“Proving that continuing to apply logic to the thinking process (yes, the principles dating back to
Aristotle that were adapted and advanced by Eliyahu M. Goldratt in our modern age) can improve it
substantially, H. William Dettmer’s new edition of his landmark book, Goldratt’s Theory of Constraints,
reflects the evolution of the thinking process to its current level: the Logical Thinking Process. Make
no mistake: the majority of heavy lifting to elevate the thinking process has been done by Dettmer
himself. Goldratt once told me that he did not write anything of depth about the thinking process
(TP). Instead, he left it to the few brave and uniquely qualified educators, of whom Dettmer has risen
to the forefront. This new edition teaches how leaders can face down real-life issues by employing the
rigorous deductive logic he’s honed to perfection by repeated application: how a better quality Current
Reality Tree (CRT) can be created in less time. New material includes a chapter on changing the status
quo. If there’s one Dettmer book to own ahead of all others, it is The Logical Thinking Process.”

Jeff “SKI” Kinsey, Jonah
Throughput Press
Hilton Head Island, SC

“Where would the logical approach to problem solving espoused by TOC proponents be without Bill
Dettmer? Is logical thinking so simple that a cave man might be able to do it? Is it common sense, that
we need not overthink it? I would argue neither. The Logical Thinking Process clearly demonstrates that
a thorough, logical approach can be used not only to identify complex problems and find potential
solutions, but also to generate buy-in among those individuals who must bring about improvement
in the organization as well as provide support for the process of planning and implementing effective
solutions. Bill's dedication, experience, and motivation to develop the necessary tools for this problem-
solving approach have been invaluable to both practitioners and academicians. He goes about it in
such a thoughtful, unrelenting, and disciplined way that his work has effectively defined the field
of study.”
J. Wayne Patterson, Ph.D.
Professor of Operations Management
Clemson University

“After years of thinking, applying, re-thinking, and modifying, we have now Bill Dettmer’s most
recent update, documenting those years of experience with verbalizing intuition into clear logic and
applying it to business. This process facilitates clarification of thoughts, the challenge of hidden
assumptions, identification of real root causes, and rational prediction of what could happen in the
future. This is all based on logic and common sense; there is no ‘believe me— it works.” All managers
who use this book will find themselves better prepared to think logically, without losing any of their
own intuition. Is there anything more important for managers to be doing? Read this book carefully—
it could be very important to you.”
Eli Schragenheim
Elyakim Management Systems, Ltd.

“Don’t buy this book if you believe that ‘gut feel” is the perfect tool for leaders to use in deciding what

they should do and what their people should do. However, if you are looking for a box of logical

decision-making tools to use in setting goals, deciding how they should be achieved, and leading the

execution of your plan, then this book must be on the top of your desk daily. It is the reference for the

tools of constraint management—the leadership discipline that focuses on finding and resolving
system constraints.”

Dieter Legat, Ph.D.

Managing Director

Delta Institute

Geneva, Switzerland

“Dettmer has made an important contribution to competitive strategy by writing what is, as far as

I know, the first book to unify and demonstrate the power of both the Logical Thinking Process

developed by Goldratt and the OODA loop (observe-orient-decide-act). Operating together, they will
be very, very hard to beat.”

Chet Richards, Ph.D.

Author of Certain to Win and an international expert on the philosophy of John Boyd

“When I started reading The Logical Thinking Process, I couldn't easily put it aside. There are a lot of new
insights in this book, even for those who are already familiar with previous books on the Theory of
Constraints. Bill does not simply tell the story of the logical thinking tools (as invented by someone
else). He creates his own story of the thinking tools. He introduces a new tool, the Intermediate



Objectives Map, which brilliantly dissolves many difficulties that people might have had with the
other tools. He merges the Prerequisite Tree and Transition Tree into a more useful Prerequisite Tree,
and he dissects the 3-UDE Cloud.

He is at his best with this book, and you will feel the experience of decades of consulting and teaching.

Working through the book is the next best thing to attending one of his thinking process classes in

person. Get the book, take your time to read through it, be patient, and reap the benefits from your
increased understanding and the streamlined method.”

Christoph Steindl, Ph.D.

Managing Director, Catalysts GmbH

Linz, Austria

“The Logical Thinking Process is the most comprehensive, easy-to-follow, step-by-step guide to finding

real solutions to problems I face in business every day. Dettmer has created the definitive guide for

applying the Logical Thinking Process that Goldratt created. If you really want to find the key leverage

points to fundamentally improve your business, The Logical Thinking Process will give you the tools to
achieve your goal.”

Christopher M. Zephro

Director, Supply Chain

Seagate Technology

“I find Bill to be the world’s most articulate exponent of the thinking process tools of the Theory of

Constraints and very much enjoy the experience and knowledge he brings to his writing style. This

book manages to be precise without being pedantic, and entertaining without losing sight of the

seriousness of the topic. The book works both as a grand overview of a systems approach to complex

problem solving and as a practical chapter-by-chapter guide to the tools and techniques of rational

thinking. If you’re wondering how best to structure, test, and communicate your reasoning, then read
Bill’s book.”

David V. Hodes, Managing Director

TOC Center of Australia (TOCCA)

Sydney, Australia

“This is a complete guide for the Logical Thinking Process (TP). It embodies the latest thinking about

logical thinking. It covers all modes of TP application, from personal problem solving to strategic

development, and from corporate problem solving to legal applications of the thinking process. In

teaching this thinking process in Japan, I have personally witnessed phenomenal development of

students’ capabilities to solve problems and visualize the interactions of whole systems. This book is
Bill Dettmer’s gift for humanity.”

Haruyuki Uchiyama, President

MoreThroughput.com

Japan

“The topics that are a must-read are the Intermediate Objectives Map and Current Reality Tree. There

is a basic research in these areas that can be invaluable to the reader. The chapter on the Intermediate

Objectives Map provides an excellent guide for understanding undesirable effects and selecting them
effectively. This improves the quality of the Current Reality Tree significantly.”

Sadashiv S Pandit

Executive Chairman

Fleetguard Filters Private Limited

India

“The Logical Thinking Process is a practical guide to improving any system’s performance, from one of
the clearest authors in the field of the Theory of Constraints. It quickly gets to the heart of major
concepts and techniques, and updates prior readers of the literature with the latest developments.

Many standard tools for continuous improvement fail to achieve noteworthy results at a macro level.

Why? Because too often, the problems to which the tools are applied are local in nature. The tools, and
the problems to which they are applied, do not address the greatest constraints holding back the
system as a whole. In The Logical Thinking Process, leaders and improvement teams are given a concrete
method for creating the kind of major turnaround that today’s crises so often demand.

The Logical Thinking Process is a must-have tool in the arsenal of any continuous improvement effort.”

Paul H. Selden, Ph. D.
Founder and President, Performance Management, Inc.
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Preface

Constraints (GTOC), was a snapshot of “the state of the art” of the Thinking Process
in 1996. But time passes, and people and things evolve. The Thinking Process is
no exception.

Since 1996, I've applied the Thinking Process in commercial companies, government
agencies, and not-for-profit organizations. And I've taught it to people throughout the
United States, South America, Europe, Japan, Korea, and Australia. In each of these
consulting and teaching engagements, GTOC was the basis of my work.

But over time I began to notice a developing tendency: I was diverging from the
techniques and procedures I'd established in GTOC. In teaching, I found that I needed to
modify the procedures for constructing the logic trees in order to overcome difficulties that
some students had in learning to apply them. In my own applications, I found that the
need to quickly develop more robust trees gradually drew me away from the procedures
in the first edition.

This shouldn’t be surprising. The Thinking Process was relatively new and still
evolving when I wrote GTOC. Any new methodology can be improved. Yet GTOC still
stood as a snapshot in time. In teaching Thinking Process courses, I began to supplement
GTOC with a three-ring binder containing newer guidance and examples. By 2005, I had
so transformed the way I taught the Thinking Process that GTOC became an adjunct to
my courses, supporting the three-ring binder, rather than the other way around.

The transformation of the Thinking Process over the past ten years has been a good
thing. In 1996, most people teaching the Thinking Process—including me—required ten
days to cover it all. With some innovations, I found that I could include more material in
six days than I originally could in ten, and still finish early. In 2006, I decided it was time
to incorporate what I've learned about faster and better ways to teach and apply the
Thinking Process into a new edition of GTOC.

But as I began to edit the original text of GTOC, I realized just how substantial the
changes would be. It turned out to be far more than just an update of the 1996 version—
it was a whole new approach to building and applying logic trees. For that reason alone,
merely calling this book a second edition of GTOC would have been an inaccurate
representation of the content, comparable to calling a 2006 Ford automobile “Model T,
second edition.”

B ooks are snapshots in time. The previous edition of this book, Goldratt’s Theory of
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Moreover, while the Thinking Process has its roots in the Theory of Constraints, it
has since realized a much broader applicability in system analysis and systems thinking.
Much as some trademarked brand names (e.g., Kleenex, Google, Post-it Notes, Scotch
tape, and so on) enjoy a kind of evolution to generic usage over time, so too has the
Thinking Process as a methodology become more of a generic logical analysis process. So
it's appropriate to title this book in a way that conveys the broader applicability of the
method—to characterize it as what it is: the Logical Thinking Process, a systems-level approach
to policy analysis. At the risk of hyperbole, I would go so far as to say it’s the most powerful
such methodology yet created.

None of this alters the fact that this marvelous logical method was created and
introduced by Eliyahu M. Goldratt as a means of identifying and breaking policy
constraints. Though the principles of deductive logic date back to the days of Aristotle, it
took Goldratt to make them more than just a topic of curiosity and academic interest. The
Thinking Process is probably the first widely-used, practical tool for the application of
deductive logic, and its users should not forget that Goldratt made this possible.

A major contribution of real value that this book offers users of the Thinking Process
is software. Anyone who has used the Thinking Process for long knows what a challenge
this is. When Goldratt first introduced the Thinking Process, computer-based graphics
programs capable of rendering the logic trees were few, far between, and expensive. For the
first several years, the only way to build and present Thinking Process trees involved using
Post-it Notes connected by hand-drawn lines on flip-chart paper taped to walls. In the
mid-1990s, a variety of drawing and flowcharting programs became available for both
Macintosh computers and and IBM PCs, but they were relatively expensive and they didn’t
lend themselves directly to Thinking Process applications. Icons needed to be created or
modified, and standardization of symbols was consequently almost nonexistent.

In 2006, I was privileged to meet Dr. Mark Van Oyen, a professor of engineering at the
University of Michigan, who had begun development of a unique graphical software
application—one that was designed primarily to create Thinking Process logic trees, and
only secondarily for other flowcharting uses. Dr. Van Oyen and I came to a meeting of the
minds on incorporating that software, Transformation Logic Tree, with this book. The
compact disk provided here contains a full-function, unrestricted copy of version 1.0 for
new and experienced users of the Thinking Process alike to use in building their logic
trees. Appendix J includes more information on how to install and use the software.

This book contains new examples of logic trees from a variety of real-world
applications. Most of the diagrams and illustrations are new and improved. Explanations
and procedures for constructing the logic trees are considerably simplified.

Yet notwithstanding all these improvements, the Thinking Process still requires
concerted effort to learn and apply well. A book like this can’t be all things to all people.
Simply reading a book won’t make you an expert in the Thinking Process. Only regular,
repetitive practice can do that. And specialized training from someone who thoroughly
understands (and has effective teaching skills) is advisable in order to realize maximum
benefit. These can also compress the learning curve from months to days.

Even so, you're still likely to have questions that this book doesn’t adequately address.
I encourage readers to contact me directly with any such questions, as well as with
comments, pro or con, about the book. How else can things improve?

H. William Dettmer
Port Angeles, Washington, USA
authors@asq.org
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learned how to streamline the process of constructing the logic trees while

simultaneously ensuring that the results are more logically sound and closer
representations of reality than ever before. Whereas Current Reality Trees (CRT) once took
several days to complete, a better-quality tree is now possible in a matter of several hours.
When used as part of an integrated Thinking Process, all of the trees are now more
precisely and seamlessly aligned with one another.

This better integration is possible because of a new application of an old (and little
used) tree: the Intermediate Objectives (I0) Map. An hour or less spent perfecting an
IO Map at the beginning shaves days off completion of the rest of the process, and the
results are much more robust. So, with this book, the IO Map takes its place as the first step
in the Thinking Process.

A second major change is in the relationship between the Evaporating Cloud and the
Current Reality Tree. As Goldratt originally conceived the Thinking Process, these two
trees enjoyed a close logical relationship, but it was frequently a difficult transition.
Sometime in the late 1990s, a number of Thinking Process practitioners began using an
approach to analyzing problems called “the 3-UDE Cloud.”* The 3-UDE Cloud was then
used to create something called a “communication current reality tree.” This combination
of the Evaporating Cloud and the Current Reality Tree certainly streamlined the process
of creating these two trees in many situations, but this process is logically flawed (and
often myopic). I found the results of this process to be incomplete, too narrowly focused,
and not really representative of a system’s larger issues. It certainly did offer some
efficiencies and economies over the Thinking Process as originally described in GTOC—
though at the expense of logical quality and robustness. This book explains the
deficiencies of the “3-UDE Cloud to communication CRT” approach in Appendix E.
Chapter 5 explains an easier, more logically sound way to integrate the Current Reality
Tree with the Evaporating Cloud.

A third major change is a reorientation of solution implementation. In the original
incarnation of the Thinking Process, injections (ideas for solutions) from the Future Reality
Tree went through two subsequent steps: a Prerequisite Tree to help identify and
overcome obstacles, and a Transition Tree to “flesh out” the step-by-step implementation
plan. One of the phenomena I noticed over the past decade was the tendency for students

What’s really new in this book that warrants a change in the title? First, I've

* UDE is an acronym for undesirable effect.
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learning the Thinking Process to incorporate much more detail into the Prerequisite Tree
than it was originally intended to have. And at the same time, there was less patience
with the often mind-numbing detail of the Transition Tree.

As an experiment in one Thinking Process course, I suggested that students dispense
with the Transition Tree altogether and instead incorporate more detail into their
Prerequisite Trees. Not only did implementations become faster and easier, but there was
no deterioration in their quality. And everyone preferred this approach because of its
speed. Because almost without exception the people I work with are competent
professionals, it’s no problem for them to execute change from comprehensive
Prerequisite Trees alone. The Transition Tree became superfluous.

Yet there was still an opportunity to realize some synergy among tools in change
execution. The Theory of Constraints offers the best improvement to project scheduling
and management methods conceived in the past 50 years: critical chain. Since the new
Prerequisite Tree identifies all the activities needed to execute a change as intermediate
objectives, it's a natural next step to use it to create a project activity network. These
activities can be implemented using Critical Chain Project Management. So, this version
of the Thinking Process “retires” the Transition Tree in favor of the marriage of a more
detailed Prerequisite Tree and Critical Chain Project Management.

There’s another “elephant in the parlor” that attends any system improvement
methodology, including (but not limited to) the Thinking Process: change management. The
challenge of changing existing ways of doing things, which is really what the Thinking
Process is designed to facilitate, goes far beyond logic. It's necessary, but not sufficient, to
create technically and economically sound solutions to problems. But even so, some
estimates of failure run as high as 80 percent. There’s a reason why many major systemic
changes fail to realize expectations fully, or fail outright. The missing sufficiency is the
failure of most methods, including the Thinking Process, to inherently address the
psychology of change. Theory of Constraints philosophy has touched on this challenge
before, but only in a superficial way (that is, the so-called layers of resistance). Most
methods, such as Six Sigma and lean, don’t address it at all.

Yet with potentially valuable solutions falling by the wayside because system
improvers fail to consider the psychology of change, it's somewhat surprising that more
methods don’t aggressively deal with this problem. I've tried to start that process in
Chapter 8, “Changing the Status Quo.” But it’s only a start. The psychology of change is
a field unto itself. AllI can do in this book is to point you in the right direction and provide
a “push start.”

There are two components to this push. The first is the concept of the executive
summary tree, a tool for reducing complete, complex Thinking Process analysis to a
streamlined version that can be presented succinctly to an executive in a limited period of
time, without compromising the logical soundness of the analysis. The second is a
six-stage model for handling the psychology of change. Executive summary trees are
described in detail in Appendix B. The behavioral change model is introduced in Chapter 8.

This book is organized to take you from the general to the specific, following a tried-
and-true scientific systems analysis approach developed at the Rand Corporation in the
1950s by E. S. Quade. The approach begins with a determination of the desired system
outcome, defines the problem, creates alternatives, tests those alternatives, and determines
the best alternative according to a predetermined decision rule. However, the traditional
systems analysis approach stops short of implementation. This book goes the extra mile.
It's divided into three major parts.

Part I, “The Destination,” sets the stage, the ground rules, and the expected outcome.
In Chapter 1, we start with an overview of systems thinking and constraint management
in particular, including the principles of constraint theory and its major tools. Chapter 2
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begins our more detailed examination of the Thinking Process with an explanation of the
Categories of Legitimate Reservation—the logical “rules of the game.” After all, we can’t
excel at the game if we don’t know the rules.

Chapter 3 starts our comprehensive exploration of the Thinking Process itself.
Following Quade’s scientific systems analysis approach, we learn how the Intermediate
Objectives Map is used to establish the standard for desired performance of our system:
the goal, critical success factors, and supporting necessary conditions.

PartII, “Gap Analysis and Correction,” defines the magnitude of the divide between
the existing system and the aforementioned expected outcome. In Chapter 4, we learn
how to construct a Current Reality Tree to express the gap as undesirable effects (UDEs)
and logically trace the path back to critical root causes for these UDEs. Chapter 5 describes
the resolution of conflict associated with changing the critical root causes, and Chapter 6
lays out proposed solutions for logical testing and “bulletproofing” (consideration of the
law of unintended consequences).

Part I1I, “Executing Change,” addresses the implementation of the new direction that
was logically tested in Chapter 6. Construction of the Prerequisite Tree, Chapter 7,
provides the framework of an execution plan and shows how Critical Chain Project
Management can help with the technical aspects of implementation. However, as Will
Rogers once observed, “Plans get you into things, but you've got to work your own way
out.” Chapter 8 emphasizes the importance of a concerted effort to accommodate the
human element in change. The Thinking Process may be necessary, but it’s not sufficient
alone. And while Chapter 8 can’t provide more than a survey of change management
techniques, it does offer an introduction to some human-oriented aids to consider.

Finally, nine appendices provide real-world examples, exercises, and deeper insight
into the Logical Thinking Process. And the tenth appendix introduces the Transformation
Logic Tree software included with this book.

It's difficult for any book to be all things to all people. This one is as comprehensive
as I can make it. It can supplement formal training, facilitate self-study, and be a
continuing desk reference. Or it can be a dandy doorstop. Which it will be for you is for
you alone to determine.

Without the assistance of a teacher many roads become open to

a practitioner, some on the correct path and some on the incorrect
path. It is not for everyone to be without guidance—only a few,
and they are exceptional, can make a journey to wisdom without
a teacher. You must have extraordinary passion, patience, and self-
discipline to make a journey alone. The goals must be understood,
and no diversion can be acknowledged or permitted if you are to
attain enlightenment within the sphere of a chosen art. This is

a very difficult road to travel and not many are made for it. It is
frustrating, confusing, very lonely, certainly frightening, and it will
sometimes make you think you do not have much sanity left to
deal with the everyday surroundings of your world. Also, there is
no guarantee that you will attain perfection. It must all come from
inside you without any preconceived notions on your part.

And so we begin...

— Miaymoto Musashi (1643)
(The Book of Five Rings, translated by
Stephen F. Kaufman, hanshi 10th dan)






Part |
The Destination






1

Introduction to the
Theory of Constraints

My system improves
(more and more).
[DESIRED EFFECT]

Positive
Reinforcing
Loop #1

I am (more and more)
determined to act.
(SELF-DISCIPLINE)

Positive
Reinforcing
Loop #2

...then...

| have, and know how | am (more and more)
to use, tools/procedures empowered to
to improve the system. improve my system.
(METHOD) (POTENTIAL)

| accept responsibility
for action.
(ACCOUNTARBILITY)

If... ...and... ...and...

I have (more and more) 'h infl . | desire (more and
sufficient understanding of ave Influence in more) to improve
my system, or access to it. changing my system. my system.
(CONTENT KNOWLEDGE) (AUTHORITY) (MOTIVATION)

Adapted from Dettmer, Breaking the Constraints

to World-Class Performance (1998) S

Success is
reinforced/rewarded.




4 Chapter One

Profound knowledge must come from outside the system, and
by invitation.
—W. Edwards Deming

SYSTEMS AND “PROFOUND KNOWLEDGE"

W. Edwards Deming maintained that real quality improvement isn’t possible without
profound knowledge.”?**® According to Deming, profound knowledge comes from:

¢ An understanding of the theory of knowledge
e Knowledge of variation

¢ An understanding of psychology

® Appreciation for systems

“ Appreciation for systems”—what does that mean? A system might be generally defined
as a collection of interrelated, interdependent components or processes that act in concert
to turn inputs into some kind of outputs in pursuit of some goal (see Figure 1.1). Systems
influence—and are influenced by—their external environment. Obviously, quality (or lack
of it) doesn’t exist in a vacuum. It can only be considered in the context of the system in
which it resides. So, to follow Deming’s line of reasoning, it's not possible to improve
quality without a thorough understanding of how that system works. Moreover, the
Logical Thinking Process that is the subject of this book also provides a solid foundation
of understanding of the theory of knowledge: how we know what we know.
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Figure 1.1 A basic system and its environment.
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THE SYSTEM'S GOAL

Let’s look at systems from a broader perspective. Why do systems exist? In the most basic
sense, the answer is, “To achieve a goal.” If a system’s purpose is to achieve some goal,
who gets to decide what that goal should be? Obviously, in natural systems the answer
to this question is often beyond the scope of human understanding. But in human
organizational systems, which are the primary focus of this book, the goal setter ought to
be the system’s owner—or owners. If you or I paid for the system, we’d expect to be the
one to decide what that system’s goal should be. Privately held companies respond to the
directions of their owners. Publicly held corporations work toward the goals of their
stockholders—or at least they’re supposed to. Government agencies are essentially
“owned” by the taxpayers and should be doing what the taxpayers expect them to do.

The essence of management is recognizing the need for change,
then initiating, controlling, and directing it, and solving the
problems along the way. If it were not so, managers wouldn't
be needed—only babysitters.

THE MANAGER’S ROLE

In most complex systems, the responsibility for satisfying the owners’ goals rests with
the managers of the system—from the chief executive officer down to the frontline
supervisor. In a general sense, the Theory of Constraints (TOC) is about management.

1. Anyone can make a decision, given enough facts.
2. A good manager can make a decision without enough facts.
3. A perfect manager can operate in perfect ignorance.

—Spencer’s Laws of Data

Who Is a Manager?

Inevitably, some readers will respond, “But I'm not a manager. Why would the Theory of
Constraints be important to me?” The truth is, we're all managers. Everyone is a manager
of something—in different arenas, perhaps, but a manager nonetheless. Whether you're
in charge of a large corporation, a department, or a small team, you're a manager. Even if
you're “none of the above,” you're still a manager. Under ideal circumstances, all
individuals manage their lives and careers, though sometimes they don’t do a very
effective job of it.

Some of us have more than one management role. Basically, we differ only in our
span of control and the size of our sphere of influence. At the very least you manage (or
possibly fail to manage) your personal activities, your time, and perhaps your finances.
For example, a homemaker manages a household; a lawyer manages legal case
preparation and litigation; a student manages time and effort.

One of the hallmarks of effective managers is that they deal less with the present and
more with the future. In other words, they concentrate on “fire prevention” rather than
“fire fighting.” If you're more focused on the present than the future, you'll always be in
a time lag, chasing changes in your environment—a reactive rather than a proactive mode.
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Have you seen them? Which way did they go? | must be after them,
for I am their leader!

What Is the Goal?

The Theory of Constraints rests on the admittedly somewhat rash assumption that
managers and / or organizations know what their real purpose is, what goal they're trying
to achieve. Unfortunately, this isn’t always the case. No manager can hope to succeed
without knowing four things:

¢ What the ultimate goal is
e What the critical success factors are in reaching that goal
e Where he or she currently stands in relation to that goal

¢ The magnitude and direction of the change needed to move from the status quo to
where he or she wants to be (the goal)

This might be considered “management by vector analysis.” But in fact that’s really what
managers do: They determine the difference between what is and what should be, and
they change things to eliminate that deviation.

