employee-Group-Assignment  + Employee-Name  +

Employee-Qualifications  +
CONTRACT LOADING = Contract-Number  + Employee-Group-Assignment  +

Contract-Manager-Name  +
Contract-Manager-Group LOADED CONTRACT = Contract-Number  +
Number-of-Tasks-on-Contract  + Contract-Manager-Name  +

Task-Number  + Contract-Manager-Group  +
Task-Name  + Number-of-Tasks-on-Contract
Number-of-Task-Positions  +

Employee-Number  + CONTRACT TASKS = Contract-Number  +  Task-Number  +
Employee-Name Task-Name  +

Number-of-Task-Positions
CONTRACT MANAGER = Contract-Manager-Employee-Number  +

Contract-Manager-Name  + CONTRACT EMPLOYEE = Contract-Number + Task-# + Employee-#  +
Contract-Manager-Group  + Employee-Name
Number-of-Contracts  +

Contract-Number  +      MANAGER DATA = Contract-Manager-Employee-Number  +
Contract-Name  + Contract-Manager-Name  +

Contract-Manager-Group  +
CONTRACT = Contract-Number  + Number-of-Contracts

Contract-Name  +
Contract-Manager-Name  + MANAGED CONTRACTS = Contract-Mgr.-Employee-# + Contract-#  +
Contract-Manager-Group  + Contract-Name
Number-of-Tasks-on-Contract  +

Task-Number  + CONTRACT DATA = Contract-Number  +
Task-Name  + Contract-Name  +
Task-Status Contract-Manager-Name  +

Contract-Manager-Group  +
AVAILABILITTY = Employee-Number  + Number-of-Tasks-on-Contract

Employee-Name  +
Employee-Qualifications  + TASKS ON CONTRACT = Contract-Number + Task-Number  +
Percent-Time-Available Task-Name+

Task-Status
HOURS RECORDED = Task-Number  +

Task-Name  + AVAILABILITY = Employee-Number  +
Task-Duration-in-Weeks Employee-Name  +

Employee-Number  + Employee-Qualifications  +
Employee-Name  + Percent-Time-Available
Week-Number  +
Week-Name  + TASK EXECUTION = Task-Number  +
Hours-Spent  + Task-Name  +
Validity-of- Task-Duration-in-Weeks
  Employee-on-Task

HOURS = Task-Number + Employee-Number  +
Employee-Name  +
Week-Number  +
Week-Name  +
Hours-Spent  +
Validity-of
  Employee-on-Task

Figure 2.1.7.3.4.c.  MSL's Personnel Assignment System Data Structures in First Normal Form.
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Figure 2.1.7.3.d.  Original CONTRACT LOADING FILE.

CONTRACT LOADING (Contract-Number + Contract-
Manager-Name + Contract-Manager-Group + Number-of-Tasks-on-Contract + {Task-
Number + Task-Name + Number-of-Task-Positions + {Employee-Number + Employee-
Name}}

9-62 John Doe Systems Group 3 9-62-01 Do Analysis 3 0138  Jim Young
2156  Linda Steele
1521  Susan Blank

9-62-02 Evaluate Results 2 1356  George Smith
0511  Betty Jones

9-62-03 Write Report 1 0138  Jim Young
9-75 Peter Brown Materials Group 2 9-75-01 Write Code 2 2156  Linda Steele

3571  Henry Jordan
9-75-02 Test Code 1 3571  Henry Jordan

9-81 John Doe Systems Group  1 9-81-01 Write Report 1 0852  John Doe
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LOADED CONTRACT  (Contract Number + Contract Manager Name + Contract
     Manager Group + Number of Tasks on Contract)

9-62 John Doe Systems Group 3
9-75 Peter Brown Materials Group 2
9-81 John Doe Systems Group 1

CONTRACT TASKS  (Contract Number + Task Number + Task Name + Number of
  Task Positions)

9-62 9-62-01 Do Analysis 3
9-62 9-62-02 Evaluate Results 2
9-62 9-62-03 Write Report 1
9-75 9-75-01 Write Code 2
9-75 9-75-02 Test Code 1
9-81 9-81-01 Write Report 1

CONTRACT EMPLOYEE (Contract Number + Task Number + Employee Number +
           Employee Name)

9-62 9-62-01 0138 Jim Young
9-62 9-62-01 2156 Linda Steele
9-62 9-62-01 1521 Susan Blank
9-62 9-62-02 1356 George Smith
9-62 9-62-02 0511 Betty Jones
9-62 9-62-03 0138 Jim Young
9-75 9-75-01 2156 Linda Steele
9-75 9-75-01 3571 Henry Jordan
9-75 9-75-02 3571 Henry Jordan
9-81 9-81-01 0853 John Doe

Figure 2.1.7.3.4.e.  Components of MSL’s personnel assignment system in the first normal form.
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DATA STRUCTURES IN FIRST NORMAL FORM

EMPLOYEE DATA = Employee-Number  +
Employee-Name  +
Employee-Address  +
Employee-Start-Date  +
Employee-Group-Assignment  +
Employee-Qualifications

POSITION = Employee-Number + Position-Title  +
Pay-Rate  +
Fringe-Rate  +
Pay-Start-Date

TASK = Task-Number  +
Task-Name  +
Task-Leader  +
Contract-Manger  +
Contract-Number  +
Task-Budget  +
Task-Start-Date  +
Task-End-Date  +
Task-Skill-Requirements

TASK DATA = Task-Number  +
Task-Name  +
Task-Leader  +
Contract-Manager  +
Contract-Number  +
Task-Budget  +
Task-Duration  +
Task-Start-Date  +
Task-End-Date  +
Number-of-Task-Positions

TASK EMPLOYEE = Task-Number + Employee-Number  +
Employee-Name  +
Employee-Qualifications  +
Employee-Group-Assignment

LOADED CONTRACT = Contract-Number  +
Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Tasks-on-Contract

CONTRACT TASKS = Contract-Number + Task-Number  +
Task-Name  +
Number-of-Task-Positions

CONTRACT EMPLOYEE = Contract-Number + Task-# + Employee-#  +
Employee-Name

MANAGER DATA = Contract-Manager-Employee-Number  +
Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Contracts

MANAGED CONTRACTS = Contract-Mgr.-Employee-# + Contract-#  +
Contract-Name

CONTRACT DATA = Contract-Number +
Contract-Name  +
Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Tasks-on-Contract

TASKS ON CONTRACT = Contract-Number + Task-Number  +
Task-Name  +
Task-Status

AVAILABILITY = Employee-Number  +
Employee-Name  +
Employee-Qualifications  +
Percent-Time-Available

TASK EXECUTION = Task-Number  +
Task-Name  +
Task-Duration-in-Weeks

HOURS = Task-Number + Employee-Number  +
Employee-Name  +
Week-Number  +
Week-Name  +
Hours-Spent  +
Validity-of-
  Employee-on-Task

DATA STRUCTURES IN SECOND NORMAL FORM

EMPLOYEE DATA = Employee-Number  +
Employee-Name  +
Employee-Address  +
Employee-Start-Date  +
Employee-Group-Assignment  +
Employee-Qualifications

JOB = Position-Title  +
Pay-Rate  +
Fringe-Rate

PAY = Employee-Number + Position-Title  +
Pay-Start-Date

TASK = Task-Number  +
Task-Name  +
Task-Leader  +
Contract-Manager  +
Contract-Number  +
Task-Budget  +
Task-Start-Date  +
Task-End-Date  +
Task-Skill-Requirements

TASK DATA = Task-Number  +
Task-Name  +
Task-Leader  +
Contract-Manager  +
Contract-Number  +
Task-Budget  +
Task-Duration  +
Task-Start-Date  +
Task-End-Date  +
Number-of-Task-Positions

WORKER = Employee-Number  +
Employee-Name  +
Employee-Qualifications  +
Employee-Group-Assignment

WORKER TASK = Task-Number  + Employee-Number

LOADED CONTRACT = Contract-Number  +
Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Tasks-on-Contract

TASK 1 = Task-Number  +
Task-Name

CONTRACT POSITIONS = Contract-Number + Task-Name  +
Number-of-Task-Positions

LOADING = Contract-Number + Task-# _ Employee-#  +
Employee-Name

MANAGER DATA = Contract-Manager-Employee-Number  +
Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Contracts

PROJECT = Contract-Number  +
Contract-Name

PROJECT MANAGER = Contract-Mgr.-Employee-# + Contract-#

CONTRACT DATA = Contract-Number  +
Contract-Name  +
Contract-Manager-Name  +
Contract-Manager-Group +
Number-of-Tasks-on-Contract

TASK 2 = Task-Number  +
Task-Name

STATUS = Contract-Number + Task-Number  +
Task-Status

AVAILABILITY = Employee-Number  +
Employee-Name
Employee-Qualifications  +
Percent-Time-Available

TASK EXECUTION = Task-Number  +
Task-Name  +
Task-Duration-in-Weeks

RESOURCE = Employee-Number  +
Employee-Name

TIME = Task-Number + Employee-Number  +
Week-Number  +
Hours-Spent  +
Validity-of-
  Employee-on-Task

Figure 2.1.7.3.4.f.  MSL's Personnel Assignment System Data Structures in Second Normal Form.
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CONTRACT TASKS  (Contract Number + Task Number + Task Name + Number of
  Task Positions)

9-62 9-62-01 Do Analysis 3
9-62 9-62-02 Evaluate Results 2
9-62 9-62-03 Write Report 1
9-75 9-75-01 Write Code 2
9-75 9-75-02 Test Code 1
9-81 9-81-01 Write Report 1

TASK 1  (Task Number + Task Name)

9-62-01 Do Analysis
9-62-02 Evaluate Results
9-62-03 Write Report
9-75-01 Write Code
9-75-02 Test Code
9-81-01 Write Report

CONTRACT POSITIONS (Contract Number + Task Number + Number Task
Positions)

9-62 9-62-01 3
9-62 9-62-02 2
9-62 9-62-03 1
9-75 9-75-01 2
9-75 9-75-02 1
9-81 9-81-01 1

Figure 2.1.7.3.4.g.  Components of MSL personnel assignment data structures in the second normal
form.
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DATA STRUCTURES AFTER COMBINING COMMON ELEMENTS

EMPLOYEE = Employee-Number   +
Employee-Name  +
Employee-Address  +
Employee-Start-Date  +
Employee-Group-Assignment  +
Employee-Qualifications  +
Percent-Time-Available

TASK = Task-Number   +
Task-Name  +
Task-Leader  +
Contract-Manager  +
Contract-Number  +
Task-Budget  +
Task-Start-Date  +
Task-End-Date  +
Task-Skill-Requirements  +
Number-of-Task-Positions  +

CONTRACT MANAGER = Contract-Manager-Employee-Number   +
Contract-Number  +
Contract-Manager-Name  +
Contract-Manager-Group  +
Number-of-Tasks-on-Contract  +
Number-of-Contracts

WORKER TASK = Task-Number + Employee-Number

HOURS = Task-Number + Employee-Number   +
Employee-Name  +
Week-Number  +
Week-Name  +
Hours-Spent  +
Validity-of-Employee-on-Task

Figure 2.1.7.3.4.h.  MSL's Personnel Assignment System Data Structures in Third Normal Form.
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Figure 2.1.7.3.4.i.  Revised data flow diagram from MSL’s personnel assignment system.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL INFORMATION
ANALYSIS

2.1.8.1. FOCUS ON WHAT  YOU MANAGE—WINSLOW HOMER
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL INFORMATION
ANALYSIS

2.1.8.2. CHOOSING YOUR MANAGEMENT  ELEMENT .

As we build management tools, the name of
the game is to figure out what data we need to
put into tools to get the information we need
out of the tools.  One way to get at the data in
the organization for our management tools is
to do DFD’s and then develop data dictionar-
ies for each information flow.  There are other
ways to get at the data elements we need.  I’ll
describe another way here.  The best way to
use depends on the situation.  The worst way is
to make random guesses of the data you might
need.

A management element is the entity you man-
age toward which your decision making ef-
forts converge.  Of all the things that may be in
your domain—people, materials, activities,
budgets, etc.—something is central.  One en-
tity is the hub the others rotate around.  If you
figure out what the hub is, your decisions and
resulting actions and the information and data
you use to support your decisions are more
focused.  Things seem to naturally fit together
better.  Not knowing your management ele-
ment isn’t a disaster.  You can still do your
work.  However, things aren’t so focused and
your decision making efforts tend to diverge.
You haven’t distinguished the hub other enti-
ties rotate around.

The time you spend deciphering your manage-
ment element pays rich dividends.  Your think-
ing and decision making are more focused and
streamlined.  Your management tools perform
better.

I’ve shown examples of management elements
in Figure 2.1.8.2.a.  This partial list is only the
tip of the iceberg.  You’ll be able to think of

some entirely different entries and some slightly
different entities.  Your management element
is highly tuned to your domain.

Most of you will see aspects of your domain of
responsibility that emphasize more than one,
or even all, of the entities in Figure 2.1.8.2.a.
You may think you have more than one man-
agement element.  Indeed you may think all of
these are your management elements.  I’m
asking you to choose one that is more your
management element than any of the others.
For your management element, you should be
able to divide resources and assign account-
ability, and your management elements should
have limits—be discrete.

This isn’t easy, but it’s worth it.  Why?  Be-
cause if you choose the right management
element, information will be focused on your
objective; if the wrong element, the informa-
tion will be scattered and hard to consolidate.
That’s not a disaster if you’re wrong, it’s just
more difficult.

Some years ago, Virginia Power came to me
and wanted help with a methods-type manage-
ment tool (See Modules 1.4.2.6.3. and
1.5.1.3.4.) called Critical Path Method (CPM).
CPM is one of several types of network-based
charting techniques used in project manage-
ment.  Any project management book de-
scribes CPM.  CPM is a precedence diagram-
ming technique showing the precedence of
activities in a project.  CPM requires that you
know the endpoint of the collection of activi-
ties.  CPM has some advantage over other
networking techniques because “precedence
is mathematically more precise and allows the

If you can focus on the entity you manage toward, your efforts for gathering,
storing, and retrieving data will converge rather than diverge.
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user to exercise much more control over the
relationships between activities in the sched-
ule.” (Daniel D. Roman, Managing Projects:
A Systems Approach, Elsevier, 1986, p. 181.)
Notice how CPM focuses on activities, one of
the entities in Figure 2.1.8.2.a.

The managers from Virginia Power, who were
responsible for producing batches of refuel-
ling elements for their nuclear power plants,
had recently studied project management at a
workshop.  They were armed with a tool in
search of a problem.  My first step was to
understand their domain of responsibility.

A difficulty arose in that the managers repre-
sented two different endeavor levels: the stra-
tegic and the tactical.  The strategic decision
making in Virginia Power centered around the
nuclear fuel cycle and their efforts in maintain-
ing a presence in the mining, milling, conver-
sion, enrichment, and fabrication stages.  They
had to make make-or-buy decisions for each
stage and ensure they had adequate quantities
of fuel material at each stage so when they
needed to have material at a succeeding stage
they didn’t have to wait for feed material.  In
technical terms, they had a multi-stage, pro-
duction-to-inventory problem with make-or-
buy decisions at each stage.

The costs of waiting one day during the refu-
elling cycle in a nuclear reactor are astronomi-
cal.  The corporate policy was to maintain a
given quantity of uranium distributed among
the inventories at the fuel cycle stages.  At that
time, uranium was quite expensive and the
amount of money tied up in the large total
inventory was enormous.  (As an aside, keep-
ing large inventories is a way of using the
technique of slack resources in managing.  If
you can’t nail down the process and the cost of
failure is high, keep large amounts of slack
resources—money, people, material, equip-
ment, energy—available as contingencies.  This
is the opposite of Just-In-Time.)

The tactical decision making in Virginia Power
centered around constructing the reload batch
of fuel elements on time to refuel a given
reactor during its refueling window.

My recommendation to the managers respon-
sible for the strategic endeavors was that they
needed a Material Requirements Planning
(MRP) technique.  William J. Stephenson de-
fines MRP as “a computer-based information
system designed to handle ordering and sched-
uling of dependent-demand inventories (e.g.,
raw materials, component parts, and subas-
semblies).” (William J. Stevenson, Produc-
tion/Operations Management, Richard D.
Irwin, Inc, 1990, p. 583.)

What happened in the nuclear fuel cycle and in
each of the stages of the fuel cycle was that
they did activities that yielded inventories.  Of
course, they used people and machines to do
the activities to get the inventories.  To figure
out what tool to use and to figure out the focus
of decision making, I needed to find the man-
agement element.

For the strategic endeavor, the management
element was the inventories.  In this case, other
entities including the people, equipment, and
activities aimed at the inventories.  Therefore,
the people doing the strategic endeavors would
get the most benefit from an inventory-ori-
ented management tool, namely MRP.

For the tactical endeavor, the management
element was the activities.  In this case, the
people and equipment played roles in the ac-
tivities and the inventories came out of the
activities.  Therefore, the people doing the
tactical endeavors would get the most benefit
from an activity-oriented management tool,
namely CPM.

The managers doing the strategic endeavor
could have used the CPM tool they came to me
with.  If they had, they would have dealt with
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time.  The teacher’s ready to go to class on
time.  Two hundred people are waiting on him.
If the teacher gives the time to the student, the
class suffers.  If the teacher scurries off to
class, the student suffers.  Therefore, the
teacher’s choice in this dilemma indicates the
management element.  Does the teacher focus
on the student or the class?  Possible manage-
ment elements might be lesson plan (today’s
lesson), course (e.g., engineering economy),
class (e.g., this particular section of engineer-
ing economy), the room, the student, a student
group (if the students work in groups in that
class), and many more.  If the class is the
management element, each student’s name is
an attribute of that class, as is the course
number, the room number, the meeting days
and times, the various lesson plans, and many
more.  If the student is the management ele-
ment, the other entities are attributes of the
students in the teacher’s domain.

The right choice of management element helps
you filter need-to-know information from ir-
relevant data.  Information leading from other
entities to the management element stand out
more readily.

In the Management Systems Laboratories
(MSL), project managers see people as re-
sources to be spread over activities.  The
financial system focuses on transactions as
opposed to dates, accounts, or balances.

If you haven’t properly defined your manage-
ment element, you’re more likely to suffer
from information overload.

inventories as attributes of certain activities.
Whether they saw activities as attributes of
inventories or inventories as attributes of ac-
tivities may seem a trivial matter at first glance.
But when they selected the tools they needed
or they focused the information they used for
decision making they’d go the long way if they
saw activities as their focal point.  Their think-
ing and effort would diverge.  They’d have to
search longer in their databases.  They’d set up
their output formats around activities.  They
could make activity-oriented decisions easier,
quicker, cheaper, and better than inventory-
oriented decisions.  They’d eventually come
upon the answer.  I’d rather drive directly
toward the answer I need by focusing on the
right thing.

The management element is a concept I used to
help select or build management tools.  CPM
and MRP are both methods-type management
tools managers use to make decisions with.  I
quoted Stephenson’s definition of MRP not
just to define MRP but also to illustrate our
common preoccupation with the computer.
Both CPM and MRP can be done without the
computer.  In most cases, the computer helps
us do more cumbersome problems quicker.
However, if we lose sight of the principles
behind the tools, we’ll apply them improperly.
Remember the caveman story in Module
1.4.5.2.2.

I’ll now give you another example of choosing
the right management element.  In Figure
2.1.8.2.b., you see the classic dilemma for a
teacher, who manages the classroom, which is
the special student who needs the teacher’s
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Figure 2.1.8.2.b.  “That answer’s right—huh?”

Figure 2.1.8.2.a.  What’s your management element?

• Inventory - a defined accumulation of a resource

• Activity - a timed effort to achieve a goal under single 
direction

• Transaction - a transfer of responsibility

• Budget - a comprehensive and specific plan for using 
resources

• Person - an individual

• Milestone - an important point in time

CHOOSE YOUR MANAGEMENT ELEMENT FROM A
REPRESENTATIVE SAMPLE.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/LOGICAL INFORMATION
ANALYSIS

2.1.8.3. CHARACTERIZING  AND ACCESSING YOUR MANAGEMENT  ELEMENT .

Another way to develop a list of data elements is to characterize your manage-
ment element.

Attributes are the characteristics of your man-
agement element, and attributes lead to data
elements.

In Figure 2.1.8.3.a., I’ve grouped attributes
into five categories.  The categories include the
ideas of resources, schedule, and quality (or
results) as well as relationships between your
management elements and a catch-all I call
identification.  You saw the ideas of resources,
schedule, and quality before when I discussed
the project management pyramid.

The data-flow-diagram perspective of data el-
ements works best when we know both ends of
the information flows as in more certain envi-
ronments.  The management element perspec-
tive is best for more uncertain environments.

Each category in Figure 2.1.8.3.a. can be sub-
divided.  The data elements appear when the
attribute categories cannot be divided further.

Data are characteristics.  When we use a refer-
ence point, we make information, and we in-
clude bias.  Three of us may have the same
characteristic.  As shown in Figure 2.1.8.3.b.,
I’m persistent, you’re stubborn, and he’s pig-
headed.  The interpretation depends on the
bias.  Other examples of different perspectives
of the same characteristic include:  1)  consis-
tent, predictable, and dull (boring), and 2)
judicious, neutral, and indecisive.

Remember that we’re looking at an abstract
thing from several different perspectives to try
to come to grips with it.  When you do data flow
diagrams, the natural progression is to identify
information flows and determine the data ele-
ments that make up the flow.  This technique

gives you one list.  Now we’re looking at
management elements and determining char-
acteristics.  This technique gives you another
list.  The lists won’t be the same.  However,
one isn’t better than the other.  We need both
to generate a complete list.

What we have with data elements is the ability
to know what slots need to be filled with data
and the appropriate data to fill those slots.  We
put values for the data elements into databases
to retrieve when we want to make information.

Some attributes can be grouped into structures
for accessing, monitoring, and controlling as
shown in Figure 2.1.8.3.c.  Attributes can
continue simply to describe the management
element or they may be elevated and structure
the environment of the management element.

This elevation from attribute to structure is
your choice but should respond to a need for
greater accessibility or easier reporting, updat-
ing, and maintaining of data.  The penalty for
elevating an attribute is a more complex infor-
mation system.

Consider an Hollarith card.  (You may not
remember Hollarith cards—the cards we
punched to input data into and sometimes to
output data from a computer.)  The monitoring
element is in the first field and attributes are in
the following fields.  The monitoring element
might be last name or social security number.

Here’s a story for understanding how to recog-
nize environmental structures for characteriz-
ing and assessing a management element.  In
Figure 2.1.8.3.d., a newly married student has
come to the departmental office in our univer-
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you’d like to support one of your decisions.
Whether it be text, checklist, table, or graphic,
identify each data element on the document.
You may have overlooked data elements.  Any
alpha-numeric unit on your document consti-
tutes a data element.  Ultimately we want to
define data to access, store, and retrieve.  Iden-
tifying the data elements in all the information
documents for all the decisions is the other
way to generate a representative list.

Relate the attributes of your management ele-
ment to the data elements you identified on
your document.

For any data element you must know the
following:

Who obtains the data? (Name of person)
What is their source? (Name of agency or
person)
Who verifies the data? (Name of person)
How frequently should the data be up-
dated? (hours, days, weeks, months, etc.)

Data are expensive to maintain.  You must
identify the important pieces of data.  Figure
2.1.8.3.f. shows a case of determining what
should be measured to make data.

Two farmers with contiguous farms had horses
they couldn’t tell apart.  First, one of the
farmers bobbed the tail of his horse.  The other
horse ran into a barbed wire fence and pulled
off his tail so that again the farmers couldn’t
tell the horses apart.  The first farmer then
notched the left ear of his horse.  The other
horse ran into the same fence and notched his
same ear.  Then the farmers decided to deter-
mine if the horses are of different height.
Wouldn’t you know it, the black horse was two
hands taller than the white horse.

sity to have her marital status changed on her
records.  My department keeps student files by
name.  Someone asks the question, “Which
students are married?”  After looking through
the files enough times, we mark married stu-
dent files with red tape.  Then someone asks
the question, “Which students live in Vir-
ginia?”  After looking through the files enough
times, we mark Virginia-student files with
blue tape.  Now if someone asks the question
“How many married students live in Virginia?”,
the answer is easy to get  We look for files with
both red and blue tape.  What I’ve described is
a very simple instance of a modern database
technique that allows two environmental struc-
tures.

We call the matrix in Figure 2.1.8.3.e. a schema,
which is a diagrammatic presentation of your
domain of responsibility.  From this schema,
database structures, information flows, and
interaction points become clear—either as they
exist or as they should exist.  An example of an
interaction point is whose office is next to
whose office.

A primary purpose of the schema is to identify
existing or potential gaps in responsibility or
coordination.  The schema is the starting point
for defining data elements and information
flows.  Each axis on the matrix is a path into the
data characterizing the management element.

It’s said that everyone wants to get to heaven,
but nobody wants to die.  You have begun to
pay the price to understand what you manage
well enough to fix automatic procedures ac-
cording to a set structure.  You know the
phrase “Getting there is half of the fun.”  In this
case getting there is no fun at all.  Certain
things are better to have done than to do.

Think of one of the information documents
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Figure 2.1.8.3.b.  “I’m persistent, you’re stubborn, and he’s pigheaded.”

Figure 2.1.8.3.a.  Five attribute categories describe an activity.

ACTIVITY

IDENTIFICATION

RESOURCES

SCHEDULE

RESULTS

RELATIONSHIPS

PERSONNEL

EQUIPMENT AND FACILITIES

SPACE

ENERGY

FUNDING
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Figure 2.1.8.3.d.  “For the record, change my records.”

Figure 2.1.8.3.c.  Environmental structures allow ease of accessing, monitoring, and controlling
information.

Management Element

•  Organization
•  Objectives
•  Functions
•  B & R
•  WBS

ENVIRONMENTAL
STRUCTURE
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Figure 2.1.8.3.f.  “Whose horse is whose, Clem?”

Figure 2.1.8.3.e.  “MSL manages activities in a project-management matrix organization.”

PROGRAMMATIC RESPONSIBILITY
PROJECTS  =  CONTRACTS  =  (OBJECTIVES)

     ABC         PU DEPARTMENT
COMPANY UNIVERSITY      OF XYZ

SYSTEMS
ANALYSIS

MANAGEMENT
COMMUNICATIONS

COMPUTER
SYSTEMS

SYSTEMS
EVALUATION

TECHNICAL
EXPERTISE

(FUNCTIONS)

ACTIVITY
MICRO 

MINI

MAIN
FRAME
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2.0. BUILDING  MANAGEMENT
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PRODUCTIVITY

2.1.9.1. CHOOSE YOUR OBJECTIVES–THOMAS GAINSBOROUGH
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/INFORMATION ORIENTED
PRODUCTIVITY

2.1.9.2. LINKING  DOMAINS  FOR PRODUCTIVITY

We link domains to share information; and the better the performance of our
management tools, the better we share.

Many people misuse the terms productivity
and performance.  So, I’ll define what I mean
here.  When people use the terms interchange-
ably, they’re trying to get at the idea of doing
their jobs better.  Typically, people associate
productivity with this concept of doing a better
job.  However, the larger issue is performance,
and performance is what most people mean
when they use the term productivity.

My interest here is more specific than just
productivity or performance.  My interest is
information-oriented productivity or perfor-
mance.  I’m considering the process for pro-
ducing information from data.  Good informa-
tion is the product of our process.  Bad infor-
mation is the waste stream.  Data are our feed
materials.  So, much like a chemical process,
we have a multi-stage information conversion
process.

Recall Figures 1.1.16.12.1 and 1.1.16.12.2.
Raw data are our raw materials.  We intend for
management tools to help who manages get
lots of good information (product) and little
bad information (waste) from the smallest
amount of raw data.  Once the management
tools of one who manages have converted data
to information, we want the management tools
of another who manages to refine that product
as the feed material and make more-refined
information.  One manager’s information
(product) is the next manager’s data (feed
material).  As the information passes up the
chain of decision makers, the product hope-
fully becomes more refined (more valuable)
and we’re able to distinguish good from bad
information.  In this way, we share and en-
hance data and information through multiple
stages.  In Figure 2.1.9.2., I illustrate one link

in the chain of decision makers.  You saw this
figure in Module 1.6.1.1.