Average managers are concerned with methods, opinions, and
precedents. Good managers are concerned with solving problems.

—Unknown

Goal, Critical Success Factor, or Necessary Condition?

If you're a manager, how do you know what the system’s goal is? Frequently a system’s
managers—and perhaps even the owners—have different ideas about the system’s goal.
In a commercial enterprise, the stockholders (owners) usually consider the system’s goal
to be “to make more money.” The underlying assumption here is that a system making
money pays dividends to stockholders who, in turn, make more money.

The managers in a system might see the goal a little differently. While they
acknowledge the need to make money for the stockholders, they also realize that other
things are important—things like competitive advantage; market share; customer
satisfaction; a satisfied, secure workforce; or first-time quality of product or service.
Factors like these often show up as goals in strategic or operating plans. But are they really
goals or are they necessary conditions?

For the purposes of this book, a goal is defined as the result or achievement toward which
effort is directed.’ But in complex systems we normally can’t jump directly to desired
outcomes without satisfying some necessary conditions. A necessary condition is a
circumstance indispensable to some result, or that upon which everything is contingent.'®
Inherent in these definitions is a prerequisite relationship: you must satisfy the necessary
conditions in order to attain the goal.

How many necessary conditions does it take to realize a goal? The answer is, “It
depends”—on how detailed you want to be. Stephen Covey recommends beginning
“with the end in mind.”*** That’s obviously the goal itself, as we've defined it.

But if we conceive of the process of goal attainment as a journey rather than a
destination, there are clearly some intermediate progress milestones along the way—some
“show-stoppers” without which we won’t be able to reach the goal. Normally there aren’t
too many of these. I submit that there are no more than three to five, and perhaps fewer
than three.
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We could call these critical success factors (CSF). They are definitely necessary
conditions for goal attainment, but because they’re major milestones, there won’t be very
many. Most of what people might consider necessary conditions actually support (are
required to satisfy) these critical success factors. As we'll see in Chapter 3, “The
Intermediate Objectives Map,” the goal, critical success factors, and subordinate necessary
conditions can be configured as a hierarchy.

Goldratt suggested that the relationship is actually interdependent, at least at the
goal-CSF level. In other words, if the system’s owner decides to change the goal—say, to
one of the critical success factors—the original goal can’t be ignored. But it will most likely
revert to the CSF position vacated by the new goal. Because of this interdependency, the
goal is really no more than one of the system’s “constellation” of critical success factors
that has been arbitrarily designated for primacy.

For example, your stockholders (represented by the board of directors) might decide
that “increased profitability” is the company’s goal (see Figure 1.2). In this case, “customer
satisfaction,” “technology leadership,” “competitive advantage,” and “improved market
share” might all be necessary conditions that you can’t ignore without the risk of not
attaining the profitability goal. But you might just as easily consider the goal to be
“customer satisfaction,” as many quality-oriented companies do these days. In this
instance, “profitability” becomes a necessary condition without which you can’t satisfy
customers. Why? Because unprofitable companies don’t stay in business very long, and
if they’re not in business, they can’t very well satisfy customers.

” o

The major difference between rats and people is that rats learn
from experience.

—B. F. Skinner
CRITICAL
SUCCESS
FACTOR
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HIGH DEMAND
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Figure 1.2 Goal or critical success factor?
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THE CONCEPT OF SYSTEM CONSTRAINTS

Let’s assume for the moment that you, the manager, have decided what your system’s
goal is and what the CSF and necessary conditions are for attaining it. Are you attaining
that goal right now? Most people would agree that they could be doing a better job of
progressing toward it.

What keeps your system from doing better? Would it be fair to say that something is
constraining your system—keeping it from realizing its maximum potential? If so, what
do you think that constraining factor might be? The chances are that everybody in your
organization has an opinion about it. But who’s right? And how would you know if
they’re right? If you can successfully answer that question, you probably have a bright
future ahead of you. Let’s see if we can help you find that answer. To do this, we’ll go
back to the concept of a system.

Systems as Chains

Goldratt likens systems to chains, or to networks of chains. Let’s consider the chain in
Figure 1.3 a simple system. Its goal is to transmit force from one end to the other. If you
accept the idea that all systems are constrained in some way, how many constraints do you
think this chain has?

The “Weakest Link”

Let’s say you keep increasing the force you apply to this chain. Can you do this
indefinitely? Of course not. If you do, eventually the chain will break. But where
will it break—at what point? The chain will fail at its weakest link (see Figure 1.3).
How many “weakest links” does a chain like this have? One—only one. There may be
another link or two that are very close in “weakness,” but there is only one weakest link.
The chain will fail first at only one point, and that weakest link is the constraint that
prevents the chain (system) from doing any better at achieving its goal (transmission
of force).

Figure 1.3 A system: the “chain” concept.
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Constraints and Non-constraints

So we can conclude that our chain has only one link constraining its current performance.
How many non-constraints does it have? An indeterminate number, but equal to the
number of remaining links in the chain. Goldratt contended that there is usually only
one constraint in a system at any given time. Like the narrow neck of an hourglass, that one
constraint limits the output of the entire system. Everything else in the system, at that
exact time, is a non-constraint.

Let’s say we want to strengthen this chain (improve the system). Where would be the
most logical place to focus our efforts? Right—the weakest link. Would it do us any good
to strengthen anything except the weakest link (that is, a non-constraint)? Of course not.
The chain would still break at the weakest link, no matter how strong we made the others.
In other words, efforts on non-constraints—nearly all of a system—will not produce
immediate, measurable improvement in system capability.

Now let’s assume we're smart enough to figure out which link is the weakest, and let’s
say we double its strength. It's not the weakest link anymore. What has happened to
the chain? It has become stronger, but is it twice as strong? No. Some other link is now the
weakest, and the chain’s capability is now limited by the strength of that link. It’s stronger
than it was, but still not as strong as it could be. The system is still constrained, but the
constraint has migrated to a different component.

A Production Example

Here’s a different look at the chain concept (see Figure 1.4). This is a simple production
system that takes raw materials, runs them through five component processes, and turns
them into finished products. Each process constitutes a link in the production chain. The
system’s goal is to make as much money as possible from the sale of its products. Each of
the component processes has a daily capacity as indicated. The market demand is 15 units
per day.

Where is the constraint in this chain, and why? The answer is Step C, because it can
never produce more than six units per day, no matter how many the rest of the
components produce. Where are the non-constraints? Everywhere else.

What happens if we improve the C process so that its daily capacity is now tripled,
to 18 units per day? What constrains the system now, and why? The answer is Step D,
because it can produce only eight units per day. Where are the non-constraints?
Everywhere else.

Step __ | Step __ | Step _ | Step __| Step
INPUTS > A > g S ™ b ™ T OUTPUTS

Capacity: Capacity: Capacity: Capacity: Capacity:

10 20 6 8 9 DAZII?/IRAKI\I;Z
Units/Day Units/Day Units/Day Units/Day Units/Day 15 ’

e What is the maximum system output per day?
e Where is the weakest link? Why?

Figure 1.4 A production example.
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Let’s continue this improvement process, until Steps D, E, and A are all much better
than before. Look at this new version of the production diagram (see Figure 1.5).

Where's the system’s constraint now? It’s in the marketplace, which is only accepting
15 units per day. We've finally removed the constraint, haven't we? Well, not really. All
we’ve done is eliminate internal constraints. That which keeps our system from doing
better in relation to its goal is now outside the system, but it’s a constraint nonetheless. If
we're going to attack this constraint, however, we’ll need a different set of task skills
and knowledge.

RELATION OF CONSTRAINTS
TO QUALITY IMPROVEMENT

Deming developed 14 points that he offered as a kind of “road map to quality.”®> Most
other approaches to continuous improvement have comparable prescriptions for success.
Deming’s 14th point is, “Take action to accomplish the transformation.” He amplifies this
by urging organizations to get everyone involved, train everybody in the new philosophy,
convert a “critical mass” of people, and form process improvement teams.*5¢2

Management in most organizations interprets this point quite literally: Get everyone
involved. Employee involvement is a very important element of Deming’s theory, and of
most other total quality philosophies, and for good reason: Success is inherently a
cooperative effort. Most organizations having formal improvement efforts include
employees, in the process usually in teams.

Let’s assume that these improvement teams are working on things that “everybody
knows” need improving. If we accept Goldratt’s contentions about constraints and non-
constraints, how many of these team efforts are likely to be working on non-constraints?
Answer: probably all but one (see Figure 1.6). How many of us know for sure exactly
where in our organizations the constraint lies? If our management isn’t thinking in terms
of system constraints, yet they’re putting everybody to work on the transformation, how
much effort do you think might actually be unproductive?

“Wait a minute,” you're probably thinking. “Continuous improvement is a long-term
process; it can take years to produce results. We have to be patient and persevere. We'll
need all of these improvements someday.”

That's true. The way most organizations approach it, continuous improvement is a long-
term process that may take years to show results. Limited time, energy, and resources are
spread across the entire system, instead of focused on the one part of it that has the potential
to produce immediate system improvement: the constraint. Impatience, lack of perseverance,
and failure to see progress quickly enough are all reasons why many organizations give up
on methods such as TQM and Six Sigma. People—including managers—soon get

Step __| Step | Step _ | Step | Step

INPUTS » A i ™ ¢ ™ b ™

OUTPUTS >

Capacity: Capacity: Capacity: Capacity: Capacity: MARKET
19 20 18 23 17 DEMAND:
Units/Day Units/Day Units/Day Units/Day Units/Day 15

e Now what’s the maximum system output per day?
e Now where’s the weakest link? Why?

Figure 1.5 Another version of the production example.
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“Put Everybody to Work..."”
Process Improvement Teams

Figure 1.6  Who is working on a non-constraint?

discouraged when they see no tangible system results from the dedicated efforts they’ve put
into process improvement. So interest, motivation, and eventually commitment to continuous
improvement die from a lack of intrinsic reinforcement. Everybody might be working
diligently, but only a few have the potential to really make a difference quickly. For most
organizations, the real question is: Will our business environment allow us the luxury of
time? Can we wait for the long term to see results?

Does it have to be this way? No. Goldratt developed the approach to continuous
improvement called the Theory of Constraints. He even wrote a book describing this
theory, called The Goal."! Another, entitled It’s Not Luck,'® demonstrates how the logical
tools of the theory might be applied. The Theory of Constraints (TOC) is a prescriptive
theory, which means it tells you not only what’s holding your system back, but also what
to do about it and how to do it. A lot of theories answer the first question—what’s wrong.
Some even tell you what to do about it, but those that do usually focus on processes
rather than the system as a whole. And they’re completely oblivious to the concept of
system constraints.

There is no such thing as staying the same. You are either striving
to make yourself better or allowing yourself to get worse.

—Unknown

CHANGE AND THE THEORY OF CONSTRAINTS

Deming talks about “transformation,” which is another way of saying “change.”
Goldratt’s Theory of Constraints is essentially about change. Applying its principles and
tools answers the four basic questions about change that every manager needs to know:

What's the desired standard of performance?

What must be changed? (Where is the constraint?)
e What is the appropriate change? (What should we do with the constraint?)
e How is the change best accomplished? (How do we implement the change?)

Remember that these are system-level questions, not process-level. The answers to these
questions undoubtedly have an impact on individual processes, but they’re designed to
focus efforts in system improvement. Processes are important, but our organizations
ultimately succeed or fail as complete systems. What a shame it would be to win the battle
on the process level, only to lose the war at the system level!
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Why is the distinction between system and process so important? The answer lies in one
of the fundamental assumptions of systems theory: the whole is not equal to the sum of its
parts. The assumption that it is originates in a basic algebraic axiom. Unfortunately, however,
complex systems are anything but mathematically precise. The improper allocation of this
algebraic axiom to the management of organizations would sound like this:

If we break down our system into its components, maximize the
efficiency of each one, then reassemble the components, we’ll have
the most efficient whole system.

It's been said that elegant theories are often slain by ugly, inconvenient facts. That's
the case here. The mathematical, or analytical, approach to system improvement is one of
those victims. It’s also been said that “the devil is in the details.” Where complex systems
are concerned, those details make up many of the aforementioned ugly, inconvenient
facts. And they are often in the linkages between system components, not in the
components (links) themselves. Yet organizations continue to blithely polish the efficiency
of these links, blissfully ignorant of the real location of the most vexing contributors to
less-than-desirable system performance: the interfaces among components.>>*

Most continuous improvement (CI) methods never adequately address how best to
channel improvement efforts for maximum immediate effect. In other words, by using
TOC in addition to CI methods such as Six Sigma, the problem of taking a long time to
show results goes away. Effectively applying TOC in concert with CI, you're likely to find
that CI and significant short-term results need not be mutually exclusive. So don’t think
about throwing away your CI toolbox. If anything, the traditional CI tools become more
productive than ever, because TOC can suggest when and how to employ each one to
best effect: on the current (and sometime future) system constraint.

It is not necessary to change; survival is not mandatory.

—W. Edwards Deming

TOC PRINCIPLES

Theories are usually classified as either descriptive or prescriptive. Descriptive theories,
such as the law of gravity, tell us why things happen, but they don’t help us to do anything
about them. Prescriptive theories both explain why and offer guidance on what to do.
TOC is a prescriptive theory, but we'll look at the descriptive part first.

Several principles converge to make the environment particularly fertile ground for
the prescriptive part of Goldratt’s theory. The accompanying chart (see Figure 1.7) lists
most of these principles, but a few of them are worth emphasizing because of their striking
impact on reality.

Systems as Chains

This is crucial to TOC. If systems function as chains, weakest links can be found and
strengthened.

Local vs. System Optima

Because of the interdependence of system components and the effects of entropy, the
optimum performance of the entire system is not equivalent to the sum of all the
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e Systems thinking is preferable to analytical thinking in managing change and solving problems.

e An optimal solution deteriorates over time as the system’s environment changes. A process of
ongoing improvement is required to update and maintain the effectiveness of a solution—or
replace it if it becomes irrelevant.

e If a system is performing as well as it can, not more than one of its component parts will be
performing as well as they can. If all parts are performing as well as they can, the system as a
whole will not be. The system optimum is not the sum of the local optima.

e Systems are analogous to chains. Each system has a “weakest link” (constraint) that ultimately
limits the success of the entire system.

e Strengthening any link in a chain other than the weakest one does nothing to improve the
performance of the whole chain.

¢ Knowing what to change requires a thorough understanding of the system'’s current reality, its
goal, and the magnitude and direction of the difference between the two.

* Most of the undesirable effects within a system are caused by a few critical root causes.

* Root causes are almost never superficially apparent. They manifest themselves through a number
of undesirable effects (UDEs) linked by a network of cause and effect.

e Elimination of individual UDEs gives a false sense of security while ignoring the underlying critical
root causes. Solutions that do this are likely to be short-lived. Eliminating a critical root cause
simultaneously eliminates all resulting UDEs.

* Root causes are often perpetuated by a hidden or underlying conflict. Eliminating root causes
requires challenging the assumptions underlying the conflict and invalidating at least one.

e System constraints can either be physical or policy. Physical constraints are relatively easy to
identify and simple to eliminate. Policy constraints are usually more difficult to identify and
eliminate, but removing them normally results in a larger degree of system improvement than
elimination of a physical constraint.

e Inertia is the worst enemy of a process of ongoing improvement. Solutions tend to assume a mass
of their own that resists further change.

¢ |deas are not solutions.

Figure 1.7  Partial list of TOC principles.

component optima. We saw this in the production example earlier. If all the components
of a system are performing at their maximum level, the system as whole will not be
performing at its best.

Cause and Effect

All systems operate in an environment of cause and effect. Something causes something
else to happen. This cause-and-effect phenomenon can be very complicated, especially
in complex systems.

Undesirable Effects and Critical Root Causes

Nearly all of what we see in our systems that we don’t like are not problems, but indicators.
They are the resultant effects of underlying causes. Treating an undesirable effect alone is
like putting a bandage on an infected wound: It does nothing about the underlying
infection, so its remedial benefit is only temporary. Eventually the indication resurfaces,
because the underlying problem causing the indication never really went away.
Eliminating undesirable effects gives a false sense of security. Identifying and eliminating
a critical root cause not only eliminates all the undesirable effects that issue from it, but
also prevents them from returning.
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Solution Deterioration

An optimal solution deteriorates over time as the system’s environment changes. Goldratt
once said, “Yesterday’s solution becomes today’s historical curiosity.” (“Isn’t that
interesting?! Why do you suppose they ever did that?”) A process of ongoing improvement
is essential for updating and maintaining the efficiency (and effectiveness) of a solution.
Inertia is the worst enemy of a process of ongoing improvement. The attitude that, “We've
solved that problem—no need to revisit it” hurts continuous improvement efforts.

Physical vs. Policy Constraints

Most of the constraints we face in our systems originate from policies—how we
deliberately choose to operate—not physical things. Physical constraints are relatively
easy to identify and break. Policy constraints are much more difficult, but they normally
result in a much larger degree of system improvement than does the elimination of a
physical constraint.

An organization must have some means of combating the process
by which people become prisoners of their procedures. The rule
book becomes fatter as the ideas become fewer. Almost every
well-established organization is a coral reef of procedures that
were laid down to achieve some long-forgotten objective.

—John W. Gardner

Ideas Are Not Solutions

The best ideas in the world never realize their potential unless they’re implemented. And
most great ideas fail in the implementation stage.

THE FIVE FOCUSING STEPS OF TOC

This is the beginning of the prescriptive part of the Theory of Constraints. Goldratt
developed five sequential steps to concentrate improvement efforts on the component
that is capable of producing the most positive impact on the system.!1:300-308

1. Identify the System Constraint

What part of the system constitutes the weakest link? If it’s a physical constraint, what
policy is driving it?

2. Decide How to Exploit the Constraint

By “exploit,” Goldratt means we should wring every bit of capability out of the constraining
component as it currently exists. In other words, “What can we do to get the most out of this
constraint without committing to potentially expensive changes or upgrades?”

NOTE: The constraint, if physical, is the one place in the chain where efficiency
or productivity is paramount.
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3. Subordinate Everything Else

After we've identified the constraint (Step 1) and decided what to do about it (Step 2), we
adjust the rest of the system to a “setting” that will enable the constraint to operate at
maximum effectiveness. We may have to “de-tune” some parts of the system, while
“revving up” others. Inevitably, this means sacrificing the individual efficiencies of
non-constraints to some extent. However, care must be taken to assure that deliberate
“detuning” of a non-constraint doesn’t actually turn it into the system constraint.

Once we’ve subordinated non-constraints, we must evaluate the results of our actions:
Is the constraint still constraining the system’s performance? If not, we’ve eliminated this
particular constraint, and we skip ahead to Step 5. If it is, we still have the same
constraint—and we continue with Step 4.

4. Elevate the Constraint

If we're doing Step 4, it means that Steps 2 and 3 weren’t sufficient to eliminate the
constraint. We have to do something more. It's not until this step that we entertain the idea
of major changes to the existing system—reorganization, divestiture, capital improve-
ments, or other substantial system modifications. This step can involve considerable
investment in time, energy, money, or other resources, so we must be sure we aren’t able
to break the constraint in the first three steps.

It's not uncommon for organizations that are not cognizant of constraint theory to
jump straight from Step 1 (Identify) to Step 4 (Elevate). The net effect is that more costs
are incurred, usually unnecessarily, and that opportunities to wring better performance
from the system at no additional cost are ignored or overlooked.

“Elevating” the constraint means that we take whatever action is required to eliminate
the constraint. When this step is completed, the initial constraint is broken, but some new
factor, within the system or outside of it, becomes the new system constraint.

5. Go Back to Step 1, But Beware of “Inertia”

If a constraint is broken at Steps 3 or 4 we must go back to Step 1 and begin the cycle
again, looking for the next thing constraining our performance. If you’ll recall the
production example (see Figure 1.5), this is exactly what we did. After we broke
the constraint at process Step C, we went back and found D, then E, then A, and, finally,
the marketplace.

The caution about inertia reminds us that we must not become complacent; the cycle
never ends. We keep on looking for constraints, and we keep breaking them. And we
never forget that because of interdependency and variation, each subsequent change
we make to our system will have new effects on those constraints we’ve already broken.
We may have to revisit and update those solutions, too.

The Five Focusing Steps have a direct relationship with the four management
questions pertaining to change: What's the standard, what to change, what to change to,
and how to cause change? They tell us how to answer those questions.

To determine what to change, we look for the constraint. To determine what to change
to, we decide how to exploit the constraint and subordinate the rest of the system to that
decision. If that doesn’t do the complete job, we elevate the constraint. The subordinate
and elevate steps also address the question “how to cause the change.”

“This is all well and good,” you're probably saying, “but how do we convert these
abstract steps into concrete actions we can take? And how do we know when we’ve had
a positive impact on the system?” These are two key questions. Let’s look at the second
one first.
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THROUGHPUT, INVENTORY, AND OPERATING EXPENSE

A burning question we must address is, “How do we know whether our constraint-
breaking has had a positive effect on our overall system?” Another way of asking this
same question is, “How do we measure the effects of local decisions on the global
system?” Organizations have struggled with this question for years. The Theory of
Constraints is particularly useful in this arena.

Part of the answer to the question lies in the TOC emphasis on fixing the weakest link
(constraint) and ignoring, at least temporarily, the non-constraints. Most effective laboratory
research involves quantifying the effect of a change in one variable by holding all the others
constant—or as nearly so as possible. This is sensitivity analysis, and it’s particularly useful
in determining how much of an outcome is attributable to a particular cause.

By doing essentially the same thing in our organizations (that is, working only on the
constraint), we achieve two benefits: (1) we realize the maximum system improvement
from the least investment in resources, and (2) we learn exactly how much effect
improving a specific system component has on overall system performance. I suspect
Deming would consider this “appreciation for a system”” of the highest order.

Goldratt conceived a simple relationship for determining the effect that any local
action has on progress toward the system’s goal. Every action is assessed by its effect on
three system-level dimensions: Throughput, Inventory, and Operating Expense.!:5¢2
Goldratt provides precise definitions of these terms (see Figure 1.8).

The concept of Throughput, Inventory /Investment, and Operating Expense has been
referred to by several names: throughput accounting, constraints accounting, and cash
flow accounting. Each of these terms is, in some way, descriptive of the desired function
of these metrics. Unfortunately, a detailed examination of this approach is beyond the
scope of this book. Readers are strongly encouraged to educate themselves about this
crucial topic. The two best of several sources for doing so are Management Dynamics by
John A. Caspari and Pamela Caspari? and Throughput Accounting by Steven M. Bragg.!

Throughput (T)

Throughput is the rate at which the entire system generates money through sales.!>%62
Another definition of Throughput is “all the money coming into the system.” In for-profit
companies, Throughput is equivalent to marginal contribution to profit. In a not-for-profit
organization or a government agency, the concept of “sales” may not apply. In cases where
an organization’s Throughput may not be easily expressed in dollars, it might be defined
in terms of the delivery of a product or service to a customer. Another way of thinking
about Throughput is...

The world is not interested in the storms you encountered, but did
you bring in the ship?

—William McFee
$$ N _ ] $¢ | Operating
Throughput Inventory Expense $39
(Money coming IN) (Money tied up INSIDE) (Money going OUT)

Figure 1.8  Definitions of Throughput, Inventory and Operating Expense.
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Inventory/Investment (1)

Inventory and Investment are all the money the system invests in things it intends to sell,
or all the money tied up within the system.!?5*¢2 Inventory includes the acquisition cost
of raw materials, unfinished goods, purchased parts, and other “hard” items intended
for sale to a customer. Investment includes the expenditures an organization makes in
equipment and facilities. Eventually, obsolescent equipment and facilities will be sold,
too, even if only at their scrap value. As these assets depreciate, their depreciated value
remains in the “I” column, but the depreciation is added to Operating Expense (see the
next section).