For sharing information, we consider two or
more domains of responsibility.  Then we have
two or more management systems and two or
more connected Management System Models
(MSM).  The what is used to manage compo-
nent is the information-oriented link between
management systems, and the linkage occurs
at the information portrayal/information per-
ception interface.  The linkage, as shown in
Figure 2.1.9.2., is based on this relationship:
audience plus purpose equals design.  We can
portray information to the who manages in our
own domain of responsibility or to a who
manages in any other domain.  Any who man-
ages is an audience and affects how the infor-
mation should be portrayed and is perceived.

An audience outside our domain affects the
linkage between domains by the audience’s
information needs and preferences in informa-
tion perception.  Your purpose for information
transfer also affects the linkage through how
you portray the information.  You use the
audience plus your purpose to design your
information portrayal format.  For convenience,
I call the linkage within a domain the red loop.
The blue loop is the linkage between domains,
the linkage for shared information processing.
The audience-plus-purpose-equals-design re-
lationship applies to all information portrayal
formats, including tables, graphics, checklists,
and text.

Figure 2.1.9.2. represents an adaptation of the
MSM to deal with the closed-system limita-
tion of the MSM.  We run a risk of misusing the
MSM any time we adapt it.  The value of this
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adaptation is the identification of the concept
of blue loop and red loop.  Blue loop and red
loop exemplifies the idea that we make differ-
ent information from the same indicators.  The
difference depends on the different reference
points (biases) we use for different purposes
and audiences.  A negative connotation of this
concept is the idea of keeping two sets of
books.  We often keep more than one set of any
kind of information.  The negative enters the
picture when we have something to hide.  The
idea is positive when we recognize the need to
address different audiences and/or we have
different purposes in producing information.

I used the idea of linked domains before when
I talked about shared decisions.  In that case, I
link domains not only through the information
portrayal/information perception interfaces but
also through the decision/action interfaces.

With this idea of a multi-stage conversion
process in mind, we can understand and mea-
sure factors for productivity and performance.
Consider the ratio of good to bad information
(product to waste).  Consider the ratio of good
information to good data (output to input).  If
we reduce the data a manager deals with to get
the information he or she needs, we save time,
effort, and money.  Likewise, if we increase
good information for the same input, we’ve
saved even more.

Performance is the ability to fulfill a job or
task.  It is a multidimensional concept, which
is evident when we try to measure perfor-
mance.   We can use several performance
measures to see if our domain of responsibility
is meeting its aim.  Sink lists seven distinct,
though not mutually exclusive, measures of
organizational system performance.  These

are effectiveness, efficiency, quality, profit-
ability, productivity, quality of work life, and
innovation.  (See Module 1.1.25.5.)  Which
measures are most important to you depends
on your domain of responsibility.

For defining and measuring indicators to use
in these measures, we can go many ways.  For
example, we can make an audit of a user’s
input (data) and output portrayal (informa-
tion).  We’re auditing the user’s material, but
more specifically we’re measuring the success
of the mangement tools.  So, we’re not threat-
ening the user.  To start, let’s sample input and
output.  Find out from the sample output how
many data and information items are timely,
accurate, and relevant and how many aren’t.
Now we have the ratio of good information to
input data.  Even if we don’t know the absolute
numbers, we do know if we get more good
information or use less input data, the indica-
tor will move in the right direction.

Once we define and measure performance
indicators, we’ll get the Hawthorne effect.
That is, people will perform better just because
someone is looking.  Then, if we’re not careful
and haven’t defined the indicators right, one of
the performance factors will dominate.  For
example, productivity may go up at the cost of
quality.  And if quality goes down more than
productivity goes up, the total performance
goes down.  By worrying about this problem
and carefully considering all the performance
factors and the interplay among them, we try to
establish a closed set of measures.  With a
closed set, we’re watching all the right things
and making all the right moves so total perfor-
mance goes up over the long haul and one
factor doesn’t gain at the expense of another
without our planning it that way.
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Figure 2.1.9.2.  Two domains are joined at their information portrayal/information perception
interfaces.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/INFORMATION ORIENTED
PRODUCTIVITY

2.1.9.3. MEASURING INFORMATION -ORIENTED  PRODUCTIVITY  AND

PERFORMANCE

We can measure how well our management tools perform by looking at a number of
ratios of bad, good, and relevant data and information.

kinds of information and data for a given
information document.  You can use the in-
strument to evaluate and improve the perfor-
mance of an information document.

From the Management System Model (MSM),
we know that management tools convert data
to information.  A manager converts informa-
tion to action.   For information-oriented per-
formance, I concentrate on the management
tools.

In Module 1.1.18.5., I divided the MSM into
three areas of performance:  personal/profes-
sional, operational, and information-oriented.
I call the performance of the whole organiza-
tional performance.  (See Figure 1.1.18.5.)
Operational performance corresponds to Sink’s
organizational system performance.  I’m go-
ing to use Sink’s organizational system perfor-
mance criteria to develop measures of infor-
mation-oriented performance.  I define infor-
mation-oriented performance as the measure
of how well a process for producing informa-
tion from data (management tool) meets its
goals and objectives.  I believe Sink’s criteria
are comprehensive and, with slight modifica-
tion, will suit my needs best.

Operationalizing Performance Measures
For now, I’ll describe each performance mea-
sure in terms of information (INFO) and data
(DATA).  Information is biased data.  The bias
occurs when data are compared to reference
points to generate information.  INFO includes
GOOD, RELEVANT, and BAD INFO.  DATA
include GOOD, RELEVANT, and BAD
DATA.  RELEVANT is necessarily GOOD,
but GOOD is not necessarily RELEVANT.

The following discussion was adapted from
Measuring Information-Oriented Productiv-
ity and Performance by Harold A. Kurstedt,
Jr., and David T. Hill, Proceedings of the 24th
Annual Meetings, Southeastern Chapter of the
Institute of Management Sciences, October
1988, pp. 277-280.

Everyone talks about performance.  But what
kind of performance?  The manager’s perfor-
mance?  The performance of the operations
(the people, facilities, and materials)?  The
performance of the management tools?  The
performance of everything taken together?

I first isolate what performance I’m concerned
about.  Many have studied personal perfor-
mance.  Others have studied operational per-
formance.  I’m studying the performance of
management tools.  How can we measure the
performance of management tools?  Why
measure the performance of management
tools?

We measure the performance of management
tools to improve their performance.  I’ll bor-
row Sink’s seven performance criteria dis-
cussed in Module 1.1.25.5.  I’ll adapt these
criteria for operational performance into crite-
ria for information-oriented performance.  To
develop measures (ratios) for the criteria, I
define the differences among good, bad, and
relevant information and data.  Then I can
quantify the ratios by measuring the amount,
cost, and value of the different kinds of infor-
mation and data.  To measure performance, I
address the issue of how or whether to com-
bine the criteria.  Later, I’ll discuss an instru-
ment to tally the quantities of the different
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Later, I define what I mean by GOOD, REL-
EVANT, and BAD.

Keep in mind I’m measuring the performance
of what is used to manage (management tools),
not who manages or what is managed.  How-
ever, the boundary conditions of the perfor-
mance measures are the projections of who
manages and what is managed on their respec-
tive interfaces with what is used to manage.
(See Figure 1.1.18.1.3.)  RELEVANT INFO
matches the interface with who manages.  REL-
EVANT DATA match the interface with what
is managed.

Productivity:  a Measure of Output over
Input
Productivity is the ratio of outputs over inputs
for a system over a period of time.  I don’t think
the output has to be good as Sink defines it in
his productivity equation.  (D. Scott Sink.
Organizational System Performance:  Is Pro-
ductivity a Critical Component?  IIE Annual
Conference Proceedings, Institute of Indus-
trial Engineers, 1983.)  I’ll be more concerned
with measuring good output when I talk about
quality.  I measure information-oriented pro-
ductivity by (amount of INFO out from our
tools/amount of DATA into our tools).

Quality:  an Input Measure and an Output
Measure
“Quality is the degree to which the system
conforms to requirements, specifications, or
expectations” (D. Scott Sink.  Productivity
Management: Planning, Measurement and
Evaluation, Control and Improvement.  New
York, NY: John Wiley & Sons, Inc., 1985.).  I
use two quality checkpoints:  one for inputs
and one for outputs.  I measure quality at these
two checkpoints in terms of GOOD DATA
and GOOD INFO.  GOOD DATA and GOOD
INFO can include accuracy, timeliness, and
other attributes I’ll define later.  I need a
reference point, so I’ll measure the amount of
GOOD DATA over the total amount of DATA,
GOOD and BAD.  The ratio for information-

oriented input quality is then (amount of GOOD
DATA into our tools/amount of DATA into
our tools).  Likewise, I’ll measure the amount
of GOOD INFO over the total amount of
INFO, GOOD and BAD.  The ratio for infor-
mation-oriented output quality is then (amount
of GOOD INFO out from our tools/amount of
INFO out from our tools).

Effectiveness:  an Output Measure
Effectiveness is accomplishing the right things.
We want our tools to produce the right infor-
mation for our decisions.  I call the right
information RELEVANT INFO.  Since REL-
EVANT is necessary GOOD, but GOOD is
not necessarily RELEVANT, I measure the
amount of RELEVANT INFO over the amount
of GOOD INFO.  Therefore, the ratio for
information-oriented effectiveness is (amount
of RELEVANT INFO out from our tools/
amount of GOOD INFO out from our tools).

Efficiency:  an Input Measure
Efficiency is using the right things.  We want
our tools to use the right data to produce
information.  I call the right data RELEVANT
DATA.  I measure information-oriented effi-
ciency by (amount of RELEVANT DATA
into our tools/amount of GOOD DATA into
our tools).

Relative Value (Profitability):  a Measure
of Outcome over Input
Profitability is the ratio of total revenues over
total costs.  Revenue isn’t an output; it’s an
outcome, or a perception.  Value is also a
perception.  I measure the value of the INFO
out from our tools, whether it’s GOOD, REL-
EVANT, or BAD, over the cost of the DATA
into our tools, whether it’s GOOD, REL-
EVANT or BAD.  I call the ratio “relative
value,” since it measures value relative to cost.
I can measure information-oriented relative
value in terms of dollars and cents by the
equation (present unit value of INFO out from
our tools/present unit cost of DATA into our
tools).
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Innovation:  a Measure of Successful Adap-
tation
Innovation is the creative process of success-
fully responding to pressure, demands, and
opportunities.  These changes can occur either
upstream (caused by new technology) or down-
stream (caused by managers).  Two measures
of innovation are adaptation to internal needs
and adaptation to external competition.  I’ll
write a ratio for each measure of innovation in
terms of the value of the output from our tools.
First, I’ll look at adaptation to external compe-
tition.  Our tools are innovative if they success-
fully adapt to external competition from simi-
lar (standard) tools.  I can measure this by
(present value of INFO out from our tools/
present value of INFO and from similar tools).
Now I’ll look at adaptation to internal needs.
Our tools are innovative if they successfully
adapt to the changing needs of the user.  I can
measure this by (present value of INFO out
from our tools/original value of INFO out
from our tools).  The internal measure of
information-oriented innovation may be more
appropriate for my purposes since the other
performance measures are also internal to the
MSM.

Quality of Work Life:  a Measure of Re-
sponse to the Environment
Quality of work life is the affective response of
employees to the overall work environment.
Quality of work life is closely related to em-
ployee satisfaction.  I obviously can’t measure
how satisfied our management tools are with
the quality of their work life, but I can measure
the affective response of our management tools
to the physical work environment.  Our man-
agement tools may have some specifications
that must be followed for them to function
properly.  Their performance won’t improve if
we adhere to the specifications, but it will
decrease if we don’t.  Information-oriented
quality of work life is then the extent to which
the environment violates the design specifica-
tions of our management tools, or the relation-
ship of our tools’ environment to their limits

(what they can stand).  I can measure this by
(our tools’ environment/our tools’ limits).

One Measure or a Family of Measures?
Now that I’ve written an equation for each
performance measure, I need to decide if I
want to use them as a set, if I want to aggregate
them into one performance indicator, or if I
want to group them into several indicators.
The Multi-Criteria Performance Measurement
Technique (MCPMT) can be used to aggre-
gate multiple measures into one performance
indicator. Using this technique, the measures
are prioritized, assigned relative weights, mul-
tiplied by their respective relative weights, and
summed into one indicator (Scott D. Sink.
Productivity Management: Planning, Mea-
surement and Evaluation, Control and Im-
provement.  New York, NY: John Wiley and
Sons, Inc., 1985.).  I could also use this tech-
nique to group the measures into several indi-
cators.  For now, I’ll group the performance
measures into input, transformation, and out-
put combinations by multiplying them together
since multiplication is a logical “and.”  I want
to try to make sense of how the measures work
together.

Information-Oriented Input Performance
There are two input measures:  efficiency and
input quality.  The input combination is then
(amount of RELEVANT DATA into our tools/
amount of DATA into our tools).

Information-Oriented Transformation Per-
formance
There are four transformation measures:  pro-
ductivity, relative value, innovation, and qual-
ity of work life.  The transformation combina-
tion is then (present value of INFO out from
our tools/present cost of DATA into our tools)
and (our tools’ environment/our tools’ limits)
and either (present value of INFO out from our
tools/present value of INFO out from similar
tools) or (present value of INFO out from our
tools/original value of INFO out from our
tools).
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Information-Oriented Output Performance
There are two output measures:  effectiveness
and output quality.  The output combination is
then (amount of RELEVANT INFO out from
our tools/amount of INFO out from our tools).

Information-Oriented Performance
Now I should be able to describe information-
oriented performance.  Some of the measures
have like terms, so I’ll apply dimensional
analysis.  If I multiply (since multiplication is
a logical “and”) productivity by effectiveness
by output quality and divide by efficiency and
input quality, I get (amount of RELEVANT
INFO out from our tools/amount of REL-
EVANT DATA into our tools).  This makes
sense because we want our management tools
to use only relevant data and produce only
relevant information.  Notice also I’m taking a
measure of output over input (productivity),
multiplying it by two output measures (effec-
tiveness and output quality), and dividing it by
two input measures (efficiency and input qual-
ity) to get a new measure of output over input.
Now I multiply this by relative value to get
(present value of RELEVANT INFO out from
our tools/present cost of RELEVANT DATA
into our tools).  I multiply this by one of the two
measures of information-oriented innovation
to add a measure of successful adaptation.
Finally, I multiply that by (our tools’ environ-
ment/our tools’ limits) to add a measure of
response to the work environment.  Trying to
come up with one number may not be impor-
tant.  I just want to make sense of how the
measures work together.

The Good, The Bad, and the Relvant
Now I’ll define what I mean by GOOD, REL-
EVANT, and BAD INFO and DATA.  I define
GOOD and BAD INFO by two attributes:
accuracy and timeliness.  If the information
portrays a situation or status as it really is, the
information is accurate.  If the information is
available when needed and hasn’t become

outdated through delay, the information is
timely.  If the information is both accurate and
timely, it’s GOOD INFO.  If the information
lacks accuracy or timeliness or both, it’s BAD
INFO.

Information must be both accurate and timely
to be RELEVANT INFO, but it must also be
relevant.  If the information is useful or needed
by the user in making a particular, immediate
decision, the information is relevant.  Relevant
information fulfills the decision maker’s unique
requirements.

I define GOOD, RELEVANT, and BAD
DATA by the same attributes.  If the data
represent a situation or status as it really is, the
data are accurate.  If the data are available
when needed to produce information and
haven’t become outdated through delay, the
data are timely.  If the data are useful in
producing or needed to produce information
about a particular, immediate situation, the
data are relevant.  GOOD DATA are both
accurate and timely.  BAD DATA lack accu-
racy or timeliness or both.  RELEVANT DATA
are accurate, timely, and relevant.

I think accuracy, timeliness, and relevance are
the criteria I need to define GOOD, REL-
EVANT, and BAD INFO and DATA.  “The
quality of information rests solidly on three
pillars—accuracy, timeliness, and relevancy.
These are the key attributes of information.”
(Burch, John G., and Grudnitski, Gary.  Infor-
mation Systems:  Theory and Practice, fourth
ed. New York, NY: John Wiley & Sons, 1986.).
Keep in mind I want to classify the information
and data as GOOD, RELEVANT, or BAD, so
I’m not interested in how accurate, timely, and
relevant the information and data are.  I just
want to know whether or not the information
and data are accurate, timely, and relevant so
I can put them in one of the three classes.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/INFORMATION ORIENTED
PRODUCTIVITY

2.1.9.4. THE AUTOMATION  OBJECTIVES MODEL

Our ultimate goal in designing an information
system is to improve our information-oriented
productivity or performance to get better in-
formation faster.  Timely, accurate, and rel-
evant information will help us, as managers,
make better decisions.

Most organizations today see office automa-
tion as more than word processing, teleconfer-
encing, and scheduling.  They see automation
as applying to all management responsibilities
of your office. As such, automation is really
just a mechanization for information manage-
ment.  You have undoubtedly heard that “the
computer is the forcing function of the age of
information.”  Fortunately, this statement is
incorrect and misleading.  Clearly, we’re in the
age of information.  Think of today’s parlor
games (e.g., Trivial Pursuits) and television
games (e.g., Jeopardy).  But computers aren’t
the forcing function.  The forcing function is
the need for more and rapidly-changing infor-
mation.  Computers merely reduce our techni-
cal contraints on getting the information.
Today’s managers don’t want computeriza-
tion, they want information.  You need to
decide how, or if, automation will best help
you achieve the goal of getting good informa-
tion to make good decisions.

Before deciding how automation can best help,
you need to understand and identify your do-
main of responsibility—that is, know where
you are.  Management system analysis, based
on the Management System Model (MSM),
can help you understand your domain.  The
Automation Objectives Model illustrates the
various automation objectives available to you
and alternate routes you can take to achieve

these objectives.  It helps you decide where
you want to be.  You can then use the MSM to
understand the domain you want to get to.

The Model
We all want personal computers and other
automation techniques to improve our man-
agement tools.  I’m interested in three vari-
ables to describe objectives for automating
some of the tools.  Taken together, the vari-
ables form a three-dimensional matrix.  I’ll use
the matrix to pinpoint where we want to be
after we apply automation techniques such as
shared information processing and personal
computers.

The three variables for automation objectives
are:

1) the number of data types and the degree of
interrelatedness we’ve captured among
them, or moving from task automation
toward broad decision support;

2) the range of impact of automation, or mov-
ing from just doing right the things we
know to do toward doing more of the right
things; and

3) the number of users, or moving from per-
sonal productivity toward corporate per-
formance.

You need to decide where improved manage-
ment tools and automation will help you do
better.  What in your domain of responsibility
will benefit from automation?  Each of the
variables for describing automation objectives
either directly or indirectly alludes to perfor-

From many potential objectives for automation, we need to chose one or more
objectives to address for improving information supply and flow in our domain.
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Figure 2.1.9.4.2. shows the links in the data-
to-information chain.  Each link represents a
technical discipline for the information spe-
cialist.  As an information processor, you can
view your information activities in relation to
the links in this chain.  In Figure 1.5.1.3.7. you
saw a version of Figure 2.1.9.4.2. without the
arrow at the bottom.

The starting point in the chain is data.  Raw
materials put into the system are data; data are
facts and meanings.  People and machines
transform the data to produce an output:  infor-
mation.  We transform data into information
when we compare data against a reference
point.  We’d like to think data are pure so when
we transform them into information, we get
lots of good information to make sound deci-
sions.  Data, however, are always biased.  Bias
is introduced at every link in the chain.  We
introduce bias through the methods we use to
acquire data (the measurement/data interface
in the MSM) and at the end of the chain
through information portrayal.

The more physical activities occur on the side
of the chain closest to the source of data;
typing, drawing, mail, and scheduling meet-
ings.  As you progress through the chain you
get into more complex activities like analysis
and synthesis.  This progressing complexity is
shown in Figure 2.1.9.4.2. as well as in Figure
2.1.9.4.3.

Automation terminology follows this progres-
sion, with task automation dealing with the
more physical activities and decision support
the more complex or abstract activities.

Strictly speaking, images, text, and numerical
values are all different representations of data.
When choosing our automation objectives, we
should consider specific examples within data
representations.  For example, we can use
specific numerical values to portray different
qualitative concepts such as resources and

mance measures.

I’ve shown the variables in the three-dimen-
sional matrix in Figure 2.1.9.4.1.  The sub-
cubes in Figure 2.1.9.4.1. simplify the range
and continuous character of the variables.  For
example, I show only personal productivity
(one user) and corporate performance (many
users) for the number-of-users axis.

Management Systems Laboratories (MSL)
uses this cube as a simple device for helping
managers figure out where they want to be
with their management tools.  The model al-
lows us to look at what our automation objec-
tives are and to see several alternatives for
getting to where we want to be from where we
are.  Before discussing the meaning of the sub-
cubes in Figure 2.1.9.4.1., let’s look at the
axes.

The first axis I’ll discuss is the “Interrelated-
ness of Data Types.”  To do this, let’s define
data types, data representations, and interre-
latedness.  Data types include financials (bud-
get), production, project (milestones), and per-
sonnel.   These data types can be represented or
portrayed in image, text, or numerical form.
When we talk about the interrelatedness of
data types think about it in the following way:
who (personnel) works on what task (project)
and how much (financials) does it cost?  As a
manager, systems analyst, or automation spe-
cialist you’ll have to deal with data interrelat-
edness as you work toward the goal of trans-
forming the data into information.

Many organizations function as information
processors.  Indeed, one concept of organiza-
tional design considers any organization as an
information processor.  Many of the inputs and
outputs to your domain are data and informa-
tion: plans, targets, guidelines, and more.  As
such, many of your activities relate to the data-
to information chain, one of the tools we use to
manage with.



1174

evidence of progress.  When considering re-
sources, the numerical values could be fund-
ing levels or energy requirements.  Numerical
values for progress could be completion
amounts and dates for project milestones or
production indicators.

Let’s look at the data interrelatedness variable
and consider an example of the interrelation-
ship between data types and how the interrela-
tionship can be portrayed.  We’ll take funding
(financials) and milestones (project) for a task
as our data types.  Funding can be portrayed as
funding level in a table and as description in
text.  Milestones can also be presented in
tables and text.  To point out interrelatedness,
let’s consider a situation where the funding for
a task is cut.  How does that affect the mile-
stones?  We need a system where funding level
is automatically related to the milestones for a
given task so when funding is cut, we auto-
matically know what milestones won’t be met.
A change in funding not only affects the data
type, milestone, but also the representation or
portrayal of those data.  For example, in a
document, when the funding level is cut we
have to know what entry in the budget table
and what sentences in the text are affected.
And since funding affects milestones we have
to know what entries for milestones are af-
fected.  This example demonstrates how data
types and data representations are interrelated.

As you think about data types, remember there
are many tools or supporting devices with
which you manage.  Automation can play an
important role in any of the tools.

If you’re looking at one data type (e.g.,
financials) and that data type isn’t related to
other types, you have a relatively simple situ-
ation.  You’re probably dealing with automat-
ing a single task.  We call this task automation
on the “Interrelatedness of Data Types” axis.

Task automation isn’t a new idea, but the
manager’s office is late in getting into task

automation.  The idea came into being with the
assembly line.  Early automation was accom-
plished with mechanical devices and has now
progressed to total-plant process-control sys-
tems with robotics that rely heavily on com-
puters.  Task automation in white-collar jobs
started with accounting and payroll tasks,
moved into the engineering department with
CAD/CAM and has now been generalized into
automated office support systems.

If you’re relating two or more data types,
you’re dealing more with bringing several
pieces of information together to support a
broad requirement.  We call this decision sup-
port on the “Interrelatedness of Data Types”
axis.

You’ll need to choose where you want to start.
Review the information supporting your struc-
tured decision and identify critical or widely-
used data.  You may choose to start with a
particular type of data, like budget data, pro-
duction data, or milestone data.  Do you gain
the most by automating budget data or mile-
stone data?  Picking a type of data and/or one
domain as a starting point may help narrow the
scope of your attack and allow you to set
achievable objectives.  You also need to de-
cide whether your objective has more to do
with task automation or decision support, ef-
fectiveness or efficiency, and personal pro-
ductivity or corporate performance.  The
choices aren’t always obvious and depend on
your domain of responsibility and where you
are and where you want to be.

The Range of Impact axis includes efficiency
and effectiveness.  Efficiency has to do with
using the right data and information to accom-
plish specific goals.  Efficiency leads to pro-
ductivity.  Improving efficiency is a com-
mendable objective for operational-level and
clerical-level endeavors.

For strategic-level and tactical-level endeav-
ors, the question is more a matter of doing all
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the right things on time; this is effectiveness.
Effectiveness leads to performance.

The “Number of Users” axis has to do with
personal productivity and corporate perfor-
mance and confronts the problem of sharing.
As we add users to our management tools, we
have to deal with sharing.  We must share the
data that goes into the tools and the informa-
tion that comes out of them.  We must share the
decision mechanisms we use the information
for and the processors we get the information
from.

In short, just looking at the axes forces us to
face up to the problems—and the value—of
automating our management tools.  But where
are we?  Where do we want to be?

If you apply automation to achieve a personal
efficiency gain with a particular type of data,
you can achieve visible results quickly.  The
type of automation is task automation more so
than decision support.  You can buy a personal
computer and a spreadsheet package, and with
a little training you’re there.

Trying to be effective with sharing corporate
data, all interrelated to support decision mak-
ing, is like standing at the bottom of a huge cliff
figuring out how to get to the top.  We want to
figure out how to get, by any path or mecha-
nism, to the top.  The first task is to be effective
with corporate data of any one type.  Then we
can scale the cliff along any one type of data at
a time.  When you’re able to connect the
several types of data, then you’ll not only be
able to get up the cliff, but you’ll have a
measure of control over where you are on the
cliff (Figure 2.1.9.4.4.)

As you move toward decision support, you
must define the interrelationships among the
various types of data.  You must answer ques-
tions like, “Where does this letter fit within the
budget-and-reporting structure?” and, “Which
milestones go with which budget-and-report-

ing number?”

Placing numbers on the three axes in Figure
2.1.9.4.1. gives us a numbering convention to
identify the boxes.  I refer to the personal,
efficiency, task automation box as box 1, 1, 1.

Take a minute and review the boxes, moving
from one box to another.  If your objective is
box 1, 1, 1 for narrative data (text), you want to
buy a word processor.  If your objective is 1, 2,
1, meaning you want more users, you want to
buy several word processors or a multi-user
version that can share data.

If the objective is box 2, 2, 1, meaning you not
only want efficiency but effectiveness, you
should have word processors that share a com-
mon disk with some administrative functional
capability like searching, indexing, and filing.
If you move from the personal level to the
corporate level, it means you must be able to at
least share data.  If you move from efficiency
to effectiveness, it means you must be able to
manage the data and information.

Moving to box 2, 2, 2, from task automation to
decision support, means the narrative data is
related to other data more and more tightly as
we progress into box 2, 2, 2.  The automation
becomes less generalized and routine—the
automated systems become more complex and
specific to the domain.  In box 2, 2, 2 (and
others) we must worry about “data about data.”

Trying to use new technology to get up the cliff
can be frustrating.  Usually we don’t under-
stand the machinery and it isn’t easy for us to
use effectively and we can hurt ourselves or
the machinery.  The fact is that automation for
effective, corporate decision support is no
easy task.  To get there, you must be able to
effectively manage data and information.

The bottom line is that the choice and invest-
ment are yours.  As a decision-maker, for your
domain, your job is to make effective corpo-
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rate decisions.  You may decide, however, that
the place to spend you automation dollars is in

NUMBER
OF USERS

Corporate (2)

Personal (1)

RANGE
OF IMPACT

(1)
Efficiency

(2)
Effectiveness INTERRELATEDNESS

OF DATA TYPES

(1) Task Automation

(2) Decision Support

Figure 2.1.9.4.2.  We can see the progression from task automation to decision support on the
data-to-information chain.

Figure 2.1.9.4.1.  Use the automation objectives cube as a map to find out where you are, where
you want to be, and how to get there from here.
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Figure 2.1.9.4.3.  As we progress through the links of the data-to-information chain, we do more
complex activities.

Figure 2.1.9.4.4.  The sharing corporate data cliff shows how hard it’s going to be to take the
next steps compared to the steps we’ve just taken.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/INFORMATION ORIENTED
PRODUCTIVITY

2.1.9.5. EXERCISE ON AUTOMATION  OBJECTIVES

design projects, and others; 4) solicit, conduct,
and report research activities; 5) set up, attend,
or give seminars or special lectures; 6) partici-
pate in university, college, and department
committees and task forces; and 7) serve their
country, state, industry, and profession through
professional societies, government commis-
sions, and consulting.

Students 1) attend class and carry out assign-
ments in lecture and laboratory settings; 2)
participate in research for thesis and non-
thesis objectives; 3) support their studies
through gathering library and other academic
information; 4) direct and participate in Uni-
versity, College, and Department social and
professional groups; 5) participate in extracur-
ricular activities like fraternities, sororities,
the United Fund, and others; 6) work on place-
ment and job search activities and graduate
school opportunities; and 7) take specialized
exams like EIT, MEDCAT, LSAT, GMAT,
GRE, and others.

Exercise
Assume you’re responsible for an automation
plan for the ISE Department.  Ultimately, your
plan will guide the acquisition (over time) of
hardware, software, laboratory equipment,
space, and procedures for Department auto-
mation activities.  What are your automation
objectives?  What are their priorities?  How do
they fit in the Automation Objectives Model?
What is the logical sequence of actions (re-
lated to the model) to meet your objectives?

Situation Description
The ISE Department participates in the three
land-grant-university missions:  teaching, re-
search, and public service.  The Department
administratively supports the missions.  Fac-
ulty are involved in all three; undergraduate
students primarily in teaching; and graduate
students primarily in research and teaching.

The administration must 1) schedule classes
and assign faculty; 2) operate the financial
business of the Department; 3) support space
requirements for offices, class rooms, labora-
tories, and other space like conference rooms,
lounges, and the copier room; 4) prepare for
university-level and college-level accredita-
tion reviews; 5) support travel, procurement,
and personnel needs of the administration,
faculty, and students; 6) support document
preparation needs like, papers, presentations,
books, class materials, memos, and letters; 7)
interface with the University on student infor-
mation and registration, class room alloca-
tions, and other activities; 8) set up and operate
support functions for the Department like ad-
visory groups, alumni interest, and industrial
and individual gifts; and 9) provide informa-
tion to prospective students and their parents.

Faculty members 1) generate documents like
papers, presentations, class assignments and
tests, and letters; 2) monitor student progress
in class and in research; 3) interact with gov-
ernment and industry for public service re-
quests, research proposals and reports, senior

What are measurable objectives for initiatives or evolving automation in the
organization?
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/EVALUATING MANAGEMENT
TOOLS

2.1.10.1. EVALUATION —PETER PAUL  RUBENS
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Why Do We Evaluate?
In the system life cycle in Figures 1.1.20.1.1.a.
and 1.1.20.1.1.b., evaluation is shown or im-
plied throughout the cycle.  Also, remember
the process flow diagram in Figure 2.1.3. for
developing any management tool.  Remember
the funny box in Figure 2.1.3. with all the
arrows on it?  That box was labeled documen-
tation and evaluation.  The arrows mean you
always do documentation and evaluation at
each and every step of the process flow.  Hence,
all the arrows.  I’m interested in evaluation
now and I’ll discuss documentation later.

To be successful, evaluation must not be post
facto.  Don’t evaluate only after you’ve devel-
oped a management tool.  I could discuss
evaluation as it applies to each step of the
system life cycle; but, you’ll get the picture if
I just relate evaluation to the four sequential
stages:  analysis, design, implementation and
follow up.

The Analysis Stage
In analysis, you must decide what you’re go-
ing to evaluate your management tool against.
You and the user must agree on what’s ex-
pected of the tool and what criteria the tool
must meet.  Most people don’t like to pin
themselves down so tightly at such an early
stage (or any stage, for that matter).  You’ll
suffer less in the long run if you do pin yourself
(and your client or customer) down early.

The user will expect something!  And those
expectations will change over time.  When you
agree on what you’re to do for a user, he or she
will have in mind some outcome and will
expect results.  The expectation may be spe-

cific or quite general.  You may or may not
agree on those expectations.  In any case, you
must write the expectations down in some
non-ambiguous way.  I promise you that after
you agree on expectations (written or not), the
user’s ideas, recollection, and expectations
will change.  And I’ve never seen them change
to be something less or something easier to do
than what was agreed.  If you haven’t written
down those expectations, you’ll produce some-
thing the user doesn’t want (at worst) or end up
arguing about what you were really supposed
to do (at best).  Your customer or client prob-
ably should write down their expectations and
their criteria for evaluating you and your prod-
uct.  But, they won’t.  So, to serve your
customer and to protect yourself, you must.

In the analysis stage, figure out what the tool is
supposed to do.  Set evaluation criteria, both
tangible and intangible, and agree on them
with your customer.  Now you know what
you’re working against.  You have landmarks
out there on the horizon to move toward.  The
tool requirements (expectations) document out
of the survey step in the analysis stage repre-
sents the formal documentation from evalua-
tion.  Keep evaluation in mind at all steps.

The Design Stage
In the design stage, keep track of your evalu-
ation criteria.  Use them as guideposts to make
sure you’re going in the right direction.  If
you’re not going to achieve what’s expected of
you or if you find different or better criteria,
immediately review the situation with your
customer.  (Many of the comments I’m mak-
ing here about evaluating management tools
apply to evaluating people as well.  I’m think-

You have important evaluation activities or documents at all steps and stages in the
system life cycle.

BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/EVALUATING MANAGEMENT
TOOLS

2.1.10.2. EVALUATING  LIFE CYCLE  STAGES
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ing about things like talking with the person
evaluating you as soon as you recognize you’re
not going to live up to expectations.)  If the
user is involved both in what he or she will get
in the form of a tool and in what the tool will
be measured against, you’re keeping his or her
expectations realistically tuned to what he or
she will get and assuring your success.  When
designing the management tool, you can add
or subtract features or capabilities.  But, in the
final analysis, the user is going to focus on
what he or she expects and not on something
else added or missing.

During the design stage you want to formalize
and document the bases for evaluating the
management tool while in use (in the opera-
tion step of the follow-up stage).  You find out
the success factors for the tool and the evalu-
ation criteria in the acceptance and evaluation
bases step in the design stage.  When both you
and your client know how the management
tool will be evaluated, you’ll design the tool to
successfully meet the evaluation criteria.  Keep
evaluation in mind at all steps in the design
stage.

The Implementation Stage
In the implementation stage, make sure you
build the management tool to meet the expec-
tations identified in the analysis stage and the
criteria set during the design stage.  And make
sure the user sees and knows what you’ve done
in relation to meeting expectations.  Test the
management tool against the evaluation crite-
ria.  Remember that the criteria will include
both operations and physical features.  You
cover the operations in the training step.  Keep
evaluation in mind at all steps.

The Follow-up Stage
Press for a formal evaluation.  Take the initia-
tive here, because the user probably won’t.
This step is the most important one for your
professional development.  Learn what the
user likes and dislikes.  Learn the difference
between what you think are the most important
hits and misses of the tool and what the user
thinks is important.  By keeping evaluation in
mind at all steps of the follow-up stage, you
ensure the maintenance and upgrade activities
continuously improve your success.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/EVALUATING MANAGEMENT
TOOLS

2.1.10.3. EVALUATING  ANYTHING

If you experience something, you’ll evaluate it.  So will anyone else.

usually obtained from carefully conducted tests
on hapless prisoners.  Very good blades, in the
hands of the ‘standard reference swordsman’
would be rated as single-stroke whole-torso
cleavers, slightly less good ones as leg-loppers,
and so on.  These product evaluators were part
of a hereditary vocational system, which did a
great deal for their independence; not only
would any loss of integrity reflect on one’s
own future job prospects, but also on one’s
children’s career options—and on one’s an-
cestors’ reputations.  Modern job mobility has
considerably weakened the feasibility of this
particular system of bias control, and it is not
certain we have developed a replacement that
is as good.”

Product evaluation is relatively easy; and, rela-
tively speaking, people and evaluation labora-
tories do a lot of it.  Service evaluation, people
evaluation, system evaluation and evaluating
combinations of these things is seldom done.
In Figure 2.1.10.3.a., you’ll enjoy a facetious
look at evaluating people.  Since people are
our most important resource, performance ap-
praisal may be our most important manage-
ment responsibility.  Too bad most of you will
go out to work and won’t have your perfor-
mance appraised.  You’ll probably reflect this
experience (or lack of it) and won’t appraise
the work of your people.  (Maybe once a year
you’ll fill in some boxes and check some
squares on some annual appraisal sheet for the
personnel department.)

You need evaluations to manage success.  Here,
I mean manage in the sense of plan, direct, and
control.  And I mean making the needed deci-
sions so the thing to be evaluated will be a
success.

Evaluating a Product, Service, or Person
From the Management System Model (MSM),
we realize the management tool’s success de-
pends on how well it fits with who manages
and with what is managed.  So, the manage-
ment tool is like both a product and a service.
It will be evaluated like both.  Product evalu-
ation is easier than service evaluation.  And
both are easier than personnel evaluation.

Personnel and program evaluation usually look
at the wrong things or take a wrong look at the
right things.  Often we don’t define the right
measures of performance.  We end up ranking
people instead of coaching them.

Product evaluation has the great advantage of
maturity.  You’re probably familiar with prod-
uct evaluations, like in Consumer Reports,
where products are ranked by quality.  The
strongest specific area of product evaluation is
in automobiles.  The physical part (or product
part) of your management tool will be the
easiest to evaluate.  For example, we can
evaluate computer hardware— the monitor,
the keyboard, the printer.

“Specialized independent product evaluators
practiced their trade many centuries before the
industrial revolution.  The tang of ancient
Japanese swords often bears the signature, not
only of the maker, but of a respected indepen-
dent sword evaluator.”  (This story is taken
from Michael Scriven in Nick Smith’s book
New Perspectives in Evaluation.)  “Some-
times—in the case of blades from the master
swordsmiths, which have always been worth a
prince’s ransom and sometimes comprised
one—this annotation would include a refer-
ence to some applied performance testing data,
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The Impact of Evaluation
To experience something is to evaluate it.  The
person in Figure 2.1.10.3.b. is pretty clear in
his evaluation of the presentation he’s hearing.
But I wonder what he’ll put down on his
evaluation sheet when the talk is over.

Let’s think about your evaluation—not when
you’re evaluated in this course or in school,
but when your work is evaluated on the job.
You’ll probably take the concepts I present
here more to heart if you think of them in
relation to your work being evaluated.  These
concepts apply both to your work being evalu-
ated and to a management tool being evalu-
ated.

When you experience and evaluate something,
you’ll make that evaluation informally or for-
mally.  The difference in the formality of the
evaluation is in how you present or communi-
cate it.  You may just think the presentation is
boring (like Figure 2.1.10.3.b.), or you may
write it down on the evaluation sheet.  Writing
it down is much more formal than thinking it.
And the formality of how you make the evalu-
ation will influence the effect your evaluation
has on what you’re evaluating.  Figure
2.1.10.3.c. shows three factors that influence
the effect your evaluation may have.

I define evaluation impact as the significance
of action resulting from the evaluation.  The
impact is high if the evaluation results in
highly visible or consequential action.  Ex-
amples of this kind of action are reorganizing
or redesigning something, making a purchase,
bargaining or negotiating something, award-
ing or cancelling a contract, and so on.  The
impact is low if the resulting action has low
visibility and consequence.  An example of
this kind of action is when evaluations are
conducted to meet routine legal requirements
or when the findings aren’t used at all.

Three factors affect the impact of the evalua-

tion.  The factors are formalities of reporting,
the significance of the evaluator or the source
of the evaluation, and the significance of the
impact or of the evaluation criteria.  Formality
of reporting varies with how the evaluation
findings are communicated, written reports
being the most formal.  If I only think about the
good job you did, the impact on you is low.  If
I tell you or your boss or the “big boss” that you
did a good job, the impact is higher.  The more
specific I am in what I say, the greater the
impact.  I’ll remember what I thought longer
and someone else will share in my evaluation.
If I write you or someone else that you did a
good job, the impact is even higher.  Whoever
receives the written evaluation can keep it,
and, even if they don’t, the impact is greater.  In
personnel evaluations, written comments (ei-
ther good or bad) usually end up in your
personnel file.

I define significance of evaluator (the source
of the evaluation) as the evaluator’s willing-
ness and ability to initiate important action
involving the evaluand.  In personnel evalua-
tion, the evaluand is the person being evalu-
ated.  I extend the definition to include any-
thing, whether person, service, or product,
being evaluated.  The most significant evalu-
ators are those who have a stake in, and the
power to, directly make critical decisions in-
volving the evaluand.  For example, in evalu-
ating software for possible purchase, the buyer,
not the salesperson, is the significant evalua-
tor.  Of course, significance of evaluator is
strongly affected by his or her professional
competence as an evaluator.

Significance of criteria (or significance of
impact) has to do with how critical to the
success of the evaluand the attribute is that’s
being evaluated.  Some attributes, or charac-
teristics, are more important to the success
than others.  If you’re trying to be a movie star,
good looks are more significant than if you’re
trying to be an engineer.  In the early stages of



1188

design and implementation of a management
tool, utility criteria are often more significant
than quality criteria.

By looking at Figure 2.1.10.3.c., you can make
the following observations.  First, impact is
highest when formality of reporting, signifi-

cance of evaluator, and significance of criteria
are all high, and impact is lowest when all three
factors are low.  Second, a low value on one
factor can be compensated by high values on
the other two.  Thus, an evaluator with low
significance can cause high impact by using
significant criteria and making a formal report.

Figure 2.1.10.3.a.  This performance appraisal has a standard form.  The entries are nonsense.
However, some descriptions of job requirements are almost this ridiculous.  (I don’t know where
I found this chart.  I found a similar version in Kurt Hanks, Up Your Productivity, William
Kaufmann, Inc., 1986, pp. 56-57.  Hanks notes, “I would like to give credit to the person who
created the above chart, but I’ve been unable to track him or her down.”)
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Figure 2.1.10.3.c.  Three factors influence the effect of evaluation.

Figure 2.1.10.3.b.  To experience something is to evaluate it.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/EVALUATING MANAGEMENT
TOOLS

2.1.10.4. YOU CAN MANAGE YOUR EVALUATION

You can manage your evaluation.  You can get
an evaluation by asking someone (your boss,
for instance) about how you’re doing or about
something you did.  By asking the right ques-
tions, you can cause the evaluation to be spe-
cific.  Being specific helps you more and
cements what is said more firmly in the mind
of the evaluator.  You can even ask for a
written evaluation—if in no other way than by
making a written request.

If your evaluation is important to you, you
should manage it.  Try not to manipulate it.

Ask about what you did poorly as well as ask
what you did well.  Always get specifics, not
only when you did your best.  Use your evalu-
ation to improve your performance and to get
a handle on the expectations of your evaluator.

You first manage your evaluation by setting
expectations.

Determine the tests for your product or service
before you complete the design of the product
or service.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/EVALUATING MANAGEMENT
TOOLS

2.1.10.5. MANAGEMENT  TOOL SUCCESS

Criteria for Management Tool Success
Let’s switch our thinking for a moment back to
developing a management tool.  I’ll discuss
management tool evaluation criteria (not as
easily compared to criteria for evaluating
people); then I’ll discuss how we judge some-
thing to be a success.  For judging success, I
can talk about you and your evaluation again.

A management tool is successful in a given
domain of responsibility if it meets reasonable
expectations of the person managing that do-
main who will use the tool.  This definition
explicitly recognizes that the tool (what is used
to manage) must fit the operation (what is
managed) and the manager (who manages).
So, a management tool that fits a given man-
ager and operation can’t be assumed to suc-
ceed for a different manager in a different
operation.  By requiring the expectations to be
reasonable, I’ve allowed us to be logical about
evaluation criteria (leaving out politics and
prejudice, for example).

I’ll use two types of criteria for evaluating the
success of a management tool.  They are utility
criteria and quality criteria.  For utility criteria,
we identify specific uses of the tool, while
quality criteria specify management tool char-
acteristics that improve its functioning.  Utility
criteria depend on who manages and what is
managed and quality criteria depend on the
management tool itself (what is used to man-
age).  A management tool successful in quality
criteria alone is of no use, and thus is a failure.

Consider four functional needs for utility cri-
teria:

1)  criteria met by a particular management
tool,

2) criteria defined uniquely according to each
manager,

3) criteria dependent on the business envi-
ronment and the context of use, and

4) criteria reflecting flexibility to change as
the business environment and the
manager’s needs change.

Consider four qualities for quality criteria:

1) criteria generally desirable in all manage-
ment tools,

2) criteria defined by industry-wide norms,

3) criteria as tool properties, independent of
specific business environments, and

4) criteria reflecting flexibility to change as
technology advances and industry changes.

Since quality criteria are defined by industry-
wide norms, the evaluator can pick the most
important quality criteria from a list.  How-
ever, utility criteria can only be defined by a
person very familiar either the specific domain
of responsibility the tool will be used for.  The
utility criteria highlight the need to involve the
user in defining desirability standards.

Judging Success and Failure
Now let’s think about our own evaluations and
whether we’re succeeding or failing in what

If you perform at the margin, your success depends on what your evaluator will
tolerate at the moment he or she evaluates you.
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we’re doing.  These concepts apply to the
success and failure of a management tool as
well as our own success or failure.

When all is said and done, the evaluator must
come to some conclusion about the overall
worth of the evaluand.  Are you worth promot-
ing?  Are you doing a good job?  Are you doing
an adequate job?  This worth is often expressed
as a bottomline pronouncement of success or
failure, acceptance or rejection.  However, if
the goal of the evaluation is to cause success,
instead of simply identifying its presence or
absence, the judgment process is often tem-
pered by optimism.  This optimism is embod-
ied in the evaluator’s toleration for less than
acceptable performance.  Three entities are
critical to the judgment process, which by its
very nature, is subjective.  (See Figure
2.1.10.5.a. for the three entities.)  The three
entities are performance, expectation, and tol-
eration.

I define performance as the actual perfor-
mance of the evaluand, measured relative to
predefined standards or criteria.  Expectation
is the level of performance the evaluator con-
siders fair and due.  And toleration is the
capacity for enduring a performance level be-
low what is expected.  In your job, you’ll be
expected to accomplish certain things.  I ex-
pect my project managers to satisfy the cus-
tomer and to meet the scope of work of their
project, within cost and on time.  I can measure
their performance against the project state-
ment of work.  However, if they’re young,
inexperienced, and don’t get paid very much,
I’m pretty tolerant of them doing less than I
expected.  On the other hand, if they’re mature,
experienced, and get paid a lot, I’m not very
tolerant of much.  You see, there’s something
to be said for not getting paid a fortune early in
life.

You can see another example of tolerance in
Figure 2.1.10.5.b.  In this case, I’ve bought a

car.  I’m not into luxury or beauty.  But,
regardless of what I’ve bought, I expect it to
get me to class every day, no matter what.  If
I didn’t expect that, there’s no need for the car.
In one case, I’ve bought a 15-year-old clunker
for $200.  When it doesn’t start on a cold
winter morning, I say “What do you want
from such a car?”  I tolerate its not starting.
But I still don’t change my expectation.  I still
have to get to class every day.  I’ll live with it
until I can afford a better car.  In another case,
the case in Figure 2.1.10.5.b., I’ve bought a
brand new Mercedes for $64,985.  No matter
how cold or bad the weather, if it doesn’t start,
I throw a tantrum.  I call the dealer.  I threaten
to sue.  I won’t live with it for one minute.

Human judgment can logically relate the three
evaluation considerations of Figure 2.1.10.5.a.
I’ve shown the relationships in the logic dia-
gram of Figure 2.1.10.5.c.  Clearly, when
actual performance equals or exceeds expected
performance, the evaluand is judged success-
ful, and there’s no need to measure toleration.
That’s the situation you want for yourself and
for what you do.  Know what is expected.
Exceed that, and then do what you think is
important.  Don’t exceed that, and what you
think is important is going to be lost in trying
to hang on or hoping for toleration.  However,
if performance doesn’t meet or exceed expec-
tation, the evaluator compares the deficiency
against his or her toleration.  The determina-
tion of success or failure is based not only on
actual and expected performance, but also on
toleration.

An important point can be made here.  If you
perform at the margin of what’s expected, you
must depend on toleration.  I try to tell a young
faculty member concerned about tenure that if
he or she performs well above expectations,
he or she has nothing to worry about.  If he or
she performs at the margin, he or she must
depend on the rather undependable tolerance
of their evaluator.
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PERFORMANCE:  Actual performance rating

EXPECTATION: Performance 
level considered 
to be fair and due

TOLERATION: Capacity for enduring 
deficiency (performance 
below expectations)

JUDGMENT:  
Verdict of success

 or failure

Figure 2.1.10.5.a.  Success is a judgment call affected by three considerations.  (This chart was
developed during my interaction with Amod Singhal during his master’s degree work at Virginia
Tech.)

Figure 2.1.10.5.b.  “I have no tolerance for this!”
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Figure 2.1.10.5.c.  Judgment can logically relate the three evaluation considerations.

Yes

Yes

No

No

Performance

Expectation
>

Toleration

Deficiency
(Expectation)

>

Failure

Success

Success



1196

BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/EVALUATING MANAGEMENT
TOOLS

2.1.10.6. RETURN ON INVESTMENT

Relating Cost, or Investment, and Benefits,
or Return
As engineers, we like to forecast (for future
projects) or measure (for existing projects)
costs and benefits.  When we know what the
costs and benefits are, we compare them to see
if we want to do something or if we’re glad we
did something.  We talk about trade-off deci-
sions or break-even analysis.  In break-even
analysis, we’re looking for the point (break-
even point) where the identifiable benefits
equal identifiable costs.  In trade-off deci-
sions, we want the benefits to equal, or prefer-
ably exceed, the costs.

So, we have to figure out what the benefits and
costs are.  Unlike most of the problems in
engineering economy, we can’t assign a dollar
value to all the benefits or costs of a manage-
ment tool.  What about the ability to hire better
young people out of college because they think
that if the organization has a big computer, it’s
better?  What about the frustration when the
information system gives the user every piece
of information in the world except the one they
want?

We say that management tool development
involves two types of costs and benefits: tan-
gible and intangible.  Management tool devel-
opment is harder to evaluate than most things
because it involves so many intangible costs
and benefits.  In many ways, evaluating man-
agement tools is like evaluating innovation.
You have to have it; but, based on tangible
benefits alone, most innovation or manage-
ment tool projects would never be started.

Tangible Costs, or Investment
Tangible costs include the cost of new equip-

ment, stated either in terms of purchase price
or payout over the useful life of the system.
Remember payback analysis and present value
and all of that from engineering economy?  We
can convert tangible costs to operational terms.
For example, if a piece of equipment costs $2
million and handles 5 million transactions
over a three-year period, the tangible cost is 40
cents for each transaction.

We can also measure human factors in terms of
tangible costs.  Other tangible costs include
payroll costs associated with developing or
using the management tool.

Tangible Benefits, or Return
We realize tangible benefits when a manage-
ment tool is projected to make money or save
money for the domain of responsibility or to
contribute in some other quantifiable way.
Typically, we look for savings in time, steps,
or paperwork, all of which are translated to
cost.

Incrementally, a management tool may save
some money for the organization; but, by and
large, the tool usually shows more tangible
costs than tangible benefits.  Remember be-
fore we had copying machines?  To get a copy,
you either had to get a photograph of the
original or make carbon copies when you
made the original.  The copy machine would
obviously save lots of time, right?  We wouldn’t
need such a large secretarial staff.  What hap-
pened?  We used to make two or three copies
of things.  We now make thousands of copies
of them.  Do we really need all those copies?
The machines are noisy.  The copy machine
has its own private office.  Think of the number
of maintenance people we employ just for

Identifying, verifying, and balancing costs and benefits for a management tool
depend a lot on what Deming calls the unknown and unknowable.
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copy machines.  I’m sure that if you figured out
how much an office pays for all its copies
today compared to all its copies years ago, the
economics wouldn’t, in most cases, warrent
getting the machine.  But, are we better off
with all those copies?  How much better off?
In what ways?  What’s it worth?

Intangible Costs, or Investment
Intangible costs can’t be easily pinpointed in
terms of money.  Yet we can readily identify
intangible costs.  For example, when employ-
ees are apprehensive about changes in their job
content, their work output can decline.  De-
creased output like this represents an intan-
gible cost of converting from the old manage-
ment tool to a new one.

When first converting to a new management
tool, error rates are likely to be higher than
they’ll be once employees learn the new tool
and become comfortable with it.  Frightened
employees may blame the computer (or what-
ever mechanism), rather than themselves, for
delays or incorrect outputs delivered to cus-
tomers.  This is another intangible cost of a
new management tool.

Intangible Benefits, or Return
Intangible benefits are return you get that is
qualitative, such as satisfaction, comfort, pres-
tige, and joy.  We try, but we are seldom
successful, to assign value to these benefits.
One of the challenges of systems analysis is to
identify these benefits and to put a value to
them in offsetting the cost of a new manage-
ment tool.

For example, assume that a particular depart-
ment converts from using typewriters to using
word processors.  Employees report a more
pleasant workplace since they’ve eliminated
typewriter noise.  Further, the word processors
provide a status symbol, giving the operators
added respect among their peers.

Simple benefits such as these can reduce em-
ployee turnover.  If your employees stay longer,
you reduce training cost.  To calculate the
value of these benefits, you estimate (based on
experiences with similar systems) the decrease
in turnover.  You then calculate the savings in
new employee training and apply the savings
to the cost/benefit analysis.

Cost Avoidance
In an effort to justify a new management tool,
some people calculate cost avoidance—and
many misuse the calculation or the result.  In
cost avoidance, you figure how much it costs
to do something now.  You figure how much
you save by doing that thing using the new
tool.  Then you assume you want to do that
thing many more times than you do now.  For
example, it now costs $500 in a person’s time
to make three iterations at forecasting the
organization’s budget each month when we do
it by hand.  With a new computer-based tool,
we can do those three iterations for $200 of the
budget analyst’s time.  But that’s all we use the
computer for and the cost of purchasing or
leasing the computer is $600 per month.  If
three iterations are sufficient, it’s cheaper to
do the forecasts by hand.  But, let’s assume we
really should be doing 30 iterations.  The cost
of doing the iterations by hand is evenly spread.
The cost of doing the iterations by the com-
puter is a one-time cost regardless of the num-
ber of iterations.  To do 30 iterations by hand
costs $5000 and with the computer $200 plus
the $600 lease.  Now, even with the cost of the
computer we’re saving a bundle—that is, we’re
avoiding the cost of $4200.

The Relationship between Quality and Cost
Increasing the quality of information gener-
ally costs more in verifying and updating the
data.  Generally, the direct cost of information
increases with increasing quality, but at an
accelerating rate.  This is shown in Figure
2.1.10.6. as the cost of information.  Be careful
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intersection is the break-even point.  That
point represents the best tool the organization
can afford.  That is, the break-even point
represents the highest quality of information
that can be justified economically.

In fact, the break-even point probably isn’t the
best or optimum solution from a business
viewpoint.  The level of information quality at
which the gap between the two curves is wid-
est is (theoretically) the optimum solution.
The value received is not as great as it would
be at a higher level of quality.  However, any
increase in quality beyond this point would
increase costs more than it would increase
value.  Therefore, the point at the widest gap is
the most cost-effective solution.  Beyond a
certain point, improvements in quality may
not be worth the increased cost of achieving
them.

of simple curves like this one because the
indirect costs in increasing quality can de-
crease.  (Such an indirect cost might be cus-
tomer complaints.)

Now, we’ll consider a common situation where
we get better and better information—quality
wise.  There will come a point where we don’t
really need such high-quality information to
make the decisions we have to make.  Figure
2.1.10.6. shows the situation where the value
of information increases with increasing qual-
ity, but at a declining rate.  This is shown as the
value of information.