Operating Expense (OE)

Operating Expense is all the money the system spends turning Inventory into
Throughput. In other words, it's the money going out of the system.'*53¢ Direct and
indirect labor, utilities, interest, and the like are examples of operating expenses.
Depreciation of assets is also considered an Operating Expense, because it constitutes the
value of a fixed asset expended, or “used up,” in turning Inventory into Throughput.

Goldratt contended that these dimensions are interdependent. That is, a change in
one will usually automatically result in a change in one or both of the other two. Let’s
consider that for a minute. If you increase Throughput by increasing sales, Inventory and
Operating Expense will also increase. Why? Because you're likely to need more physical
inventory to support increased sales, and you're likely to spend more, in variable costs,
to produce more. It’s also possible to make more money (if that's your goal) without
increasing sales. How? If you can produce the same sales revenues with less physical
inventory, and spend less on Operating Expense doing it, you get to keep more of the
money coming into the company (net profit).

So what would you, as a manager, try to do to improve your system? Obviously, you
would increase Throughput while decreasing Inventory and Operating Expense. And
here we have the key to relating local decisions to the performance of the entire system.
As you decide what action to take, ask yourself these questions:

e Will it increase Throughput? If so, how?
e Will it decrease Inventory? If so, how?
e Will it decrease Operating Expense? If so, how?

If the answer to any of these questions is “yes,” go ahead with your decision (as long as
doing so doesn’t compromise one or more of the other two), confident that the overall
system will benefit from it. If you're not sure, perhaps you’d better re-evaluate. The
bottom line is that if it doesn’t eventually result in increased Throughput, you're wasting
your time—and probably your money.

Which Is Most Important: T, I, or OE?

To improve your system, where should you focus your efforts? On T, I, or OE? Consider
the example in Figure 1.9. The choices are to focus on decreasing OE, decreasing I, or
increasing T.

As you look at the graph, note that the theoretical limit in reducing OE and I is zero.
A system can’t produce output with no physical inventory and no Operating Expense, so
the practical limits of I and OE are somewhat above zero. Theoretically, there’s no upper
limit to how high you can increase T, but from a practical standpoint there is a limit to the
size of your market. But still, it’s highly probable that the potential for increasing T will
always be much higher than the potential for decreasing I and OE. Consequently, it makes
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Figure 1.9 Limitsto T, I, and OE.

sense to expend as much effort as possible on activities that tend to increase T, and make
reduction of I and OE a secondary priority (see Figure 1.10).

But what’s the normal priority of most companies in a competitive environment? Cut
costs (Operating Expense) first. Then, maybe, reduce physical inventory (often without
considering how far it can be reduced without hurting Throughput). And finally, try to
increase throughput directly.

T, I, and OE: An Example

A classic example is the American aerospace defense industry. Traditionally, these
companies have depended on huge government contracts to keep them going. As the
defense budget dramatically declined in the early 1990s, fewer contracts were awarded,
and for much smaller production runs. In most cases, the remaining defense business of
these companies was not enough to keep the organization, as originally structured, afloat.
So what was the response of these companies? Most took the traditional approach to some
extent: cut fixed costs (Operating Expense). They laid off thousands of workers. Some

Tt 1¥ OE}

Maximize Minimize Minimize
T / OE

Figure 1.10 Management priorities with T, I, and OE.
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even reduced Investment by selling off plants, warehouses, or other physical assets. But
even that wasn’t enough for certain companies, so they merged with others to
“strengthen” their capacity to bid for whatever defense business remained. A few
companies, however, have seen the handwriting on the wall. With the bottom not yet in
sight, they couldn’t continue to cut physical inventory or Operating Expense, so they
opted to do what they probably should have done in the first place: look for ways to
increase Throughput.

How? By finding new market segments for their core competencies, markets that
don’t depend on government contracts. One satellite builder found a market for its data
technology in credit reporting and for its electronic technology in the automotive industry.
Another defense electronics firm diversified into consumer communications: home
satellite television and data communication. In both cases, the companies found new ways
to increase Throughput, rather than just reducing Operating Expense and Inventory.*

T, I, and OE in Not-for-Profit Organizations

A common question often asked is, “What about organizations in which ‘making more
money, now and in the future’ isn’t the goal—as with charitable foundations, government
agencies, and some hospitals? How do T, I, and OE apply to them?”

It's true that Goldratt conceived of Throughput, Inventory (or Investment), and
Operating Expense as ways to measure an organization’s progress toward its goal.
However, when he created these measures, he was focusing exclusively on for-profit
companies. In such organizations, money is an effective surrogate measure for almost all
critical aspects of system-level performance, especially those pertaining to the
organization’s goal.

But it’s clearly different in the case of a not-for-profit or government agency. Since
that kind of organization’s goal is 1ot to “make more money, now and in the future,” the
financial expression of Throughput loses significance. So, how can we measure progress
toward our goal if we're a not-for-profit organization?

A variety of alternatives has been suggested to modify expressions of T, and the
variable elements of I, so that they accurately reflect progress toward a non-monetary
goal. The problem with almost all of these alternatives is that they’re contrived—an
attempt to fit not-for-profits into a “metrics box” they were never intended to occupy.

Goldratt himself has offered what may be the best solution to the problem of assessing
the progress of not-for-profits toward their goals. In July of 1995 he made the following
observations.!® Figure 1.11 illustrates his concept.

Universal Measures of Value

In recorded history, money has been the closest thing to a universal measure of value that
humankind has ever created. Where it applies completely, it’s very effective. But because
it'’s not always a valid measure of value, and since no other universal non-monetary
measure of value has been invented, a different scheme for not-for-profits should be
employed.

Goldratt suggested a dual approach. Operating Expense is still measurable in
monetary terms; inventory, only partially so; and Throughput, not at all. Inventory, he
proposed, should be differentiated as either “passive” or “active.”

* A more detailed treatment of T, I, and OE can be found in three other sources: The Haystack Syndrome®
by Goldratt and Management Dynamics® by the Casparis and Throughput Accounting' by Bragg.
(1990, 2004, and 2007 respectively).
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Figure 1.11 T, 1, and OE in a not-for-profit organization.

Passive Inventory

Passive inventory, as the name implies, is acted upon. In the manufacturing model,
passive inventory would be the raw materials that are converted into Throughput. But in
a not-for-profit (a hospital, for example), passive inventory isn’t measurable in monetary
terms because the “raw materials” are often people. Figure 1.11 shows customers
(patients) going through the non-monetary side of the system and becoming
“Throughput”: well people.

Active Inventory (Investment)

Active inventory might actually be better defined as investment. It is measurable in
monetary terms, because it constitutes the facilities, equipment, and tangible assets that
act upon the passive inventory. This part of the inventory is shown in the upper right
portion of the system in Figure 1.11.

So how should managers of not-for-profits adjust their focus? In principle, the
emphasis remains the same: increase Throughput, limit Investment, and decrease
Operating Expense—in that order. In practice, Investment and Operating Expense—both
expressed in monetary terms—are managed the same way they are in for-profit companies.
The difference arises in how we should manage Throughput and passive inventory.

Managing T Through Undesirable Effects

Without a universal non-monetary measure of value, Goldratt maintained that measuring
T and passive I in not-for-profits isn't ever likely to be practical. So, he says, don’t bother
trying to do it. Instead, work on eliminating the undesirable effects (UDE) associated with
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Throughput. (Refer to Chapter 4, “Current Reality Trees,” for a thorough discussion of
undesirable effects and their relationship to root causes.) Use UDEs as your indicators of
progress. As you eliminate them, progress toward the organization’s goal can be assumed.

In summary, a not-for-profit should search out and correct the causes of UDEs
affecting Throughput, while keeping the costs of Investment and Operating Expense
down (refer to Figure 1.11). But the primary emphasis should always be on the former, not
the latter.

NOTE: Many people will inevitably ask, “What about the operating budget of
a not-for-profit? Where does that fit into the T, I, and OE formulation?” It isn’t
in Throughput, because production efforts aren’t aimed at increasing it. And it
isn’t really an Operating Expense alone, because some part of it is spent on
capital improvements, which are really Inventory (Investment). The answer,
according to Goldratt, is that the annual operating budget should be considered
a necessary condition. Efforts to reduce active Inventory and Operating Expense
will naturally have a beneficial effect on the annual budget. But the budget is
the means to an end—a necessary condition—not the goal.

THE TOC PARADIGM

The Theory of Constraints is considerably more than just a theory. In effect, it's a
paradigm, a pattern or model that includes not only concepts, guiding principles, and
prescriptions, but tools and applications as well.

We've seen its concepts (systems as chains; T, I, and OE) and its principles (cause and
effect, local vs. system optima, and so on). We’ve examined its prescriptions (the Five
Focusing Steps; what to change, what to change to, how to change). To complete the
picture, we'll consider its applications and tools.

Applications and Tools

Each application of TOC starts out being unique. As the theory is applied in a new
situation, it creates a distinctive solution. Often, however, such solutions can be
generalized to a variety of other circumstances.

Drum-Buffer-Rope

For example, in The Goal, Goldratt describes a TOC solution to a production control
problem in a specific plant of a fictitious company. This solution became the basis for a
generic solution applicable to similar production situations in other industries. Goldratt
called this production control solution “drum-buffer-rope.”>!3!” Many companies have
applied this solution, originally developed to solve one company’s problem, with great
success. Consequently, drum-buffer-rope, which began as an application of TOC
principles, has become a tool in the TOC paradigm.

Critical Chain Project Management

A natural extension of the drum-buffer-rope concept to project management is called
critical chain.”**!5® Whereas production is repetitive, projects are usually one-time
deliveries; some of the elements of drum-buffer-rope required modification before they
could be applied to managing projects. But the basics are similar. Critical chain, perhaps
to an even greater extent than drum-buffer-rope, has become a widespread way of
ensuring shorter project durations and a higher probability of delivering them on time.
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Replenishment and Distribution

Just as the drum-buffer-rope concept was extended to project management, so too has it
been applied to manufacturers’ raw material acquisition management and finished goods
distribution. Combined with drum-buffer-rope, the TOC replenishment and distribution
tool can make for a fast, streamlined supply chain. As of this writing, there is not much
formally published about it beyond a few conference papers.

Throughput Accounting

Another tool is called Throughput accounting. This is a direct outcome of the use of
Throughput, Inventory, and Operating Expense as management decision tools, as
opposed to traditional management cost accounting.'” Throughput accounting basically
refutes the commonly used concept of allocating fixed costs to units of a product or
service. While the summary financial figures remain essentially the same, the absence of
allocated fixed costs promotes very different management decisions concerning pricing
and marketing for competitive advantage. In other words, Throughput accounting is a
much more robust approach for supporting good operational decisions than standard
cost accounting. As with drum-buffer-rope production control, throughput accounting
began as a specific solution to one company’s system performance measurement problem
and ended up applicable to any company’s measurement problems.

The Logical Thinking Process

The Thinking Process Goldratt developed to apply TOC is logical by nature. The drum-
buffer-rope, critical chain project management, supply chain, and throughput accounting
tools all have foundations in the logic of cause and effect. But that logic isn’t necessarily
intuitive, and it certainly doesn’t spring fully formed, like Pegasus from the head of
Medusa. Rather, this logic finds its expression in another TOC tool—the most universal
of them all—the Logical Thinking Process.

The Thinking Process comprises six* distinct logic trees and the “rules of logic” that
govern their construction. The trees include the Intermediate Objectives Map, the Current
Reality Tree, the Evaporating Cloud, the Future Reality Tree, the Prerequisite Tree, and the
Transition Tree. The rules are called the Categories of Legitimate Reservation. These trees,
the Categories of Legitimate Reservation, and how to use them, are the subject of this book.

THE INTERMEDIATE OBJECTIVES MAP

The Intermediate Objectives (IO) Map is a “destination finder.” Stephen R. Covey
contends that one should always begin any endeavor with the end in mind.**5 The
IO Map (see Figure 1.12) helps problem solvers to do that.

* Originally, Goldratt conceived of only five tools. In the mid-1990s, he briefly dabbled with the
idea of another logical aid he referred to as an Intermediate Objectives (IO0) Map, but he never
continued with a concerted effort to develop and use it. In my strategy development work,

I found the IO Map to be not just useful, but critical to success. (See Dettmer, Strategic Navigation,
Quality Press, 2003.)® It became apparent that it was equally useful for the kind of system problem
solving for which the Thinking Process was originally conceived. The IO Map concept is fully
developed, explained, and illustrated in this edition for the first time.
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GOAL
CSF CSF CSF
NC NC NC
NC NC

GOAL = System goal
CSF = Critical success factor
NC = Subordinate necessary condition

Figure 1.12 The Intermediate Objectives Map.

It begins with a clear, unequivocal goal statement and the few critical success factors
that are required to realize it. It then provides a level or two of detailed necessary
conditions for achieving those critical success factors.

These elements are structured in a tree that represents the normative situation for the
system—what should be happening, or what we want to be happening. The IO Map
provides the benchmark for determining how big the deviation is between what is
happening in the system and what should be happening. Chapter 3 describes the IO Map
in detail and provides comprehensive instructions for constructing one.

THE CURRENT REALITY TREE

The Current Reality Tree (CRT) is a gap-analysis tool (see Figure 1.13). It helps us examine
the cause-and-effect logic behind our current situation and determines why that situation
is different from the state we’d prefer to be in, as expressed in the IO Map.

The CRT begins with the undesirable effects we see around us—direct comparisons
between existing reality and the terminal outcomes expressed in the IO Map. It helps us
work back to identify a few critical root causes that originate all the undesirable effects
we're experiencing. These critical root causes inevitably include the constraint we're trying
to identify in the Five Focusing Steps.

The CRT tells us what to change—the one simplest change to make that will have the
greatest positive effect on our system. Chapter 4 describes the Current Reality Tree in
detail and provides comprehensive instructions and examples on how to construct one.
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THE EVAPORATING CLOUD:
A CONFLICT RESOLUTION DIAGRAM

Goldratt designed the Evaporating Cloud (EC), which amounts to a conflict resolution
diagram, to resolve hidden conflicts that usually perpetuate chronic problems (see
Figure 1.14). The EC is predicated on the idea that most core problems exist because some
underlying tug-of-war, or conflict, prevents straightforward solution of the problem;
otherwise, the problem would have been solved long ago. The EC can also be a “creative
engine,” an idea generator that allows us to invent new, “breakthrough” solutions to such
nagging problems. Consequently, the EC answers the first part of the question, what to
change to. Chapter 5 describes the Evaporating Cloud in detail.

UNDESIRABLE
EFFECT
(UDE)

UNDESIRABLE
EFFECT

UNDESIRABLE UNDESIRABLE
EFFECT EFFECT
(UDE) (UDE)

U

e
o
|

Critical
Root
Cause

Figure 1.13 The Current Reality Tree.
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Requirement Prerequisite
#2 #2

o (Conflict)
Objective INJECTION

Requirement Prerequisite
#2 #2

Figure 1.14 The Evaporating Cloud (conflict resolution diagram).

THE FUTURE REALITY TREE

The Future Reality Tree (FRT) serves two purposes (see Figure 1.15). First, it allows us to
verify that an action we’d like to take will, in fact, produce the ultimate results we desire.
Second, it enables us to identify any unfavorable new consequences our contemplated
action might have, and to nip them in the bud.

These functions provide two important benefits. We can logically “test” the effective-
ness of our proposed course of action before investing much time, energy, or resources in
it, and we can avoid making the situation worse than when we started.

This tool answers the second part of the question—what to change to—by validating
our new system configuration. The FRT can also be an invaluable strategic planning tool.
Chapter 6 describes the Future Reality Tree in detail, providing examples and compre-
hensive instructions on how to create one.

THE PREREQUISITE TREE

Once we've decided on a course of action, the Prerequisite Tree (PRT) helps implement
that decision (see Figure 1.16). It tells us in what sequence we need to complete the discrete
activities in implementing our decision. It also identifies implementation obstacles and
suggests the best ways to overcome those obstacles. The PRT provides the first part of the
answer to the last question, how to change. Chapter 7 describes the Prerequisite Tree in
detail and provides both examples and comprehensive procedures for constructing one.
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DESIRED
EFFECT
(DE)

DESIRED
EFFECT
(DE)

DESIRED DESIRED
EFFECT EFFECT
(DE) (DE)

INJECTION
#3

—

[
=

INJECTION
#2

INJECTION
#1

Figure 1.15 The Future Reality Tree.
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Objective
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Figure 1.16 The Prerequisite Tree.

THE TRANSITION TREE

The last of the six logical tools is the Transition Tree (TT) (see Figure 1.17). The TT was
designed to provide detailed step-by-step instructions for implementing a course of
action. It provides both the steps to take (in sequence) and the rationale for each step. The
TT could be considered a detailed road map to our objective. It answers the second part
of the question, how to change. Chapter 7 also describes the Transition Tree.

NOTE: With this edition, a comprehensive examination of the Transition Tree

and instructions for constructing it are omitted. A historical perspective for

doing so is provided in Chapter 7. Instead of a Transition Tree, a three-phase
project management approach to implementing policy changes is introduced.
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OBJECTIVE
(INJECTION)

ALK

Unfulfilled Expected Action
need effect #4
Expected Action

Unfulfilled
need effect #3

Expected Action

Unfulfilled
need effect #2

Existing Unfulfilled Action
condition need #1

Figure 1.17 The Transition Tree.
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THE CATEGORIES OF LEGITIMATE RESERVATION

The Categories of Legitimate Reservation (CLR) are the “logical glue” that holds the trees
together. Essentially, they are eight rules, or tests, of logic that govern the construction
and review of the trees. To be logically sound, a tree must be able to pass the first seven
of these tests. The eight CLR include:

1. Clarity

Entity existence
Causality existence
Cause sufficiency
Additional cause
Cause-effect reversal

Predicted effect existence

® N gk »DN

Tautology (circular logic)
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We use the CLR as we construct our trees to ensure that our initial relationships are
sound. We use the CLR after the tree is built to review it as a whole. We use the CLR to
scrutinize and improve the trees of others (and they to review ours). And, most important,
we use the CLR to communicate disagreement with others in a non-threatening way,
which promotes better understanding rather than animosity. Chapter 2 describes the CLR
in detail, gives examples of their application, and provides instructions on how to
scrutinize your own trees as, or after, you build them.

THE LOGICAL TOOLS AS A
COMPLETE “THINKING PROCESS”

Each of the six logical tools can be used individually or they can be used in concert, as an
integrated “thinking process.” Recall that earlier we discussed TOC as a methodology for
managing change. The four basic questions a manager must answer about change (what
is the standard, what to change, what to change to, and how to cause the change) can be
answered using the logical tools as an integrated package. Figure 1.18 shows the
relationship of the logical tools to the four management questions about change.

State of Change Applicable Logic Tree

What's the desired standard? Intermediate Objectives Map

What to change? Current Reality Tree

What to change to? Evaporating Cloud, Future Reality Tree
How to cause the change? Prerequisite Tree, Transition Tree

Figure 1.18 How the logic trees relate to four management questions about change.

Figure 1.19 shows a general overview of how each tool fits together with the others
to produce an integrated thinking process. Non-quantifiable problems of broad scope and
complexity are particularly prime candidates for a complete thinking process analysis.
The rest of this book is devoted to explaining how the six logic trees and the Categories
of Legitimate Reservation are used.

It is wise to keep in mind that no success or failure is
necessarily final.

—Unknown
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Intermediate . .
Objectives Map Current Reality Tree Evaporating Cloud
Goal Undesirable Effects Objective
y —> f —
Critical Success Factors Intermediate Effects Requirements
Supporting Necessar T T
PP Conc?itions y Root Causes Prerequisites
Transition Tree Prerequisite Tree Future Reality Tree
Objective (Injection) Objective (Injection) Desired Effects
| « ] «—
Intermediate Effects Obstacles, Intermediate Intermediate Effects
Objectives T
Action Injections

Figure 1.19 The six logical tools as an integrated thinking process.
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Categories of
Legitimate Reservation

1. CLARITY

2. ENTITY EXISTENCE

3. CAUSALITY EXISTENCE

4. CAUSE INSUFFICIENCY

5. ADDITIONAL CAUSE

6. CAUSE-EFFECT REVERSAL

7. PREDICTED EFFECT EXISTENCE

8. TAUTOLOGY

When both logic and intuition agree, you are always right.

—Unknown

the word “logic” for a good reason. A lot of problem-analysis tools use graphical

representations. Flowcharts, “fishbone” diagrams, and tree and affinity diagrams
are typical examples. But none of these diagrams are, strictly speaking, logic tools, because
they don’t incorporate any rigorous criteria for validating the connections between one
element and another. In most cases, they’'re somebody’s perception of the relationship.

The Logical Thinking Process is composed of logical tools. The emphasis here is on

31
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The most significant difference between the Logical Thinking Process and traditional
problem-analysis tools is a series of rules that govern the acceptability of the connections
in each of the trees. These rules of logic are called the Categories of Legitimate
Reservation—often abbreviated as CLR. The CLR are what differentiate somebody’s
perception from an accurate representation of existing reality.

A thorough understanding of these logical rules is absolutely essential to your success
in using the logic trees. While the rules are not difficult to understand, there are eight
of them, and it requires some study and practice to keep them straight in your
mind and to know when each one applies. So what, exactly, are these Categories of
Legitimate Reservation?

DEFINITION

The CLR constitute a framework of eight specific tests, or proofs, used to verify cause-and-
effect logic. The eight proofs consist of:

1. Clarity

2. Entity existence

3. Causality existence

4. Cause insufficiency

5. Additional cause

6. Cause-effect reversal

7. Predicted effect existence

8. Tautology

PURPOSE

The Categories of Legitimate Reservation are the foundation upon which logic in
general, and the Logical Thinking Process in particular, are built. The CLR can be used
for a number of purposes. Although they were designed to verify the validity of
cause-and-effect logic trees, they can be applied in other ways, too. Some of these
applications include:

e Use by a tree builder to initially construct the six structures of the Logical Thinking
Process (Intermediate Objectives Map, Current Reality Tree, Evaporating Cloud,
Future Reality Tree, Prerequisite Tree, and Transition Tree).

e Use by a tree builder to self-check the tree after construction.

e Use by a scrutinizer with subject matter knowledge to review and evaluate a tree
built and presented by someone else.

e Use by a facilitator in a group setting to ensure that both scrutinizers and presenters
adhere to the rules of logic.

e Use by a scrutinizer or facilitator to communicate disagreement with the cause-and-
effect logic of a presenter’s tree in a way that fosters consensus and discourages
confrontation.
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Use by anyone in interactive discussion, not associated with logic trees, to evaluate
and challenge or accept the validity of logic in the statements of others without
offending or generating animosity.

Use by anyone in evaluating the validity of logic in written text (books, magazines
or journals, newspapers, advertising, and the like).

NOTE: It would be appropriate here to define some new terms we just
introduced. A tree builder is one who uses the procedures of the Logical
Thinking Process to construct one of the six trees described at the end of Chapter 1.
A scrutinizer is one who did not participate in the construction of the logic tree,
but who has content knowledge of the subject matter addressed in the tree and
who has been enlisted to critique the work of the tree builder. A scrutinizer does
not necessarily need to understand the CLR to provide critique of the content
or logical connections, but it helps. A facilitator is one who has been enlisted by
a tree builder to ensure that scrutiny is conducted in accordance with the CLR.
The facilitator does not necessarily need to have content knowledge of the
subject matter of the tree, but must be knowledgeable in the CLR to facilitate
scrutiny effectively.

ASSUMPTIONS

The effectiveness of the Categories of Legitimate Reservation in fulfilling their intended
purpose is based on the following assumptions:

1.
2.

10.

11.
12.

Tree builders want to construct logically sound trees

Tree builders, at some point, will also present their trees to others to communicate
and elicit action

. Tree builders/ presenters naturally develop an emotional attachment to their own

trees (“pride of the inventor”)

. Tree builders/ presenters often express cause-and-effect connections that are intuitive

to themselves but not to others (that is, intermediate steps appear to be missing)

. Tree builders/ presenters don’t want to be embarrassed by presenting logically

weak trees

. Presenters look for affirmation as well as constructive advice on their trees
. Presenters are sensitive to criticism of their work

. Presenters can accept, even welcome, constructive advice when they solicit it, and

if it is offered in a non-threatening way (that is, not “You against me,” but “You and
I against the system”)

. Scrutinizers are truly interested in helping presenters to improve their trees and in

contributing to the analysis of the subject

Scrutinizers are not interested in humiliating presenters or in bolstering their own
egos by their scrutiny

Scrutinizers have substantial intuition in the area of the tree’s subject matter

Facilitators concern themselves exclusively with the logical process and not with
subject matter content
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HOW TO USE THIS CHAPTER

This chapter is composed of text with accompanying illustrations. Figure 2.36 at the end
of the chapter is designed to be used as a checklist, or for quick reference, after the entire
chapter has been read.

* Read all of Chapter 2 and the accompanying examples to understand the
circumstances in which each applies.

* Review Figure 2.36, “Categories of Legitimate Reservation: Self-Scrutiny Checklist,”
which provides a concise checklist that you can use for constructing and scruti-
nizing your own cause-effect trees.

The weaker the argument, the stronger the words.
—Unknown

DESCRIPTION OF THE CATEGORIES
OF LEGITIMATE RESERVATION

I know you think you understand what you think | said, but I'm not
sure you realize that what you heard is not what | meant.

—Unknown

1. Clarity

Clarity is always the first reservation one should consider when questioning the logic of
cause and effect. Clarity is not, strictly speaking, a logic-based reservation. Its roots are in
communication.

Why Clarity Comes First
Clarity is raised first so that any misunderstandings resulting from inaccurate or
incomplete communication of an idea are eliminated before the logic is examined. Most
conflict in any situation involves communication breakdown to some extent. The clarity
reservation helps defuse potential conflict between speaker and listener early in the
scrutiny process and helps keep it on a professional rather than a personal level.

Raising the clarity reservation first establishes the protocol for the use of all the other
categories. Stated briefly, in the words of Stephen R. Covey (The Seven Habits of Highly
Effective People), that protocol is:1:236-260

Seek to understand before seeking to be understood.

By following this protocol we ensure that ineffective communication doesn’t
compromise logic.

What Clarity Means

A clarity reservation means that a listener doesn’t comprehend the speaker. Since
the clarity reservation is the first step in a check of logical validity, be sure that you and
the speaker agree on the meaning of the speaker’s statement. Whether the listener agrees
with the content of the speaker’s statement is not at issue in a clarity reservation—just the
meaning. Validity of logic is not addressed until mutual understanding is achieved. Some
indications or examples of a breakdown in communication:

* The listener doesn’t understand the meaning of the speaker’s statement.

* The listener doesn’t see the significance of the speaker’s statement.



Categories of Legitimate Reservation 35

e The listener doesn’t understand the meaning or context of specific words or phrases
in the speaker’s statement.

¢ The listener doesn’t recognize a reasonable connection between a stated cause and
a stated effect.

e The listener doesn’t see some intermediate steps implied by the speaker but not
explicitly stated. (In cause-effect trees, this is sometimes referred to as a “long arrow.”)

Up to this point, we’'ve spoken of clarity as though we were referring to conversation
among two or more people. Like the other categories, clarity is certainly useful in this
respect. However, the primary focus of this chapter is on using the Categories of
Legitimate Reservation in constructing, validating, and streamlining logic trees. As we
proceed into more details on logic trees, what we’ve called “statements” by speakers (or
writers, for that matter) will be referred to as entities in logic trees. “Entities,” as used this
way, are defined in the next section. Figure 2.1 presents an abbreviated test and example
of the clarity reservation.

The greatest tragedy of science is that you often slay a beautiful
hypothesis with an ugly fact.
—Thomas Huxley

CLARITY
EXAMPLE #1 Valid? Why?
My gasoline
mileage deteriorates.
..then... & No a-yes
TEST: P b-no
- c-yes
a. s any .j:\ddltlon.al A tune-up on
explanation required for the my car's engine
cause or effect, as written? is complete.
b. Is the connection between
cause and effect convincing
“at face value”?
. EXAMPLE #2
c. Is this a “long arrow”
(that is, a're'intermediate My gasoline
effects missing)? mileage deteriorates.
If... ...and...
My car is Older cars tuned for My engine is set Yes a-no
an older car. minimum smog emission to minimize b -yes
use more gasoline. smog emissions. ¢-no
...then...

...and...

A tune-up on my car’s

engine is complete.

If...
Tune-ups normally
minimize smog emissions.

Figure 2.1 A test and example of the clarity reservation.
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2. Entity Existence

For the purposes of logical examination, an entity is a complete idea expressed as
a statement. Most often this idea is a cause or an effect represented in a logic tree, but in
a broader application of the rules of logic it can also be a statement made in conversation,
discussion, lecture, or writing. Entity existence is a reservation raised by a listener when
he or she detects one of three conditions affecting the statement:

e The statement is an incomplete idea. Normally, this means the statement is not
expressed in a grammatically correct sentence.

¢ The statement is not structurally sound; that is, it expresses multiple ideas in a
single entity, or it contains an embedded “if-then” statement within it.

e The statement, at face value, does not seem valid to the listener.

Completeness

A complete idea is normally communicated using a grammatically correct sentence. In
building logic trees, complete sentences are essential. At a minimum, there must be a
subject and a verb; frequently there is an object as well. Impersonal pronouns (for example,
“it,” “this,” and “those”) are not acceptable (see Figure 2.2).

For example, the phrase “economic recession” can’t stand alone as an idea. It raises
the inevitable question, “What about economic recession?” To be effective in a logic tree,
the entity must make sense when read with “if” or “then” preceding it. “Economic
recession occurs” would be an acceptable entity from the standpoint of completeness.

Structure

An entity existence reservation based on structure is concerned exclusively with the
mechanics of the sentence. Adherence to structural rules for entities is necessary to
preclude confusion, ensure simplicity of depiction, and achieve logically tight or “dry”
trees. The two structural rules for entities are:

e No compound entities (see Figure 2.3). A single entity must not contain more than
one idea. For example, “The sky is falling” is an entity that contains only one idea.

The country is

Economic . .
. in an economic
recession. .
recession.
INCOMPLETE COMPLETE

Figure 2.2  Completeness.

The sky is The sky The sky hits
falling and it hits is falling. | [Chicken Little

Chicken Little on the head.
on the head. \ /
Y
Compound entity NOT a compound entity
(not desirable) (desirable)

Figure 2.3  Structure: compound entity.
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A sentence reading, “The sky is falling and it hits Chicken Little on the head,”
would be a compound entity. Two different ideas are expressed here, and each merits
its own entity statement.

e Noembedded “if-then” statements (see Figure 2.4). It's very hard to isolate causes
and effects when the two are wrapped together in a single statement. It would
seem easy to avoid this trap: Just make sure the words “if” and “then” don’t appear
in your entity statements. But there is an insidious form of “if-then” that is
indicated by the phrases “in order to...” or “. .. because. .. .” Since “if” or “then”
aren’t there, it may seem acceptable, but it wouldn’t be.

Let’s look at two examples. The entity reads, “We park the car in the garage in order to avoid
damage from the elements.” No “if” or “then” appears in this sentence anywhere. But the
phrase “in order to” alerts us to the fact that the idea can be conveyed another way: “If we
park the car in the garage, then we avoid damage from the elements.” This is an “if-then”
expression in disguise. Similarly, a “. . . because . . .” statement may be nothing more than an
“if-then” statement reversed. For example, an entity that reads, “He insults me because he
doesn’t like me” could just as easily read, “If he doesn’t like me, then he insults me.”

We avoid damage
from the elements.
order to avoid

A
damage from
the elements.

We park the car
in the garage in

...then...

p We park the car
If... in the garage.
...then... | earn money.
I go to work A
to earn money.
If... | go to work.
I run into
...then... |someone | don't
I don't want to want to see.
go to the event Iy
because | will
run into someone
I don't want to see. I/ | go to the
event.

“If-then” relationship “If-then” clearly separated
embedded in statement (preferred)
(not desirable)

Figure 2.4  Structure: embedded "if-then.”



38 Chapter Two

NOTE: As a general rule, the more simply you can state your entities, the better
off you’'ll be when building logic trees.

Validity

Once an idea has passed the clarity, completeness, and structure hurdles (that is, do I
understand the presenter, and is it a complete, properly constructed statement?), the next
test of entity existence is validity (see Figure 2.5). For our purposes, validity means that the
content of the statement is sound, or well founded. It must have real meaning in the
experience of the listener, or it must be a conclusion that the listener can reasonably accept.

Validity is normally established by evidence. Logic tree quality is improved
dramatically if documented evidence of cause and/or effect can be produced. This helps
avoid unfounded speculation or invalid assumptions about causality.

For example, “The sky is falling” doesn’t exist in most people’s reality. Moreover, it’s
impossible to find evidence for it. So even though it might be a clear, complete, structurally
sound statement, it could nevertheless be questioned based on entity existence. On the
other hand, “Most grass is green” is complete, structurally correct, and a valid statement.

NOTE: The validity test normally applies only to conditions of reality, not
actions. For example, a condition of reality might be, “The sun is overhead at
noon.” An action might be, “I drive my car.” In Future Reality and Transition
Trees, the completeness and structure of action statements may be challenged,
but not their validity, because future actions and their effects don’t yet exist.
However, the same action (“I drive my car.”) in a Current Reality Tree is a
statement of common practice and thus verifiable.

The sky is Most grass
falling. is green.
INVALID VALID

Figure 2.5 Validity.

Figure 2.6 presents an abbreviated test and example of the entity existence reservation.

Beware of half-truths; you may have gotten the wrong half.

—Unknown

3. Causality Existence

Alistener with a causality existence reservation has some doubts about whether the stated
cause does, in fact, lead to the stated effect. Where entity existence focuses on the validity
of the statements themselves, causality existence challenges the validity of the arrows, or
connections, between entities. Causality existence addresses the following concerns:

e Does the cause really result in the effect? Does an “if-then” connection really
exist? Verbalizing the arrow often helps to clarify any doubts about the causality:
“If [cause], then we must have [effect].” The cause-effect relationship must make
sense when read aloud exactly using “if-then” (see Figure 2.7).
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ENTITY EXISTENCE

TEST: EXAMPLE #1 Valid? Why?

a. Complete sentence? E . . No a - no
(subject and verb) conomic recession. b-n/a
c —-n/a
. Yes a - yes
The country is in an b - no
economic recession. ¢ - n/a

EXAMPLE #2
b. No embedded “if-then.” No a - yes
| go to work to b - yes
earn money. c - yes
th Yes a — yes
...then... | earn money. b - no
A - yes

if... I go to work.

EXAMPLE #3
c. A true statement? Does No a - yes
it exist in reality? Is there The sky is falling. b - no
evidence to support it? ¢ - no
Yes a — yes
Terrorists attacked the b - no
World Trade Center on ¢ - yes

September 11, 2001.

Figure 2.6 A test and example of the entity existence reservation.

We are at

. Both cars
risk of an are destoyed
earthquake. yed.
...then... A ...then... A
If... If...
The weather is The cars cpllide
hot and humid. at 60 miles
per hour.
INVALID VALID

Figure 2.7  Causality existence.
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Caution: Scrutinizers and other listeners must be careful to read or hear only
what is written or said, not what they read into it. Raising the Clarity reservation
should preclude this problem most of the time.

® Is the cause intangible? To be “tangible,” a cause must be measurable or
observable. Frequently an effect may be directly measurable or observable, but the
cause is not (see Figure 2.8). For example, “My boss is dissatisfied with me” is not
really observable in and of itself (unless the boss happens to tell you so). But “I
stop watering the lawn” is observable. In both cases, the effects are measurable or
observable, but in the first case, the cause is not. Verifying the cause-effect
relationship in this instance requires identifying the presence of at least one other
directly measurable effect attributable to the same cause. Discussion of the CLR
“predicted effect existence,” later in this chapter, contains a more detailed
discussion of this technique of verification. Figure 2.9 presents an abbreviated test
and example of the causality existence reservation.

My performance

The grass dies. o
appraisal is poor.

...then... A ...then... A
If... If...
. My boss is
I stop watering dissatisfied
the lawn. ,
with me.
Tangible cause, Intangible cause,
tangible effect tangible effect

Figure 2.8 Tangible vs. intangible causes.

4. Cause Insufficiency

Because the world is a network of intricate, complex systems, cause insufficiency is the
most common deficiency found in logic trees or human dialogue. In complex interactions,
relatively few effects are likely to have a single, unequivocal cause. Most of the time, a
given effect will have either multiple dependent factors causing it, or perhaps more than
one completely independent cause. In this section, we see how several dependent factors
combine to produce cause sufficiency, and how to know when there is a cause insufficiency.
Additional cause is discussed in the next section.

The cause insufficiency reservation is raised when a listener believes that a presenter’s
stated cause is not enough, by itself, to produce the stated effect. As with causality
existence, cause insufficiency focuses more attention on the arrow than on the entity. With
a cause insufficiency reservation, the listener is tacitly saying, “I agree that your stated
cause is an element of causality, but it isn’t sufficient to create your effect without
including some other factor that you haven’t stated.”

The Ellipse

How are multiple dependent causes expressed in a logic tree? In portraying such a
relationship, contributing entities are linked to their resulting effect with arrows passing
through an ellipse (see Figure 2.10). Sometimes this ellipse is described as an “AND” gate,
or, because of its shape, a lens or a “banana.” Whatever you choose to call it, the ellipse’s
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CAUSALITY EXISTENCE

TEST: EXAMPLE #1 Valid? Why?
a. Does the cause, in We can expect an No a - no
fact, r_esult in the _effect? earthquake. b - no
(that is, .does an |f—'Fhen __then... i c - no
connection really exist?)
If... The weather is hot
and humid.
EXAMPLE #2
b. Does it make sense My performance Yes a - yes
when read aloud appraisal is poor. b - yes
exactly using "if-then”? ...then... A c - yes
If... | did not complete
my work.
EXAMPLE #3
¢. Is the cause intangible? (Observed (Additional Yes a - yes
(If so, an additional tangible effect) predicted effect) b - yes
predicted effect should c — yes

be identified.)

A competitor’s

Sales are
down. sales of a

similar product
increase.
/
7/

Customers don‘t like j

our product.

(Intangible cause)

Figure 2.9

rainstorm
develops.

A test and example of the causality existence reservation.

We failed to
bring any
umbrellas.

Figure 2.10 Indicating cause sufficiency with an ellipse.
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function is to identify and enclose the major contributing causes that are sufficient in concert
but not alone to produce the effect.

Relative Magnitude of Dependent Causes

The idea of relative magnitude in a true dependency has no real meaning. Both (or all)
causes are needed to produce the effect, and removing any one eliminates the effect. So
we might say that any one of these causes accounts for all of the effect. But they all need
each other, too. The sidebar entitled “Complex Causality,” following the section
“Additional Cause,” discusses some important aspects of causality.

How Many Arrows?
Theoretically, there is no limit to how many arrows can pass through an ellipse. But there
is a practical limit. At some point it becomes extremely difficult to depict and keep track
of an expanding number of component causes. Also, at some point the number of
contributors becomes so large that the effect of any one may be considered negligible.

How many arrows should you include in the ellipse? This is an individual judgment
call. Only you can determine the break point between having enough weight of causes to
produce the effect or not. As a rule of thumb, however, try to limit the number of
contributing causes to three if possible, or four at most (see Figure 2.11). Beyond four, the
relative influence of each contributor becomes so low that it might not be considered
“major.” Your objective should be to include only those causes without which the effect
would either cease to exist or be of such limited magnitude that it would not be
consequential to the larger system relationship.

Realistically, most effects are likely to have only a few major causes. If you have to
exceed three contributing causes, take a closer look at all the causes. One or more might
be an independent, or additional, cause. (The following section discusses additional cause.)

The Concept of “Oxygen”

One of the most common points of contention concerning cause insufficiency is the
exclusion of some cause factor that is so basic to the situation that it is “transparent” to the
presenter—but maybe not to the listener or scrutinizer. The best way to illustrate this issue
is with an example. Consider the following cause-and-effect statement (see Figure 2.12):

“If we have fuel and a sufficient heat source, then we have a fire.”

Is there something missing? A physicist might say, “You forgot something very
important—oxygen. You can’t have combustion without it.” So in this case, a cause
insufficiency reservation might be raised about the example statement.

If...
A sudden We failed to There is no
rainstorm bring any other shelter
develops. umbrellas. available.

Figure 2.11 How many contributing causes?
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We have a fire.

If... and... >,
/T T T T T A
| |

We have ? We have | We have |
source o fuel. ! oxygen. !
ignition. : :

Figure 2.12 The concept of “oxygen.”

But a presenter might respond, “True, but since oxygen is always present in the
situation where my fire might occur, I consider it a constant that doesn’t have to be
shown.” So the concept of “oxygen” connotes a factor that is accepted as present-but-
transparent by anyone with intuitive knowledge of the system under examination.

As a presenter, however, you should be prepared for scrutinizers to raise one of
two concerns:

® The cause factor you omitted is not obvious (“oxygen”) to the audience of
a presentation.

e The cause factor cannot really be assumed, but rather is a significant variable factor
that is neither transparent nor constant in the situation.

In either case, presenters must be prepared to re-examine their cause-effect relationship.
Figure 2.13 presents an abbreviated test and example of the cause insufficiency reservation.

CAUSE INSUFFICIENCY

TEST: EXAMPLE #1 Valid? Why?
a. Can the cause result We h
in the effect on its own? € have

steam power.
b. Must it exist in concert then... A
with one or more other No a-no
causes? If... b - yes

We have a c-yes
heat source.

I

EXAMPLE #2
c.Isan “AND” We h
gate required? € have
steam power.

...then...

If...

We have We have a We contain Yes a-yes
water heat source. heated water in b - yes
i a closed vessel. C -yes

Figure 2.13 A test and example of the cause insufficiency reservation.
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5. Additional Cause

Sometimes more than one completely independent cause can produce a similar effect. A
listener who recognizes this situation might raise an additional cause reservation. For
example, an above-normal human body temperature can result from either an internal
infection or physical exertion on a hot summer day. Neither depends on the presence of
the other. The key words are “either” and “or.” Whereas a cause insufficiency reservation
challenges an incomplete “and” condition, an additional cause reservation signifies a
missing “or” condition.

With an additional cause reservation, the listener or scrutinizer is not contesting the
presenter’s stated cause. He or she is only suggesting that there is something else that, by
itself, might generate the same effect (see Figure 2.14).

My house is
heavily damaged.

A gas leak in
my house is
ignited by an
electrical spark.

An airplane
crashes into
my house.

Figure 2.14 Additional cause.

Magnitude

In order for the additional cause reservation to be valid, the suggested additional cause
must produce the stated effect in at least as much magnitude as the presenter’s originally
stated cause. For example, everyone’s sales may drop 10 percent in a declining economy,
but if your sales declined 20 percent, there may be an additional cause accounting for the
other 10 percent. If the effect produced by the suggested additional cause is relatively
small when compared with the original stated cause, it shouldn’t be considered an
additional cause. As with the cause insufficiency reservation, magnitude of effect is a
personal judgment call.

A magnitudinal causality implies addition. In the preceding example about
decreasing sales, more than one independent cause produced an effect that increased in
magnitude as each was added to the causality. Each cause independently accounted for
some degree of the effect, but in combination they produced a greater total effect.

Because a magnitudinal cause is a unique variation of a basic additional cause, it
requires a distinctive depiction. For this, we’ll use a “bowtie” symbol with the letters
“MAG” inside it (see Figure 2.20).

Test

The quickest test for an additional cause condition is to ask the question, “If I eliminate
the stated cause, is there any other circumstance under which the same degree of effect
would occur?”

A Unique Variation of Additional Cause
It is possible, even common, to have multiple independent (additional) causes that are
themselves made up of contributing factors. Under some circumstances, three
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contributing entities with arrows passing through an ellipse to an effect may be considered
one independent cause, if that effect can also be caused by something else. That
“something else” may, itself, be composed of multiple causes joined by an ellipse (see
Figure 2.15). In such cases, each ellipsed group is considered an additional cause, but
cause sufficiency rules still apply within the ellipse.

Figure 2.16 presents an abbreviated test and example of the additional cause
reservation.

[Our family has an enjoyable vacation.)

My spouse, We engage in a My spouse and | We all engage in
children, and | rent Iot_o_f_pleasurable senq the children to a lot of pleasurable
a beach cottage activities together. their grandparents’

activities separately.

for a week. farm for a week.

The weather My spouse and |

(Each ellipsed group
is considered an
additional cause.)

remains sunny
and warm the
whole week.

go away to a
tropical island
resort for a week.

Figure 2.15 Variation of additional cause.

ADDITIONAL CAUSE
TEST: EXAMPLE #1 Valid? Why?
a. Is this the only ‘ . ‘ No a-no
. Trash litters
? -

major cause? the yard. b - yes
C -yes

b. Are there other ...then... A

INDEPENDENT causes

that might result in the If...

same effect? Dogs dumped

the trash can.

EXAMPLE #2
c. If the cause in question ) Yes a-yes
is eliminated, are there Trash litters b-no
other circumstances under the yard. c-no
which the effect might ...then...
still be present? \
If... If...

‘ Dogs dumped ’

\

The wind blew

the trash can. a trash can over.

Figure 2.16 A test and example of the additional cause reservation.
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COMPLEX CAUSALITY
What Is It?

“It's not as simple as that . . .” How many of us have heard that phrase at least once?
It's an audible indication that complex causality might be involved. Simply stated,
complex causality is a situation in which a given effect might have more than one cause.
Maybe these causes are somehow related to one another, or maybe not. In any case, it's
helpful to realize that complex causality is more likely to be the rule than the exception.
If you accept this as a basic assumption about reality, wouldn't it be nice to know how
to handle complex causality when you're building a tree? And wouldn’t it make you
feel more confident about the logical soundness of a tree when you read it?

Simple causality is represented in a logic tree by a single arrow connecting a single
cause with a single effect (see Figure 2.17). It implies that the stated cause alone is
enough to produce all of the indicated effect. Complex causality, on the other hand,
implies that more than one cause is involved in producing the same effect.

Complex causality occurs two different ways. One is inherent in the Category of
Legitimate Reservation known as additional cause, and another in cause sufficiency.

Cause Sufficiency

As we've seen, cause sufficiency (or insufficiency, as used in the Categories of
Legitimate Reservation) describes a situation in which two or more causes relate to one
another in order to produce an effect. Cause sufficiency comes in two variations.

Conceptual “"AND"

This is the cause sufficiency situation we see most often. It’s represented by arrows
from several causes passing through an ellipse to the effect (see Figure 2.18). Each cause
is needed, but it can’t produce the effect without the help of the other(s). Removal of
any one cause completely eliminates the effect. Thus, each cause could be said to be 100
percent responsible for the effect. But unlike the additional cause scenario, the causes
need each other. They're interdependent.

Additional Cause
The additional cause postulates that several independent causes can produce the
same effect. In fact, each cause can account for 100 percent of the effect by itself (see
Figure 2.19). We show this relationship by drawing separate single arrows from each
cause to the same effect.

What does this mean to you? Basically, if you want to get rid of the effect, you have
to eliminate all the causes. Removing only one or two might not do any good, because
any remaining cause can still produce the effect by itself.

100%

We lost
the game.

They scored
more points
than we did.

Figure 2.17 Simple causality.
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100%

We have
steam power.

We have a
We have V\'if\eca\]/:/‘a}'::ft pressure vessel
water. to boilin to hold the
9- heated water.
100% 100% 100%

(By virtue of removal of any one.)

Figure 2.18 Conceptual “AND.”

100%

The house
is destroyed.

An electrical An airolane
spark ignites h Pl ¢ A wild fire
agas leak in crashes Into burns the house.
the house.
the house.
100% 100% 100%

Figure 2.19 Additional cause.

Magnitudinal “AND"”

This additional cause situation is fairly common. In a magnitudinal “and” condition,
each cause contributes to the effect in an additive way. In other words, each cause adds
progressively more to the effect. Conversely, removing one cause neither leaves the
effect completely intact nor completely eliminates it. The effect is proportionately
reduced (see Figure 2.20).

Exclusive “OR”

There’s another variation on additional cause—the exclusive “or.” This is a condition in
which there are two possible independent causes (or outcomes), but they’re mutually
exclusive. In other words, if one of the causes is active, the other won’t be; or if one of
the effects happens, the other won't, and vice-versa. The exclusive “or” condition is
not rare, but it’s not an everyday occurrence, either.