From the curves in Figure 2.1.10.6., we see
that the quality of information received from a
management tool is a trade-off between the
cost of the tool and the value of the information
received for that cost.  This cost/benefit rela-
tionship is shown in Figure 2.1.10.6.  The
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Figure 2.1.10.6.  The optimum, most cost-effective system produces the most favorable ratio of
information value to information cost.
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/EVALUATING MANAGEMENT
TOOLS

2.1.10.7. BENEFITS

Most benefits in MIS development can’t be quantified in a bottomline figure.

culated or overlooked, it’s difficult to quantify
costs and benefits, and the expected benefits
sometimes fail to materialize.  These problems
happen because unrealistic expectations, poor
design or implementation, internal opposition
to the management tool, bad guesses, and poor
information bring about miscalculation and
omission of costs.  When we evaluate a man-
agement tool, we can’t rely too easily on
quantification or on any single economic analy-
sis model.  We must, instead, give the manager
the best tools for dealing with qualitative con-
cerns in a rational, structured manner.

Generate Intangible Benefits
A management tool does give us many intan-
gible benefits.  The term intangible is com-
monly used in Management Information Sys-
tem (MIS) literature to describe benefits whose
dollar value can’t be readily found, that are
otherwise difficult to quantify numerically, or
that are unanticipated.  The intangible cat-
egory is used as a catch-all for benefits that
can’t be adequately dealt with by commonly
used evaluation techniques such as cost-ben-
efit, return-on-investment, and multi-attribute
utility analyses.

From the users viewpoint major benefits in a
management tool are flexibility, improved
communication, insight, and learning.  Peter
G. W. Keen identifies twelve benefits in MIS
development, ten of which can’t be quantified
in a bottomline figure.  They are:

1. increase in the number of alternatives ex-
amined,

2. better understanding of the business,

Conceptualizations of Management Tool
Success
We can think of a successful management tool
in various ways.  The management tool can:

1. bring economic value,

2. generate intangible benefits,

3. improve decision making,

4. help train new people,

5. advance business objectives, and

6. satisfy its users.

These ideas of success are neither mutually
exclusive nor comprehensive.  One or more of
these notions, and perhaps many others, may
define the success of a management tool in a
given management system.

Bring Economic Value
The idea that a successful management tool
brings economic value is central to cost/ben-
efit and similar techniques, which attempt to
measure the monetary worth of management
tools.  The major shortcoming of this wide-
spread idea is the assumption that all costs and
benefits of a management tool can be quanti-
fied in terms of dollars.

We’ve found our attempts to quantify benefits
that are largely seen as qualitative to be inac-
curate and unsatisfactory.  One reason is that
quantification is often accomplished by im-
posing an analytic model on the data.  The
three major problems with cost/benefit analy-
ses are that costs and benefits are often miscal-
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Advance Business Objectives
A good management tool puts an organization
in a more competitive position.  For that rea-
son, management tools are often worked into
an organization’s business strategy.  Informa-
tion technology can improve the business be-
cause it changes the way people do business.

Satisfy Its Users
User satisfaction is critical measure in man-
agement tool success.  User satisfaction can be
measured in terms of response time, accuracy,
distribution, timeliness and quality of output,
as well as response to problems and attitude
and cooperativeness.  Evaluation approaches
based on user perception seek to measure these
perceptions but don’t give us a systematic way
for users to develop realistic expectations and
definitions of success.

Hierarchy of Evaluation Criteria for MIS
“The fundamental purpose of the MIS is to
bring the organization closer toward achiev-
ing its primary objectives more efficiently.
Profit and return on investment are generally
accepted objectives.  Service to society and
workers’ satisfactions are others.  The prob-
lem in measuring the contribution to these
objectives is that so many other factors act
upon the organization at the same time.”

“[Figure 2.1.10.7.a.] shows a continuing break-
down of factors that might serve as criteria for
evaluating an MIS.  Examples of variables to
be measured to evaluate each factor are also
shown.  Although measuring many of the
variables poses difficulties, this hierarchy can
be used for crude evaluations.”

“G. B. Davis divides the MIS into functional
subsystems.  They are the strategic planning
information system, the managerial control
information system, the operations informa-
tion system, and the transaction processing
system.”

3. fast response to unexpected situations,

4. ability to carry out ad hoc analysis,

5. new insights and learning (e.g., better sense
of true costs),

6. improved communication,

7. control (better tracking of cases),

8. better decisions,

9. more effective team work, and

10. better use of data resources.

Intangible benefits are important when we
evaluate a management tool.  We must relate
all benefits of the tool to the value it brings to
the organization and to the manager.

Improve Decision Making
Many people have tried to relate management
tools and improve decisions.  People working
on productivity and performance especially
need this relationship.  However, techniques
for measuring decision improvements because
of a new management tool have had varying
degrees of success.  People usually rely on
surrogate measures.

Help Train New People
Since a management tool contains structures
and processes for converting data about the
management work processes into informa-
tion, both final and intermediate presentations
of the data and information about the organiza-
tion will help train people.  For example, a
work flow diagram, a relationships and struc-
tures tool, is a wonderful aid for showing
someone how the work process flows and
identify his or her role in the process.  The MIS
shows both indicators and reference points
(voice of the process and voice of the cus-
tomer) for the work process.
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“Evaluation of the MIS could be based on
criteria established for each of these four sys-
tems.  For example, the transaction system
could be in terms of:

1. throughput—total transactions processed
over the evaluation period,

2. throughput rate—amount of work pro-
cessed per unit of time, and

3. throughput rate capability—the maximum

throughput rate possible for the system.

Unfortunately, measuring the MIS contribu-
tion to the other three systems presents the
same difficulties as in the hierarchical ap-
proach.  Measures of effectiveness closely
corresponding to the MIS activities listed by
Davis, have been developed by W. A. Smith,
Jr.  These are shown in [Figure 2.1.10.7.b.].”  (I
quoted this section in part from Robert G.
Murdick with John C. Munson, MIS Concepts
and Design, Prentice-Hall, 1986, pp. 598-600.)
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EXAMPLE OF MOE’s
ACTIVITY DOMINANT ISSUES (Measures of Effectivenss)

Clerical Function: cost displacement, task execution Units per labor hour, backlog
System: efficiency, speed of operation, econ- Throughput, capacity utilization,

  omy    data preparation cost per unit
Information: accuracy Percent error transactions

Operational Function: monitoring and control over activity Inventory level, yield rate, mess-
  and resources   ages delivered/received, missed

  shipping dates
System: maintainability, sustainability, avail- Percent downtime, time between

  ability, sensitivity   failures, frequency of service,
  percent requests with special
  handdling

Information: timeliness, reliability Response time

Tactical Function: decision quality, functional objec- Return on investment, volume or-
  tives   ders per district, unit cost,

  overtime/regular hours, percent
  returned product, delivery time

System: auditability, compatibility, flexibility, Actual users vs. intended users,
security, scope   percent service of total cost,

  reports returned vs. delivered
Information: sufficiency, conciseness, discovery Percent file used when appropri-

  ate, volume of inquiries

Strategic Function: organizational mission, planning, Share of market, new products,
  outcome of decisions   earnings/share, change in risk,

  percent R&D of total expense
System: user satisfactiona Number of accesses per inquiry,

  time to formulate inquiry, percent
  compliments vs. complaints

Information: relevance Percent responses appropriate

a  Access ease, available period, dependable source, suitability to purpose, personal convenience.
Source:  W. A. Smith, Jr., Effectiveness of Information Systems (Bethlehem, Pa.: Lehigh University, Dept. of I.E.,
June 1972) (AD744027), National Technical Information Serivice.

Figure 2.1.10.7.a.  Characteristic performance indicators.  (taken from Murdick, p. 600)
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Hierarchy in       Change that is
   the MIS          Measured

Level 1 Company profit, return Dollars
   on investment

Level 2 Company costs, revenues Dollars

Level 3 Planning Specificity, quantification, degree to which
  plans are achieved, time required to pro-
  duce plans, number of alternative plans
  made available for consideration, cost.

Control Degree of control by exception, selection of
  activities to be controlled, forewarning of
  activities going beyond acceptable limits,
  managerial time required for control, auto-
  mation of control of repetitive situations,
  cost.

Level 4 Decisions Quality of decisions, frequency of reversal of
  decisions by superiors in the organization,
  number of alternatives examined in arriving
  at decisions, sophistication of “What
  if...?” questions permitted, time required
  for decisions, automation of repetitive deci-
  sion situations, cost.

Level 5 Information Validity, accuracy, clarity, distribution, fre-
  quency, appropriateness of detail for each
  level of management, timeliness, format,
  availability on demand, selectivity of con-
  tent, disposition method, retention time,
  cost.

Level 6 System characteristics Number of people required, equipment and
  facilities, response time, frequency of break-
  downs, inputs, outputs, number of forms,
  number of operations, number of storages,
  sizes and quality of data bank, size and
  quality of model bank, flexibility, simplicity,
  degree of automation, scope of business
  components that are related by the MIS,
  user satisfaction, error rates, persistent
  problem areas, ease of maintenance and
  modification, unplanned-for impact on com-
  any performance, savings, cost etc.

Figure 2.1.10.7.b.  Measurement hierarchy.  (taken from Murdick, p. 599)
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BUILDING MANAGEMENT TOOLS/APPROACHES FOR BUILDING TOOLS/EVALUATING MANAGEMENT
TOOLS

2.1.10.8. QUALITATIVE  AND QUANTITATIVE  DATA

When we gather information about the domain
of responsibility for setting the criteria and
evaluating a management tool, the data will be
found in many forms.  We’ll find a lot of
qualitative data—from “war stories” to gos-
sip.  Usually the qualitative data are most
valuable, if we could just make them useful.  In
some cases, we’ll want to make quantitative
data out of qualitative data.

The quantitative methods we have don’t ad-
equately handle many aspects of evaluating
management tools.  We can trace the emphasis
on quantification in evaluations to the
misperception that quantification provides re-
liable, bias-free results.  However, both quali-
tative and quantitative data may be biased.
Bias, defined as distortion in findings due to
the adoption of a given perspective, can mani-
fest itself at all stages in our evaluation.  Thus
bias is inherent in choices regarding what is
studied, the method used, the sample selected,
and the measures used in gathering data.  Bias
may also be manifested in data analysis and
reduction, as well as in reporting the findings.
Quantification does reduce one form of bias—
idiosyncratic variations between the people
who conduct observations and gather infor-
mation.  However, we can make qualitative
descriptions more reliable by carefully choos-
ing the criteria for classification.  Contrary to
popular belief, the problem with qualitative
data isn’t bias or reliability, but that more
effort is required to reduce and summarize
them.

We can use formal techniques to quantify

To get closer to balancing costs with benefits, we must work on quantifying the
qualitative data we have for benefits.

qualitative data.  To understand how we make
the conversion, I’ll define two categories of
qualitative data.  Impressionistic or descrip-
tive data are those data where most of the
available facts haven’t been placed into cat-
egories, or for which the categories are broad
and loosely defined.  Examples are:  anecdotal
reports, handwritten notes from an interview,
and general impressions from observations.
Nearly all informal communication (personal
encounters, telephone conversations, and gos-
sip) is classified as descriptive data.  Data may
be considered to be systematic data if most of
the available facts have been categorized, es-
pecially where elaborate and precisely defined
rules are used for assigning instances to cat-
egories.  Frameworks using typologies, tax-
onomies, coding schemes and variables are
examples of systematic data.  My frameworks
for pursuits, endeavors, maturity, and deci-
sions are specific examples.

Figure 2.1.10.8. shows how impressionistic or
descriptive data are quantified by first con-
verting them into systematic data through cat-
egorization (defined as the assignment of in-
stances to categories according to rules).  Sys-
tematic data are then converted into numeric
data by quantification (defined as the assign-
ment of numbers to attributes according to the
rules).  Formal techniques of categorization
include the constant comparative method, ty-
pology development, analytic induction, and
content analysis.  Techniques for quantifica-
tion include the use of rating and ranking
scales and of weights.
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Figure 2.1.10.8.  Qualitative data can be reduced to quantitative data.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.1. PAINTINGS  AS PROJECTS–CANALETTO
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.2. A SELECTED  SEQUENCE OF PROJECT MANAGEMENT  TOOLS

Introduction
I’ll present a group of modules containing a
ten-step process for planning a new project
and monitoring your progress against that plan.
Each module contains one step of the process.
Each step is introduced with a purpose and
discussion of why and how we use that step’s
tool.  Following the discussion, I’ll include
definitions you’ll need and a procedure to lead
you through the development of the informa-
tion required by the tool.  The first figure in
each module contains forms for producing the
tool.  Then, I’ll use two additional figures to
show real-world examples for using the tool.
The first example is for a multimedia design
and development project.  The second ex-
ample is for the re-engineering of MSL.  These
examples will help you understand the final
form of each tool.

The project planning process is iterative. Later
steps will identify gaps and overlaps in earlier
steps. You’ll iterate until you have your plan
“tight enough” to satisfy your needs and objec-
tives as a manager. Project planning takes time
up front when you’re most eager to get started
on the work. However, this is definitely a “pay
me now or pay me later” situation. Up-front
planning will save you time, money, and im-
prove quality throughout the project.

Multimedia Project Scenario
Virginia Tech's College of Engineering is im-
proving its curriculum through a number of
innovations.  One of those innovations is mul-
timedia courseware.  Multimedia courseware
is a computer-based product combining text,
animation, audio, video, and photographs to
provide self-paced tutorials for students.  This
courseware supplements lectures, discussions
with the professor, class discussions, and the
required textbook.

Developing new courseware is expensive, both
in professional time and in equipment.  Sev-
eral corporate partners provide grants to the
College to further develop courseware.  North-
ern Telecom is especially interested in helping
Virginia Tech's College of Engineering de-
velop courseware to supplement freshman and
sophomore classwork on total quality man-
agement.  Pamela Kurstedt and Patrick Koelling
wrote a proposal to Northern Telecom propos-
ing a new two-credit elective class, The World
of Quality, supplemented by a multimedia
courseware product devoted to total quality
management principles and examples.  The
grant for $25,000 was approved.  The grant
will support the development of the multime-
dia product.  The course, World of Quality,
and the direction of the multimedia product
will be developed as a normal activity of the
college and require no outside funding.  The
grant will pay for equipment, travel, a graduate
student for approximately 800 hours, and a
graphic artist for 360 hours.  Students will be
used to test the product.  The project will use
additional resources in the University, includ-
ing the Learning Resource Center experts on
video production and the Multimedia Labora-
tory experts and equipment for editing the
final product.

Pamela Kurstedt has two part-time support
staff dedicated to this project.  Lisa Connelly is
a graphic artist and will be responsible for text
input and artistic design of the computer
screens.  Wayne Neale is a Ph.D. candidate in
human factors.  He is responsible for deter-
mining the equipment needs; editing video,
audio, and stills;  and coordinating with Lisa
on final design.

The Multimedia Laboratory is a college re-
source with equipment available for training
or production.  Pamela Kurstedt can consult

With a set of management tools for stepping through a project planning effort, we
can figure out how to get from the production process we have to the one we want.
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is a temporary transition position (about
one year).  As the matrix grows and
matures, the Projects, Resources, and
Business Directors will change to di-
rectly reporting to the Deputy Director.
Dr. Brian Kleiner will be Director of the
Management Engineering Laboratory
(MEL).

b. Three positions report to the MEL Di-
rector:  the Director of Projects, the
Director of Resources, and the Director
of Business.  The Director of Projects
will provide direction and coordination
for designated project managers and
will be responsible for continued devel-
opment of work for existing sponsors.
The Director of Resources will orga-
nize and manage the placement of MSL
staff in four core product concentra-
tions and will be responsible for “tech-
nical” or “product” development and
marketing.  Finally, the Director of
Business will manage all the laboratory
support services.  Jyl Smithson-Riehl
will be Director of Projects, John Imholz
will be Director of Resources, and John
Garrison will be Director of Business.

c. The Marketing Director will serve as
the focal point for new ventures and
high-level contacts within existing and
potential sponsor organizations.  This
position will also give leadership to
special projects, which represent poten-
tial core products.  Dr. Anne Doss will
be Director of Marketing.

The first task for the MEL leadership is to
develop an implementation plan for the new
direction as written in the strategic plan.  The
implementation  plan should take three to four
weeks to complete.  The initial design and
implementation should span a 12-month time
period.  Implementation will begin July 1,
1993 after the plan has been developed.  It
should take about one year to fully transition
MSL into a matrix organization with a respec-
tive culture change, realignment of research
products and services, and realignment of
processes.

with the director on hardware and software
issues.

The project will cover 12 months, however the
project management tools look at the initial
phase of the courseware development during
September 1 through December 31, 1992.
Before January 1, 1993, additional project
management tools will be completed for the
time period January 1, 1993 through August
31, 1993.  Improvement of the product, the
course, and selection of the packaging for the
product will occur during the second stage in
1993.

MSL Re-engineering Project Scenario
MSL is undergoing a reorganization from four
independent research laboratories to an over-
all product-by-project matrix.  This reorgani-
zation will require training, mentoring, and a
realignment of support systems and processes.
This new structure should improve the
organization’s performance to its research
sponsors and enhance its ability to achieve the
strategic direction set by top management
(Harold Kurstedt and Ron Simpson).

MSL decided its lack of a unifying theme and
purpose has created a barrier to closer coop-
eration and teamwork within MSL.  Harold
wants MSL to understand, refine, and demon-
strate management systems engineering (MSE)
in the interest of developing this common
theme and purpose.

At the same time, MSL recognized MSE closely
resembles the total quality management (TQM)
fundamentals taught by W. Edwards Deming
and others.  One key to this organization’s
uniqueness and vision could be understanding
and applying MSE, a TQM approach to devel-
oping tools for management.  Harold and Ron
wrote a strategic plan to document this new
direction.

Here are some key features:
a. Harold and Ron created the position of

Director of the Management Engineer-
ing Laboratory.  This position will serve
as master architect of the matrix and
“mentor” for MSE/TQM.  This position
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.3. SCOPING AGREEMENT

With a scoping agreement, you can initiate a project so the responsible person
knows what’s expected.

The purpose of the scoping agreement is to
define expectations of the project’s work, re-
sponsibility, and accountability.

In a scoping agreement, the doer and the
receiver agree on the scope of the doer’s work.
The agreement is a crisp 250-word statement
(easily read in one minute). The scoping agree-
ment is the beginning or definition phase of the
management process and gives a firm point of
reference for project efforts. An important part
of the scoping agreement is to transfer or
assign responsibility and accountability of an
effort to the person doing the work.

The scoping agreement gives the project man-
ager a defined agreement of what he or she is
to do. The key is for both doer and receiver to
agree on the time, requirements, and content of
the effort.

We define the form of the scoping agreement
by identifying four specific  paragraphs and a
total of ten specific pieces of information re-
quired for the paragraphs. By writing a sentence
or so for each of the required pieces of infor-
mation, you’ll end up with the right information
at the needed level of detail.

After doing one or two scoping agreements
and using the outline, the preparation of the
agreement can easily be done in fifteen min-
utes. You need to think through the content of
the agreement anyway to effectively manage.

Definitions:
Doer - Person managing project, task etc.
Receiver - Person receiving the results

Using the outline in Figure 2.2.1.3.a., consider

a scoping agreement to define the work agreed
on between the doer and receiver for any
project. For reference, review the multimedia
example scoping agreement in Figure 2.2.1.3.b.
and the MSL re-engineering example scoping
agreement in Figure 2.2.1.3.c.  You can use
Figure 2.2.1.3.a. as a form for developing a
scoping agreement for any project.

When considering the outline in Figure
2.2.1.3.a., also consider the following state-
ment requirements for each item in the outline.

I.  Identification of general information
1) Identify parties of agreement includ-

ing doer and receiver.
2) Identify the task to be done or the result

of the agreement.
3) Identify what initiated the agreement

(e.g., contract, management plan, up-
date meeting).

4) State what tangible outcome is needed
and/or expected by receiver.

5) Identify the funding vehicle or path.

II.  Description of task and what is to follow the
task
1) Describe what the task or result looks

like (be physical).
2) State what follows from completing

the task—what the task leads to.

III. Description of doer and receiver responsi-
bilities
1) Describe what is provided by doer.
2) Describe what is needed from receiver.

IV. Description of background and supporting
information
1) Describe how the project relates to the
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strategic plan or direction.

Helpful Hints:
• Supplier and customer sign scoping agree-

ment.

• Keep agreement visible.
• Use agreement to audit your actual activi-

ties.
• Use supporting document.
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Figure 2.2.1.3.a.  The scoping agreement is a crisp statement of expectations and work used to
initiate a project.

SCOPING AGREEMENT

Project Name:_________________________________________________________________

Project Manager:______________________________________________________________

I. Identification of general information.

II. Description of task and what is to follow the task.

III. Description of doer and receiver responsibilities.

IV. Description of background and supporting information.
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SCOPING AGREEMENT

Project Name:  Multimedia Product for World of Quality, EF 2984
Project Manager:  Pamela Kurstedt

I.  Identification of General Information

Pamela Kurstedt and Patrick Koelling will work together to develop a free-elective course entitled,
World of Quality, EF 2984, and a multimedia product to support that course and  to support
presentations on quality in EF 1005.  The work was initiated by a request by Northern Telecom to
propose a project allowing Northern Telecom and Virginia Tech interaction.  This work is supported
by Northern Telecom ($25,000) and the College of Engineering.  The outcome for Spring Semester,
1993 is teaching the course for the first time with a pilot multimedia product (without video).  (91)

II.  Description of Task and What is to Follow the Task

The World of Quality course will be a 2-credit course offered to freshmen and sophomore students.
The course will cover management philosophies, tools, and examples of Total Quality Management.
The multimedia product will provide tutorial assistance in learning the major principles of the
philosophy and examples of using quality tools in industry and in sample problems.  The course will
be improved and the multimedia product will add video for the fall semester, 1993.  (73)

III.  Description of Doer and Receiver Responsibilities

Pat Koelling will be responsible for developing the course syllabus and preparing the course material.
Pamela Kurstedt will be responsible for developing the multimedia product to supplement the
lectures and readings in the course.  Northern Telecom will provide examples from industry and
interviews for video production.  (46)

IV.  Description of Background and Supporting Information

The College of Engineering has committed to teaching Total Quality Management/Continuous
Performance Improvement to students throughout the undergraduate program and to develop
multimedia teaching tools for student-owned computers.  This project will be an important step in
advancing the college in both areas.  (43)

Figure 2.2.1.3.b.  The multimedia example scoping agreement shows how to address the statement
requirements for each item in the outline.
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SCOPING AGREEMENT

Project Name: Management Engineering Laboratory (MEL) Design and Implementation
Project Manager: Kleiner

I.  Identification of General Information

Brian Kleiner, Jyl Smithson-Riehl, John Imholz, and John Garrison will work together to design,
develop and implement the Management Engineering Laboratory (MEL).  This reorganization is to
be funded primarily with returned overhead funds.  MEL is a reorganization of five former
laboratories and/or groups into an integrated, matrix organization, operating under TQM/Continu-
ous Process Improvement principles.  This implementation is designed to achieve the strategic
direction provided by Harold Kurstedt and Ron Simpson in support of their strategic plan.  This plan
won’t change for the implementation period.

II.  Description of Task and What is to Follow the Task

The design, development, and implementation of the MEL will involve a reorganization of personnel
into four technical areas, serving one or more project managers.  The four technical areas are TQM/
MSE training, planning, communications, and management information systems.  In addition to a
restructure, the project will entail a culture change, alignment of products and a reengineering of
processes.  This reorganization will require training, mentoring, and a realignment of support
systems and processes.  The MEL will improve performance for sponsors on a number of dimensions.

III.  Description of Supplier and Customer Responsibilities

Brian Kleiner will be responsible for the overall project.  Jyl Smithson-Riehl will be responsible for
projects; John Imholz will be responsible for resources; and John Garrison will be responsible for
supporting the MEL with necessary services.  Harold Kurstedt and Ron Simpson will support, protect
and nurture the MEL.  In addition, Anne Doss will direct the marketing effort, designed to bring in
new sponsors to the MEL.  In this regard, the MEL is her customer.

IV.  Description of Background and Supporting Information

Harold Kurstedt and Ron Simpson are committed to implementing their strategic plan.  The MEL
is the major implementing force behind the strategic plan.  The implementation of MEL is
complemented by an institutionalization plan, a marketing plan, and several supporting documents
including position descriptions and operating principles.

Attached is a list of operating principles and objectives for MEL design and implementation.

Figure 2.2.1.3.c.  The MSL re-engineering example scoping agreement shows how to address the
statement requirements for each item in the outline.
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OPERATING PRINCIPLES and OBJECTIVES

Physical Layout/Facilities Design Requirements
• classroom to support 20-25 people with screen, good acoustics
• maximize staff in same location
• locate four MEL managers in same proximity, especially the resource director (RD) and the

project director (PD)
• locate managers near a “war room,”
• no perceptions of downgrade (e.g.staff with fixed offices get fixed offices; if staff has a window,

they get a window etc.)
• TQM group located near MEL director
• RD located near most staff
• PD located near project managers
• project managers have adequate project room
• adequate hardware/software support as determined by users

Reward/Recognition
• reward is based primarily on satisfying customers, and doing so according to the principles of

TQM/MSE and related principles and norms of the MEL

Communication
• MEL management and staff should exhibit open, honest, regular and constructive communica-

tions
• Decisions and plans should be fully communicated and if in process, an honest report of status

should be shared with staff

Research
• According to Harold and Ron’s direction, research will be part of MSE and the way we do

business.

Behavioral Norms
• Everyone has paradigms which will need to change to be successful in the MEL.

Leadership
• Create constancy of purpose
• adopt the new philosophy
• cease dependence on inspection for quality
• develop long term relationship with University, sponsors, other suppliers
• improve constantly
• institute training
• institute leadership
• drive out fear
• break down barriers
• eliminate slogans and exhortations
• remove barriers to pride of workmanship

Figure 2.2.1.3.c. (cont.)  The MSL re-engineering example scoping agreement shows how to address
the statement requirements for each item in the outline.



1220

Management
• decision making should be performed with input from those affected by the decision
• power should be shared vertically and horizontally
• resource units should perform as teams
• project units should perform as teams
• managers should facilitate, support, empower the teams
• Harold/Ron will handle MSL pre-existing problems
• only staff who commit to support Harold’s and Ron’s strategic direction should enter the new

organization
• maintain open financial records
• learn, practice, and teach continuous process improvement
• align everyone with development and commitment to shared vision
• lead and empower others
• build a critical mass
• create and maintain a continuous improvement culture
• eliminate special causes of variation
• improve the system
• learn, apply, and teach the tools of quality management
• champion empowerment activities by ensuring personnel have knowledge to be empowered;

ensuring the team is ready to be empowered; supporting the team once empowered.
• decisions based on accurate understanding of data
• focus on the process/manage improvement efforts
• focus on long-term improvements
• measure improvements
• manage projects according to project management (PM) principles, using appropriate PM tools

Operations
• system provides capability on a consistent basis, to meet the needs and desires of customers
• system is highly capable of meeting both internal and external customer needs
• obsession with quality
• optimize the system not subsystems
• understand processes, re-engineer and/or replace processes

Figure 2.2.1.3.c. (cont.)  The MSL re-engineering example scoping agreement shows how to address
the statement requirements for each item in the outline.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.4. TASK LIST

With a task list, you can see that you have no gaps and overlaps in the tasks
you need to complete to successfully accomplish your project’s objectives with
scoping agreement.

The purpose of the task list is to identify the
tasks required to complete the project, their
durations, and the important outcomes (mile-
stones) of some of the tasks.