For example, my house may be destroyed by a tornado or by an electrical fire. But
if one causes the destruction, the other won’t. The causes are not additive like the
magnitudinal cause—the effect is a “zero-or-one” condition. Nor would alternative
effects both be present. One happens, or the other, but not both. But both causality
paths must be reflected in the logical depiction so as to account for either eventuality
(see Figure 2.21).
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Symbols

Because the causes in a magnitudinal “and” situation aren’t completely independent
(that is, any one cause producing all of the effect) or completely dependent (that is,
removal of any one eliminates the effect), we have a problem graphically representing
the magnitudinal “and.” Goldratt established an ellipse to indicate a conceptual “and”
(complete dependency). Not using an inclusive symbol at all indicates an additional
cause (complete independence).

But the independent arrows of the additional cause don’t accurately represent the
magnitudinal relationship. Neither does the ellipse of cause sufficiency.

So there’s a need for a new symbol to signify that unusual condition—the Magnitudinal
“AND.” In this book, we'll use a “bow-tie” shape to reflect a magnitudinal “and” (refer to
Figure 2.20). If we don’t differentiate between the conceptual “and” and magnitudinal “and”
somehow, sooner or later we're likely to have a logic problem with a tree.

Like the magnitudinal cause condition, the exclusive “or” is a unique situation requiring
a distinctive notation. We'll do this with a capital “OR” inside two pointed brackets (<OR>)
placed between the exclusive cause or effect branches (refer to Figure 2.21).

100%

Gasoline mileage
improves.

. | drive at
l increase I tune my
my tire pressure engine moderate
’ ’ speed.
~10% ~30% ~60%
Figure 2.20 Magnitudinal “AND."
100%
Our opponent
loses the match.
We score more T_he ref.eree The opponent
. disqualifies .
points than h forfeits
the opponent the opponent (withdraws)
’ (cheating). ’
100% 100% 100%

(If one of these causes occurs, none of the others can.)

Figure 2.21 Exclusive "OR.”
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6. Cause-Effect Reversal

The cause-effect reversal reservation is based on a subtle distinction: why an effect exists
versus how we know it exists. Sometimes this distinction is lost when a cause-effect
relationship is written down or graphically depicted. Another way of verbalizing this
concern is to ask the question, “Is the stated cause the source of the effect, or is the effect
really the source of the cause?” It seems as if this should be an obvious error to detect, but
that’s not always the case.

The “Fishing Is Good"” Example
To clarify the difference between why something happens and how we know it happens,
consider the following two cause-effect relationships (see Figure 2.22):

#1: “If many fishermen are fishing from the river bank, and the fishermen'’s stringers
are full of fish, then fishing is good.”

#2  “If the river was stocked with fish yesterday, and fishing season opens today, then
fishing is good.”

Which of these statements makes more sense? Was the good fishing caused by the
fishermen fishing or the stringers full of fish? Or were these the indications that led us to
conclude that fishing was good? In actuality, the two cause-effect relationships should be
combined, with some modification, to present a much more accurate picture of the
situation in Figure 2.23

The Statistical Example

“If standardized test scores are at or below the 50th percentile, then the academic

qualifications of new students are poor.” Are the low test scores the cause of poor

qualifications, or are they the reason we know those qualifications are poor? In other words,

did the low scores cause the poor qualifications, or are they just an indicator of them?
Remember, in reading or hearing an if-then statement, the part associated with “If...”

is the cause; the part following “...then...” is the effect.

The Medical Example

“If my body temperature is higher than normal, and I have a pain in my lower abdomen,
then I have appendicitis.” Did the fever and the pain cause the appendicitis, or was it the
other way around? As you can see, it’s east to go astray on cause-effect reversal.

Fishing is good. Fishing is good.

Many fishermen The fishermen’s The river was
are fishing from stringers are stocked with
the river bank. full of fish. fish yesterday.

Fishing season
opens today.

Is THIS the reason fishing is good... ... or is THIS the reason?

This example created by Charles M. Johnson.

Figure 2.22 The “fishing is good” example.
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We know
fishing is good.

Many fishermen The fishermen's
are fishing from stringers are
the river bank. full of fish.

Avid fishermen Fishing is good. There are many
are attracted to avid fishermen.
good fishing
conditions.

The river was
stocked with
fish yesterday.

Fishing season
opens today.

A more complete, accurate expression of the situation...that makes logical sense

This example created by Charles M. Johnson

Figure 2.23 Combined “fishing is good” example.

Test
There are two ways to detect a cause-effect reversal:

* Does it seem that the arrow between cause and effect is pointing in the wrong
direction? This is most likely to be a “gut feeling” and the first inkling you have that
something is not quite right.

e Could the stated cause really be an indicator, rather than a source?

Figure 2.24 presents an abbreviated test and example of the cause-effect reversal reservation.

7. Predicted Effect Existence

Predicted effect existence means that if a proposed cause-effect relationship is valid, some
other unstated effect would also be expected. For example, “I have appendicitis” might
be offered as the cause of the effect “I have a pain in my abdomen.” But if the cause is
really valid, we might also expect to see a couple of other effects: “I have a fever” and
“My white cell count is elevated.”

The predicted effect existence reservation does not stand alone. It is always invoked
to substantiate a reservation for causality existence. Predicted effect existence becomes
the proof that the causality existence reservation is—or is not—valid. Consequently, the
predicted effect existence reservation can be used either by a presenter to support causality,
or by a scrutinizer to refute causality. Here are a couple of examples:

PRESENTER: “If appendicitis is really causing the pain in my abdomen, we should
also expect to see an elevated white blood cell count and perhaps a fever. Since we
do see these additional predicted effects, I conclude that appendicitis is a valid cause.”
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SCRUTINIZER: “If appendicitis is really the cause of the pain in your abdomen, we
should also expect to see an elevated white blood cell count and maybe a fever.
But since neither of these additional predicted effects is present, we must conclude
that appendicitis is not a valid cause.”

Conflict or Differences in Magnitude?

The predicted effect existence reservation recognizes the complex nature of most systems.
Most causes in the “real world” result in more than one effect. Even if only one effect is
stated or germane to a given situation, if you look hard enough, in most cases additional
effects can be identified. Three characteristics of predicted effects make them especially
useful in validating or refuting proposed effects:

e Expectation. (“Is it there?”) Given the proposed effect, one expects to see another
related effect; or, one expects not to see a certain effect. It's either there or itisn't,
and its presence or absence will either support or refute the proposed cause-effect
relationship.

o Coexistence. (“Is it there at the same time?”) If the predicted effect is present,
proposed effects and predicted effects must be able to coexist. If a case can be made
that the two effects can’t exist at the same time (or that the cause can’t produce
both effects), then the proposed cause-effect relationship is suspect. Or, if the
proposed cause can be shown to produce the same effect to differing degrees under
the same circumstances, the cause-effect relationship is also called into question.
For example, the same cause, under the same circumstances, can’t simultaneously
cause a profit and a loss. If you can show that it does, the original cause-effect
relationship is refuted.

ADDITIONAL CAUSE

TEST: EXAMPLE #1 Valid? Why?
a.ls thi§ arrow.REAL!_Y . Fishing is good. No a-no
drawn in the right direction? b - yes

c -yes
b. Might the depicted

CAUSE really be a
perceived effect? Many fishermen The fishermen’s

are fishing from stringers are
the river bank. full of fish.

c. Could the EFFECT EXAMPLE #2 Yes a-yes
statement be an b -no
abbreviated version c-no
of a more accurate

statement? / \

The river was

My Fishing season
stocked with fish

yesterday.

opens today.

This example created by Charles M. Johnson.

Figure 2.24 A test and example of the cause-effect reversal reservation.
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e Magnitude. (“Is it all there?”) If the predicted effect is present and it can coexist
with the proposed effect, the predicted effect may also be expected to exist at a
specific magnitude. If the actual magnitude is significantly greater or less than
expected, the proposed cause may be refuted as either invalid or insufficient. If the
actual magnitude approximates the expected magnitude, the cause-effect
relationship is validated.

To determine whether a predicted effect supports or refutes a cause-effect relationship, test
it with the following proofs:

Support Refute

1. The effect is there, but shouldn't be. X
2. The effect is not there, but should be. X
3. The effect is there, and should be. X
4. The effect can coexist with the predicted effect. X
5. The predicted and proposed effects are mutually exclusive. X
6. The predicted effect is more or less than expected. X
7. The predicted effect is about the same degree as expected. X

Figure 2.25 includes several examples showing how the predicted effect existence
reservation is used to support or refute causality.

Tangible or Intangible?

As previously mentioned in “Causality Existence” earlier in this chapter, predicted effect
existence can be used to verify the existence of an intangible cause. It can also be used
when the cause is tangible. In the latter case, however, the cause doesn’t need verification;
it's already tangible. The causal connection, or arrow, does.

A scrutinizer taking issue with the existence of an intangible cause would use
predicted effect existence to show that another expected effect of the same cause is absent.
For example, let’s assume the presenter says, “If customers don’t like our product, then
sales are down.” A scrutinizer could challenge the causality existence of this relationship
by pointing out the absence of just one other expected effect of that intangible cause.
Figure 2.26 illustrates two such possible collateral effects.

If either of these predicted effects doesn’t exist, then the originally stated cause is
invalid, and the scrutinizer’s reservation is valid. However, if the presenter can
demonstrate that both of those collateral effects do exist, then predicted effect existence
supports the original cause-effect relationship.

What if the cause is tangible? Predicted effect existence can also be used to support or
refute the logical connection, or arrow, between cause and effect. For example, “Quality
has deteriorated” may be a quantitatively verifiable fact (see Figure 2.27). “Sales are going
down” may also be substantiated by numbers. But has deteriorated quality necessarily
caused decreased sales? One additional predicted effect of poor quality might be
“Customers’ complaints increase.” Does this quantitatively verifiable effect exist? If so, the
causality relationship between poor quality and decreased sales is likely to be valid. If
not, decreased sales may have another cause—perhaps a general economic downturn—
but decreased quality may not be the cause. In fact, if there is no alternative product or
service, it isn’t likely to be the cause.
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Situation

1. Predicted effect
IS there but
shouldn’t be.

Proposed
Cause and Effect

Car doesn't

start.

Car battery -
is dead.

Predicted Effect
(Expected)

Starter

doesn't
crank.

2

Actual Condition

Starter DOES crank.

(Shouldn’t happen if
battery is dead.)

Cause refuted.

2. Predicted effect
ISN'T there but
should be.

Car doesn't
start.

Engine is
flooded with -~ ~
gasoline.

(Expected)

Obvious
smell of
gasoline.

No smell of gasoline.
(Should happen if
engine is really
flooded.)

Cause refuted.

3. Observed effect
can’t coexist with
the proposed
effect.

Exports of existing
products to other countries
remain the same.

Exports of new
kinds of products
remain the same.

Import tariffs P

have not -

A (Expected)

Exports of new
products actually
decrease.

(Shouldn’t happen
if import tariffs
don’t change.)

Cause refuted.

4. Predicted effect
should have a
certain magnitude
but is actually more
or less than
expected.

Total sales revenues
increase 20 percent.

changed.

Sales units increase
20 percent.

)

4

We expand into

a new geographic
market.

/ﬂ (Expected)

Sales units actually
double.

(Shouldn’t happen,
new geographic
market doesn’t have
that capacity.)

Cause refuted.

Figure 2.25 Example of applying the predicted effect existence reservation.
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Sales are

A competitor’s sales
of a comparable
product increase.

decreasing.

Customers return
our product in
great numbers.

Customers
don't like
our product.

N ——

N e

If customers really don‘t like our product, we
might expect to see competitors’ sales increase
and increasing returns of our products

Figure 2.26 Predicted effect: verifying an intangible cause.

Sales are

decreasing. Customer complaints

]

]

) ]

have increased. |
]

/

S

1
|
Warranty claims 1
. |
have increased.
|

/

Quality has
deteriorated.

N e e~

Figure 2.27 Another predicted effect: verifying a tangible cause.

Verbalizing Predicted Effect Existence
To avoid confusion, verbalize a predicted effect existence reservation this way:

“If we accept that [CAUSE] is the reason for [ORIGINAL EFFECT], then
it must also lead to [PREDICTED EFFECT(S)], which [do/do not] exist.”

Figure 2.28 provides an abbreviated test and example of the predicted effect existence
reservation.
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PREDICTED EFFECT EXISTENCE

TEST: EXAMPLE #1 Valid? Why?
a. Is the cause INTANGIBLE? Yes a-yes
If so, do one or more My zbdtomen ; _I_h_ T _\I

additional expected urts. : fave |

effects exist to confirm 4 | _atever )

or validate the proposed
intangible cause?

-

My white :

I have blood cell |

appendicitis. count s high. !
EXAMPLE #2 Valid? Why?

Y A No a-no
My performance | | My boss !
appraisal is poor. ! counsels me on

1 h

7y ow to improve. |
N - o -
b J

// ————————————
- 4 |
! My boss I
My boss __ - encourages me :
I
)

doesn’t like me.

| in a friendly way.

Figure 2.28 A test and example of the predicted effect existence reservation.

8. Tautology (Circular Logic)

Tautology is another name for circular logic: The effect is offered as a rationale for the
existence of the cause. Since causality must be questioned before the issue of tautology can
be raised, tautology, like predicted effect existence, can never stand alone. It must be
preceded by another causality reservation—usually causality existence. Consequently,
like predicted effect existence, a tautology reservation is not really observable by a
scrutinizer until after a causal relationship has been verbalized by the tree builder and the
causality of one of the connections is questioned. Tautology becomes obvious when the
reason for the causation has been challenged.

Tautology is most likely to surface when causality existence is questioned and the
cause is intangible. If no additional predicted effect is offered, other than the stated one,
to substantiate the intangible cause, it becomes easy to forsake a more rigorous
examination of the causality and let the effect provide the rationale for the cause.
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Baseball Example
This example, while not presented in “if-then” format, is typical of tautologies common
in the electronic and print media (see Figure 2.29).

STATEMENT: “The Dodgers lost the game because they played poorly.”
CHALLENGE: What makes you think they played poorly?
RATIONALE: “They lost the game, didn’t they?”
In this example, the effect is clearly offered as a rationale for the existence of the cause.
Since causality was not more intensively investigated, additional predicted effects such as
number of errors, bases on balls, extra-base hits, and so forth were not offered to

substantiate the intangible cause. And totally ignored is the fact that the Dodger pitcher
may have had a no-hitter going into the 10th inning when he gave up a solo home run.

Vampire Example
Figure 2.30 is an example in an “if-then” format.

PROPOSED CAUSE: “I wear garlic around my neck and sleep with a cross.”
PROPOSED EFFECT: “Vampires stay away.”
CHALLENGE: How do you know that the garlic and cross really work?
RATIONALE: “You don’t see any vampires, do you?”
Test
To avoid the tautology trap, ask the following questions:
e s the cause intangible?
e [s the effect offered as a rationale for the existence of the cause?
e Are there any additional predicted effects that could substantiate the intangible cause?

Figure 2.31 presents an abbreviated test and example of the tautology reservation.

The effect is offered as the rationale
for the existence of the INTANGIBLE cause

The Dodgers

i : “How do you know the
lost the game. (Tangible) Q w do you ™

cause was poor play?”

A: “Well, they lost the

A
The Dodgers (intangible) game, didn’t they?”
played poorly.

Figure 2.29 Tautology (circular logic).
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The effect is offered as the rationale for the
causal connection to the TANGIBLE cause.

(Actual observation)

Vampires
stay away.

vampires, do you?"

| wear garlic
around my
neck.

| sleep with
a cross.

(Tangible) (Tangible)

Q: “How do you know the
garlic and cross were the causes?”

A: “Well, you don’t see any

Figure 2.30 Circular logic (tangible cause).

CIRCULAR LOGIC

TEST: EXAMPLE Valid?

a. Is it circular logic? No
(i.e., is the effect offered

as a rationale for the -
existence of the cause?) e
E.g., “You don't see ,
any bite marksonmy  /
neck, do you?” 1 i
N | wear garlic
b. Is an additional A around my
verifiable effect neck.
ordered?

| sleep with
a cross.

Why?

a - yes
b - no

Figure 2.31 A test and example of the circular logic reservation.

It's a wonderful feeling when you discover some logic to
substantiate your beliefs.

—Unknown

USING THE CLR IN A GROUP

Earlier, we discussed the use of the Categories of Legitimate Reservation by tree builders
to validate their own work as they’re actually constructing the logic trees. This is usually
a solitary application. But more commonly the CLR are used in groups of two or more to
scrutinize the logic of trees that have been constructed by others—in other words, review

of first or second drafts.

When two or more people use the CLR as a group, one of two situations applies:

e All (or most) of the parties understand the eight CLR and what they mean.

* Only one person (often the one who constructed the tree) really understands the

CLR and how to use them.



58 Chapter Two

CLR Known by All

When the CLR are understood by all participants, logical scrutiny can proceed very
quickly, provided that not too many are participating. The value in having everyone
thoroughly conversant with the CLR is that critiques can be communicated in a kind of
verbal shorthand, by reference to the CLR title alone. A scrutinizer can merely say,
“I have a causality existence reservation about the connection between entities 104 and
105.” The tree builder will know exactly what the scrutinizer means without any
explanation being required.

On the other hand, if you want to see the scrutiny process grind to a near-halt, invite
four or more scrutinizers conversant in the CLR to participate. In the immortal words of
George Washington:

My observation is that whenever one person is found adequate to the discharge
of a duty by close application thereto, it is worse executed by two persons, and
scarcely done at all if three or more are employed therein.

This often happens because people knowledgeable in the CLR tend to “nit-pick”
every little deficiency they find.

CLR Known Only by the Tree Builder

More often than not, the availability of scrutinizers knowledgeable in the CLR is limited.
In some organizations, perhaps nobody but the tree builder really understands the CLR.
This need not be a problem. In fact, it could be a definite advantage. In most cases, the
logic trees are being prepared for an audience that is unfamiliar with the CLR anyway. So
scrutinizers who aren’t conversant with the CLR can be extremely helpful, for two reasons.
First, they’ll be inclined to explain their concerns about the logic in the same terms as the
eventual intended audience. Second, they’ll be better focused on the content of the subject
matter and their intuition about what causes what. They’ll be less distracted by trying to
categorize their concerns according to a preconceived eight-category taxonomy.

Gaining effective scrutiny from people who don’t really know much (if anything)
about the CLR puts a larger burden on the tree builder. The person who prepares the logic
trees must have such a thorough understanding of the CLR that he or she will instantly
know what category of reservation applies, even though the scrutinizer is “talking
through it”—in other words, explaining the nature of the deficiency instead of naming it
directly.

For example, a scrutinizer without knowledge of the CLR might say:

“John’s absence from work isn't enough to keep the engineering review from happening. There
would have to be nobody else who could do it, too.”

What an experienced tree builder, knowledgeable in the CLR, hears in this statement
(even though it's not explicitly stated this way) is:

“I have a cause insufficiency reservation. An ellipse with another entity is required. That new
entity reads ‘Nobody else can do the engineering review.””

Scrutiny of logic trees does not require people knowledgeable in the CLR. You don't
have to teach them the eight categories as long as you yourself know them frontward and
backward. It does require people who are highly knowledgeable in the subject matter that
is the topic of the tree they’re scrutinizing.
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SUFFICIENCY-BASED VS.
NECESSITY-BASED LOGIC TREES

As we proceed through the six trees of the Logical Thinking Process, you'll notice that
three of these trees—the Intermediate Objectives Map, the Evaporating Cloud, and the
Prerequisite Tree—are expressed differently from the Current Reality Tree, Future Reality
Tree, and Transition Tree. That's because their foundations are a little different.

The Current Reality Tree, Future Reality Tree, and Transition Tree are considered
sufficiency trees. They’re read in an “if-then” form. The validity of their cause-effect
relationships depends on sufficiency. To determine sufficiency, we ask questions such as,
“Is this enough (or sufficient) to cause that?”

The Intermediate Objectives Map, the Evaporating Cloud, and the Prerequisite Tree
are considered necessity trees. They’re read in an “In order to . . . we must . . . because . .
. format. The validity of their cause-effect relationships depends on meeting minimum
necessary requirements.

A sufficiency tree implies that the causes are enough to actually produce the effect.
A necessity tree implies that you can’t realize the resulting entity without the preceding
one. The distinction between producing and enabling is a subtle one.

The Categories of Legitimate Reservation were designed to apply primarily to
sufficiency trees, but they do have some applicability to necessity trees as well. These
distinctions will be explained in more detail in Chapter 3, “Intermediate Objectives Map,”
and Chapter 7, “Prerequisite and Transition Trees.”

SYMBOLS AND LOGIC TREE CONVENTIONS

When Goldratt originally conceived the Thinking Process, he used a simple graphics
program—~Mac Flow—to construct and print or display the early logic trees. His selection
of various symbols to represent different entities (causes, effects, injections, obstacles,
sufficiency, and so on) was probably somewhat arbitrary and constrained by the available
symbols in that early version of the program. (Remember, this took place well before the
sophisticated graphics and charting programs we have available today.) For the first
several years after the Thinking Process was introduced, it was common practice to use
Goldratt’s original symbology.

Sometime in the late 1990s, however, as the practice and teaching of the Thinking
Process became more widespread and various flowcharting and computer-aided design
programs became more widely available, some users began to diverge from the
conventions Goldratt had originally established. There was no deliberate effort by any
Theory of Constraints practitioner to establish a standard set of symbols or conventions
for drawing trees. A kind of “free-for-all, do-your-own-thing” situation prevailed. The
variety of conventions and symbols is easy to see in the many published papers and books
available in the public domain. This is unfortunate.

Three Reasons to Standardize

My experience in the last ten years of teaching and applying the Thinking Process
persuades me that there are three compelling reasons for using a standard symbol set and
standard logical connection conventions.
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Credibility

The first has to do with credibility. A methodology without standard, commonly accepted
symbols and conventions for using them has a hard time commanding the respect of non-
users. Rightly or wrongly, non-users perceive the method to lack rigorous discipline
(especially when combined with lax application of the Categories of Legitimate
Reservation). As anyone who has tried to implement organizational change in a complex
environment can tell you, credibility of method is critical. Ultimate success in applying the
Thinking Process—and sustaining continued use of the logic trees—depends on
establishing credibility and acceptance among non-users, particularly influential ones
such as executive decision makers. For this reason alone, standard symbols and
conventions make sense.

Ergonomics

The second reason is purely ergonomic. The ergonomic issue is human sensory overload
and the resulting confusion. The symbol set and connection conventions Goldratt
originally used are elegantly simple. Certain advances in graphic display since then have
contributed refinements that make them “easy on the eye” as well. Where visual
absorption and comprehension are concerned, “round and smooth” beats “sharp and
abrupt” every time. Moreover, with different people using different symbols to mean the
same thing, exchange or sharing of trees can be tedious, since a tree reader using one set
of conventions must mentally translate the work of a tree builder using a different set.

Miscommunication of Logic

Another problem I've observed in the last decade is that many people, especially those
with engineering backgrounds, like to think of logic trees (and express them) as flow
charts. Logic trees are not flowcharts. The arrows that connect text boxes in logic trees convey
much more than a mere circuit-flow connection. It does a disservice to both the
methodology and to the user when tree builders and tree readers think of them that way.
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Figure 2.32a Thinking Process as an engineering flowchart.
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Figure 2.32b  Thinking Process as a logic tree.

Here’s a simple comparison that demonstrates the importance of a clean, uncluttered,
“easy-on-the-eye” look to logic trees. (Figures 2.32a and 2.32b) The first is a typical
example of a tree formatted somewhat like an engineering flow chart. The second adheres
more to Goldratt’s original conventions. The only exception is the curved causality arrows,
which weren't available until the more recent generation of graphics applications became
common. Notice, too, that the boxes aren’t rectangularly aligned, either.

Both of these excerpts from a complex-process Current Reality Tree contain exactly the
same content. The only differences are in the use of symbols and connection conventions.
Which of these do you think is easier to read and absorb quickly? (Don’t worry about the
details of the content; just decide which format is easier to follow and comprehend.)

A Standard Symbol Set

To facilitate common understanding and communication, I submit the symbology in
Figure 2.33 as a standard. The only change from Goldratt’s original symbols is the
substitution of an octagon in place of a hexagon to represent obstacles in a prerequisite
tree, about which more in a moment.
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INJECTION #

Injection/Action/Goal

Cause or Effect Entity (I0 Map, FRT, PRT, TT)
(CRT, EC, FRT, TT) o

-

Sufficiency Ellipse
(CRT, FRT, TT)

Obstacle
(PRT)

Magnitudinal “AND"
(CRT, FRT, TT)

<OR>
Exclusive "OR” Intermediate Objective
(CRT, FRT, TT) (10 Map, PRT)
e
Sufficiency/
Necessity Arrow
(ALL)

Figure 2.33 Standard logic tree symbols.

A Standard Convention for Logical Connections

One of the characteristics that makes flow-chart-format logic trees difficult to read is the
90-degree corner. When the human eye is following the path of an arrow connecting two
boxes, turning these corners demands full attention. Another characteristic is the merging
of multiple connecting arrows into one coming out of an ellipse. The most vexing problem
with merging several arrows into one becomes more obvious when several causes
simultaneously produce two or more effects. The top two layers of Figure 2.32a illustrate
this configuration. It requires extraordinary effort for the reader’s eye to absorb and mind
to comprehend the causal relationship.

Figure 2.34 shows the preferred convention for connecting entities in a logic tree.
Notice that in addition to avoiding arrows with 90-degree corners, it also arranges entities
in ways that conserve page space (a common challenge in building logic trees for
presentation) without cramming too many into a small space. Combining these
conventions with the round corners of most entities creates a total effect that is much
easier on the eye and on the brain. The use of sharp-cornered boxes should be limited to
injections and intermediate objectives.

*I'm indebted to Dr. Paul Selden for suggesting the use of the octagon—a “stop” sign shape—to
indicate an obstacle.
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(Three causes combining to produce three effects.
Imagine trying to depict this with flow chart conventions.)

Figure 2.34 Standard logical connection conventions.

The one liberty that I've taken with Goldratt’s original symbol set is a minor change
to the prerequisite tree. Goldratt originally used hexagons to depict obstacles. I offer
octagons instead. In many parts of the world, “STOP” signs are octagonal, making the
octagon a fitting symbol for an obstacle that stops progress. But the more important reason
for using octagons is that they consume less space on a page because word-wrapping is
rectangular within them.

Using the octagon facilitates another minor improvement: elimination of superfluous,
confusing arrows. Goldratt originally configured the prerequisite tree to look like the
example in the left side of Figure 2.35. Arrows were drawn from the hexagon to the
midpoint of the arrow connecting two intermediate objectives. The surfeit of arrows was
confusing to those new to the Thinking Process. The important thing is to assure that an
obstacle is effectively associated with the intermediate objective that overcomes it. Using
an octagon allows the tree builder to conveniently overlay the intermediate objective on
a corner of the obstacle, conveying the idea that the obstacle is “overcome” and closely
associating the two entities without the need for additional, confusing arrows. The
example in the right side of Figure 2.35 shows how this is done.



64 Chapter Two

INJ

INJ = Injection
OBS = Obstacle

10 = Intermediate Objective

10

10

Original PRT configuration

(Note the use of
curved lines in the
example at right)

Which is easier to follow?

INJ

OBS

OBS

10

New PRT configuration

Figure 2.35 Two versions of a prerequisite tree.

them. Next, we'll start using the CLR and these conventions to build a tree.

SUMMARY

The Categories of Legitimate Reservation are used to ensure that the cause-and-effect
trees we build are logically sound. We've seen how to use them to scrutinize the logic
trees of others. They can also be used in the course of normal interpersonal interaction to
evaluate what people say, even if the speakers are not expressing themselves with logic
trees. We've also been introduced to some standard symbols and conventions for using

There is a mighty big difference between good, sound reasons and
reasons that sound good.

—Burton Hillis
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1. CLARITY (seeking to understand)
e Would I add any verbal explanation if reading the tree to someone else?
e s the meaning/context of words unambiguous?
¢ Is the connection between cause and effect convincing “at face value”?
e Are intermediate steps missing?

2. ENTITY EXISTENCE (complete, properly structured, valid statements of cause or effect)
* |s it a complete sentence?
e Does it make sense?
e |s it free of embedded “if-then” statements? (Look for “...because...” and “...in order to....")
e Does it convey only one idea? (not a compound entity)
e Does it exist in my (or someone’s) reality?
e Can it be documented with evidence?

3. CAUSALITY EXISTENCE (logical connection between cause and effect)
e Does an "“if-then” connection really exist?
e Does the proposed cause, in fact, result in the stated effect?
e Does it make sense when read aloud exactly as written?
e [s the cause intangible? (If so, look for a confirming additional predicted effect)

4. CAUSE INSUFFICIENCY (a non-trivial dependent element missing)
e Can the cause, as stated, result in the effect on its own?
e Are any significant causal factors missing?
e Is/are the written cause(s) sufficient to justify all parts of the effect(s)?
e |s an ellipse required?
e Are any causes that are not really dependent included?
5. ADDITIONAL CAUSE (A separate, independent cause producing the same effect)
e Is there anything else that might cause the same effect on its own?
o If the stated cause is eliminated, will the effect be (almost completely) eliminated?

6. CAUSE-EFFECT REVERSAL (Effect misstated as the cause; arrow pointing in the wrong direction.)
e [s the stated effect really the cause, and the stated effect really the effect?
¢ |Is the stated cause really a reason why, or just how we know the effect exists?

7. PREDICTED EFFECT EXISTENCE (additional corroborating effect resulting from the cause)
¢ |s the cause intangible?
e Do other unavoidable outcomes of the proposed cause exist besides the stated effect?

8. TAUTOLOGY (circular logic)
e [s the cause intangible?
¢ |Is the effect offered as the rationale for the existence of the cause? (for example, “What else
could it be?”)
e Are other unavoidable outcomes identifiable besides the proposed effect?

Figure 2.36 Categories of legitimate reservation: self-scrutiny checklist.

ENDNOTES

1. Covey, Stephen R. The Seven Habits of Highly Effective People: Powerful Lessons in Personal Change.
NY: Simon and Schuster, 1989.
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It is more important to know where you are going than to get
there quickly. Do not mistake activity for achievement.

—Mabel Newcomber

INTRODUCTION

The most insidious contributor to the failure of continuous improvement effort is what
might be called the “Nero syndrome”—fiddling while Rome burns, or rearranging deck
chairs on the Titanic. In other words, focusing on the inconsequential instead of the critical.
In Theory of Constraints terms, this is known as working on a non-constraint.

As we saw in Chapter 1, by trying to improve everything everywhere, we risk not
improving anything that really counts. Why? Because if only a few key leverage points in
any system influence overall system performance at any given time, trying to improve
most of the system will be counterproductive. It will consume more resources than the
value of the improvement it produces. Only resources applied to the real leverage points
will pay for themselves. This is the “anchor” holding back continuous improvement
programs such as Six Sigma.

DEFINITION

An Intermediate Objectives (IO) Map is a graphical representation of a system’s goal,
critical success factors (CSFs), and the necessary conditions (NC) for achieving them.
These elements are arrayed in a logically connected hierarchy, with the goal at the top, the
CSFs immediately below it, and the supporting NCs below them. Each of the entities in
the IO Map exists in a necessity-based relationship (see Chapter 2) with the entities below
it. The CSFs could be considered major milestones, or terminal outcomes, on the journey
to the goal. NCs represent the conclusion of significant activities required to complete
the CSFs.

PURPOSE

The IO Map is intended to fix in time and space a firm baseline or standard for what
should be happening if a system is to succeed. Its collective depiction of goal, CSFs, and
NCs constitute the system’s benchmark of desired performance—the destination toward
which all system improvement efforts should be directed. In other words, before you can
decide how well you're doing, you must have a clear understanding of what you should be
doing. A well-constructed IO Map presents a rational, unemotional representation of the
non-negotiable requirements a system must satisfy in its quest to achieve its stated goal.
These are not things you'd like to do, but rather things you must do if the goal is to be
achieved. Without such a frame of reference, the determination of what should be changed
within the system is merely a matter of opinion and speculation.

ASSUMPTIONS

¢ All systems have a goal and critical success factors that must be satisfied if the goal
is to be achieved.

¢ The goal and CSFs exist in an interdependent, hierarchical structure.
¢ The goal will be unique to each system.

e Critical success factors and their interrelationships will be unique to each system
and the environment in which the system functions or competes.
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e CSFs and NCs are related to each other in a necessity-based configuration that
reflects the rule set governing the system's competitive / functional environment.

¢ The Goal, CSFs, and NCs can be determined by people within or outside of a system.

¢ Arobust IO Map will present an accurate picture of a system's goal, CSFs, and their
supporting NCs.

HOW TO USE THIS CHAPTER

* Read “System Boundaries, Span of Control, and Sphere of Influence,” “Doing the
Right Things Versus Doing Things Right,” and “Description of the Intermediate
Objectives Map”

® Read “How to Construct an Intermediate Objectives Map”

® Review Figures 3.14, “How to Construct an Intermediate Objectives Map,” and
3.15, “Example of a Real-World Intermediate Objectives Map”

* Review Appendix A

e Practice creating your own Intermediate Objectives Map

SYSTEM BOUNDARIES, SPAN OF
CONTROL, AND SPHERE OF INFLUENCE

We've been talking about systems since Chapter 1. By now it should be clear that the
Logical Thinking Process is a system-level problem-solving tool. But one person’s system
can be another person’s process, and vice-versa. For example, a production manager
might see his operation as a system, but the chief executive officer of the same company
might see it as a process that’s only a part—albeit an interdependent part—of the larger
company system. The company itself is part of a larger system that might be called the
national industrial base, which, in turn, is part of a still larger system called the nation’s
society. You can see that this concept can be extended to many successively higher (or
lower) levels.

We'll discuss this hierarchical nature of systems in more detail shortly, but for now this
concept is important because it helps us keep from losing control of our problem-solving
process. We must be able to define precisely what system (and level) we're addressing. In
other words, we need to be able to define a boundary for the system we’re trying to
improve, or we risk “wandering in the wilderness for forty years.”

In some cases, this can be as easy as drawing a dotted line around specific boxes on
an organization chart. When the system is less structured than that, it may be necessary
to create a mental picture of it. Defining a system boundary makes it easier to determine
which elements of our problem lie within the system and which reside in the external
environment.

Being able to differentiate internal elements from external makes it easier to identify
which ones may lie within our span of control, which might be within our sphere of
influence, and which ones are beyond our influence altogether. Issues that are within our
span of control are relatively easy to resolve. Those within our sphere of influence will
likely be more difficult to address. And we might have no impact at all on those beyond
our influence altogether.
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Span of Control

Simply put, our span of control includes all of those things in our system over which we
have unilateral change authority. In other words, we can decide to change those things on
our own. Span of control varies for each individual, but it has one common characteristic
for everybody: it's extremely limited. It doesn’t matter if you're the President of the United
States or a company employee—most of what you must deal with on a daily basis is
beyond your unilateral control.

Sphere of Influence

Sphere of influence is an arbitrary perimeter enclosing those aspects of our lives that we
can influence to some degree, even if we can’t exercise unilateral control over them. The
sphere of influence obviously is substantially larger than the span of control.*

The External Environment

The external environment is composed of some elements over which we have a degree of
influence, and many more elements over which we have no influence at all. Knowing
which external elements we can influence gives us clues about how difficult influencing
them will be and what must be done to improve our situation. Knowing which elements
we can’t influence immediately identifies obstacles we’ll have to work around.

Control vs. Influence

The distinction between span of control and sphere of influence is important, because the
latter is not fixed or absolute. In the systems in which we operate, we can influence far
more than we can control, and we can influence far more that most of us realize that we
can. As we'll see, the Logical Thinking Process provides a way to extend our spheres of
influence to include things we never thought possible. So, before we begin problem
solving, it’s a good idea to have a sense of “our place in the universe”—where our
boundaries lie, what we can control, what we can influence and what we can’t. Figure 3.1
illustrates the concept of system boundary, span of control, and sphere of influence.

DOING THE RIGHT THINGS vs. DOING THINGS RIGHT

How can we be sure of applying efforts where they'll do the most good? Goldratt would
say, “Use the Five Focusing Steps” (see Chapter 1) to find and manage the system's
leverage points. Fine, but specifically how is that done? Obviously, no two organizations
are exactly alike, even within the same industry. By their very natures, different systems
will be constrained in different ways. Warren Bennis and Burt Nanus have equated
management with efficiency—doing things right—and leadership with effectiveness—doing
the right things.'?' If you subscribe to this characterization, then defining what needs
changing is an expression of effectiveness. So, how can leader find those right things to
do—the few critical things that need changing?

The Goal

Determining what needs changing requires that we first know what we're trying to
achieve—where we want to be when all is said and done. Or, as Stephen Covey suggests,
“Begin with the end in mind.”?% There's a simple reason for doing this. The desire to

*In fact, for some people sphere of influence is all they have. They may not even have unilateral
decision authority over something as basic as the television remote control!
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Figure 3.1  System boundary, span of control, and sphere of influence.

change something stems from dissatisfaction with the current situation. Dissatisfaction,
in turn, grows from the perception of a gap between what is and what should be. Before
we can legitimately criticize what is, it's essential for us to have a clear impression of what
should be—in other words, our system's goal.

An unequivocal goal statement is the basic starting point. By definition, a goal is an
end to which a system's collective efforts are directed.® To that extent, it might be
considered a destination of sorts. A destination naturally implies a journey across the
aforementioned gap between where we are and where we want to be. In order to
determine the size of the gap and the direction of the correction needed, agreement on the
system's goal is essential.

Who Sets the Goal?

Often there are diverse opinions about what the goal is or should be, or what it can or can't
be. Everybody is entitled to an opinion, but when it comes to deciding what the goal is,
only one opinion counts: that of the system’s owner.

For a privately held company, the owner is sometimes a single individual. This is
especially common in family-owned companies. Some private and all public companies
are collectively owned, with ownership represented by a board of directors. Not-for-profit
organizations may not have an owner, per se, but they're usually governed by a board of
trustees. Government agencies are ultimately “owned” by the citizens whose taxes fund
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them.* Regardless of whether ownership is solitary or collective, the system's owners are
the only ones with the authority to determine what the goal will be. If someone other than
the owner establishes the goal, it's incumbent upon that person to define a goal with
which the owner (or board) would agree.

Critical Success Factors and Necessary Conditions

In striving for a goal, inevitably we find certain high-level requirements or necessary
conditions that must be satisfied. These conditions qualify as “show-stoppers”—if all are
not satisfied, the goal can't be attained.

There are normally no more than about three to five of these critical success factors
(CSFs), and they are high level from the perspective of the whole system. In fact, they
might be considered terminal outcomes in attaining the goal.

Each CSF usually has some number of necessary conditions (NC) that are prerequisites
to its accomplishment. The only real difference between a CSF and a NC is their degree
of specificity.

Picture NCs and CSFs arranged in a vertical hierarchy (see Figure 3.2). Before the CSFs
can be achieved, the subordinate necessary conditions must be satisfied. But these necessary
conditions may themselves have supporting necessary conditions (see Figure 3.3).

DESCRIPTION OF THE
INTERMEDIATE OBJECTIVES (I0) MAP

The relationship among the ultimate system goal, the critical success factors, and their
supporting necessary condition hierarchy can be represented in a single logic tree called
an Intermediate Objectives (I0) Map (see Figure 3.4). The IO Map is a cascading structure
of requirements, from general at the upper level to more specific at the lower level. In its
entirety, it represents what ought to be happening—the system's destination, mentioned
earlier. Notice, too, that the CSFs in Figure 3.4 are terminal outcomes and that the
subordinate NCs are more narrowly focused, detailed efforts.

Critical Critical Critical
Success Factor Success Factor Success Factor

A A
Necessary Necessary
Condition Condition Necessary Necessary
Condition Condition
Necessary
Condition Necessary
Condition
Figure 3.2  Necessary conditions: prerequisites to critical success factors.

* I know, I know...when it comes to government agencies, they often seem more like civil masters

than civil servants, but it's not supposed to be that way!
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Critical
Success Factor

Necessary Necessary Necessary
Condition Condition Condition
Necessary Necessary Necessary
Condition Condition Condition

Figure 3.3  Necessary conditions: a vertical hierarchy.

Strategic Application

As Covey says, beginning with the end in mind is essential in any problem-solving
process. Whether you're solving problems at a process level or at some higher system
level, a standard of desired performance must be commonly accepted, or you risk
fragmented, uncoordinated, ineffective efforts.

This danger is even more pronounced at the highest system levels—the strategic. The
broader and more sweeping system changes are, the greater the risk of failure and the
higher the price tag in wasted resources. Consequently, the need to define a goal, critical
success factors, and necessary conditions is even more compelling at the strategic or
highest organizational level.

The concept of a Strategic Intermediate Objectives Map is addressed in more detail in
Strategic Navigation: A Systems Approach to Business Strategy.*

A Hierarchy of Systems

There's a little poem that illustrates the nature of complex systems:

Big fleas have little fleas upon their backs to bite 'em.
Little fleas have lesser fleas, and so on, ad infinitum.>

What this couplet says about systems is that they are essentially “nested” in
hierarchies. The tool and die department of a company is itself a small-scale system. But
it's also a key component of a somewhat larger system called the production process. The
production process, in turn, is part of a larger system called operations, which includes
engineering. The operations system is part of yet a larger system: the business division.
The business division is part of an even larger system called the corporation.

Each of these system levels could be said to have a goal, critical success factors, and
necessary conditions of its own—in other words, its own Intermediate Objectives Map. At
the top of each IO Map is a goal. But because of the “nested” nature of these systems (and
their respective IO Maps), each lower level's goal constitutes a necessary condition—or
perhaps a critical success factor—of the next higher level. This concept continues in a
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MAXIMUM
PROFITABILITY
(Goal)

Cost-effective
capacity and
capability to deliver
(CSF)

High demand

for products

and services
(CSF)

(Critical Success

Factors)
Effecti_ve Competitive “Leading edge”
marketing advantage processes
and sales (CSF) (CSF)
(CSF)
Innovative Secure, World-class
product and satisfied methods
service design workforce (NC)
(NO) (NO)
(Necessary
Conditions)
Highly qualified Highly motivated
employees employees
(NO) (NO)
Figure 3.4  Strategic Intermediate Objectives (I0) Map.

repeating fashion until the consensus boundary of the largest system is reached: the
corporation; the municipal, state, or national government; or some other generally
accepted delineation between what's considered “internal” and “external.” Figure 3.5
illustrates this hierarchical concept of systems and IO Maps.

10 Maps Are Unique

An Intermediate Objectives Map for a particular system will be unique to that system and
the environment in which it operates. This should not be surprising, since it represents the
set of interdependent conditions that any given system must satisfy in order to achieve its
goal. That set will differ for Boeing, Microsoft, Archer Daniels Midland, the Los Angeles
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Figure 3.5 The "nested” hierarchy.

Unified School District, the United Way, the U.S. Department of the Interior, Swain's
General Store, the Yankee Candle Company...you get the idea.

None of these systems will have the same IO Map as any other. Though there may be
common elements among them, each system’s IO Map will reflect the unique,
interconnected elements necessary for that system to succeed—to achieve its goal—in its
chosen mission and the environment in which it operates. Whether the system in question
is a government, a multinational corporation, an army, a family, an individual, or even a
plant in a garden, there will be a specific, unique IO Map that identifies the hierarchy of
requirements the system must meet in order to realize its goal. Two identical systems
operating in the same environment might be the only possible exceptions.

Characteristics of the 10 Map

Though unique in their content, all IO Maps have some common basic characteristics:
¢ They terminate in the system goal at the top.

e Alimited number of critical success factors—usually no more than three to five—
are the immediately preceding prerequisites to achieving the goal. Normally, these
are high-level outcomes of supporting (subordinate) requirements or necessary
conditions.

e A limited number of necessary conditions—milestones—must be attained,
sometimes in combination, in order to satisfy each critical success factor.
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e Each successive descending layer of necessary conditions is somewhat more
specific or detailed than the layer above it. There should not be more than about
two layers of necessary conditions below the level of critical success factors.

¢ Asawhole, the IO Map represents the destination and key intermediate milestones
the system is striving for.

CSFs and NCs are not a matter of choice or wishful thinking; their existence and necessity
is a matter of logic that is governed by the choice of the system mission, the environment
in which it functions, and its stated goal.

Examples of Strategic Intermediate Objectives Maps

Nothing conveys a message as effectively as a good example. Here are two examples of
Intermediate Objectives Maps. One is the IO Map of a commercial company. The second
represents a not-for-profit foundation.

Process-Level IO Map

Figure 3.6 shows a notional IO Map for a production process. Keep in mind that because
the focus of this IO Map is process rather than a higher level system, the goal and the
CSFs are more limited in scope than one would expect for the company-level map of the
same organization. Notice, too, that the goal is likely to be a necessary condition or critical
success factor of that higher level company IO Map.

System-Level IO Map

Figure 3.7 shows a real IO Map for a not-for-profit educational foundation.* Notice that
the goal is that of the whole organization, not just a process or part. The CSFs are
decidedly functionally oriented, and the NCs address specific activities.

HOW TO CONSTRUCT AN
INTERMEDIATE OBJECTIVES (I0) MAP

An Intermediate Objectives Map can easily be constructed by one person, often in as little
as 15 minutes or less. But if the system it represents is larger than the span of control of
the person constructing the IO Map, external scrutiny of the finished IO Map and its
components is more than just advisable—it’s necessary in order to prevent starting down
the wrong path. Here’s the procedure for constructing an IO Map.

1. Define the System

The first step is to determine the boundary of the system under consideration, your span
of control, and your sphere of influence in it. Can you define the system as an
organizational entity with clearly established functional limits?

Keep in mind that while geography can play a part, the important factors in any
system are functional, regardless of where they’re located. A grocery store chain, for
example, has clearly definable organizational boundaries, even though it may have a
headquarters, many distribution warehouses, and hundreds of retail stores spread out
over a wide geographic area.

* The Sam Spady Foundation is dedicated to educating young people, parents, and teachers
on the dangers of binge drinking and alcohol poisoning. For more information, visit:
www.samspadyfoundation.org
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GOAL
A robust, responsive
production process

CSF CSF CSF
Maximum Minimum Maximum
first-time manufacturing flexibility
quality cycle time (adaptability
to customer

demand)
NC

High-quality
i NC
raw materials NC
NC Short raw .
material order- Effective
Effective to-delivery application of f!ow-
process quality lead times based production
assurance methods
NC \ NC NC
NC
Meet ) . Minimum Just-in-time
ISO 9000 High quality, production work-in-
requirements fast, rel!able scheduling process flow
supplier cycles

NC

Effective buffer
management

Figure 3.6  Production process IO Map.

An easy way to determine the boundaries of an organizational system is to ask,
“Who's this system analysis for? Who's the ultimate decision maker in this system or sub-
system?” The answers to these questions tell you what the boundaries of the
organizational unit will be.

Taking this first important step helps us determine what’s within the system—directly
within our span of control or sphere of influence. In other words, the components or
factors we may be able to work on directly. Determining our span of control and sphere
of influence tells us the degree to which we’ll need the assistance of others to effect
changes that we ourselves don’t have the authority to make alone. In other words, who
else’s “horsepower” must we bring to bear on the situation? Knowing the answer to this
question gives us a preliminary sense for the scope of the persuasion task ahead of us.
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GOAL
All teenage alcohol
poisoning deaths in
the U.S. are prevented

CSF T

High visibility
(public awareness)

CSF CSF CSF
Effective use of Flexible, Adequate
multiple media and effective funding
communication organization
channels
NC T
NC
Aggressive
public relations, L
romotion Organization
P optimized for
the mission
NC NC
C(e)rr:\r)ael::]ng, Preferred
gaging communication
message
channels

engaged/activated

Figure 3.7  Not-for-profit |0 Map.