The scoping agreement defined the expecta-
tions of both the doer and the receiver for the
project. The next step in project planning is
brainstorming to create a list of all project
tasks. (A task is a defined piece of work with
start and end dates and is assigned to a respon-
sible person). All tasks end in an event. Mile-
stones are events with the following character-
istics: 1) They're events you wish to highlight
and follow. 2) They're events that have clear
results or ending points. 3) They're events that
are significant; they give you a feel for whether
or not you're behind schedule.  4)  They're
events that should not be more than 10 days
apart. For example, a good milestone might be
to turn in an important weekly report. This is
good because it meets all four criteria. A
monthly report could be a poor milestone
because it may not satisfy the last two criteria.
List project tasks as you think of them on the
task list. Include all tasks, both big and small,
necessary to complete the project. Then record
the duration of each task using your best time
estimate. Complete the task list by denoting all
milestone events with a capital M. You'll now
have a checklist of all the project's tasks; and
they can be collected into activities.

Using the outline in Figure 2.2.1.4.a., consider
a task list to outline the tasks you can find in or
extrapolate from any project.  Don't forget to
distinguish the more important events (task
endings) by designating them as milestones.

For reference, review the completed task list
for the multimedia project in Figure 2.2.1.4.b.
and notice which tasks constitute milestones.
Also review the completed task list for the
MSL re-engineering project in Figure 2.2.1.4.c.
You can use Figure 2.2.1.4.a. as a form for
developing a task list for any project.

Note that at step 2 (the task list step) you're
constrained only by the scoping agreement
(the project boundaries from step 1).  In step 2,
you'll define your activities, tasks, task dura-
tions, events, and milestones.  A decision
you'll need to make is:  How small should I
divide up activities and tasks?

Definitions:
Task - A defined piece of work

Follow these guidelines as you complete your
task list:

1) What are the tasks for this project? List
them randomly as you think of them under
task. All tasks end with an event.

2) What is the duration of each task? Record
under duration.

3) Are any events important enough to be
milestones? If yes, put an M in the mile-
stone column.

Helpful Hints:
• Consider scoping agreement boundaries

and constraints.
• Don’t think of duration starting today.
• First list major milestones, then iterate for

more detailed ones.



1223

TASK LIST

Project Name:_____________________________________________________________

Project Manager:___________________________________________________________

Task Duration Milestone

Figure 2.2.1.4.a.  The task list is a simple listing of everything you need to complete to accomplish
the project objectives.
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Figure 2.2.1.4.b.  The multimedia example task list shows how to include all tasks to accomplish the
project objectives.

TASK LIST

Project Name:  Multimedia Product for World of Quality, EF 2984
Project Manager:  Pamela Kurstedt

Task Duration Milestone

Investigate and select software 5 days M
Identify equipment needed 5 days
Purchase software 5 days
Purchase equipment 10 days M
Learn new software 6 days
Design outline of multimedia product 10 days M

Review of literature for quotes and history 10 days
Input of multimedia screens 20 days

Input and edit text screens 6 days M
Input and edit animation screens 6 days M
Unforeseen problems 8 days

Review available videos on TQM topics 19 days
Request copyright permission if needed 43 days
Arrange visit to Northern Telecom 1 day
Visit Northern Telecom for examples and interviews 2 days M
Edit video from Northern Telecom 3 days

Identify location of video 2 days
Select stills for multimedia product 6 days

Input and edit stills 3 days M
Test multimedia product with students 15 days M

Identify test group 5 days
Reserve room for test 1 day
Invite students 1 day
Conduct test 5 days
Analyze test comments 3 days

Final edit of multimedia product 5 days M
Review progress of course material with multimedia 1 day M
Review progress of course material with multimedia 1 day M
Review progress of course material with multimedia 1 day M
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TASK LIST

Project Name:  MEL Design and Implementation
Project Manager: Kleiner

Task Duration Milestone

Scoping Agreement 1 week M
Operating principles 3 weeks
Operationalize values 3 weeks
Decision making process 1 week
Position descriptions 1 week
Current layout/assignments 1 week
Current equipment allocations 2 weeks
Determine equipment needs 3 weeks
Create design alternatives 3 weeks
Select and approve design 1 week
Implement new design 8 weeks M
Select project managers 2 weeks M
Select product managers 3 weeks M
Pre-train managers 4 weeks M
Analyze skill/interest mix 2 weeks
Interview staff 3 weeks
Select staff 4 weeks M
Define current funding/staff mix 2 weeks
Create forecast 3 weeks M
Identify funding gap 3 weeks
Secure overhead for gap 3 weeks M
Marketing Plan 3 weeks M
Monitor Marketing Plan ongoing
Academic Institutionalization Plan 3 weeks M
Business Institutionalization Plan 3 weeks M
Monitor Institutionalization plan ongoing
Proposal Development process 3 weeks
Test MSE against TQM 6 weeks
Test MSE against research 6 weeks
Recommendations re:viability of MSE 1 week
Decision regarding MSE 1 week M
Design and Develop Training 3 weeks
Develop Training schedule 1 week
Implement training 8 weeks M
Develop mentoring process ongoing
Develop success factors 2 weeks

Figure 2.2.1.4.c.  The MSL re-engineering example task list shows how to include all tasks to
accomplish the project objectives.
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Task Duration Milestone

Define performance measures 3 weeks
Collect “before” data 2 weeks
Collect data ongoing
Review results weekly then monthly ongoing
Document/analyze compensation levels 2 weeks
Develop compensation plan 2 weeks
Implement first phase compensation 2 weeks M
Develop/implement recognition process 3 weeks
Develop int. promotional materials 3 weeks
Develop ext. promotional materials 3 weeks
Develop publications process 3 weeks

Figure 2.2.1.4.c. (cont.)  The MSL re-engineering example task list shows how to include all tasks to
accomplish the project objectives.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.5. WORK BREAKDOWN  STRUCTURE

The work breakdown structure serves as the basis for all following project man-
agement tools by organizing project tasks into related groups.

The purpose of the work breakdown structure
is to group tasks logically into activities, and
identify subtasks, etc.; develop identifiers for
them.

The next planning step is to logically group
into activities those tasks you identified in
doing the task list. An activity is a logical
grouping of tasks. A structured grouping of
tasks into activities is called a work break-
down structure (WBS). The WBS is a tree
diagram of the task list and is either in an
outline format or an organizational-chart type
format. The WBS shows the relationships be-
tween the individual tasks and gives structure
to the task list. After listing the tasks in an
activity, look for tasks you may have missed.
If a task can be divided in time and responsi-
bility, break it into subtasks. Divide the tasks
into as many subtasks as necessary to reduce
tasks to manageable size. Each subtask should
be small enough to control, but not so small it's
trivial. If you find more than nine subtasks
under a task or nine tasks under an activity,
you have too great  a span of control. Ten or
more subtasks should be logically divided
into two or more tasks each containing some
portion of the original number of subtasks.

The WBS specifies the tasks, their estimated
durations, and those tasks ending in a mile-
stone. If the project is simple, only a few
project divisions are required. For complex
projects, construct a detailed WBS. Compos-
ing a good WBS is an important planning step,
because it's the basis for the rest of the steps.
If in doing a following project management
step, you discover a task you missed, come

back to this step and add it.

Using the outline in Figure 2.2.1.5.a., consider
a WBS for any project.  For reference, review
the completed work breakdown structure for
the multimedia project in Figure 2.2.1.5.b. and
for the MSL re-engineering project in Figure
2.2.1.5.c.  You can use Figure 2.2.1.5.a. as a
form for developing a work breakdown struc-
ture for any project.

Note that at step 3 (the WBS step) you have
tasks from your task list.  In step 3, you'll add
groupings to the tasks so you can find gaps and
overlaps.  This step runs a sanity check on your
task list and sets up the next sets of tools.
You'll want your WBS to be as good as you can
make it at this point.  In later tools, you'll match
the WBS against time, people, materials and
equipment, funding, and specifications.

Definitions:
Activity - Logical grouping of tasks

Follow these guidelines as you complete your
work breakdown structure.

1) What are the main activities to accom-
plish?

2) What tasks and subtasks fall under each
main activity? List these tasks in an outline
format (or organization-chart type format)
to show activities and tasks and subtasks.
If needed, break subtasks into sub-subtasks
and so on.

3)  Develop an identifying number for each
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activity, task and subtask by numbering
the project 1. and the activities 1.1, 1.2, etc.
The tasks under activity 1.1 are numbered
1.1.1, 1.1.2, etc. Use this scheme for num-
bering all entries in you work breakdown
structure. (Actually a project may need to
start with a number like 2., 3., etc. so
several projects can be monitored together).
Based on the span of control management
principle, if you approach ten (double digit)

tasks under an activity, subtasks under a
task, sub-subtasks under a subtask, etc.;
then you should set up another level in
your hierarchy.

Helpful Hints:
• List major categories of tasks first, then

subtasks.
• Use short identifiers with task numbers.
• Modify the task list as needed.
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Project Name: _________________________________________
Project Manager:_______________________________________

Task #
1.1. ____________________________________________________

1.1.1. _______________________________________________
1.1.2. _______________________________________________
1.1.3. _______________________________________________
1.1.4. _______________________________________________
1.1.5. _______________________________________________
1.1.6. _______________________________________________
1.1.7. _______________________________________________
1.1.8. _______________________________________________
1.1.9. _______________________________________________

1.2. ____________________________________________________
1.2.1. _______________________________________________
1.2.2. _______________________________________________
1.2.3. _______________________________________________
1.2.4. _______________________________________________
1.2.5. _______________________________________________
1.2.6. _______________________________________________
1.2.7. _______________________________________________
1.2.8. _______________________________________________
1.2.9. _______________________________________________

1.3. ____________________________________________________
1.3.1. _______________________________________________
1.3.2. _______________________________________________
1.3.3. _______________________________________________
1.3.4. _______________________________________________
1.3.5. _______________________________________________
1.3.6. _______________________________________________
1.3.7. _______________________________________________
1.3.8. _______________________________________________
1.3.9. _______________________________________________

1.4. ____________________________________________________
1.4.1. _______________________________________________
1.4.2. _______________________________________________
1.4.3. _______________________________________________
1.4.4. _______________________________________________
1.4.5. _______________________________________________
1.4.6. _______________________________________________
1.4.7. _______________________________________________
1.4.8. _______________________________________________

WORK BREAKDOWN STRUCTURE

Figure 2.2.1.5.a.  The work breakdown structure organizes tasks into related groups.
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Figure 2.2.1.5.a. (cont.)  The work breakdown structure organizes tasks into related groups.

1.4.9. _______________________________________________
1.5. ____________________________________________________

1.5.1. _______________________________________________
1.5.2. _______________________________________________
1.5.3. _______________________________________________
1.5.4. _______________________________________________
1.5.5. _______________________________________________
1.5.6. _______________________________________________
1.5.7. _______________________________________________
1.5.8. _______________________________________________
1.5.9. _______________________________________________

1.6. ____________________________________________________
1.6.1. _______________________________________________
1.6.2. _______________________________________________
1.6.3. _______________________________________________
1.6.4. _______________________________________________
1.6.5. _______________________________________________
1.6.6. _______________________________________________
1.6.7. _______________________________________________
1.6.8. _______________________________________________
1.6.9. _______________________________________________

1.7. ____________________________________________________
1.7.1. _______________________________________________
1.7.2. _______________________________________________
1.7.3. _______________________________________________
1.7.4. _______________________________________________
1.7.5. _______________________________________________
1.7.6. _______________________________________________
1.7.7. _______________________________________________
1.7.8. _______________________________________________
1.7.9. _______________________________________________

1.8. ____________________________________________________
1.8.1. _______________________________________________
1.8.2. _______________________________________________
1.8.3. _______________________________________________
1.8.4. _______________________________________________
1.8.5. _______________________________________________
1.8.6. _______________________________________________
1.8.7. _______________________________________________
1.8.8. _______________________________________________
1.8.9. _______________________________________________

WORK BREAKDOWN STRUCTURE
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WORK BREAKDOWN STRUCTURE

Project Name:  Multimedia Product for World of Quality, EF 2984
Project Manager:   Pamela Kurstedt

1.1 Complete equipment set-up
1.1.1 Investigate and select software
1.1.2 Identify equipment needed
1.1.3 Purchase software
1.1.4 Purchase equipment

1.2 Design product content
1.2.1 Learn new software
1.2.2 Design outline of multimedia product

1.2.2.1 Review literature for quotes and history
1.2.3 Input of multimedia screens

1.2.3.1 Input and edit text screens
1.2.3.2 Input and edit animation screens
1.2.3.3 Unforeseen problems

1.2.4 Review available videos on TQM topics
1.2.5 Request copyright permission if needed

1.3 Design media components
1.3.1 Arrange visit to Northern Telecom
1.3.2 Visit Northern Telecom for examples and interviews
1.3.3 Edit video from Northern Telecom

1.3.3.1 Identify location of video
1.3.4 Select stills for multimedia product

1.3.4.1 Input and edit stills

1.4 Test and edit phase
1.4.1 Test multimedia product with students

1.4.1.1 Identify test group
1.4.1.2 Reserve room for test
1.4.1.3 Invite students
1.4.1.4 Conduct test
1.4.1.5 Analyze test comments

1.4.2 Final edit of multimedia product

1.5 Coordination of course planning
1.5.1 Review progress of course material with multimedia
1.5.2 Review progress of course material with multimedia
1.5.3 Review progress of course material with multimedia

Figure 2.2.1.5.b.  The multimedia example work breakdown structure shows how tasks are grouped.
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WORK BREAKDOWN STRUCTURE

Project Name:  MEL Design and Implementation
Project Manager:  Kleiner

1.1  Set expectations
1.1.1 Scoping Agreement
1.1.2 Operating principles
1.1.3 Operationalize values (behavioral norms)

1.2  Roles and Responsibilities
1.2.1 Decision Making process
1.2.2 Position Descriptions

1.3  Facilities
1.3.1 Current Layout/staff assignments
1.3.2 Current equipment allocations
1.3.3 Determine equipment requirements
1.3.4 Create design alternatives
1.3.5 Select and approve design
1.3.6 Implement new design

1.4  Selection
1.4.1 Select project managers
1.4.2 Select product managers
1.4.3 Pre-training for managers
1.4.4 Analyze skill/interest mix from surveys
1.4.5 Interview staff
1.4.6 Select/assign staff

1.5  Business Plan
1.5.1 Define current project/funding/staff mix
1.5.2 Create forecast
1.5.3 Identify funding gap
1.5.4 Secure overhead funds for gap
1.5.5 Marketing Plan
1.5.6 Monitor Marketing
1.5.7 Academic Institutionalization Plan
1.5.8 Business Institutionalization Plan
1.5.9  Monitor institutionalization
1.5.10 Proposal development process

1.6  Test and Evaluation
1.6.1 Test MSE against TQM
1.6.2 Test MSE against research
1.6.3 Recommendations regarding viability of MSE
1.6.4 Decision regarding MSE

1.7  Training
1.7.1 Design and Develop Training
1.7.2 Develop training schedule

Figure 2.2.1.5.c.  The MSL re-engineering example work breakdown structure shows how tasks are
grouped.
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Figure 2.2.1.5.c. (cont.)  The MSL re-engineering example work breakdown structure shows how
tasks are grouped.

1.7.3  Implement training
1.7.4 Develop mentoring process

1.8  Measurement
1.8.1 Develop success factors
1.8.2 Define performance measures
1.8.3 Collect “before” data
1.8.4 Collect data
1.8.5 Review monthly

1.9  Reward and Recognition
1.9.1 Document and analyze compensation levels

-managers
-staff

1.9.2 Develop compensation/performance mgt. plan
-managers
-staff

1.9.3 Implement first phase in July
1.9.4 Develop and implement recognition process

1.10 Communication support
1.10.1 Develop internal promotional materials
1.10.2 Develop external promotional materials
1.10.3 Develop publications process
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.6. GANTT  CHART

The purpose of the gantt chart is to place tasks
and activities as horizontal bars against a time
line to show start and end dates. Sometimes
milestones are superimposed on the horizontal
bars. (Note:  The gantt chart doesn't show
precedence).

All projects must have a time schedule. Sched-
uling forces us to figure out the sequence of
tasks and the time to complete them. Gantt
charts are useful in scheduling a project.
They're easy to develop and use and give us a
quick overview of the project.

A gantt chart is a bar chart to graphically
portray WBS task duration. A gantt chart might
be called a graphical WBS.

A gantt chart shows whether the project team
is meeting the schedule or not. The chart can be
color coded to note who is responsible for what
task. You can include symbols to depict start-
ing and ending dates, milestones, or other
relevant information. The strength of the gantt
chart is its simplicity. Include only informa-
tion readily depicted on the chart. You've now
sequenced and scheduled the project's tasks.
(If you're responsible for a number of projects,
you can do a multi-project gantt chart by
putting projects in the stub (y-axis) of the
chart.  You can also add vacation and training
periods.  What you get is a master schedule.)

Using the outline in Figure 2.2.1.6.a., consider
a gantt chart for any project. For reference,
review the completed gantt chart for the mul-
timedia project in Figure 2.2.1.6.b. and for the
MSL re-engineering project in Figure 2.2.1.6.c.
You can use Figure 2.2.1.6.a. as a form for

developing a gantt chart for any project.

Note that at step 4 (the gantt chart step) you
have duration from your task list and tasks and
groupings from your WBS.  In step 4, you'll add
start and end dates to your tasks.

Follow these guidelines as you complete your
gantt chart.

1) What is the total length of the project? Let
that time be the length of the time axis (x-
axis).

2) How long is the shortest task? Let that time
help you set the divisions on the x-axis.
(Use your judgment if you have a few tasks
much shorter than most. They'll show up
as points in time--or vertical lines).

3) What are the tasks of the project? List them
sequentially along the y-axis (either by
short title or identifying number). Also,
you can choose to list your tasks sequen-
tially by starting date or by number.

4) Use the duration from your task list. When
does the task begin? Represent starting
time and duration by an empty bar hori-
zontal to the x-axis for each task.

Note:  When you use the gantt chart during the
project to see how well you're doing, you'll
include a solid bar above each empty bar.
Draw in the solid bar to show the progress
(percent completed) of each task. So the empty
bar shows plan and the solid bar shows actual.
For a short-duration task, shown as a vertical
line on the gantt chart, draw a vertical line

With the gantt chart, you see how the tasks from the work breakdown structure layout
against a time line so you can look for conflicting needs for resources.
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under the original line to show the task was
completed. You'll read about the use of tri-
angles for milestones in the milestone log.

Helpful Hints:
• List short identifiers with numbers.
• Don’t get in the habit of slippery slope

scheduling.
• Use weeks for first iteration.
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Figure 2.2.1.6.a.  The gantt chart schedules tasks against time.
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Figure 2.2.1.6.b.  The multimedia example gantt chart shows tasks as a function of the weeks in
the project.
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Figure 2.2.1.6.c.  The MSL re-engineering example gantt chart shows tasks as a function of the
weeks in the project.
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Figure 2.2.1.6.d.  The MSL re-engineering example gantt chart shows tasks as a function of the
weeks in the project.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.7. MILESTONE  LOG

The purpose of the milestone log is to list the
milestones with their due dates and identify the
people responsible for achieving the mile-
stone.

The activities of a project show effort and input
to the system.  The events related to the activi-
ties show physical evidence and output from
the system.  You want to monitor physical
evidence, not effort.  Events the project man-
ager wants to highlight are milestones. The
characteristics and some examples of mile-
stones are repeated here for your convenience.
Milestones are events with the following char-
acteristics: 1) They're events you wish to high-
light and follow. 2) They're events that have
clear results or ending points. 3) They're events
that are significant; they give you a feel for
whether or not you're on schedule. 4) They're
events that should not be more than 10 days
apart. The milestone log contains more de-
tailed milestone information such as the re-
sponsible people, event descriptions, and due
dates. All milestones are characterized by physi-
cal evidence. Upon completing the milestone
log, you'll have regular and frequent indica-
tions of the project's progress.

Using the outline in Figure 2.2.1.7.a., consider
a milestone log for any project. For reference,
review the completed milestone log for the
multimedia project in Figure 2.2.1.7.b. and for
the MSL re-engineering project in figure
2.2.1.7.c.  You can use Figure 2.2.1.7.a. as a
form for developing a milestone log for any

With the milestone log, you can concentrate on the due dates of important
events marking the end points of activities or tasks.

project.

Note that at step 5 (the milestone log step) you
have milestones from your task list and end
dates from your gantt chart.  In step 5, you'll
verify end dates and add the person respon-
sible for each milestone.

Follow these guidelines as you complete your
milestone log.

1) What are the milestones from your task
list?  Using the gantt chart starting dates,
list them in sequential order.

2) What physical evidence shows the mile-
stone is reached?  Describe it under event
description.

3) Who's responsible for the milestone?
When is it due?  Record these in the corre-
sponding columns.

4) Now go back to you gantt chart and show
milestones as triangles, the point-down
along the top edge of the bars. Empty
triangles are planned milestones, filled-in
triangles completed ones.

Helpful Hints:
• Project deliverables should be creative and

should meet customer needs and wants.
• Project deliverables should be visible and

should facilitate communication.
• Have task list handy for reference.
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Figure 2.2.1.7.a.  The milestone log highlights important events you set expections for during the
course of the project.

MILESTONE LOG

Project Name:

Project Manager:

Milestone Event Description Person Responsible Due Date
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MILESTONE LOG

Project Name:  Multimedia Product for World of Quality, EF 2984
Project Manager:   Pamela Kurstedt

Person             Due
Milestone Event Description          Responsible Date

1.1 Investigate and select software PSK 9/4
1.1.4 Purchase equipment PSK 9/25
1.2.2 Design outline of multimedia product PSK 10/9
1.2.3.1 Input and edit text screens LGC 10/30
1.2.3.2 Input and edit animation screens LGC 11/13
1.3.2 Visit Northern Telecom for examples

and interviews PSK 11/17
1.4.1.4 Test multimedia product with students PSK 12/11
1.4.2 Final edit of multimedia product PSK 12/18
1.5.1 Review progress of course material

with multimedia PSK/CPK 10/5
1.5.2 Review progress of course material

with multimedia PSK/CPK 11/6
1.5.3 Review progress of course material

with multimedia PSK/CPK 12/4

Figure 2.2.1.7.b.  The multimedia example milestone log shows the due dates for important
events.
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MILESTONE LOG

Project Name: MEL Design and Implementation
Project Manager: Kleiner

Person Due
Milestone Event Description Responsible Date

1.1.1 Signed Scoping Agreement BMK 5/21
1.3.6 New Offices/Layout JLG 8/13
1.4.1 Position Announcements JSR 6/4
1.4.2 Position Announcements JJI 6/11
1.4.3 Training for Managers BMK 6/18
1.4.6 Assignment Announcement JJI 6/25
1.5.2 Forecast Disseminated JSR 7/9
1.5.4 Budget Announcement BMK 7/23
1.5.5 Plan Disseminated ARD 6/4
1.5.7 Plan Disseminated HAK 6/4
1.5.8 Plan Disseminated RDS 6/4
1.6.4 Decision Communicated BMK 7/23
1.7.3 Training for Staff BMK 10/8
1.9.3 Salary Increases JLG 7/9

Figure 2.2.1.7.c.  The MSL re-engineering example milestone log shows the due dates for impor-
tant events.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.8. PROGRAM MANAGEMENT –CAMILLE  PISSARRO
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.9. RESPONSIBILITY  MATRIX

With the responsibility matrix, you’ll assign human resources to each task.

project responsibility matrix by putting projects
on the stub (y-axis) of the matrix.)

Using the outline in Figure 2.2.1.9.a., consider
a responsibility matrix for any project.  For
reference, review the completed responsibil-
ity matrix for the multimedia project in Figure
2.2.1.9.b. and for the MSL re-engineering
project in Figure 2.2.1.9.c.  You can use Figure
2.2.1.9.a. as a form for developing a
responsiblity matrix for any project.

Note that at step 6 (the responsibilty matrix
step) you have tasks and groupings from your
WBS and the responsible person for milestones
from your milestone log.  In step 6, you'll
verify responsible person and add roles for
other people.

Follow these guidelines as you complete your
responsibility matrix.

1) What are the project's tasks?  List along the
y-axis.

2) Who'll be working on the project team?
List along the x-axis.

3) Who’s responsible for each task?  Who'll
participate in the tasks?  Whose approval is
needed for the tasks?  Who plays a key
supportive role?  Show them in the matrix
cells using the letters R, P, A, and S.

Helpful Hints:
• This tool helps empower others if used

correctly.
• Each task should have only one ‘R’.
• Don’t confuse ‘A’ and ‘R’.
• Use many ‘P’s’.

The purpose of the responsiblity matrix is to
identify task responsibility, participation, and
approval.

People are the most important resource you'll
manage. Coordinating the activities of a large
group of people can be a major effort. Even for
smaller projects, we often have trouble assign-
ing people to various tasks. Each individual
may be working on several tasks. Addition-
ally, people may have a different level of
responsibility on each task. The project man-
ager must coordinate the duties of all the
people in these tasks and activities.

An efficient way to link people to specific
tasks is the responsibility matrix. The matrix's
y-axis lists the project's tasks, the x-axis lists
the people involved in the project. By using the
symbols:

R: Person responsible for the task,
P: Person participating on the task
A: Person who approves the task, and
S: Person playing a key supportive role

in the matrix cells, you can show who's work-
ing on what task in what capacity. To construct
a responsibility matrix you must first list all
names of people involved with the project's
tasks across the top of the form (including your
name). Then you must list the tasks involved in
your project in the column titled tasks. Finally
you assign the letter R, P, A, or S to each
person who is involved with each correspond-
ing task. When the matrix is complete, you'll
have allocated all human resources (project
team members) to tasks.  (If you're responsible
for a number of projects you can do a multi-
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Figure 2.2.1.9.b.  The multimedia example responsibility matrix shows who’s working on what
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Figure 2.2.1.9.c.  The MSL re-engineering example responsibility matrix shows who’s working
on what and in what capacity.
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Figure 2.2.1.9.c. (cont)  The MSL re-engineering example responsibility matrix shows who’s
working on what and in what capacity.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.10. PERSONPOWER LOADING  CHART

With the personpower loading chart, you identify when project needs could
exceed resource availability.

The purpose of the personpower loading chart
is to identify the number of people working on
each of the tasks at any given time during the
project.

Once you assign your people to tasks (shown in
the responsibility matrix), you'll want to know
how many workers are needed for each task
each day. The personpower loading chart com-
bines information from the gantt chart and the
responsibility matrix to determine daily (or any
other time unit) personpower requirements for
each task. The average personpower require-
ment is the sum of the daily (or other) require-
ments divided by the project's length. You'll
now have a schedule for your human resources.

When you consider number of people on tasks
you won't always have a person full time on a
task during the full period of your time unit. For
example a person doing a fifteen minute task
on a certain day or week is neither full time nor
total duration. You can choose to count FTE
(full time equivalents) or body count in terms
of bodies, calendar-days involved by a person
on a task, or person weeks.  Note that in body
count, when you total bodies across all the
tasks during a given time unit you will multiple
count people who work on more than one task
during that time unit.

Using the outline in Figure 2.2.1.10.a., con-
sider a personpower loading chart for any
project.  For reference, review the completed
personpower loading chart for the multimedia
project in Figure 2.2.1.10.b.  This example uses
FTE in terms of days of the week.  Review also
the personpower loading chart for the MSL re-
engineering project in Figure 2.2.1.10.c.  This

example uses manager-days per week.  You
can use Figure 2.2.1.10.a. as a form for devel-
oping a personpower loading chart for any
project.

Note that at step 7 (the personpower loading
chart step) you have people who participate
from your responsibility matrix, tasks and
groupings from your WBS, and time periods
and start and end dates from your gantt chart.
In step 7, you'll add person-days (FTE) each
week (or another option for loading people).

Follow these guidelines as you complete your
personpower loading chart.

1) List tasks from gantt chart along the y-
axis.

2) What is the time unit on gantt chart? Fill in
the time on the x-axis.

3) What are the task starting and ending times
(from gantt chart)?

4) How many people are working on each
task (from responsibility matrix)? Assume
each person works uniformly over the du-
ration of the task.

5) Fill in the personpower loading chart cells
in the matrix.

6) Sum the labor requirements vertically for
each time unit to get the total labor require-
ments. (Note whether your labor require-
ments are FTE's or body count).

Helpful Hints:
• Decide on unit of analysis—managers,

staff, overall.
• For ongoing tasks, allocate weekly or

monthly.
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period (e.g., week) for each task.