2. Determine the System Goal

Once we know the boundaries of the system we’re working with, the next step is to
articulate its goal. If we personally aren’t the ultimate decision makers for the system,
we’d be well advised to find that person and ask what the goal is. Alternatively, we could
formulate our best guess about the goal of the system and present it as a “straw man” for
the decision maker to accept or modify. However we decide to do it, we should try to put
ourselves in the shoes of the real owners of the system and come up with a goal statement
they would agree with.

Remember that the underlying purpose of the IO Map is to identify a destination that
we're trying to reach—a benchmark against which we can assess what’s actually
happening within the system. This means that the goal statement should reflect outcomes,
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not continuing activities. For example, in the fifth of his famous 14 points, W. Edwards
Deming said:

“Improve constantly and forever the system of production and
service, to improve quality and productivity, and thus constantly
decrease costs. "3

Certainly admirable, and a means to a goal (an activity), but not a goal in itself.
Whenever we find ourselves tempted to list an activity as the goal, we should ask
ourselves, “Why are we doing this? What's the higher purpose toward which this activity
is directed? What would the owner(s) expect to result from this?” Figure 3.8 shows generic
examples of typical goal statements for a commercial for-profit company and a not-for-
profit charitable foundation.

Notice that in both cases, the goal is stated as a condition—an outcome of activity—
not as an action or activity itself.

NOTE: The goal statement is obviously not a complete sentence. This would
seem to be a violation of the Entity Existence reservation (see Chapter 2).
However, keep in mind that the Categories of Legitimate Reservation (CLR)
were designed to verify sufficiency statements (if-then). The logic trees that
use sufficiency statements are Current Reality, Future Reality, and Transition.
The IO Map, the Evaporating Cloud, and the Prerequisite Tree are necessary
condition trees—they indicate minimum essential requirements, not all
elements sufficient to produce the result. These trees may be expressed as
short phrases rather than as complete sentences.

3. Determine the Critical Success Factors

Once the goal is agreed upon, we must unearth the major critical success factors (CSFs)
without which the goal can’t be achieved. Normally, there aren’t more than three to five
of these, and there may be fewer. The common characteristic of CSFs is that they’re high-
level terminal events or milestones. Their satisfaction is usually the culmination of more
specific, detailed efforts, usually in different functional areas. We might call these major
functional outcomes.

Remember that this is a complex system we're talking about, so each of the major
system components is likely to be represented in the critical success factors in some way.
Also keep in mind that critical success factors, by definition, are high-level “show-
stoppers.” If they don’t happen, we don’t reach our goal. Figure 3.9 shows typical CSFs
for the goals indicated in Figure 3.8.

GOAL
Cost-effective improvement
of the overall health
of the community.

GOAL
Increasing profitability,
now and in the future.

(Typical goal for a commercial (Typical goal for a not-
for-profit company) for-profit medical center)

Figure 3.8  Goal statements (examples).
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NOTE: At this stage, the important thing is to brainstorm all the critical success
factors and, eventually, the necessary conditions that precede them. But it's not
necessary to start doing so in a tree format, although you could if you chose to.
It would be sufficient to list the CSFs on a piece of paper. Then, beside each
one, list the necessary conditions that must be satisfied to achieve the CSFs.
This list can be converted into the entities of an IO Map later.

4. Determine Key Necessary Conditions

The critical success factors can’t stand alone. They're high-level outcomes, only slightly
less abstract than the goal itself. Their distinguishing characteristic is that they are related
to the functional activity of some component of the system. For the commercial company
illustrated in Figure 3.9, these functions are revenue generation, cost control, and
inventory control. In the case of the medical center, they’'re the cost-effective prevention
of illness or injury and the remediation of such illness or injury as does occur. Notice that
in both cases, the CSFs are functional subsets of the goal they’re supporting, but they’re
not “actionable” in and of themselves. In other words, the discrete activities needed to
make the CSFs happen lie below the level of the CSFs themselves.

These activities are necessary conditions for the satisfaction of the CSFs. We might call
them “building blocks.” The CSFs rest on the foundation of these necessary conditions
(NCs). The NCs may be quantifiable, measurable outcomes of specific activities, or they
may be qualitative outcomes—"yes” or “no” conditions. Their common characteristics
are that they are functionally related to the CSFs they support and that they are more
specific in their content.

GOAL
Increasing profitability,
now and in the future.

; Optimum
Maximum . .
Optimum cost inventory/
revenue .
investment

Critical Success Factors — Commercial For-Profit Corporation

GOAL
Cost-effective improvement
of the overall health
of the community.

Cure illness/injury
affordably in
minimum time

Prevent illness/
injury affordably

Critical Success Factors, Not-for-Profit Medical Center

Figure 3.9  Critical success factors (examples).
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As we saw earlier, NCs are hierarchical, too, just like the goal and the CSFs.
Theoretically, we could build such a vertical hierarchy from the goal of an organization all
the way down to the day-to-day functions of the lowest-level employee. But for the
purposes of establishing an overall destination, that would be far too much detail to
include in an IO Map. Let’s not lose sight of the purpose of the IO Map: to define a clearly
identifiable benchmark for success of the overall system.

Of necessity, then, we can’t allow this IO Map to become too detailed. It's not likely
that any CSFs will need more than three to five NCs. Because these NCs themselves are
hierarchical, there could be more than one layer of them below the CSFs, but as an
arbitrary rule of thumb, we’ll try to limit the NC to no more than two layers, if possible.
Figure 3.10 shows the NCs for the two sets of goals and CSFs from Figures 3.8 and 3.9.

GOAL
Goal Increasing profitability,
now and in the future.

Critical Success Maximum _ .Opt|mum
Factors revenue Optimum cost inventory/
investment
World-class Competitive Efficient Effective inventory
marketing & sales advantage production management
Necessary
Conditions .
Inr(;ov;atlved di l:olgu:t Leading-edge State-of-the-art
products an istribution methods technology
services channels
Necessary Conditions - Commercial For-Profit Corporation
Goal GOAL
od Cost-effective improvement of
the overall health of the community.
. ; Cure illness/injury
Critical Success Prevent illness/ fordably i
injury affordabl arroraably in
Factors ur Y minimum time
Robust health improvement/ Effective community Timely, effective
maintenance effort outreach first-time treatment
Necessary
Conditions High-quality State-of-the-art Effective, efficient
health diagnostic management/administrative
practitioners capability methodology

Necessary Conditions — Not-For-Profit Medical Center

Figure 3.10 Necessary conditions (examples).
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5. Arrange the 10 Map Components

Now it’s time to start constructing the IO Map itself. If you captured your CSFs and NCs
as a list on a single sheet of paper (see Figure 3.11), it’s time to convert them to entities for
the IO Map. If you created your list of CSFs and NCs on Post-it Notes, you can begin
arranging them immediately.

Transcribe the goal, CSFs, and NCs onto Post-it Notes or enter them into a computer
application that can generate logic tree entities. Then, either on Post-it Notes or in the
computer, arrange the logic tree entities in a rough pyramid, with the goal at the top,
the CSFs in the middle, and the supporting NCs near the bottom. Figure 3.12 shows the
entities listed in Figure 3.11 converted to both forms.

6. Connect the Goal, Critical Success Factors, and Necessary Conditions

The tree is formed when the goal, CSFs and NC are connected in a necessity-logic
relationship.

Connect each of the CSFs to the goal. If one or more CSFs actually precede and lead
to another CSFs, rearrange the entities and connect them with single arrows, as required.

GOAL -1 GOAL
i tabili Increasing
- Increasing profitability, now and .
in the fua?ufe Y T~ profitability, now
R and in the future.

CRITICAL SUCCESS FACTORS ~

- Maximum revenue

- Optimum cost Maximum
- Optimum inventory/investment revenue
Optimum
cost
NECESSARY CONDITIONS
. - Optimum
- World-class marketing & sales ~~. _ inventory/
- Competitive advantage T - investment
- Efficient production ol
- Effective inventory management AN
- Etc. NS -
- Etc. RN -
S\ World-class Competitive o
. marketing advantage
AN and sales
\\\ Etc.
AN Effective
AN inventory -
AN management Eff|C|er.1t
'R production

Figure 3.11 Convert goal, CSF, and NCs to logic tree entities.



Intermediate Objectives Map 83

GOAL
Increasing
profitability, now
and in the future.

Goal at the top

Critical Success Maxi Opti Optimum

Factors below aximum ptimum inventory/

the Goal revenue cost investment
World-class . - i
marketing Competitive Efficient iiﬁ:ﬁg’g

and sales advantage production management

Necessary Conditions

below the Critical

Success Factors (no Etc Etc

more than two layers) ’ ’

Figure 3.12 Arrange logic tree entities.

Connect the NCs to the appropriate CSFs using single arrows. You identified most of
these relationships when the NCs were articulated, so connection should be just a
formality. Create a second layer of NCs if the situation dictates.

NOTE: Try to limit yourself to two layers of NCs or you risk making the IO
Map too detailed. Remember: this is meant to be a high-level tree. The details
will emerge in Future Reality Trees and Prerequisite Trees.

Almost all your connections will be oriented vertically—that is, from a lower layer to the
one above it. But some connections may be lateral as well. In other words, look carefully
to identify any NC that is required for more than one CSFs, and add connections as
required. Likewise, NCs on a second level may support more than one NC on the level
above them. Figure 3.13 shows what the final IO Map should look like. Notice that in both
cases a single NC supports more than one CSF.

7. Verify the Connections

Remember, this is not a sufficiency-logic tree, so not all the Categories of Legitimate
Reservation apply the way they would to a Current Reality, Future Reality, or Transition
Tree. Even though this is a necessity-logic tree, you can check for some of the same logical
elements that you find in the CLR.
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Increasing profitability,
now and in the future.

GOAL

Critical Success | Maximum Optimum Optimum inventory/
Factors revenue cost investment
World-class Competitive Efficient Effective inventory
marketing & sales advantage production management

Necessary
Conditions

Innovative
products
and services

Robust
distribution
channels

Leading-edge State-of-the-art
methods technology

Necessary Conditions — Commercial For-Profit Corporation

Cost-effective improvement of the
overall health of the community.

GOAL

Critical Success
Factors

Prevent illness/
injury affordably

Cure illness/injury affordably
in minimum time

-------------- F R A

maintenance

Robust health improvement/

effort

Effective community Timely, effective
outreach first-time treatment

Necessary
Conditions

High-quality
health
practitioners

State-of-the- Effective, efficient
art diagnostic management/administrative
capability methodology

Necessary Conditions — Not-For-Profit Medical Center

Figure 3.13  Strategic-level IO Maps (examples).
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¢ Consider the CSFs, for example. Are they really indispensable to realizing the goal?
If a particular CSF was absent, could the goal still be achieved? If so, then it wasn’t
a legitimate CSF in the first place. If it must be there, you can be sure that it’s a
legitimate CSF. Repeat this process for each of your proposed CSFs.

e Is the proposed CSF the last thing that must happen (that is, a terminal outcome)
before you can safely say the goal will be achieved? Or does it actually produce
some intermediate outcome, which would likely be the real CSF?

e Are there only three to five CSFs? If there are fewer than three, it may be okay for the
particular circumstances in question. If there are more than five—say, six or seven—
that may be okay, too. But once you get beyond five, the chances increase dramatically
that one or more of them may be a NC that supports one of the “real” three to four
CSFs. If this is the case, drop that entity down to the NC level of your tree.

The “10,000-Foot Test”

Once you think you’ve identified the right number of CSFs and NCs, and you think
you’'ve got them all “wired” (that is, connected) properly, cross-check the entire tree with
your intuition. How do you do this? Take the “10,000-foot view.” If you’ve ever stood on
a mountain top and looked at a valley below, you know that you don’t see much detail.

What you do see is overall patterns and relationships among physical land features:
streams, forests, hills, and so on. Cultivated fields become part of a larger farm. Individual
houses blend into crossing streets in a town. Roads intersect in complex patterns you
don’t see (except in your mind’s eye) when you're driving on them.

Try looking at the IO Map in the same way. Do the NCs that support a particular CSF
all seem to be part of an integrated pattern, and does that pattern reflect your intuition
about how life is, or must be? Are those integrated patterns all topically related (for
example, marketing and sales, production, inventory and distribution, engineering, and
so on)? And does your intuition tell you that those overall topics are truly indispensable
to achieving the goal? If so, your IO Map passes the “10,000-foot test.” If not, adjust it
until it does.*

8. Enlist Outside Scrutiny of the Entire |10 Map

The “10,000-foot test” is only your individual effort to verify the completeness and validity
of your IO Map. A critical part of verification is outside scrutiny. This is particularly
important if you're working on an organizational issue, rather than a personal problem.

Remember that you're “setting the survey stakes” for the layout of a solution to a
complex problem. Different people of varying influence will have different perspectives
on what the organization should be doing to reach its goal (or even different ideas about
what the goal actually is, if senior leadership has not clearly articulated it).

Remember, too, our earlier discussion about span of control and sphere of influence.
It's probable that you’ll need to work in your sphere of influence, or convince somebody
in yours to work in theirs on behalf of the problem solution. It really helps later on, during
the heavy lifting of problem analysis and solution generation, if everyone whose help you
need is “singing from the same sheet of music”’—that is, working from the same
understanding of goal, CSFs, and NCs. So, don’t be in too much of a rush to charge off into
a Current Reality Tree (Chapter 4) until and unless you're certain that your IO Map
accurately reflects a destination and a general route that everyone is likely to subscribe to.

* Some refer to the “10,000-foot test” as the TLAR (pronounced TEE-lar) method, meaning “That
Looks About Right.”
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NOTE: We're getting a little ahead of ourselves here. In Chapter 8 we'll
examine the dynamics of persuasion and consensus building in more detail.
For now; suffice it to say that your bigger job of system improvement becomes
substantially easier if you know you're working toward the same goal and
CSFs that everyone else is.

Figure 3.14 provides an illustrated, abbreviated checklist for constructing an IO Map.
1. Define the System

¢ Decide on the system boundary: international, national,
state, corporate, division, family, personal, and so on. GOAL

2. Determine the System Goal
¢ What is the single outcome for which the system exists?
¢ What would the system’s owners say it is?
¢ Obtain consensus on the goal if others are responsible

FR CRITICAL
for setting it. SUCCESS
3. Determine the Critical Success Factors (CSF) FACTOR

e What are the 3-5 high-level terminal conditions
that must be satisfied for the goal to be achieved?

¢ Ensure that they are the last milestones to be
achieved before the goal can be declared satisfied.

NECESSARY
4. Determine the Key Necessary Conditions (NC) CONDITION
¢ What key activities or tasks are required to
realize the CSF? (No more than 3-5 per CSF.)
e Limit your NCs to no more than two layers in the

final 10 Map. (If you have more, trim some off.)

5. Arrange the 10 Map Components
® Goal at the top
e CSF below the goal CSF #1 CSF #2 CSF #3
¢ NC below the CSF

6. Connect the Goal, CSF, and NCs
e Use single arrows (no ellipses or magnitudinal
“AND" symbols).
e Connect vertically.

e Connect horizontally, as dictated by the situation. GOAL
7. Verify the Connections

¢ Necessity logic, not sufficiency
L . . SF #1 SF #2 SF #
¢ Cross-check finished connections with ¢ ¢ CSF#3

your intuition (“10,000-foot view") / \ >\ \

NC-1a NC-1b NC-2a NC-3a

8. Enlist Outside Scrutiny of the Entire IO Map NC-1a NC-1b| | NC-2a NC-3a
¢ Identify and insert any missing CSF. f K
¢ [dentify and insert any missing NC. T /—) fﬁf X
¢ [dentify and attach any missing connections. NC-3b | | NC-3¢
* Rearrange entities to minimize “cross-overs.” NC-1c| | NC-2a| | NC-2b

e “Trim off” any low-level NCs that would be better
addressed in execution planning (not “destination determination”).
e Obtain outside scrutiny when you think its complete and as good
as you can make it.

Figure 3.14 Procedures for constructing an Intermediate Objectives (I0) Map - abbreviated
checklist.
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SUMMARY AND CONCLUSION

In the Lerner and Lowe Broadway musical play Paint Your Wagon, part of a verse from the
title song says:

Where am | going? | don’t know.
When will | be there? | ain’t certain.
All that | know is | am on my way.

The IO Map is intended to help us avoid that particular situation in real life. It forces
us to ask, and agree on the answer to, the question “What is our ultimate goal?” It further
demands that we identify the major milestones or accomplishments—the Critical Success
Factors—on the road to that goal. And it starts to hint at some of the key necessary
conditions, or specific activities, that must be completed for those CSFs to be realized.

Any time and effort spent up front constructing an IO Map is well worth the
investment. I facilitated the effort of 35 vice presidents and senior managers in the supply
chain of a large U.S. supermarket network (1,800 retail stores and 125 distribution centers)
to create their strategic IO Map. While getting 35 executives to agree on anything is no
small feat, we completed one in about four hours even though they had no prior
understanding of what the IO Map was all about. Not only was there consensus on the
accuracy of the map, but one vice president later told me, “In the previous company I
worked for, it took us four months to do what we did here in four hours.” There’s no better
testimony than that to the value of taking the time to define the goal, CSFs, and NCs.

Take a look at Figure 3.15 on the next page. This is the kind of outcome you should
be striving for: not too detailed, not too high-level, two or three layers of necessary
conditions at most. Clearly the critical success factors are high-level terminal outcomes
without which the company goal can’t be reached. This example is for a commercial
manufacturing company. However, the IO Map of a not-for-profit organization would be
similar. (Refer to Appendix A to see the IO Map of an educational foundation.)

Now that we have a clear visual image of the destination we should be striving for,
we're ready to take a comprehensive look at where we currently are, determine how big
the gap is between the two, and identify the action we should take to eliminate that
deviation. Our tool for this will be the Current Reality Tree.
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GOAL
(Goal) Make more money
now and in the future.

A A A

(Critical
Success Maximum Optimized High return
Factors) revenues cost on investment
Effective
(Supporting X L. . Optimized . capital
Necessary Sales fill up Sufflae.nt Efflcner)t ptimize investment
o production production production overhead
Conditions) " R R
capacity capacity operations
A Optimized
inventory
management
High market
demand Wor‘ljd—cl.ass State-of-the-art \
production equipment
A methods World-class
inventory
management|
Optimum Competitive methods
product advantage
price
Effective
marketing
and sales

NOTE: Normally, try to limit

Necessary Conditions to the two

highest layers immediately below
the Critical Success Factors

Superior
employees

Figure 3.15 Example: a real-world 10 Map.
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If you can keep your head when all about you are losing theirs,
then you obviously don’t understand the problem.

—Evans’ Law

a simple solution to a complex problem has been suggested? Does this mean that

complex problems can only be solved using complex solutions? No, but it does imply
that the complexities of the situation were not fully visible or taken into consideration
before a solution was proposed.

Corporate downsizing is a typical example. The indications that a problem exists are
usually obvious: Profits are down, sales are sluggish, cash flow may be down to a trickle,
and finished (unsold) inventory is high. What's senior management’s most common
response? Cut costs—lay people off! It's a solution, isn’t it? Certainly, but it's not that
simple. The causes of the obvious symptoms of this problem are not as clear cut as the
downsizing solution would have us believe.

What happens if the problem we’ve identified—excessive costs—is the wrong one?
Inevitably, we would expend time, energy, and resources solving the wrong problem,
which means that the original problem would still be with us. And that means the overall
situation will probably not improve. Or if it does, the improvement is likely to be minimal
and only temporary.

How can we avoid this pitfall—solving the wrong problem—which not only wastes
resources but may actually create new problems where none previously existed? Clearly,
the first and most important step is to be certain we’'ve identified the real problem
correctly. But there’s a funny thing about “real” problems in complex situations. They’'re
not usually visible to the naked eye. So, what can we do about that?

One option is to construct a Current Reality Tree—a logic tree Goldratt designed
specifically to find hidden system-level problems in complex situations. In this chapter,
we’ll see what a Current Reality Tree is, what it tells us, and why we can be confident that
it has pointed us at the right problem, even though that problem may be hidden beneath
many layers of cause and effect.

”I t's not that simple.” How many times have we heard someone say that, usually after

DEFINITION

A Current Reality Tree (CRT) is a logical structure designed to depict the state of reality
as it currently exists in a given system. It reflects the most probable chain of cause and
effect, given a specific, fixed set of circumstances. The CRT seeks cause-and-effect
connections between visible indications of a system’s condition and the originating causes
that produce them (see Figure 4.1). It's functional rather than organizational, blind to
arbitrary internal and external system boundaries. Consequently, it can produce a faithful
representation of cause and effect.

Please note, however, that a Current Reality Tree is 1ot a complete picture of reality.
It reflects only the part perceived to be unfavorable. Though it may accurately depict the
causal interconnections of the actual situation, it will only show those elements that
directly and unavoidably produce undesirable outcomes. So, in circumstances where a
system is functioning properly 80 percent of the time, the Current Reality Tree will show
only the 20 percent of the situation when it doesn’t. In this respect, it could be considered
a kind of system-level failure mode effects analysis (FMEA).
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Figure 4.1  The Current Reality Tree (CRT).

PURPOSE

The Current Reality Tree is designed to achieve the following objectives:
* Provide the basis for understanding complex systems.

e Articulate undesirable effects (UDEs) exhibited by a system. Such effects are
undesirable when compared with the system’s goal, critical success factors, or
necessary conditions (see Chapter 3).

* Relate UDEs through a logical chain of cause and effect to root causes (RC).

e Identify the critical root causes that produce a majority of the system’s UDEs,
including the worst ones.
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Determine which of the root causes lie beyond one’s span of control or sphere
of influence.

Isolate those few causal factors—system constraints—that must be addressed in
order to realize the maximum improvement of the system.

Identify the simplest potential changes that will have the greatest positive impact
on the system.

ASSUMPTIONS

The effectiveness of the Current Reality Tree is based on the following assumptions:

Cause and effect is not the same as correlation.

Interdependencies affect system components. A change in one component will
produce collateral changes in one or more other components.

All processes within a system, and the overall system itself, are subject to variation.

The operation of a system produces both intended (desirable) and unintended
(desirable or undesirable) effects.

Undesirable effects are undesirable only with respect to the previously defined
goal, critical success factors, or necessary conditions of the system.

Undesirable effects in a system do not exist in isolation from one another.

All effects within a system (desirable or undesirable) are the products of root causes
that may be several steps removed from these effects.

Cause and effect is governed by the Categories of Legitimate Reservation (CLR)
and is verifiable through the CLR.

Unstated assumptions about reality underlie all cause-and-effect relationships.

Events related by verifiable cause and effect will be replicable. Another iteration of
the chain should give the same effects if no changes to circumstances or to the
system are made.

HOW TO USE THIS CHAPTER

Read “Description of the Current Reality Tree,” the next section. This describes
what a Current Reality Tree is and how it works.

Read “How to Construct a Current Reality Tree” and the associated examples. This
section explains in detail each of the steps in building a Current Reality Tree and
why they’re necessary.

Read “Scrutinizing the Current Reality Tree.” This section tells how to ensure that
your Current Reality Tree is logically sound and accurately depicts “the way
things are.”

Review Figure 4.46, “Current Reality Tree: Fordyce Corporation.” This is a complete
Current Reality Tree that illustrates the challenges faced by a start-up medical
technology company. It is a typical real-world example of just how complex reality
can be and how effective the Current Reality Tree is at analyzing complex cause
and effect.
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e Review Figure 4.45, “Procedures for Building a CRT.” This is an abbreviated
checklist that you can use to guide you in constructing your own Current Reality
Tree. The checklist contains instructions and illustrations for each step. Detailed
explanations for each step in the checklists are provided in the chapter itself, under
“How to Construct a Current Reality Tree.”

e Practice with a “Current Reality Tree Exercise,” provided in Appendix C.

DESCRIPTION OF THE CURRENT REALITY TREE

The objective of the Current Reality Tree is to help you isolate what needs changing in any
situation. It does this by helping you identify the things that are clearly indicators of
system deficiencies and by tracing them back to one or more basic causes. As previously
discussed, these visible indicators are called undesirable effects; the factors that originate
them are known as root causes.

Why do you need a CRT to identify the undesirable effects and root causes? In some
cases you may not need one. Some situations are so simple and obvious that the root cause
stands out like a sore thumb. But the world is complex, and many (if not most) situations
encompass several factors or forces that interact to produce the effects we see around us.
In such cases, a complete visual depiction of the situation makes it considerably easier to
visualize the interdependencies in the system.