1256

P
R

O
JE

C
T

 N
A

M
E

:  
M

ul
tim

ed
ia

 P
ro

du
ct

 fo
r 

W
or

ld
 o

f Q
ua

lit
y,

 E
F

 2
98

4 
  

 
P

R
O

JE
C

T
 M

A
N

A
G

E
R

: P
am

el
a 

K
ur

st
ed

t

TA
S

K
S

1.
1.

2
1.

1.
3

1.
1.

4
1.

2.
1

1.
2.

2

1.
2.

3 1.
2.

3.
1

1.
2.

3.
2

1.
2.

3.
3

1.
3.

1 
1.

3.
2

9/
4

9/
11

9/
18

9/
25

10
/2

10
/9

10
/1

6

1.
3.

3 1.
3.

3.
1

1.
3.

4 1.
3.

4.
1

1.
4.

1

1.
4.

2
1.

5.
1

1.
5.

2
1.

5.
3

1.
1.

1 1.
2.

2.
1

1.
2.

4
1.

2.
5 1.

4.
1.

1
1.

4.
1.

2
1.

4.
1.

3
1.

4.
1.

4

1.
4.

1.
5

10
/2

3
10

/3
0

11
/6

11
/1

3
11

/2
0

11
/2

7
12

/4
12

/1
1

12
/1

8
TI

M
E

T
O

TA
L 

LA
B

O
R

 R
E

Q
M

T
S

.

2 3
1

1
1

3
3 2

3 2
3 2

3 2 0.
5

2 0.
5

0.
5 1

33
3 3

3 3

3 3

0.
5

0.
5

0.
5

0.
5

3
3

2
3 2

3
3

5 5 1 1

3 5
5 3 3

5
1

1

1
8

14
14

.5
17

.5
9.

5
7.

5
7.

5
8.

5
5.

5
5

5
6

4
1

5

U
N

IT
S

:  
P

er
so

n-
D

ay
s

P
E

R
S

O
N

P
O

W
E

R
 L

O
A

D
IN

G
 C

H
A

R
T

Figure 2.2.1.10.b.  The multimedia example personpower loading chart shows conflicts for human
resources among the tasks at any time.
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Figure 2.2.1.10.c.  The MSL re-engineering example personpower loading chart shows conflicts for human
resources among tasks at any time.
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Figure 2.2.1.10.c. (cont)  The MSL re-engineering example personpower loading chart shows conflicts for
human resources among tasks at any time.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.11. PERSONPOWER LOADING  HISTOGRAM

With the personpower loading histogram, you can level out your human
resources.

Note that at step 8 (the personpower loading
histogram step) you have time periods and
start and end dates from your gantt chart and
total labor requirements from your
personpower loading chart.  In step 8, you'll
add a week-by-week allocation of effort.

Follow these guidelines as you complete your
personpower loading histogram.

1) Fill in time units from gantt chart on
horizontal axis.

2) What are the total labor reqmts for each
time unit?  Plot them on the personpower
loading histogram.  Use these labor points
to draw a histogram of the labor require-
ments.

3) What are the labor requirements for each
task?  Plot them on the chart.  Draw hori-
zontal lines to show the portion of labor
needed for each task and label each section
of the graph with its associated task num-
ber.

4) What is the average labor requirement?
Refer to the personpower loading chart.
Sum the total labor requirements horizon-
tally and divide by the project length (in
time units).  Draw a horizontal dotted line
on the chart to reflect this and label it
accordingly.

5) Which tasks have float time?  Reschedule
them in time periods having less than aver-
age labor requirements.

Helpful Hints:
• Compare project work load to your other

activities (non-project).
• Decide whether and when people will be

needed to backfill project personnel.

The purpose of the personpower loading his-
togram is to identify peak resource require-
ment periods and level them.

The personpower loading histogram is a
graphical version of the personpower loading
chart.  Since the data are visually represented,
you can easily see peaks and valleys in labor
requirements.  You should attempt to resched-
ule tasks from peak time periods to those time
periods with little labor demand.  This is called
leveling.

Represent the average labor requirement
(rounding up to nearest whole number) by a
dotted line on the histogram.  Select those
tasks with float time (tasks with flexible start-
ing dates).  Then level the labor requirements
by rescheduling those tasks during the "val-
leys."  (If you want, redraw the histogram to
show this leveling.)  You'll now have effi-
ciently allocated your human resources to the
individual tasks.

Note that you must remember to revise your
gantt chart and milestone log if you resched-
ule any tasks.

Using the outline in Figure 2.2.1.11.a., con-
sider a personpower loading histogram for
any project. For reference, review the com-
pleted personpower loading histogram for the
multimedia project in Figure 2.2.1.11.b.  This
example uses body count, not FTE, in terms of
bodies for the week.  Review also the
personpower loading histogram for the MSL
re-engineering project in Figure 2.2.1.11.c.
This example uses number of manager-days
per week.  You can use Figure 2.2.1.11.a. as a
form for developing a personpower loading
histogram for any project.
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Figure 2.2.1.11.a.  The personpower loading histogram identifies uneveness in distributing
human resources to tasks over the project lifetime.
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Figure 2.2.1.11.c.  The MSL re-engineering example personpower loading histogram shows
uneveness in human resource needs and availability during the project.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.12. EXPENDITURES CHART

The purpose of the expenditures chart is to
describe each expenditure and estimate its
dollar cost for each task.

As the project manager, you must develop the
project's budget. Success or failure often hinges
on whether or not you adhere to your budget.
The first budgeting step is to estimate task
costs. Include materials costs, labor costs,
overhead costs, and any auxiliary expenses in
each task estimate. Also, describe each expen-
diture when completing the expenditures chart.
Often project managers build some "fat" into
their cost estimates by multiplying realistic
estimates by a "fudge factor" (doubling esti-
mates is not uncommon). As Murphy's Law
states, "Anything that can go wrong will go
wrong," so take this into account in your cost
estimates.

Using the outline in Figure 2.2.1.12.a., con-
sider an expenditures chart for any project.
For reference, review the completed expendi-
tures chart for the multimedia project in Fig-
ure 2.2.1.12.b. and for the MSL re-engineer-
ing project in Figure 2.2.1.12.c.  You can use
Figure 2.2.1.12.a. as a form for developing an

expenditures chart for any project.

Note that at step 9 (the expenditures chart step)
you have the total funding from your scoping
agreement and the tasks and groupings from
your WBS.  In step 9, you add the division of
funding by task.

Follow these guidelines as you complete your
expenditures chart.

1) What are the project tasks from you gantt
chart?  List them (by identifying numbers)
in the task column.

2) What must you purchase (what expenses
will you incur) for each task?  Describe
each expenditure under expense descrip-
tion.

3) What is the cost (in dollars) for each task?
Record each task's cost under task expen-
ditures.

Helpful Hints:
• Budget conservatively.

You need the expenditures chart to identify the financial resources needed
to accomplish the project’s tasks.
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Figure 2.2.1.12.a.  The expenditures identify what it costs to accomplish the project’s tasks,
sometimes categorized by labor type, materials, and so on.

EXPENDITURES CHART

Project Name:

Project Manager:

Task Mgt. Labor Staff Labor Other (descrip.)
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Figure 2.2.1.12.b.  The multimedia example expenditures chart shows how much the tasks cost
to execute.

EXPENDITURES CHART

Project Name:  Multimedia Product for World of Quality, EF 2984, 9/1-12/31,1992
Project Manager:   Pamela Kurstedt

1.1 Complete equipment set-up

1.1.1 Investigate and select software
1.1.2 Identify equipment needed
1.1.3 Purchase software        75.00
1.1.4 Purchase equipment                3000.00

1.2 Design product content

1.2.1 Learn new software      270.00
1.2.2 Design outline of multimedia product    2600.00

1.2.2.1 Review literature for quotes and history
1.2.3 Input of multimedia screens

1.2.3.1 Input and edit text screens
1.2.3.2 Input and edit animation screens
1.2.3.3 Unforeseen problems

1.2.4 Review available videos on TQM topics
1.2.5 Request copyright permission if needed

1.3 Design media components

1.3.1 Arrange visit to Northern Telecom
1.3.2 Visit Northern Telecom for examples and interviews    1000.00
1.3.3 Edit video from Northern Telecom    3000.00

1.3.3.1 Identify location of video
1.3.4 Select stills for multimedia product

1.3.4.1 Input and edit stills

1.4 Test and edit phase

1.4.1 Test multimedia product with students    1000.00
1.4.1.1 Identify test group
1.4.1.2 Reserve room for test
1.4.1.3 Invite students
1.4.1.4 Conduct test
1.4.1.5 Analyze test comments

1.4.2 Final edit of multimedia product      300.00

1.5 Coordination of course planning

1.5.1 Review progress of course material with multimedia
1.5.2 Review progress of course material with multimedia
1.5.3 Review progress of course material with multimedia

TOTAL BUDGET           $11,245.00
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Project Name: MEL Design and Implementation Plan
Project Manager: Kleiner

Task Mgt. Labor Staff Labor Other (descrp.)
1.1 Set Expectations

1.1.1 Scoping Agreement $145.00
1.1.2 Operating principles 435.00
1.1.3 Operationalize values (behavioral norms) 145.00

1.2 Roles and Responsibilities
1.2.1 Decision Making process 72.50
1.2.2 Position Descriptions 72.50

1.3 Facilities
1.3.1 Current Layout/staff assignments 72.50
1.3.2 Current equipment allocations 145.00
1.3.3 Determine equipment requirements 217.50
1.3.4 Create design alternatives 435.00
1.3.5 Select and approve design 36.25
1.3.6 Implement new design 652.50 $10,000.00

(software/hardware)
1.4 Selection

1.4.1 Select project managers 145.00
1.4.2 Select product managers 145.00
1.4.3 Pre-training for managers 290.00 1,000.00(materials)
1.4.4 Analyze skill/interest mix from surveys 145.00
1.4.5 Interview staff 217.00
1.4.6 Select/assign staff 362.50

1.5 Business Plan
1.5.1 Define current project/funding/staff mix 290.00
1.5.2 Create forecast 217.50
1.5.3 Identify funding gap 435.00
1.5.4 Secure overhead funds for gap 36.25
1.5.5 Marketing Plan 435.00
1.5.6 Monitor Marketing 1015.00
1.5.7 Academic Institutionalization Plan 435.00
1.5.8 Business Institutionalization Plan 435.00 40,000.00(consultant)
1.5.9 Monitor institutionalization 1015.00
1.5.10. Proposal development process 72.50

1.6 Test and Evaluation
1.6.1 Test MSE against TQM 217.50
1.6.2 Test MSE against research 217.50
1.6.3 Recommendations regarding viability of MSE 36.25
1.6.4 Decision regarding MSE 36.25

1.7 Training
1.7.1 Design/develop training 435.00
1.7.2 Develop training schedule 36.25
1.7.3 Implement training 2320.00 500.00(materials)
1.7.4 Develop mentoring process 1015.00

1.8 Measurement
1.8.1 Develop success factors 181.25

Subtotal $12614.50 $51500.00

Figure 2.2.1.12.c.  The MSL re-engineering example expenditures chart shows the task expenditures
by cost category.
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Task Mgt. Labor Staff Labor Other (descrp.)
1.8.2 Define performance measures 290.00
1.8.3 Collect “before” data 290.00
1.8.4 Collect data 290.00
1.8.5 Review monthly 290.00

1.9 Reward and Recognition
1.9.1 Analyze compensation levels (managers/staff) 72.50
1.9.2 Develop compensation/performance plan 290.00
1.9.3 Implement first phase in July 145.00
1.9.4 Develop/implement recognition process 435.00

1.10 Communication support
1.10.1 Develop internal promotional materials 145.00 1000.00(materials)
1.10.2 Develop external promotional materials 145.00 1000.00(materials)
1.10.3 Develop publications process 145.00

Subtotal (this page) 2537.50 2000.00
Subtotal (page 1) 12614.50 51500.00

Total $68,652.00

EXPENDITURES CHART

Figure 2.2.1.12.c. (cont.)  The MSL re-engineering example expenditures chart shows the task
expenditures by cost category.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROJECT MANAGEMENT TOOLS

2.2.1.13. CUMULATIVE  BUDGET

You use the cumulative budget to plan total costs and then monitor how well
your project will meet the cost estimate.

In step 10, you add a week-by-week allocation
of funds.

Follow these guidelines as you complete your
cumulative budget.

1) What is the total forecasted budget?  (Sum
the task expenditures from the expendi-
tures chart).  Let the total forecasted bud-
get (in dollars) be the maximum value of
the y-axis.

2) What is the smallest expenditure (from
expenditures chart)?  Let the smallest
expenditure (in dollars) be the units for the
y-axis (Use your judgment for a few ex-
penditures much smaller than most).

3) What is the project's overall length (from
gantt chart)?   Let that time be the length
of the x-axis.

4) When is each task expenditure incurred?
(Use task starting dates from gantt chart
for reference points).  Plot the cumulative
budget by adding each time period's task
expenditures to the previous time period's
task expenditures.  Connect points with a
smooth curve to complete the graph of the
cumulative budget.

Helpful Hints:
• Track acutal against budget.
• Use variance to check assumptions for the

future.

The purpose of the cumulative budget is to
graph the forecasted expenditures over the
project's life.

Plotting a cumulative budget will help you (as
the project manager) visualize project expen-
ditures over the life of the project. A common
method of projecting expenses is to graph
cumulative expenditures. To do this, add each
time period's expenditures to the previous time
period's expenditures. Plot these estimates for
each time period and connect the points with a
solid line to generate a smooth increasing
curve. The result will be a curve starting at zero
dollars at time zero and ending at the total
forecasted budget estimate at the project's con-
clusion. You can now visualize the project's
planned expenditures for any time period. Once
the project is underway, you can represent
actual budget expenses by a dotted line. Then
you can easily see whether or not you're adher-
ing to your planned budget.

Using the outline in Figure 2.2.1.13.a., con-
sider a cumulative budget for any project.  For
reference, review the completed cumulative
budget for the multimedia project in Figure
2.2.1.13.b. and for the MSL re-engineering
project in Figure 2.2.1.13.c.  You can use
Figure 2.2.1.13.a. as a form for developing a
cumulative budget for any project.

Note that at step 10 (the cumulative budget
step) you have division of funding by task
from your expenditures chart and time periods
and start and end dates from your gantt chart.
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Figure 2.2.1.13.a.  The cumulative budget shows the accumulating costs over time during the
project.
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Figure 2.2.1.13.c.  The MSL re-engineering example cumulative budget shows the rates and amounts of
expenditures over time.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/PROGRAM MANAGEMENT

2.2.2.1. GOAL-ORIENTED  PLANNING
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT

2.2.3.1. MANAGING  CHANGE—JEAN-AUGUSTE-DOMINIQUE  INGRES
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For their responsibility in managing uncertainty, emergency operations organiza-
tions need management tools that stand up to today’s heightened scrutiny, increased
openness, the resultant great expectations, and demand for accountability during
emergency situations.

When an emergency strikes, will the organiza-
tion be ready to protect life, property, and the
environment?  Will the appropriate response
resources be available?  Will the right infor-
mation be available at the right time?  Will the
hard work of the emergency operations orga-
nization (EOO) facilitate the prompt and ef-
fective management of this emergency?

An EOO is the foundation of the emergency
management structure because it orchestrates
the preparedness, response, recovery, and miti-
gation activities of line organizations, emer-
gency management teams (EMTs), and their
own staffs before, during, and after emergency
conditions.  EOOs are required to ready, coor-
dinate, and sustain sudden shifts from normal
operations to emergency conditions.

EOOs face more demands from their constitu-
encies than ever before.  Coupled with in-
creased scrutiny is the difficulty of managing
sudden changes in roles, responsibilities, and
resources inherent in emergencies and exacer-
bated in potential multiple incidents.  In switch-
ing between managing routine operations and
emergency conditions, EMT personnel must
suddenly transform their managing skills and
information and resource requirements to meet
the fast-paced emergency context.  The EOO
must possess the skills and tools to success-
fully make the shift to and facilitate the man-
agement of emergency conditions.

EOOs also experience considerable pressure
because an unknown potential emergency is a
perplexity.  Perplexities are extreme manage-

ment pursuits characterized by ill-defined,
complex, unique, and unpredictable situations
with potentially severe consequences.  For a
fuller treatment of the term perplexity, please
see Modules 1.4.5.2.1. and 2.2.3.5.  Because
perplexities involve uncertainty, they require
sudden changes in the amounts, types, and
means of delivery of information to support
decision making.  EOOs manage the amounts,
types, and means of delivering information
before an incident, so when the incident oc-
curs, managers have the information they need.

The EOO provides the right information to
support emergency management teams and
line organizations when they participate in any
of the four activities:  emergency prepared-
ness, response, recovery, and mitigation shown
in Figure 2.2.3.2.  The figure also shows the
relative responsibilities of the EOO, line orga-
nizations, and EMT.  EOO responsibility is
constant and is the foundation for all four
activities and thereby supports and provides
continuity through all emergency management
roles and responsibilities. The line organiza-
tion performs those emergency activities ger-
mane to their operations utilizing the founda-
tion developed, maintained, and coordinated
by the EOO.  Emergencies occur suddenly as
does a lightning bolt (jagged arrows in the
figure).   The response role of the EMT appears
in a flash.  The EOO role of readying, coordi-
nating, and sustaining line organizations and
the EMT in its response role is subject, before
and after-the-fact, to intense external and in-
ternal scrutiny.  Such scrutiny is important to
developing the ability of the EOO to deliver

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT

2.2.3.2. NEED FOR EMERGENCY  MANAGEMENT  TOOLS
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based on the best information.

Emergency management tools can be defined
by starting with successful management tools,
proven in managing routine operations.  We
can generate new sets of tools based on the
principles underlying the successful tools but
constrained to suit emergency management
responsibilities.  A sufficient set of  emer-
gency management tools and guides doesn’t
exist.

Mitigation

Response

Recovery

line
org A

line
org C

line
org B

foresight

hindsight

external
scrutiny

internal
scrutiny

Emergency Operations
Organization

EMT

Preparedness

Figure 2.2.3.2.  In the face of scrutiny from all directions, the EOO needs the means for providing
information and support as it sustains and coordinates the emergency preparedness, response,
recovery, and mitigation activities of all participants.

the right information and tools at the right time
to the EMT for decision making in prepared-
ness, response, recovery, and mitigation.  Bal-
ancing external scrutiny with internal scru-
tiny, as shown in Figure 2.2.3.2., helps manag-
ers be responsive to external scrutiny by an-
ticipating (foresight) rather than looking back
(hindsight).  Because of public scrutiny and
sudden shifts into emergency conditions, EOOs
need the proper set of tools and guides, so
when an emergency happens, their constituen-
cies are confident the best decisions are made
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT

2.2.3.3. A NEW APPROACH TO TOOLS AIMED  AT PERPLEXITIES

So the EOO can respond to information needs for sudden shifts from routine
operations to emergency conditions, we need a new approach to understanding,
developing, and using synergistic tools working through effective guides aimed at
perplexities.  The tools and guides of this new approach must help EOOs consistently
get, store, retrieve, see, and communicate information selectively aimed at the appro-
priate emergency management activity.

We need a new approach to tools aimed at
perplexities so we can assist EOOs in their
efforts to ready, coordinate, and sustain line
organizations and EMTs as, together, they
manage emergencies.  For the new approach to
succeed, it  must help EOOs cope better with
perplexities and their associated uncertainty
and unique information requirements.  What is
the nature of an emergency from a decision-
making and information-requirement perspec-
tive?  What principles guide the selection and
use of the right information?  Can we figure
out management tools for converting raw data
into useful information as well-suited to per-
plexities as we have for our more routine
pursuits?

Throughout the four emergency management
activities (preparedness, response, recovery,
and mitigation), EOOs have relative continu-
ity in roles, responsibilities, and resource re-
quirements compared to line organizations
and EMTs.  Line organizations switch from
routine operations to any of the emergency
management activities when called upon.  And
EMTs make the most dramatic switch.  The
switch involves different information and dif-
ferent tools for recording, verifying, storing,
arranging, and accessing data to make infor-
mation by comparing data to different refer-
ence points.

By selecting and applying the appropriate tools
working together, EOOs can give EMT per-
sonnel acting in emergency management roles

the information they need when they need it.
Management tools and the guides through
which they work must function within a syner-
gistic integrated package if they are to work
effectively in perplexities.  Tools designed for
use in routine operations and those tools cur-
rently used in emergency management won’t
necessarily work for emergency conditions
unless we understand the underlying prin-
ciples behind the tools’ use, and adapt the tools
for use in perplexities.

What’s more, emergencies require a lot more
information than non-emergencies.  The closer
the ratio (information EMT personnel need/
information they have) is to one, the more
effectively they can confront perplexities.

The classical management principle (Tushman
& Nadler, “Information Processing as an Inte-
grating Concept in Organizational Design,”
Academy of Management Review, July 1978,
pp. 613-624.) for information requirements
for organizations facing different degrees of
uncertainty is illustrated in Figure 2.2.3.3. and
is adapted to highlight the situation encoun-
tered by EOOs.  Classically, good manage-
ment in certain conditions means relatively
low information requirements and in uncer-
tain conditions means relatively high informa-
tion requirements.  As shown in Figure 2.2.3.3.,
the problem with an emergency is that the
change in information requirements is a large
and abrupt step function.  The sudden change
in information requirements includes the
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amount of information; timeliness, accuracy,
and relevance characteristics of the informa-
tion; and the resources (equipment and trained
people) for delivering the information.  The
extreme time factor means it’s crucial to be
ready with the necessary information.

We can help EOOs gain better control of

perplexities by helping them to know:  1) what
tools work best in perplexities; 2) what guides
govern the most effective use of those tools;
and 3) how to get, store, retrieve, portray, and
communicate the right information.  When
EOOs manage effectively day-to-day, if an
emergency hits, the right tools and informa-
tion are ready.1

Figure 2.2.3.3.  When uncertainty increases dramatically, so do information requirements for
effective management.  EOOs need management tools to provide information for EMTs during
situations of high uncertainty and sudden shifts to uncertainty.

1
  The emergency manager is like a stage director who must orchestrate preparedness, response, recovery, and mitigation.

Stage directors set the stage, the actors, and support people by producing, coordinating, and directing all props, cues,
script, lighting, sound, and rehearsals for a successful production.  When the director pulls all the tools and arrangements
together with the ability and talents of the actors, their audience and critics respond favorably.  We need to know what
tools the emergency operations manager needs, how the tools should be used, and why the tools do what they’re supposed
to do so the audience (the public) and critics (surrogates of the public—the media and legislative bodies) provide
superlative reviews.  The difference is that the emergency operations manager doesn’t know what the play is, where it’s
being put on, who the actors are, or when curtain time is.

DEGREE OF UNCERTAINTY

INFORMATION
REQUIREMENTS

Transition
(Time of
incident)
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To effectively address the important issues and information within the context of
urgent conditions, EOOs must direct and channel information using tools well-suited
to the unique characteristics of emergency activities to assist line organizations and
EMTs in their managing of perplexities in real-world settings.

For EOOs, emergency management is more
than response.  Over all four activities of
emergency management, EOOs need to ad-
dress important issues to help deal with urgent
issues.  EOOs want to help managers in emer-
gency conditions work smart, not work fre-
netically.  They particularly need tools so they
can attend to what’s important before it be-
comes urgent.

In terms of addressing the needs of EOOs,
emergency management is much like dealing
with a leaky roof.  When you have a leaky roof
and it’s sunny, nobody worries about fixing it.
That’s because, when it’s sunny, people often
aren’t concerned about preparing for a rainy
day.  But when the rain comes, it’s too late.  So
it is in emergencies.  During normal, non-
emergency operations the line organization is
concerned with normal activities, but the EOO
is concerned with improving the database and
other emergency management needs.  When
an emergency strikes, suddenly circumstances
require extensive information.  In an emer-
gency, without good programs and adequate
planning (foresight), good data may be un-
available, ineffectively integrated, or inad-
equately portrayed.  Although EOOs work
very hard, new leaks are constantly develop-
ing.  An integrated set of emergency manage-
ment tools will help EOOs address their leaky
roof problem.

Figure 2.2.3.4. shows the cyclic and recursive
nature of the four activities for emergency
preparedness, response, recovery, and mitiga-

tion.  Figure 2.2.3.4. also shows the integrated
set of synergistic tools as being central to
feeding the information, decisions, and under-
standing from one activity into any of the other
activities.  EOOs want to plan for the impor-
tant to help mitigate the urgent.

To implement emergency management tools,
we must understand:  1) what roles, responsi-
bilities, and resources EOOs need for the four
activities of emergency management to ready,
coordinate, and sustain sudden shifts from
normal operations, including potential mul-
tiple incidents; 2) the reason why EOOs re-
quire the information they do to meet their
responsibilities; 3) the principles behind the
selection of an integrated set of tools to pro-
vide that information; and 4) why those tools
work, by applying the principles of decision
making and information support and design-
ing the tools for emergency preparedness, re-
sponse, recovery, and mitigation.  Emergency
management tools must:

1) recognize the unique qualities of per-
plexity management;

2) obtain, integrate, and portray necessary
information through an integrated pack-
age of tools to support decision making
by EOOs facing sudden change from
normal operations to emergency condi-
tions;

3) facilitate the coordination and integra-
tion of efforts among multiple layers of

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT

2.2.3.4. THE FOUR ACTIVITIES  OF EMERGENCY  MANAGEMENT
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emergency responsibility—incident
scene, line responsibility, and senior
management; and

PREPAREDNESS
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SYNERGISTIC
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4) provide a support system to handle the
compound effects of multiple emergen-
cies within hierarchical organizations.

Figure 2.2.3.4.  We need to develop tools well-suited to use in the four activities of emergency
management.



1288

What are perplexities?  Perplexities are the
most uncertain of all management pursuits.
Uncertainty is the ratio of the information we
need to the information we have (See Module
1.4.5.2.1.).  Emergency preparedness is the
classical example of a perplexity. The EOO
doesn’t know until the event occurs what the
emergency conditions might be or what out-
come the unknown event might lead to.  If
problem-solving is knowing:  1) where we are
(WWA), 2) where we want to be (WWWTB),
and 3) how to get there (HTGT), then the
emergency preparedness problem is certainly
a perplexity because we don’t know WWA,
WWWTB, and HTGT.  To solve perplexities,
we not only need information about where we
are going and how to get there, we also need
information about where we are at any point in
time.  We need detective information as well
as corrective information.

When the emergency incident occurs we know
more:  We know WWA.  Then we have a
management pursuit called a problem, which
is more certain than a perplexity.  The EOO
then has the first information on the type,
severity, and scope of the emergency and can
bring the tools and information systems to bear
as the perplexity unravels.  Managing per-
plexities and problems is what EOOs are all
about.  Figure 2.2.3.5. shows perplexities and
problems as high on an uncertainty spectrum,
while routine operations, like R&D programs,
projects, and processes, tend to be lower in
uncertainty.  To achieve success, EOOs must
manage information so the amount of quality

information needed by decision makers equals
the amount of information available.  Inequal-
ity of information needs and information avail-
ability requires EOOs to adjust information
needs or the amount of information possessed.
EOOs need uniquely designed management
tools, high in information richness, to help
reduce uncertainty.  Richness is defined as the
potential information-carrying capacity of data
(See Module 1.4.4.2.).

Figure 2.2.3.5. illustrates how we manage un-
certainty.  In managing emergency prepared-
ness (perplexities) we assume a number of
different types of incidents (problems) and
plan, gather resources, and exercise for a pos-
sible chemical release, terrorist attack, com-
puter crime, radiological release, or other type
of incident.  We make a perplexity into a series
of possible problems.  In emergency response
(problems), we work to achieve alternate pos-
sible qualitative outcomes to a given incident.
For the example problem of a chemical re-
lease, qualitative outcomes could be:  stop the
chemical release, contain the chemical re-
lease, evacuate away from the chemical re-
lease, or clean up the chemical release.  We
make a problem into the next, more certain,
pursuit in Figure 2.2.3.5.

EOOs must address the need for rich informa-
tion (e.g., complex, on-the-scene, oral com-
munication) and the fact that scrutiny and
accountability require simple, structured and
emotionless information interpretation (e.g.,
written status boards and press releases).

EOOs need to address perplexity management to achieve success; that is, they must
prepare information sources and delivery systems, the decision environment and the
decision makers, and use management tools to achieve high information richness to
assist the decision makers in reducing uncertainty by driving ill-defined or emergency
conditions toward well-defined or normal operating conditions.

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT

2.2.3.5. CONCEPT OF PERPLEXITY  MANAGEMENT
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Uncertainty

PERPLEXITY

PROBLEM

PROGRAM

PROJECT

PROCESS

–    Can specify neither the start nor the end.

–    Can specify the start but not the end.

–    Know the start and have qualitative fix for the end.

–    Know the start and have specifications for the end.

–    Repeatedly achieve the same known end.

Figure 2.2.3.5.  EOOs address the uncertain end of the spectrum of management pursuits, whereas
the tools we know best are proven in our routine operations at the lower end of the spectrum.

So what tools can EOOs provide to support the
four characteristic activities in emergency
management?  How about the management
tools we use every day in routine operations?
We use Management by Objectives (MBOs)
in managing production and Critical Path
Method (CPM) in managing projects.  (Pro-
duction, or processes, and projects are the two
most certain management pursuits in Figure
2.2.3.5.)  MBOs and CPM require knowing
what the end of the management pursuit is
(WWWTB).  So do two other tools we use
every day:  life-cycle costing and resource
loading.  In processes and projects we know
the end (WWWTB).  But perplexities and
problems aren’t like that.  In short, the tools we
learn to use for success in the processes and
projects of our routine operations will not
necessarily work for emergency preparedness,
response, recovery, and mitigation.  (They will

work, however, for a project like building an
Emergency Operations Center.)  Most tools
for process and project management were nei-
ther designed nor tested against the unique
characteristics of perplexity management.

Two traditional approaches for finding tools
that will work for emergency preparedness,
response, recovery, and mitigation are:  1) to
try tools we use in routine operations (with the
potential for failure just discussed) and 2) to
develop any tool we perceive to be well-quali-
fied for emergency management.  The new
approach is to address emergency prepared-
ness, response, recovery, and mitigation by
developing a comprehensive, integrated set of
synergistic tools, all of which incorporate the
information requirements and unique charac-
teristics of perplexity management.
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Understanding what constraints are unique to perplexity management and system-
atically applying these constraints to the fundamental principles underlying man-
agement tools proven in process and project management is the first step in
understanding how to build an Integrated Perplexity Management System.

We manage emergency preparedness, re-
sponse, recovery, and mitigation by using in-
formation media capable of providing high
information richness to reduce equivocality
(differing interpretations).  That is, we want to
work down the spectrum to reduce the equivo-
cality in what we manage, and work up the
spectrum to increase the capacity of our man-
agement tools in providing rich information in
uncertain conditions.  EOOs want tools for
managing uncertain conditions that are at least
as effective as those they use for normal opera-
tions.

Management tools convert data to informa-
tion.  Decision makers convert information to
actions.  We often suffer from a data-rich,
information-poor situation because we don’t
understand what information we need for the
decisions we make.  We end up with not
enough good information from credible pri-
mary sources.

We can, however, look at tools successful in
routine operations, the processes and projects
at the lower end of the uncertainty spectrum in
Figure 2.2.3.6. and identify five types of man-
agement tools effective in converting data to
information:  1) relationships and structures;
2) methods; 3) guides and rules; 4) precedents;
and 5) the data-to-information chain (Module
1.4.2.6.3.).  These management tool types are
shown across the top of Figure 2.2.3.6.  Ex-
amples of the types (together with emergency
response examples) are:  1) organizational
structure (EMT organization), 2) hazard analy-

sis (e.g., plume model), 3) plans or procedures,
4) social system or culture, and 5) manage-
ment information system.

The effective tools in certain management
pursuits (e.g., projects) are those that have
been heavily constrained to meet the specific
needs of the decision maker.  But, the more a
management tool is constrained to do a job
well in a specific situation, the less useful that
tool will be when used for a different situation.

Let’s consider a single management tool like a
calendar.  To make the calendar work well,
Manager A heavily constrains his or her calen-
dar to be pocket-sized, to have a page for each
month, and to show weekly staff meetings,
travel dates, important milestones, and much
more.  However, this calendar won’t work
very well for Manager B, who wants a wall
calendar showing a year at a glance.  We need
to remove the constraints of Manager A, gen-
erate the general principles of a calendar, and
apply the constraints of Manager B.

Starting with management tools that are suc-
cessful for projects or processes is smart, be-
cause managers have invested a large amount
of time and effort in developing and under-
standing these tools.  But, similar to the calen-
dar example, we believe tools heavily con-
strained to work well for projects won’t neces-
sarily work well for perplexities.  We have to
remove the project constraints, identify the
general principles, and apply the constraints
specific to perplexities.

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT

2.2.3.6.    A SUPPORT SYSTEM FOR MANAGING  PERPLEXITIES



1291

proven management tools constrained for pro-
cesses and projects, carefully investigate and
strip away the constraints to reveal the basic
management principle the tool was conceived
to support, and then develop new constraints
based on our research into perplexity manage-
ment.  The result will be a new tool reflecting
the basic principle constrained to perplexity
management.

The key to working tools up the spectrum in
Figure 2.2.3.6. is that we can consider a com-
prehensive synergistic set of tools through the
complementary management principles the
package represents, and constrain this set to
perplexities; thus we will have an IPMS.

CPM

Relationships
and Structures Methods

Guides
and Rules Precedents

Data-to-
information-chain

?

Uncertainty

PERPLEXITY

PROBLEM

PROGRAM

PROJECT

PROCESS

Bottleneck

Tool Types

Figure  2.2.3.6.  The IPMS will include an integrated set of tools covering the five tool types and
investigated by identifying and using tools we have in normal operations, detecting the basic
management principles upon which they are based, and remodeling the perplexity management tool
based on the principle and constrained to perplexities.

For the Critical Path Method example dis-
cussed in Module 2.2.3.5., the constraint for
using CPM in projects is that projects have a
defined and known end.  By removing the
constraint, we discover the basic manage-
ment principle of focusing management at-
tention on bottlenecks.  Now we have to
figure out how to constrain managing bottle-
necks for perplexities, because emergency
managers have bottlenecks too.  In effect,
we’re working from using CPM as a structure
tool for projects, up the uncertainty spectrum
to perplexities, as shown in Figure 2.2.3.6.

The way to develop an Integrated Perplexity
Management System (IPMS) is to start with
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Tools that make up the IPMS, no matter how effective or efficient, are only as
valuable as their ability to reduce the amount of time programmable decisions
compete for an emergency response manager’s attention.

Behind the IPMS is the realization that for the
EMT to be most effective in times of emer-
gency, EOOs must be effective both in times of
calm and in times of emergency.  EOOs work
in process, project, and program pursuits, as
well as in perplexity and problem pursuits.  The
information needed for managing pursuits at
one end of the spectrum is different from infor-
mation needed at the other.  When managing at
the certain end of the spectrum, decisions are
called programmable (Herbert A. Simon, “The
Executive as Decision Maker,” The New Sci-
ence of Management Decision, Harper and
Brothers, 1960, pp. 1-8.) and are best made on
clear, structured, logical, and verified informa-
tion.  At the uncertain end of the spectrum, non-
programmable decisions (Simon, 1960) are
made based on experience, judgment, and intu-
ition.  The information supporting these bases
is ambiguous, changing, and incomplete.  EOOs
must manage information for both program-
mable and non-programmable decisions in all
activities to affect the mix of programmable
and non-programmable decisions during re-
sponse.

The difficulty of managing the mix of pro-
grammable and non-programmable decisions
in emergency preparedness, response, recov-
ery, and mitigation activities is most acute
during response because of the relative ur-
gency of tasks.  By managing the mix during
other activities and linking the programmable
decisions and information through the activi-
ties, EOOs manage the mix in response.

To support these differences in decision mak-
ing and different information requirements
during response, the IPMS must have a two-

pronged approach:  1) make the clear, struc-
tured, logical, and verified information as crisp,
focused, and accessible as possible, 2) make
best use of the increased time for non-pro-
grammable decisions by improving and sup-
porting the access, storage, retrieval, integra-
tion, and portrayal of information for deci-
sions that count the most and are scrutinized so
closely.

Figure 2.2.3.7. illustrates the objective of the
IPMS.  Because of the high uncertainty and
importance of external information during the
response activity, EMT personnel need to spend
most of their time concentrating on the non-
programmable decisions (part (a) of Figure
2.2.3.7.) and to have the right information to
support non-programmable decisions.  But,
often EMT personnel don’t have enough time.
Because of ineffective and inefficient infor-
mation concepts and tools supporting pro-
grammable decisions, EMT personnel often
spend too much time on programmable deci-
sions (as shown in part (b) of Figure 2.2.3.7.).
One crucial problem is that the size of the pies
in parts (a), (b), and (c) of Figure 2.2.3.7 is
fixed.  We aren’t going to generate more time
for EMT personnel, we can only help them
with the time they have.  Part (c) of Figure
2.2.3.7. shows if we can reduce the time de-
manded by programmable decisions even a
small amount, the increase in time available
for crucial non-programmable decisions can
be increased several-fold.

In developing emergency management tools,
we need to know how we can slice the pie
better and how we can make best use of the pie
we have.  We must learn the environments and

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT
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judgmental responses for:  1) bringing the
right decision makers together in the right
environment supported by the best available
information and 2) using planning and infor-
mation tools before, during, and after the emer-
gency condition to reduce the distractions and
equivocality posed by the myriad small-but-
necessary issues on the decision maker’s at-
tention.  In short, EMT personnel must sort out
the urgent from the important.

support for programmable decisions before,
during, and after an emergency condition.  We
need to find and address the processes and
projects in emergency management, especially
in mitigation and recovery, so EMT personnel
can concentrate on the problems in emergency
management.

Barnard (1938) and later Simon (1987) found
that in decision-demanding situations (uncer-
tain end of spectrum) we use intuitive and

non-programmable programmable programmable

What EMTs
need

(a)

What EMTs
have

(b)

What we want to 
learn how to do

(c)

programmable non-programmable non-programmable

Figure 2.2.3.7.  During emergency response, EMTs need as much time as possible for dealing with
non-programmable decisions, but they have so many urgent programmable decisions the important
non-programmable decisions get squeezed out of the time available.  We want to learn how to
increase time for non-programmable decisions showing the huge leverage of good tools for
programmable decisions.



1294

The role of the integrator is one of the most difficult, important, and ill-defined roles
in perplexity management because of the variety of activities and the diversity of
information needing coordination at many levels of the organizational complex.

EOOs provide continuity throughout the four
emergency management activities of prepared-
ness, response, recovery, and mitigation.  The
EOO is the one organization involved in all
emergency activities and functions and in all
types of incidents.  It’s responsible for main-
taining continuity from one activity to another
when needed.  The EOO also ensures that
lessons learned from one type of emergency
are evaluated and, where appropriate, are in-
corporated into the management tools for en-
tirely different types of emergencies.  In short,
the EOO facilitates the management of emer-
gencies.

The most demanding part of the EOO’s re-
sponsibility is to balance the leaky roof prob-
lem mentioned in Module 2.2.3.4.  That is, the
EOO enters into a maintenance role when the
management tools are in place.  This role
instantly changes when an incident occurs
from that of routine maintenance and opera-
tions to full organizational and resource sup-
port.  Maintaining the balance between the
maintenance and development role and the
full-on role required by an incident highlights
the EOOs role as integrator.

We've shown the emergency management ac-
tivities to be interdependent (Figure 2.2.3.4.).
The EOO has the ultimate responsibility for
integrating the interdependent activities while
meeting the sharply changing information re-
quirements of line organizations and EMTs.
As indicated in Module 2.2.3.3., the emer-
gency manager is like a stage director who sets
the stage, the actors, and support people by
producing, coordinating, and directing all

props, cues, script, lighting, sound, and re-
hearsals for a successful production.

The EOO needs much more than management
tools aimed at a specific need in one activity or
one incident type; it needs an integrated pack-
age of tools able to carry over from one activity
or incident to another and to selectively fit
whatever situation arises.  This selectivity,
synergy, and focus demands a comprehen-
sively thought-out, tested, and generalized set
of management tools.

EOOs have two information tasks that, during
emergency response, compete for the same
time and resources.  One information task is to
reduce equivocality so the organization shares
a common view of events and alternatives.  We
call this task external interpretation (Weick,
1979).  The other task is to process enough
information to coordinate the organization’s
activities and manage performance.  We call
this task internal coordination (Galbraith,
1973).  EOOs in the role of integrator provide
media high in information richness to reduce
equivocality and large amounts of information
to handle interdependence in the organization.
Effective integration and portrayal of infor-
mation facilitates both external interpretation
and internal coordination.

Multiple emergencies bring a special problem
in that we must be able to balance separating
rapidly-changing information about more than
one event to partition and focus resources with
combining the information to reduce redun-
dancy and make most effective use of the
resources we have—including the time and

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT
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energy of the EMT.

The integrator role underscores the impor-
tance of getting, storing, and portraying just
the right information for a given situation in
any emergency management activity and any
incident.  EOOs must maintain data integrity
throughout an organizationally and geographi-
cally disparate group of managers and to re-
duce conflicting information, decisions, and
actions.

Figure 2.2.3.8. shows the inter-relationship of
all four emergency management activities.  In
Figure 2.2.3.8. the EOO is responsible for
increasing the time available to EMTs for non-
programmable decisions in emergency man-
agement activities.  The EOO does this by
effectively integrating and portraying infor-
mation from tools.  Thus, the EOO supports
EMTs well despite the increased demands
upon it (e.g., requirements for more openness,
and strict compliance).

Openness
requirements

Great
complexity Compliance

Short time
intervals Centralization

MITIGATION

RESPONSE RECOVERY

PREPAREDNESS

EFFECTIVE INTEGRATION AND PORTRAYAL

INFORMATION FROM TOOLS THROUGH METHODS

non-
programmable

non-
programmable

non-
programmable

non-
programmable

programmable

programmable
programmable

programmable

Figure 2.2.3.8.  By making best use of time for programmable decisions during all four emergency
management activities, EOOs can make significant improvements in the time EMTs have available.
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When dealing with crises related to a project, the project manager must have
available and be able to use emergency management tools, which are somewhat
different from the project management tools he or she is familiar with.

This module is adapted from Kurstedt, H. A.,
Jr., G. R. Patzak, L. A. Mallak, and E. M.
Howard, “Crises Amidst Project Management:
Strategies for Managing Better, ” Proceedings
of the 11th INTERNET World Congress on
Project Management, June 1992, Vol. 2, pp.
35-45.

Project managers can’t always foresee every
contingency when planning and managing their
projects.  Many spurious events affecting
project milestones and resource allocations
can surface once the project is underway.
Experienced project managers find crises, mis-
communications, mistakes, oversights, and
disasters must be managed as part of success-
ful project management.  Project managers
need effective tools for managing crises.  These
are tools project managers may not use every-
day, yet they need these tools to serve them in
time of an emergency.

The scope of application for emergency man-
agement tools will vary based on the size of the
project.  The tools can be quite elaborate, such
as volumes for a risk analysis or reserved space
for an Emergency Operations Center (EOC)
with many dedicated phone lines.  The tools
can also be quite simple, such as a 1-2 page list
of risks in priority order or a designated office
or conference room (to function as a mini-
EOC) with the ability to bring in portable
phones.  All the tools should be used, even if
just in simple form.  In a small project, using
one hour of a staff meeting to assign roles in
the event of a crisis may suffice for more
elaborate means (i.e., formal EOC) in a larger
project.  The elaborateness of tools should be
balanced with the cost and time required for

preparation.

Projects have characteristics that make the
design and preparation of elaborate tools diffi-
cult.  First, many projects lack the permanence
of a large plant, mine, or government installa-
tion.  Second, emergencies in smaller projects
tend to be more constrained to the site, while
larger projects must deal with emergencies of
greater scope and impact, such as chemical
and radiological releases.  Third, in a plant, a
large number of people are affected by an
emergency—especially the public as opposed
to the workers.  When the public or a large
number of workers are involved, the
organization’s confidence in safe operations
has a heavy influence, and this begets elabo-
rateness.  A simple tool can afford us most of
the protection we need (for example, 70% of
maximum), while a more elaborate tool will
buy us more confidence and protection (per-
haps up to 99% of maximum).  The more
elaborate tool is worth the investment when
confidence is at stake.

I’ve chosen five types of tools used primarily
in emergency management to help project
managers manage their crises better.  I’ll de-
scribe and show how to apply:  1) risk analysis
and vulnerability assessment, 2) logic charts,
3) tabletop exercises, 4) notification, and 5)
crisis organization and communication.

Risk Analysis and Vulnerability Assessment
The primary tool for mitigation is risk analy-
sis.  Risk analysis helps us find out:  1) what
can go wrong, 2) what’s most probable, and 3)
what has the greatest impact.  The combina-
tion of an event’s probability of occurrence

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT
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fore, when the crisis happens, the project man-
ager has thought about the crisis and what can
be affected.  Plans incorporating this thinking
help the project manager be ready when the
crisis occurs and do what is necessary to fix it.
If a manager is responsible for a project, he or
she should require someone to conduct a risk
analysis.  The risk analysis improves early
recognition of warning signs; the vulnerability
assessment helps identify whom to notify and
how to start support to them early.

Logic Charts
Logic charts employ project flow logic to
show the project flow with all dependencies in
an extremely flexible, time-scale independent
diagram.  Logic charts are a form of expert
system because they embody the decision
making knowledge of the expert in a system
that can be followed procedurally.  Project
flow logic is the basis for any personal com-
puter-assisted project management tool.
Project managers are skilled at charting.  But,
in times of crisis, the charts used are different.

When a crisis occurs, people need procedures
to follow.  Logic charts form the basis for
writing these procedures.  In project manage-
ment, the most commonly used charts are
Gantt charts for looking at activities against
time and networks for looking at precedence.
Emergency logic charts depend heavily on
logic because of branching due to chained
contingencies (e.g., “if event X and event Y
happened, then event Z is likely”).

Logic charts force project managers to think
through the critical decisions necessary in a
crisis.  Project managers won’t have time to go
through the logic chart when the actual emer-
gency occurs—we’re counting on the project
manager learning from the preparation and
thinking required to construct a logic chart and
feeding this into or reinforcing it through a
tabletop exercise (described later).  When the
crisis occurs, the project manager isn’t think-

and severity of consequences (e.g., catastrophic
failure) determines priorities.  Incident analy-
sis can also help us understand the lessons
learned in an actual crisis and develop plans to
mitigate the effects of similar incidents in the
future.

One key strategy for managing better is to
properly prepare for crises in projects and take
steps to reduce the occurrences of crises.  En-
gineering analyses support this process of risk
analysis and make up the quantitative portion
of mitigation.  Cause-and-effect analyses make
up the qualitative portion of mitigation and
help us assess the systematic effects both for-
ward and backward.

In emergency management, we use risk analy-
sis to find out the risks beforehand.  My use of
risk analysis should be differentiated from a
probabilistic risk analysis.  Establishing the
consequences of accidents or incidents by de-
terministic or risk analysis provides effective
tools in emergency management.  In project
management, we concentrate on planning and
sequencing activities to maximize our effi-
ciencies and effectively schedule resources.

Project managers need to sit down and ask
“What can go wrong with my project?”  Once
identified, the project manager has a list of
risks associated with a particular project—the
output of a risk analysis.  Then they should ask,
“Which of these risks are most likely to hap-
pen?” and “Which of these will have the great-
est impact?”  “On what or whom?”  This last
question implies the vulnerability of the orga-
nization to the identified risks.  Project manag-
ers should develop plans which use the data
from a risk analysis to prepare them and their
organizations for the broadest range of emer-
gencies.  Risk analyses support planning by
helping project managers pick the most prob-
able and most severe events combined with a
vulnerability assessment to see who or what is
vulnerable and what will be affected.  There-
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ing as clearly as usual, and the more that’s been
done before the crisis occurs, the better action
the project manager can take.

Tabletop Exercises
Tabletops and other exercises use the informa-
tion from the risk analysis in the mitigation
phase to simulate the decision making and
action taking occurring in an actual crisis.  A
tabletop is where we bring a group of people
together and they act out the roles for a given
scenario.  These same techniques can help
project managers prepare for possible crises
that may occur in their projects.

The events or crises occurring to project man-
agers won’t be the things we’re tracking.  It’s
what we don’t track that will go wrong.  The
need for tracking illustrates the use of a struc-
tured management process to catch the small
problems through a thorough, systematic, and
frequent review of relevant indicators
(Kurstedt, Mallak, & Pacifici, 1992).

Tabletops are generally used in the beginning
and focus on managerial information flows—
who we talk to, what we do, who needs what
information, etc.  Issues surface in tabletops.
Tabletops are a training device used to elicit
understanding by carefully guiding the par-
ticipants through a simulated emergency re-
quiring a response.  Although tabletops are
typically less expensive to conduct than drills
or field exercises, they cannot substitute for
the simulation of actual emergency events
available through drills and exercises.

I recommend conducting tabletop exercises
every quarter to keep the emergency plans,
procedures, and necessary thinking fresh in
project managers’ minds.  Thinking through
the decisions beforehand in an evaluative ses-
sion such as a tabletop pays off when the real
crisis occurs.

Tabletop exercises force managers to think

through the decisions made during a crisis in
advance, thereby reducing the need for deci-
sion making during the crisis and reducing the
time needed to make those decisions.  “A
tabletop is accomplished in controlled phases
to allow discrete, individual answers, which
focuses group attention on each point and
thereby promotes a common understanding of
roles and responsibilities and the entire re-
sponse sequence by all participants” (Walker
& Middleman, 1988).  The tabletop exercise is
a versatile tool that can be applied to all phases
of project management.  The overarching ben-
efit of tabletops is they require response sys-
tem elements to pay attention both during
development and as the system evolves (Walker
& Middleman, 1988).

Notification
Emergency managers often have elaborate
plans for notification in the event of an emer-
gency.  They’ve thought out and provided for
consensus decisions on who to notify and in
what order.  Project managers, once they have
completed a risk analysis and identified the
types of crises that may occur, should convene
a group of representatives from the affected
parties (e.g., neighborhood, city council, me-
dia, police, fire, medical, rescue squad) to
come to a consensus on who should be notified
and in what order they should be notified.  The
political consequences of calling in the wrong
sequence can be severe and each party should
know and agree on its standing in the notifica-
tion.

Crisis Organization and Communication
Crisis organization and communication con-
cerns internal communication about the crisis
while the crisis is occurring.  Communications
to and from the field must be reliable and
quick.  The technologies chosen for communi-
cation must be robust to crisis conditions and
must have enough range to cover the distance
between the emergency operations office and
the furthest point in the field from which we’d
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terfere, 5) the distances we want covered by
such a system, and 6) what to do in the event of
system failure (e.g., backup systems, battery
power).  Consideration of these issues before-
hand will increase the likelihood of communi-
cation needs being met during the crisis.

A crisis communication system is only as
strong as its weakest link.  If part of the
communication system involves hand-carried
messages, then electronic sophistication will
only help us marginally.  We should plan
ahead to ensure the communication system
meets our needs.  We should test the commu-
nication system frequently to ensure it works
properly.

A related type of communication, risk com-
munication with the public, plays a significant
role in managing the risks and perceived risks
associated with a project.  Effective risk com-
munication to the public is critical.  The public
must feel they have some influence over man-
aging or controlling the risk conditions.  The
public must have the feeling that they’ve sup-
plied input considered by project managers in
their risk analyses.  The public must be invited
and empowered to participate in decisions that
affect them.  During a crisis, the project man-
ager must put good information in the public’s
hands immediately (a public information task).
For large projects, the project manager or
spokesperson should have a place (not the
EOC) to meet with the media and other public
stakeholders.

expect to receive communications.

An emergency operations center (EOC) coor-
dinates and organizes communications and
information to and from the field.  Each person
has a telephone, often with direct access to key
response units.  For example, the medical
person may have a direct line to the hospital
and the technical person’s telephone may be
linked to the laboratory.

A single status board gives everybody the
same information at the same time at the same
place.  This reduces equivocality and improves
quality of response.  The EOC houses backup
information, such as slides of the facility.  The
EOC gives managers rapid access to many
different types of information, based on the
expert models, to support real-time decision
making throughout the course of a complex
project.

When the crisis occurs, those who respond
must know their roles and responsibilities and
learn where to go to exercise them.  The
responsible people are pre-identified as an
emergency management team (EMT) and they
gather in the EOC to respond in ways they’ve
learned and exercised before.

An effective crisis communication system de-
sign will take into account:  1) who must talk
to whom, 2) how they should communicate, 3)
what the requirements are for speed of com-
munication, 4) how potential crises might in-
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To manage crises better, the project manager needs to adapt emergency man-
agement tools and practices for his or her use and fit those tools and practices
to the characteristics of his or her project.

This module is adapted from Kurstedt, H. A.,
Jr., G. R. Patzak, L. A. Mallak, and E. M.
Howard, “Crises Amidst Project Management:
Strategies for Managing Better, ” Proceedings
of the 11th INTERNET World Congress on
Project Management, June 1992, Vol. 2, pp.
35-45.

While I don’t have a closed set of comprehen-
sive strategies to offer other project managers
to manage crises better, I do have several
recommendations I can offer based on my
experience in emergency management.  Con-
sidering the uncertainty involved in crisis man-
agement, I would be wary of any closed set of
strategies.  Crisis management, by definition,
is perplexing, constantly changing, full of un-
certainties, and challenging to any manager,
especially the project manager.  There is no
simple solution to the complex problems posed
by crises.  Here are my recommendations.

1. Even for small projects, assign the job of
developing at least a two-page risk analy-
sis and vulnerability assessment before the
project begins.

2. Assign somebody the job of producing a
notification sequence.

3. Use logic charts to design procedures that
won’t go awry during a crisis.

4. Use tabletop exercises because few people
will look at a logic chart or even a proce-
dure when a crisis occurs.  Project manag-
ers will depend on what they’ve practiced,

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT
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and this underscores the need and value of
tabletops.

5. Decide on a gathering place for decision
makers to congregate in the event of a
crisis.  Backup gathering places should be
arranged in case the primary gathering
place is involved in the crisis.  Gathering
sites should have information and commu-
nication systems ready for immediate use.

6. Establish authority for crisis management
before the crisis.  The project manager
isn’t always the best emergency manager,
so choose a person who has greatest knowl-
edge of the operational issues associated
with the crisis.

7. Establish an emergency operations center
(EOC) and an emergency management
team (EMT).  The EOC should coordinate
the communications to and from the field
and provide information on key indicators
of the crisis.  The EMT mobilizes at the
crisis onset to provide specialized person-
nel and resources for effective response
and to minimize the consequences of the
crisis.

8. Follow the steps used by emergency man-
agers to progress from risk analysis to
emergency management:  risk analysis,
problem identification, scenario develop-
ment, response training, and emergency
operations.

9. Design effective, accurate, and timely feed-
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back systems to provide early warning
signs of failure and impending crises.  A
structured management process mentioned
earlier can help in focusing attention on
regular tracking of relevant and critical
indicators to surface the little problems
before they become big ones.

10. Be mindful of the social and political con-
sequences of crises or events.  Critics, or
stakeholders, bear significant influence on
project success regardless what the indica-
tors of cost, schedule, and quality show.
Learn how to satisfy stakeholders (cf.
Mallak, Patzak, & Kurstedt, 1991).  Iden-
tify one spokesperson as a liaison with the
public and prepare a procedure for quick
dissemination of information to all affected
parties.

11. Become sensitive to indicators of impend-
ing project failure.  Pay special attention to
untracked indicators because these are the
most likely to go wrong.  Develop anten-
nae and know when the project is going
wrong.

12. Adopt a systems view and separate the
crisis from the origin of the crisis.  Con-
sider the basic good performance prin-
ciples now popularized as total quality
management.  Look forward and back-
ward to assess the potential overall effects
of the crisis.

13. Choose a project manager indigenous to
the country where the project is being

conducted.  An indigenous project man-
ager will be sensitive to the social and
political aspects of the project and its pe-
ripheral issues and will catch more prob-
lems while they’re small or otherwise un-
detectable to the outsider.

A valuable contribution of a professional soci-
ety or association (at the committee level)
would be to organize a team to design generic
tools with directions for customizing each tool
to a specific project manager’s needs.  I be-
lieve such a committee would be the appropri-
ate group for effective tool design because
they wouldn’t have the proprietary concerns
that a corporate consortium would have.  These
tools, such as a checklist for producing a rank-
ordered risk analysis, wouldn’t give organiza-
tions a competitive advantage—they would be
shareable commodities.  The development of
generic tools would improve the quality, ac-
cess, and cost of emergency management tools
used in project management.  All organiza-
tions must prepare themselves for potential
emergencies, and this preparation is scruti-
nized by the public who expect socially re-
sponsible corporate behavior.

These are just a few of my recommendations
or strategies for project managers to manage
their crises better.  The more we focus on the
mitigation and preparedness phases of the
emergency management model, the less we’ll
have to deal with the response and recovery
phases.  And that, I believe, is the best strategy
for managing better.
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What we typically term emergency manage-
ment tools are tools we use to support deci-
sions in uncertain pursuits: perplexities and
problems.  Once we determine a domain of
responsibility is a perplexity or problem, we
have an indication we should customize typi-
cal emergency management tools to that do-
main.  This module addresses a situation where
a holding company (I call it Holding Com-
pany) is responsible for a number of divisions,
each of which is responsible to operate a gov-
ernment reservation.  (I call the divisions
Herbert, Sandy, Frances, William, Wesley,
and Ingrid.)  The term GOCO (Government
Owned-Contractor Operated) stands for an
organization that operates a government site.  I
call a previous GOCO at the Sandy site the
Chemical Company.  I call a comparable site
not the responsibility of the Holding Company
Ronald.  The following discussion explains a
real situation and how we should distinguish
where emergency-management-type tools
(tools designed for problems or perplexities)
will help in situations not typically considered
emergencies.  The discussion is adapted from
a letter written to the Holding Company per-
son responsible for all the GOCO sites who
asked the question: How do I distinguish man-
agement approaches among such vastly dif-
ferent sites?

Summary of the Philosophical Perspective
A crisp statement of the difference in manage-
ment challenges among the Holding Company
GOCO sites is:  The sites differ in degree of
uncertainty.  Herbert (and Sandy) are rela-
tively more uncertain than Frances, William,
Wesley, and Ingrid.  I define uncertainty as the
ratio of the information you need for managing

well to the information you have.  So, Herbert
has a greater disparity between what you need
and have than do the others.  More obvious
causes of uncertainty at Herbert (higher num-
ber of workers, diversity of operations, scru-
tiny, etc.) increase the numerator of the ratio.
Less obvious causes of uncertainty (lower
quality information systems, communication,
networks, etc.) decrease the denominator of
the ratio.

The easy answer to the more uncertain chal-
lenges (i.e., Herbert) is to improve information
richness up and down the line through better
communications and networking, thereby driv-
ing up the information you have in relation to
the information you need.  The difficult an-
swer to the more uncertain challenges is how to
improve information richness.  The how re-
lates to management tools we use to provide
information for decision making.  Our more-
familiar management tools have been devel-
oped for managing relatively more-certain re-
sponsibilities, like projects and processes.
These should work well for Wesley and Ingrid
and perhaps for Frances and William.  But to
manage Herbert, you need management tools
similar to those that work for more-uncertain
responsibilities, like emergencies or research
and development programs.  My discussion
will focus on tools for 1) improving informa-
tion and communication, 2) designing com-
plex organizations, and 3) responding to
chronic emergencies.

GOCO Sites and Uncertainty
Consider the Holding Company GOCO sites
on an uncertainty scale shown in Figure
2.2.3.11.1.  As we evaluate each site more,

BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT

2.2.3.11. EMERGENCY  MANAGEMENT  TOOLS APPLIED TO DIFFICULT
MANAGEMENT  PROBLEMS

When we discover our domain is a perplexity, we then know we need to adapt
emergency management tools to help us manage.
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knowing where our management responsibil-
ity is on the scale in Figure 2.2.3.11.3., we get
clues to the types of management tools we
need and how to best use them.

Causes of Uncertainty
Let’s examine the sources of uncertainty at the
Herbert site.  Start with three factors affecting
the numerator in the ratio of information you
need to information you have.  First, the num-
ber of employees you manage at Herbert is
large.  The increase in number of interactions
and therefore the decrease in quality of com-
munication changes significantly as you in-
crease people.  Second, the diversity of opera-
tions you manage at Herbert is large.  There are
many different simultaneous operations to
manage at Herbert, while sites like William
and Ingrid are more focused toward a single
mission.  Third, the scrutiny you receive from
the government and relevant stakeholders at
the Herbert site is large.  The Holding Com-
pany has better relations with stakeholders
around the Ingrid site than they do around
Frances or Herbert.  Factors like these influ-
ence each other.  For example, great scrutiny
of diverse operations means the media’s pen-
etration into a problem in one operation at
Herbert affects public opinion about an en-
tirely different operation at the Herbert site.

Management Tools for Uncertainty
I believe the Holding Company’s GOCO sites
range from Herbert being more like a problem
to Ingrid being more like a project as shown in
Figure 2.2.3.11.4.

The management tools that work for perplexi-
ties and problems that we can consider using or
modifying for Herbert are:  risk assessment,
vulnerability analysis, crisis communications,
notification schemes, Emergency Operations
Center (EOC), table-top exercises, and others.
As an example, we can translate the idea of a
notification scheme into the need for rapid and
effective dissemination of information to the

we’ll improve our guess of the relative posi-
tion of the sites on this scale.

Now consider management’s problem-solv-
ing task as knowing 1) where we are (WWA),
2) where we want to be (WWWTB), and 3)
how to get there (HTGT).  Our involvement
with different management responsibilities
suggests the combinations of knowledge for
dealing with uncertainty shown in Figure
2.2.3.11.2.

I’ve coined terms for the five combinations of
knowledge in Figure 2.2.3.11.2. and shown
these terms in Figure 2.2.3.11.3.

The key point in all of this is:  The management
tools managers need for each of these different
pursuits (perplexity, problem, etc.) are differ-
ent; and, of course, vastly different at the
extremes.  So, tools for managing perplexities
(where the ratio for uncertainty is high) are
very different from tools for managing pro-
cesses (where the ratio for uncertainty is low).

For any given pursuit, to be successful, we use
well-suited management tools to drive the
pursuit to a more-certain condition.  For ex-
ample, in a perplexity, we consider and pre-
pare for potential problems.  (We help prepare
for an unknown emergency by writing plans
for alternative possible occurrences and our
responses to them.)  Likewise in a research and
development program, we render the program
into one or more projects to get the understand-
ing and results we want.  Therefore, if the
Herbert site is more like a problem, we want to
use well-suited tools to render it more like a
research and development program, then one
or more projects, and ultimately a process.

Successful leadership styles differ for the pur-
suits.  Task-oriented leadership is more effec-
tive at the top and bottom of the scale for
pursuits, and relationship-oriented leadership
is more effective in the middle.  In short, by
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tures that can either reduce the need for infor-
mation or increase the capacity to provide
information, either of which would contribute
to improving the uncertainty ratio through
organizational design.  To reduce the need for
information, we can create slack resources or
set up self-contained tasks.  To increase the
capacity to provide information, we can de-
velop vertical information systems or create
lateral relations.  The easiest thing to do with
the greatest return is to create lateral relations.
And when we consider affinity groups, field
coordination meetings, or other interactions
increasing communication across the organi-
zational hierarchy, we’re considering creation
of lateral relations.  One of the objectives of the
infamous matrix organization is to have a
multi-directional organization so more infor-
mation flows more quickly in more directions
to the people who need the information.

The challenge in implementing lateral rela-
tions is two-fold.  The first is that you have to
gather, store, retrieve, and disseminate rich
information quickly and effectively, which
means you must have good support systems.
The second is that once you start dancing with
a bear you can’t quit just because you’re tired.
That is, if you set up lateral relations or use a
field coordination meeting, you must get sup-
port systems in place and you must follow
through or you’ll suffer backlash.  One man-
agement tool for effectively helping manage
any pursuit is organizational structure, but the
characteristics you place in the organizational
structure must be designed to accomplish what
you want.  For the Herbert site, we want good
and timely communication of rich information
to the people who need it.

The Holding Company’s Management Per-
spectives
One of the types of tools we consider for
increasing information richness and commu-
nication is interactions for lateral relations—
one-on-one, group, informal, and/or formal
interactions.  As we consider lateral relations,

right people in the right sequence about the
right subjects, which is another way of saying
notification in a timely fashion.  You may need
such a tool at Herbert.  As an example of
another tool, the Management Systems Labo-
ratories at Virginia Tech (MSL) is building an
emergency-operations-center-like facility,
called an Intelligent Information Center, to
support large-scale project management.

In learning about managing emergencies,
we’ve found some are acute (poof emergen-
cies) and some are chronic (plume emergen-
cies).  The plume emergency applications are
more in tune with Herbert.  These tools empha-
size information richness and communication
needed for plume emergencies.

Dealing with Interaction and Communica-
tion
As we consider specific tools and tasks for
increasing information richness and commu-
nication for Holding Company management
and for the Holding Company’s stakeholders,
we ask the following sorts of questions.  How
is the communication best done?  What infor-
mation is rich?  Communicate with whom?
How often?  For what purpose?  We sort
questions like these into what we believe is a
closed set by using Figure 2.2.3.11.5.  The
precipitator motivates or causes a need for
interaction.  The purpose defines the expected
outcome for the interaction by the people who
interact.  Participation describes how people
intend to interact on a problem of common
concern.  These five elements set up the physi-
cal process for interaction and communication
we use to get a physical product as a result of
the interaction.  As we consider tools for
communicating rich information, often we
gather people together and, in so doing, we
must factor the elements of Figure 2.2.3.11.5.
into the design and use of our tools.

Organization Structures for Supporting
Communication
We know characteristics of organization struc-



1305

information richness, and communications
through different interactions, we’ll focus on
Herbert and the special needs there.  When
thinking about the Herbert site, we’ll consider
both Herbert and Sandy to help us keep from
overlooking something.  We first look at simi-
larities and differences between the Sandy and
Herbert sites.

Similarities between the Herbert and Sandy
Sites

Similarities between the Herbert and Sandy
sites influence management strategies:

1. Herbert and Sandy have many diverse mis-
sions resulting in multiple government head-
quarters organizations having a vested in-
terest (management and budget functions),
which increases the opportunities for tur-
moil, confusion, and disunity.  William,
Wesley, Frances, and Ingrid have single
missions and single government headquar-
ters points of contact, allowing manage-
ment to be more focused and manage exter-
nal factors more effectively.

2. Herbert and Sandy are more difficult to
manage than the other Holding Company
GOCO operations because they have a much
larger number of employees.

3. Herbert and Sandy, with large land areas,
are always prospects for new government
projects or programs and therefore new
missions.  A new project can be placed at
Herbert or Sandy and be a good drive away
from all other projects at those sites.

4. Herbert and Sandy have many missions
from which they receive constant guidance
and direction from a number of federal
government agencies.  The larger sites re-
ceive more attention because they’re larger
assets for the government.  The new gov-
ernment emphasis on centralization is a

change in the rules.  In the past Herbert and
Sandy were more independent of day-to-
day government headquarters directions.

The Holding Company needs to have uni-
fied management at Herbert and at Sandy.
The missions need to be separated so a
problem with one doesn’t affect another.
For the public who is going to create prob-
lems for these missions, how does the Hold-
ing Company 1) separate them so a prob-
lem with one doesn’t affect another and 2)
at the same time organize the missions in a
unified way?

Differences between the Herbert and Sandy
Sites

Differences between the Herbert and Sandy
sites also influence management strategies:

1. Herbert has traditionally been the site of
multiple prime contractors.  A few years
ago they pared down from about seven to
three.  Even today, Herbert has more prime
contractors than the Sandy site.

2. There is a greater degree of employee-
contractor loyalty at Sandy than at Herbert.
The Herbert site has historically had a turn-
over in prime contractors approximately
every ten years.  The employees have no
loyalty to a contractor, but rather to the site.
The employees have learned to be flexible
when it comes to what contractor affects
their paychecks.  By contrast, Sandy was
built and operated solely by the Chemical
Company, so it became part of the em-
ployee culture to be loyal to the contractor.
So far, this loyalty has carried over to the
Holding Company.  At Herbert, the lack of
loyalty or unity of purpose could be a bar-
rier to communicating effectively.

3. Herbert is unique because of the number of
“whistle blowers.”  This is a reflection of
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the lack of employee trust.  At Sandy and
Ronald, problems are dealt with internally,
not in the media or a politician’s office.  The
Herbert site has such a high number of these
incidents that the government agreed to
support an independent and unbiased re-
view of whistle blower complaints.

4. At the Herbert site, most of the surrounding
population moved to the area and has grown
with Herbert.  They take interest in and
scrutinize everything Herbert does.  At
Sandy, the surrounding population was
sparse and generally poor.  They have ben-
efited economically from Sandy and view
Sandy as a positive influence in their lives.
The way Herbert and Sandy have evolved
has caused two differences in management
style.  First, Herbert managers must be
more involved in local community affairs.
Herbert management budgets for much
larger goodwill expenditures to their sur-
rounding communities than Sandy budgets
for theirs.  Second, because the surrounding
communities display more confidence in
Sandy than Herbert, there is a much greater
need to involve stakeholders in decisions at
Herbert.  To make sure stakeholders par-
ticipate in the right way in the process,
techniques such as flow charts can be used
to plan and track stakeholder involvement.

5. The Herbert site’s mission has changed
from production to remediation.  The
Herbert people are probably having diffi-
culty accepting the new role and change in
mission.  Employees will not enthusiasti-
cally back a mission if they feel completion
of the mission means they’ll lose their job.
There’s a lack of understanding among
government and Holding Company top
management on what’s necessary to retain
interest and enthusiasm for the new mis-
sion.  Also, the politicians in Washington,
D.C. and at the state level, as well as the
public, probably don’t have a clear under-

standing of what’s happening at Herbert.
The Holding Company should work against
a “plant shutdown” mentality.

6. The reassignment of Herbert from one gov-
ernmental program responsibility to an-
other may be confusing to both the govern-
ment and the Holding Company.  They now
have to deal with a new hierarchy of gov-
ernment “landlords” and new lines of com-
munication and direction.

7. The Sandy site has many groups focused on
it.  The Herbert site has only one group
looking at it.  That may help Herbert.

Centralizing Authority at Government Head-
quarters

The government’s efforts to centralize author-
ity at headquarters also presents some man-
agement issues:

1. The government field office role is being
reduced and changed.  Traditionally, offi-
cial communication and program direction
to the contractor came through the field
office manager.  In the past, contractors
rarely talked to government headquarters
personnel unless they had a field office
representative with them.  Now, as the
government headquarters directly commu-
nicates with the contractor, the contractor
asks the field office for interpretation, but
the field office may be out of the loop and
may interpret what the government head-
quarters wants incorrectly.

An effort should be made to increase infor-
mation shared among the Holding Com-
pany, the field  office, and the government
headquarters.  There needs to be more of the
right kinds of interfaces.  The government
headquarters information should be shared
with the field office and the Holding Com-
pany.  If not, the Holding Company may
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head in one direction and find out months
later that the government headquarters has
changed direction.  Also, the government
headquarters may be months behind on
important issues the contractor has identi-
fied.  This lack of sharing of information
leads to increased opportunity for miscom-
munication at all levels.

2. An effort should be made to increase face-
to-face contact between the Holding Com-
pany and the government headquarters.  The
Holding Company needs more-direct com-
munication lines at all levels of manage-
ment.

3. Since the government headquarters has re-
cently reorganized, there is confusion at
headquarters, and that confusion simply
passes down.  There are new government
managers trying to make their own mark.
New relationships between the government
and the Holding Company should be de-
fined soon to result in greater stability in the
government management process.

4. The atmosphere of fear and suspicion be-
tween the government headquarters and
contractors contributes to disunity.  The
Holding Company position against the re-
cent reorganization initiative by the gov-
ernment further exacerbated the poor rela-
tionship between the Holding Company
and government people.

Things to Be Considered

There are several things to be considered that
might assist the Holding Company manage-
ment:

1. Improve communication within the Hold-
ing Company:  more emphasis on the new
mission at Herbert; focus on morale and
unifying employees (i.e., constancy of pur-
pose); drive out fear; emphasize opportuni-

ties for cooperation.

2. Improve communication with the govern-
ment:  focus groups; scheduled meetings
for communication; Holding Company
representative at government headquarters.

3. The Holding Company should consider
bringing together one or more groups to
improve information sharing:

a. Field Coordination Meetings—bring
together government program officials,
field office managers, and Holding Com-
pany officials to discuss responsibili-
ties, expectations, status, and progress
(programmatic and budget).  Discuss
specific problems and solutions.  Use
status and planning presentations from
specific sites.  These meetings would
help the field office managers in their
roles as much as the Holding Company.
Another purpose of these meetings is to
have the Holding Company and the gov-
ernment redefine their relationships at
all levels.

You should not jump right into a full-
scale field coordination meeting, but
rather take one step at a time.  You may
want to begin by using an existing regu-
larly scheduled gathering of your site
managers to set up the foundation or the
preliminaries to making this field coor-
dination meeting concept work well.
Then investigate the possibilities of gov-
ernment headquarters participation.

Consider coordination meetings for
Herbert, at first separate from the other
sites.  Contractors and government par-
ticipants in these meetings have special
considerations different from the other
sites.  Then bring all sites together for a
joint coordination meeting.  Perhaps the
other sites should meet together prior to
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c. Quarterly Meetings—have the Holding
Company GOCO site managers meet
quarterly to discuss their problems and
lessons learned.  Have the meetings ro-
tate among the sites, so they visit every
site every year and a half.

Once participants for the groups are identified,
the real challenge is to convince the various
levels in government headquarters that infor-
mation sharing is a good thing to do.

Figure 2.2.3.11.1.  We can contrast the types of management tools best suited to a particular site
by comparing the sites according to their uncertainty.

Uncertainty

Herbert

Sandy

Frances
William

Wesley
Ingrid

the joint coordination meeting.

b. Focus Groups—maybe a group like the
State and Tribal Government Working
Group (STGWG) to look specifically at
Herbert.  Talk about plans and the mis-
sion of Herbert and share frustrations.
Try to build trust among government
headquarters, the Herbert site, and local
political subdivisions like the Indian
tribes and the state and local govern-
ments.
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Figure 2.2.3.11.2.  We can convert the uncertainty scale to divisions reflecting how much we
know about a domain of responsibility in terms of information needed for problem solving.

Uncertainty

don’t know WWA and WWWTB; thus don’t know HTGT

know WWA but not WWWTB; thus don’t know HTGT

know WWA and qualitatively know WWWTB; thus qualitatively know HTGT

know WWA and WWWTB specifically; thus figuring HTGT is straight-forward

know WWA, WWWTB, and repetatively do HTGT

Figure 2.2.3.11.3.  The different pursuits reflect what you know and what you don’t.

Uncertainty

Perplexity

Problem

Program

Project

Process

PURSUITS
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Figure 2.2.3.11.4.  The Holding Company’s sites are fit in the pursuits framework.
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Purpose

People

Participation

Problem

Process

Precipitator

Products

Figure 2.2.3.11.5.  We model group interaction or communication using seven components.
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BUILDING MANAGEMENT TOOLS/EXAMPLE TYPES OF TOOLS/EMERGENCY MANAGEMENT

2.2.3.12. THE MANAGEMENT  OF RISK.

We can manage risk by applying management system analysis and management
system synthesis.

This module was taken from “The Engineer’s
Approach to the Management of Risk,” Ameri-
can Nuclear Society’s Embedded Topical
Meeting on Risk Management.

From a management perspective, I see risk
management, vulnerability analysis, and risk
assessment in simple terms.  Risk manage-
ment involves vulnerability analysis, risk as-
sessment, and the relationship between the
two.  The decisions relating to where you’re
vulnerable and where you want to assess risk
constitute a vulnerability analysis.  Morale
problems, communication issues, and other
influences diverting employees’ attention from
their work produce areas of vulnerability.  Risk
assessment concerns the determination of types
and related probabilities of an emergency.  We
can’t assess risk on everything everywhere.
That’s why we do a vulnerability analysis
first—so we can focus our risk assessment
efforts on our vulnerabilities.  I link vulner-
ability and risk through the evaluation of the
consequences of a particular risk applied to a
given vulnerability.

In a vulnerability analysis, a manager decides
which elements in the domain of responsibil-
ity are vulnerable to the effects of any type of
potential incident.  Decisions for specifying
and quantifying the risks to which the domain
is vulnerable constitute the risk assessment.  In
a vulnerability analysis we identify where our
domains are open to risk—the weaknesses.
The dictionary definition of vulnerable in-
cludes “open to attack or damage.”  Risk, as
opposed to vulnerability, suggests exposure to
dangerous elements or factors.  The vulner-
ability analysis doesn’t tell us what we’re

vulnerable to; it just tells us where we’re
vulnerable.  I’m addressing risk management
decisions in terms of the Management System
Model.  The risk manager will first want to
delimit his or her domain of responsibility.  I’ll
describe a procedure for building and using
risk management tools based on the Manage-
ment System Model (Figure 2.2.3.12.1.).

The processes for risk management are closed-
loop processes.  See the control loop in Figure
2.2.3.12.1.  We first identify where we’re
vulnerable (domain decision [plant in the con-
trol loop]).  We follow with assessing types
and probabilities of risks associated with those
vulnerabilities (disturbance decision [distur-
bance in the control loop]).  Then, we relate
these by examining the effect (consequences)
of the risk on the situation where we first
conducted the vulnerability analysis (distur-
bances on the plant in the control loop).  The
linkage between vulnerability analysis and
risk assessment is the disturbance on the plant.
The disturbance is the risk and the plant is
where you’re vulnerable.  In risk management,
managers use and improve vulnerability analy-
ses, risk assessments, and their linkage through
testing, evaluating, and modifying their do-
mains under the consideration of a crisis to
form a feedback loop (the rest of the control
loop).  Later, I’ll extend the management pro-
cess cycle of Plan-Do-Study-Act, so popular
today in managing quality, to risk manage-
ment based on the cyclical relationship of risk
management processes.

Applying the Engineer’s Approach to Risk
Management
I focus on two fundamental techniques used by
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management systems engineers that can help
risk managers better understand their domains
of responsibility and therefore practice higher-
quality, more-comprehensive risk manage-
ment.  The first technique involves delimiting
your domain of responsibility to understand
what you manage and what tools you use to
manage.  I’ll introduce the Management Sys-
tem Model and briefly cover the steps in-
volved in management system analysis and
management system synthesis.

We all make decisions affecting what we man-
age.  By my definition, then, anyone who
makes decisions affecting what they manage
is a manager.  Managers must know what they
manage and what tools they use to manage
with.  We use the Management System Model
(MSM) to define the domain of responsibility
for an individual manager  (Figure 2.2.3.12.1.).
The MSM balances the interfaces between the
three components of who manages, what is
managed, and what is used to manage.  A
vulnerability analysis asks you to identify
which of your responsibilities is vulnerable.
Failure to gain a good understanding of your
responsibilities prior to the vulnerability analy-
sis means you’ll overlook some vulnerabili-
ties or you’ll confuse some vulnerabilities—it
all starts with knowing where you’re vulner-
able.

Once we’ve defined our domain, we use man-
agement system analysis to build management
tools for risk management (i.e., decisions about
vulnerability or decisions about risk).  Man-
agement system analysis represents a counter-
clockwise progression through the MSM, start-
ing at what is managed (Figure 2.2.3.12.2.).
Management system analysis has five steps:
1) delimit your domain, 2) determine deci-
sions and actions, 3) define information for
decisions, 4) outline data for information, and
5) list measurements for data.  When we de-
limit our domains, we carefully specify what is

in the domain and what is not.  For example, if
what is managed is office supplies, the risks
tend to be minimal:  paper cuts, thumbtack
stabs, etc.  But if what is managed is a nuclear
power generation station, the components of
what we manage present known risks to health
and safety (e.g., leakage of underground waste
storage tanks; discharge of harmful effluents
into the biosphere) that should be character-
ized in a risk assessment.

In management system analysis, once we’ve
delimited the domain, we should determine
what decisions we should make and what
actions we should take to manage the domain.
The range of decisions we make defines the
scope of our responsibilities.  We can refer to
a formal job description to get an idea of what
types of decisions are expected to be made, but
there’s usually no good substitute for asking
the incumbent or having him or her log the
decisions made and actions taken for a speci-
fied period of time.  Work sampling proce-
dures may prove useful for collecting these
data.

Identifying the decisions made and actions
taken in a domain leads to the next step in
management system analysis:  determine the
information required to support the manager’s
decision making.  Determining information
requirements to support decision making de-
pends to a large part on who manages.  The
manager’s cognitive style bears implications
for how the information should be portrayed to
best suit the manager and support decision
making.

Once we’ve defined the information needed to
support the managers’s decision making, we
must outline the data needed to develop the
information by developing the data require-
ments to generate the desired information.  In
management system analysis, I view the what
is used to manage component as a process
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converting data into information for decision
making.

This leads us to the fifth management system
analysis step—listing measurements to obtain
the data from what is managed.  We must
design measures to capture the data we need in
an efficient and timely manner.

Cycling through the management system analy-
sis steps helps you build effective manage-
ment tools for converting data into informa-
tion.  Risk managers have much to gain from
management system analysis if they can use
the process to mitigate crises.

Management system synthesis gives us the
functions for using management tools.  Nine
functions, working clockwise around the MSM,
characterize management system synthesis
(Figure 2.2.3.12.3.).  These nine functions
make up a structured management process.   I
group the nine functions into three groups:
planning functions, executing functions, and
comparing functions.  Planning functions ad-
dress what you want to do; executing functions
address what you did; and comparing func-
tions address whether you did what you wanted
to do.

The planning functions are:  setting expecta-
tions, surveying your work, and determining
indicators and reference points.  Risk assess-
ment and vulnerability analysis work heavily
into the planning functions.  For setting expec-
tations, we try to identify what could happen
and what the consequences would be.  Both
risk assessment and vulnerability analysis are
very strong in setting expectations.  For sur-
veying our work, we flowchart potential risks
and use cause-and-effect charts for conse-

quences.  Defining indicators gives us early
warning and detection of incidents.

The executing functions include collecting and
logging data, converting data to information,
and organizing and presenting information.  A
tabletop exercise is an example of an executing
function.  When you look at cause and effect,
what you do during that incident is part of the
cause-and-effect linkage.  You can reduce the
effect of the cause by taking the right action.
You can increase or make worse the effect of
the cause by taking the wrong action.

The comparing functions include reviewing
status and progress, exercising personal effec-
tiveness, and verifying performance.  In my
context, comparing functions encompass learn-
ing, improving, and updating risk assessment
and vulnerability analysis.

What is the engineer’s approach to risk man-
agement?  I say it’s Deming’s Plan-Do-Study-
Act (PDSA) cycle.  Plan includes the manage-
ment system synthesis planning functions; Do
includes the executing functions; Study in-
cludes the comparing functions; and Act makes
the sequence an iterative cycle—the basis of
continuous performance improvement.

In risk management, vulnerability analyses
and risk assessments make up the Plan.    Hy-
pothesizing what will happen as a result of the
risks is the Do.  Risk managers using tabletop
exercises combine Do and Study to generate
information to improve their risk management
processes.  Improving the processes for deal-
ing with the risk is Act.  Then the cycle starts
over:  What is the vulnerability and risk now
that we’ve taken action to improve our pro-
cesses?
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Figure 2.2.3.12.1.  A control loop is analogous to the Management System Model.
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Figure 2.2.3.12.2.  Management system analysis has five steps working counterclockwise around
the MSM.
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Figure 2.2.3.12.3.  Management system synthesis has nine steps working clockwise around the
MSM.
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