Plant growth, for instance, is normally thought to be the result of three necessary
conditions: water, nutrition, and light (see Figure 4.2). If a plant fails to grow properly, you
must immediately consider deficiencies in one of those three areas. But the failure of a
plant to grow may also be the result of factors beyond those three conditions, because
while they may be necessary, they may not be sufficient—a favorable temperature range

The plant grows.

Ambient temperature

range is favorable
The plant has 9

to the plant.
adequate P
nutrition.
The plant The plant is
has exposed to

adequate
water.

Nutrition is adequate sunlight.
appropriate

for the plant.

Nutrition is
available.

Water is Water is not
available. polluted.

Figure 4.2  CRT: plant growth (example).

The plant Direct sunlight is
requires direct available for the
sunlight. required hours.
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is needed, too. Diagnosing the problem may not be as simple as it looks, as most gardeners
can tell you.

Because most situations are complex, often with inconspicuous causes driving the
results, it can be difficult to decide what to change in order to make the situation right.
Combined with effective application of the Categories of Legitimate Reservation, a CRT
can help reveal complex relationships.

For example, if your house is consistently too hot or cold, a knee-jerk reaction might
be to adjust the thermostat in the central heating/air conditioning unit. Seems simple
enough. But if the outside temperature fluctuates significantly during the course of a day,
you could find yourself making a lot of adjustments. This might make the inside
temperature acceptable, but it might also result in higher utility bills. The simple CRT in
Figure 4.3 shows how much more complex the situation could be than it actually seems.
It also shows some root causes that, if you only adjust the thermostat, remain unaddressed
and will allow the problem to continue or surface again at another time.

A Single Tool or Part of a Set

The CRT can be used by itself to identify root causes of straightforward problems in your
daily life. Or it can be used as the first step in the entire Logical Thinking Process, to effect
major changes in complex systems. In either case, the process is the same. The final section
in this chapter discusses the use of the CRT with other Logical Thinking Process tools.

The house is Heating costs
too cold inside. rise excessively.

The heater
doesn't
come on.

More heat
escapes than
remains.

Cold air
leaks in.

Warm air
leaks out.

The Interior heat

thermostat radiates out.
setting is
too low.

The windows
are improperly
caulked.

The house
is poorly
insulated.

Figure 4.3  CRT: temperature in a house (example).
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Span of Control and Sphere of Influence

Before we can effectively explain the CRT, it’s necessary to establish the context in which
the CRT will be used. In Chapter 3 we discussed the importance of identifying your span
of control and sphere of influence. Now we’ll see how this concept applies directly to the use
of CRT for deciding which root causes we can reasonably expect to change.

As we saw in the last chapter, we all function in complex systems and have varying
degrees of control over our environment. In some areas we have a high degree of control.
These areas are said to lie within our span of control. We enjoy virtually complete authority
to change anything within our span of control. Just outside our span of control lies our
sphere of influence, a region of the environment where we can influence things to varying
degrees but where we don’t enjoy direct control. Beyond our sphere of influence we have
neither control nor influence (review Figure 3.1).

Once we understand this concept of reality, a few things about CRT become apparent.
In a complex situation, a CRT that accurately depicts reality might conceivably overlap all
three regions: our span of control, our sphere of influence, and the outside, or
uncontrolled, environment (see Figure 4.4).
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Figure 4.4  Span of control, sphere of influence, and the CRT.
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The most significant ramification of this situation is the effect it has on our decisions
about what we can change in a system. If the most significant root causes lie outside our
span of control, we must depend on others for help. This means persuading others to do
things they might not be obligated to do. If the root causes lie outside our sphere of
influence, we may not be able to do anything about them at all. If this is the case, we must
become truly creative in finding ways to work around root causes over which we have
no control.

Keep the concepts of span of control and sphere of influence in mind while you're
building your Current Reality Tree, but don’t let them limit you in its construction. Follow
the cause-and-effect chain wherever it may lead. But after the tree is done, and before you
select which root causes to attack, revisit the issue of sphere of influence. Use it to help you
decide for which problems you can reasonably expect effective results and for which
attack might be futile. Solving problems, especially big ones, is a game to see how far
toward the outer limits you can stretch your sphere of influence. “Root Causes” and “Core
Problems,” later in this section, address this subject in greater detail.

Enthusiasm without knowledge is like running in the dark.

—Unknown

Correlation vs. Cause and Effect

The power of the CRT comes from its basis in cause and effect. Sometimes people confuse
cause and effect with correlation. It's important to understand the difference between the
two, because CRTs with correlations embedded in them are likely to be invalid: They may
isolate the wrong root causes, which could cost you time, energy, and resources in trying
to solve the wrong problem. An unidentified embedded correlation will eventually
collapse the grandest CRT.*

The difference between correlation and cause and effect is essentially the difference
between how and why. You have a correlation when you can observe patterns and trends
and conclude how one phenomenon behaves in relation to another. But the key element
that correlation lacks is the answer to the question “Why?” Without knowing why, you'll
never know what makes the correlation exist. This means you'll never be sure whether the
correlation depends on other variables you haven’t identified. In a problem analysis
situation, this could cause you to focus on the wrong problem. It also means that you
won't be able to effectively predict future instances of the correlation, because you'll never
know whether a key variable is present or not.

Predicting Rain in Siberia: A Simple Example of Correlation
In the summer of 2000, a team of American university researchers was studying social and
cultural customs in southern Siberia, near the border with Mongolia.33 The researchers
camped along the Menza River between the villages of Menza and Ukyr, inhabited by rival
populations. In the early part of the 20th century, the rivalry expressed itself in armed
conflict but these days it’s limited to a few territorial disputes over hunting grounds.
During the dry heat of June, the people of Menza noticed that every time the
Americans went swimming in the Ukyr end of the river, rain would follow. After this
phenomenon happened three or four days in a row, the jealous residents asked the
Americans to swim in the river near Menza, too (see Figure 4.5).

* For a humorous but pointed example of the kinds of erroneous conclusions correlation can
produce, see Appendix D.
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Figure 4.5 Rainfall in Siberia.

A basic assumption in cause and effect is that, under the same circumstances, an
expected effect must be replicable from the same cause (see “Assumptions”). It's not
known whether the rain followed the Americans to the Menza end of the river, but most
people’s experience will tell them that it’s unlikely to have happened.

Fibromyalgia and Myofascial Pain: A Complex Real-World Example

Take neuromuscular pain, for example. In the last ten years or so, the medical community
has identified a condition known as fibromyalgia syndrome (FMS).2 This is a state of
central nervous system sensitization. People with fibromyalgia may be unusually
sensitive to pain. They may even find that their bodies translate certain sounds, vibrations,
light, and other sensations—even smells—into discomfort or pain. Certain types of sound,
such as staccato music or talk, or certain pitches, may be unendurable and may promote
increased sensitivity to other stimuli. Diffuse body-wide pain is a part of FMS, but not all
of it by any means.

Chronic myofascial pain (CMP) is another malady involving body pain. In fact, it’s
probably the most common cause of musculoskeletal pain. It is not the same as FMS,
though in a substantial percentage of cases (maybe a third or more) they occur at the same
time. In fact, a majority of physicians lump them together. But FMS and CMP can occur
completely independently, too. The symptoms are difficult to sort out and the treatments
are quite different.

Consider how easy it might be for a doctor to correlate the observed pain symptoms
with either FMS or CMP, or to observe the widespread body pain and misdiagnose it as
influenza, which has similar symptoms.

Decisions based on correlations are inherently less sound than those based on cause
and effect. But how do we ensure that we don't fall victim to correlation in our Current
Reality Trees? The answer is the Categories of Legitimate Reservation (CLR). Effective
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application of the CLR ensures that correlation is not confused with cause and effect. As
you proceed through this chapter, it will be helpful to refer periodically to Chapter 2,
“Categories of Legitimate Reservation.” With an understanding of the importance of cause
and effect, now let’s look at the elements that make up a Current Reality Tree.

Undesirable Effects

One of the first elements you will encounter in a Current Reality Tree is the undesirable
effect, or UDE (pronounced “OOH-dee”). What is an undesirable effect? Essentially, it’s
the most prominent indication you have that something might be amiss in a system. An
UDE is something that really exists; something that is negative compared with the
system’s goal, critical success factors, or necessary conditions (see Figure 4.6). You might
be aware of several UDEs. Or you might notice just one. In a complex system, there will
probably be several. But you can start a CRT with as few as one.

NOTE: Notice in Figure 4.6 the column labeled “Neutral or Marginally
Negative.” In your system, a substantial number of negative things might be
apparent to you. Very few of these will actually qualify as system UDEs. The
IO Map is crucial in separating the real UDEs from people’s petty aggravations.

Undesirable by What Standard?

Undesirable effects are not subjective. The IO Map we discussed earlier in Chapter 3, if
properly validated by consensus of decision makers, represents an objective benchmark
against which to determine undesirability. So the question of “Undesirable to whom?” is
really not relevant. Rather, the question should be, “Undesirable by what standard?” As
in any human endeavor, subjectivity is difficult to eliminate completely, but a good

Undesirable Neutral or
with Respect Marginally
Goal or CSF to Goal/CSF Negative
Secure,
satisfied Employees Absenteeism
employees are laid off. is rising.
Maximize Net profit is mz::me?nnednt
profitability decreasing. 9

Control costs

The budget is
“busted.”

can't agree.

| am late
for work.

Figure 4.6

Undesirable effects.
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IO Map should eliminate as much subjectivity about UDEs as is possible under the
circumstances.

NOTE: A good IO Map notwithstanding, disagreement on UDEs is possible.
In most cases, this will be an Entity Existence issue, resolvable by producing
supporting evidence. However, in a small percentage of situations, disagree-
ment about undesirability can be a “warning flag” that an underlying hidden
conflict must be resolved. It could also be a deliberate attempt to suboptimize
the system, something that happens when persons or groups seek to maximize
their own performance or reputation at the expense of the larger system
(organization).

Don'’t interrupt building your CRT to handle conflict at this early stage. You
may miss some critical element of the conflict by not completing the CRT.
Instead, make note of the conflict and consider using the Evaporating Cloud
to resolve it. Refer to Chapter 5, “Evaporating Cloud,” for more on how to use
this powerful tool to resolve conflict.

If you're constructing the CRT solely for yourself (that is, you're operating within your
span of control), you can be the final arbiter of what’s negative. But if you're doing it to
convince others to take action (you're operating in your sphere of influence), you’d be
well advised to base your declaration of what is or isn’t an UDE on the aforementioned
consensus goal, CSF, and NCs of the system under consideration.

How to Identify and Check for Undesirability
To determine whether you’ve really got an UDE or just a “fact of life,” phrase the effect
in a complete sentence. Then look for these indications of negativity:

e Are others in my organization or situation likely to agree that these effects are
negative with respect to the goal, CSF, and NCs (for example, “decreased profits,”
“excessive time/cost,” and the like)?

NOTE: Plurality does not establish validity, but consensus could be an
indication that a CSF or NC isn’t being met.

e Would society at large agree that the effects are negative with respect to its
presumed goal, CSF, or NCs (for example, “increased crime rate,” “health
deterioration,” and so forth)?

¢ Does it constitute an unacceptable deviation from expectations?

e Does it adversely affect the Throughput in your system (however “Throughput”
may be defined)?

If you can answer “yes” to any of these questions, you probably have an UDE. But as a last
check, give it the “So what?” test. Read the statement as if someone else were saying it to you,
and respond, “So what?” Your first reaction will probably be to come up with a “Because...”.
If you have a valid “because...”, that may actually be your UDE. If the statement doesn’t cry
out for justification, it can probably stand alone as an undesirable effect.

Existence in Reality
The second test of a valid UDE is existence. Does it really exist, or is it someone’s negative

fantasy? Consider the example in Figure 4.7:

If I speak my mind ... then my boss fires me.
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Sales
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Figure 4.7  Undesirable effects: do they really exist.

The effect is unarguably undesirable to the tree builder. But does it really exist? Is the
boss really unable to deal objectively and non-punitively with something he or she may
not like to hear? Or is this a worst-case scenario with very little probability of happening?
Here’s a slightly different example: “Sales decrease.” Is that a fact, or is it just somebody’s
perception? Are there verifiable data to confirm that this effect really exists?

Why the Emphasis on UDEs?

Why is effective UDE identification so important to building an effective Current
Reality Tree? We focus on UDEs for the same reason the media focuses on negative
stories—they’re higher in visibility—and we want to get rid of them. They’re what make
us feel bad about our situation. We start with UDEs because doing so speeds our analysis
of what’s wrong with our system and generally leads to faster improvement. UDEs are
only the most visible results of much more complex interactions and processes, but like a
gopher hole in a perfectly manicured lawn, they’re the “gateway” to finding the real
underlying problem. If you choose the wrong gateway, you won’t find the right problem.
So some degree of care is warranted in selecting your UDEs.

Complex problems have simple, easy-to-understand wrong
answers.
—Grossman’s Misquote of H. L. Mencken

Root Causes

In building a Current Reality Tree, we work our way from UDEs back through the chain
of cause and effect to root causes. The root cause is the beginning of the cause-effect
relationship. There may be several intermediate effects and causes between the root cause
and the UDE. These may be neutral, or even positive (from a limited, subjective point of
view). But when you’'ve worked your way down to a cause and you just can’t go any
farther, you're at a root cause.

Why might you not be able to go any farther? Theoretically, you could trace cause
and effect all the way back to the creation of the world. But from a practical standpoint,
you quickly exceed your span of control and soon thereafter your sphere of influence.
There’s no point in working on something over which you don’t have at least some
influence. So a prime indication that you may have reached a root cause in your tree is
finding yourself at the boundary of your sphere of influence. Historical events in time
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can’t be changed. Policies, practices, or behaviors that persist today because of them can.
Consequently, the root cause can be:

¢ The lowest cause in the chain before passing outside your sphere of influence—the
most basic thing you can do something about

o The first cause beyond your sphere of influence—something you personally can’t
do anything about

For example, in Figure 4.8 there are two root causes:
1. “The formal reward system doesn’t satisfy important individual needs.”
2. “People’s behavior is motivated by unsatisfied needs.”

The first is a condition of the system itself, which you may have some latitude to change;
that s, it lies within your sphere of influence. The second is a condition of human nature,
which you are unlikely to have any influence over whatsoever—it clearly lies outside
your sphere of influence. Both can be considered root causes. One you may have to live
with, the other you don’t. And being able to identify which is which provides your
problem-solving flexibility.

Every Current Reality Tree will have several root causes—maybe even a lot of them.
One root cause in any Current Reality Tree is likely to be the origin of a substantial number
of UDEs. The primary objective of the CRT is to work backward from UDEs through a
chain of cause and effect to identify the few root causes that account for as many of the
system’s UDEs as possible. Your purpose in building a Current Reality Tree is to try to find
the very few root causes that, if corrected, will have the greatest positive impact on system
improvement—the most “bang for your buck.”

Every cause statement that has arrows coming out of it but no arrows going in is
technically considered a root cause (see Figure 4.9). It's worth remembering that a root
cause is a point of origin in a CRT—no more, no less. The term does not necessarily

connote anything negative.
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Figure 4.8  Root causes.
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For example, “The sun shines every day” might be a root cause of skin cancer, but it’s
not necessarily negative in and of itself—it’s just a fact of life. A root cause may be positive,
negative, or neutral, depending on your perception, but most will have no particular
significance. A few, however, will.

At some time in the life cycle of virtually every organization, its
ability to succeed in spite of itself runs out.

—Brien’s First Law

UNDESIRABLE
EFFECT (UDE)

UNDESIRABLE
EFFECT (UDE) UNDESIRABLE
EFFECT (UDE)

(Even ONE arrow
going in makes this
NOT a root cause)

~=~-(No arrows going in) -~ ~ i

Figure 4.9  Identifying root causes.



Current Reality Tree 105

Core Problems and Root Causes

From its inception in the early 1990s, the Thinking Process was intended to find what
Goldratt referred to as a core problem—the one policy or practice that accounted for most
of the undesirable effects experienced by a system. Goldratt even went so far as to offer a
criterion: a true core problem would account for 70 percent of the UDEs in a system.
However, there are two fundamental weaknesses with the idea of a core problem, as
Goldratt originally defined it.

The “70 Percent” Criterion

The first weakness is conceptual and had to do with the “70 percent” criterion. Such a
rule implicitly assumes that “all UDEs are created equal.” If, in fact, every UDE is equally
undesirable, then it makes sense to search for a single root cause that accounts for
70 percent of them—or even a simple majority.

But Goldratt originally defined “undesirable” as negative on its own merits. In reality,
however, nothing can be negative on its own merits. Negativity is always relative to some
standard of acceptability. Without any kind of objective benchmark, Thinking Process
users are left to decide on their own what's negative enough to be called an UDE and
what isn’t. Naturally, since values differ from one person to another, so too did
determination of UDEs.

For example, in a single Current Reality Tree I've seen one UDE that reads “The
company loses money” and another that reads “I'm overloaded with work.” Think about
this question: Are these two UDEs equally “bad”? While the second is undeniably negative
from the individual’s perspective, why should the larger system care about it?

You might make the argument, “Well, the system should care, because overloaded
people can’t complete their work on time, or well. And eventually this degrades the
company’s welfare. It might even result in financial losses.” This is all true. But the
company’s UDE lies in these ultimate system-level results, not in a contributing cause
(such as an individual’s overload) farther down in the CRT.

Moreover, if different people see UDEs differing in value, then all UDEs are not
created equal. If they’re not all equal, what happens if the most important UDEs are in the
excluded 30 percent? The obvious answer is that you risk “fiddling while Rome burns”
(that is, working on a non-constraint).

Such distinctions were rarely made in defining UDEs for early CRTs. As a result, those
CRTs often had dozens of UDEs, and the logical structure needed to connect them all
became ponderous, staggeringly complex, and—most of all—daunting in the extreme to
people who had to present this level of complexity to decision makers. And what about
the decision maker, who was unlikely to have the time or patience to wade through such
a CRT? Most of them “tuned out” the presentation, with subsequent adverse
consequences on their perception of the common sense (and credibility) of the presenter.

There were other adverse effects of complex CRTs. It didn’t take long for people to
start thinking, “The CRT is too difficult to create, and the results aren’t worth the effort—
it's too confusing!”

Inability to Act on a Core Problem

Goldratt’s original procedure for building a CRT actually called for a concerted effort to
connect disparate branches of a CRT to a single core problem by searching out V-shaped
connections (see Figure 4.10). This kind of effort leads to the second weakness in the idea
of a core problem, which is purely practical. The wider the variety of UDEs, the broader
the statement of a core problem is required to connect them. Or the deeper you must go
in cause and effect to reach a unifying core problem. The former leads to problem
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statements so vague as to be not actionable (for example, “Management is ineffective”).
The second leads to root causes well beyond the span of control, or even the sphere of
influence, of most decision makers (for example, “Microsoft is a de facto monopoly.”).
What can any decision maker do about either of these? Nothing! The first is not
discrete enough to act upon. You would have to break it down into components of
managerial deficiency that somebody could actually do something about. The second one
may well be outside the influence of even governors, senators, or captains of industry.

A Solution to the Core Problem Conundrum

To help users of the Thinking Process avoid the morass just described, we need a new
way of looking at the whole question. One of the aims of this edition is to provide that new
look. The solution is two-fold.

First, we must have clear consensus on what is or isn’t an UDE. The Intermediate
Objectives (I0) Map (Chapter 2) provides the means to achieve this consensus. And
starting a Thinking Process analysis with an IO Map not only achieves consensus on
what's good for the system (that is, what should be happening), by definition it limits what

(To UDEs...eventually)

A A A

V-shaped = Z
connection

Figure 4.10 The fallacy of V-shaped connections.
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can be considered an UDE to a very few entities in a CRT—those that are obviously and
demonstrably negative with respect to a limited, focused benchmark and not a wide range
of subjective opinions.

Second, in constructing a CRT, we’ll cease to strive for a single unifying (but vague
and over-broad) core problem. Instead, we’ll dig down to a few critical root causes that are
both actionable and within the sphere of influence of an accessible decision maker. (We’ll
define “critical root cause” in a moment.) This approach will usually produce no more
than four or five things to work on, rather than a single core problem (see Figure 4.11).

Intermediate Objectives Map

~ (Undesirable effects represent
. unacceptable deviations from
. the Goal or Critical Success
\ Factors in the 10 Map)

UNDESIRABLE
EFFECT (UDE)

Root
Cause

(Critical Root Causes are the very

few discrete policies, practices, or

behaviors that lie within a decision
maker’s sphere of influence)

Critical
Root
Cause

Figure 4.11 A new way to conceive of system problems.
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But as Dr. Ray Hansen once observed, “Silver bullets went out of fashion when the
Lone Ranger died.” The chances for most people to find one simplistic solution to cure all
the ills of system are but two: slim and none. I myself have seen only two such situations
in more than ten years of applying the Thinking Process to complex situations. In both
cases, the systems were start-up commercial companies, and in both cases the core
problem was the same: insufficient start-up capital—an archetypical core problem if ever
there were one!

So, avoid “heartburn”: Don’t begin a Current Reality Tree to begin solving system
problems without first completing an IO Map for the same system.

Critical Root Cause: A Definition

In the preceding discussion, we introduced the concept of a critical root cause. It's
important to define this term, especially since it represents one of the two foundations of
our new way of looking at current reality and complex system problem solving.

A critical root cause is a policy, practice, or prevalent behavior that
constitutes the lowest level of causality in existing reality lying
within someone’s sphere of influence to change.

Notice the two key criteria: lowest level and sphere of influence. Not all root causes qualify.
The lowest level might be a historical event, and that could conceivably be a root cause—
but not a critical root cause. For a root cause to be critical, it must also reside within
someone’s sphere of influence to change.

For example, a historical event that can’t be changed would be the creation and
adoption of the Constitution of the United States. It happened in 1789, and nothing can
change that. And almost everything that America has influenced, good or bad, over the
past 200-plus years is an effect of that cause. But the Constitution itself is an elastic
document that can be interpreted in a variety of ways (and often is). It represents
extremely high-level policy that still exists and operates to this day, even though the
historical event of its creation has long past. Which means it can be changed—and has
been, 26 times since the original articles were drafted in 1789. Thus, a root cause that says,
“The Constitution forbids (or requires)...” could be critical root cause.*

Main Body of the CRT

Lying between the UDE:s at the top of the CRT and the critical root causes at the bottom
is the main body of the tree—all the detailed intermediate causes and effects that connect
the two. It’s this articulated causality that explains how the root causes actually lead to the
undesirable effects.

The details of all this cause and effect will be different for each system we might
analyze. The number of differences and their degree will depend on how similar two
discrete systems might be to one another. For example, the causality structure for a
government organization won’t be close at all to one for a commercial company. Besides
the obvious differences in size and mission, the nature of their internal structures and
functional interactions would be completely different. Neither are their operating
environments quite the same. So in the same way reality differs between systems, we
should expect the same of the logical structures of cause and effect that characterize them.

* Nothing in the definition of a critical root cause can be construed to mean that changing one will
be easy. Like changing the U.S. Constitution, it may be within someone’s sphere of influence, but
it may be extremely challenging and time consuming to achieve.
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Archetypical CRTs

Having just said that CRT causality will be unique to each type of system, we must also
be aware that within types of systems cause-and-effect structure is likely to be similar,
maybe even nearly identical. For example, two companies that manufacture the same
kinds of products using similar processes, or perhaps produce similar services, would
likely have similar IO Maps (that is, requirements for success).

To the extent that the internal challenges they experience are similar, they might have
equivalent UDEs. Because their operating functions would be similar, we might expect to
see the same topical branches, maybe even the same kinds of critical root causes in the
CRTs of each. This similarity would exist even if the specific wording of entities in their
trees differed. Seen in their entirety, the same branches and issues are likely to be
discernible. This could be true even of organizations that differed substantially, if they
compete against one another in the same environment.

Comparable organizations and situations give rise to archetypical CRTs—logic trees
that might apply to more than one organization. For example, the CRT of one Boy Scout
organization or a state transportation department might be valid for another Boy Scout
group or a transportation department in another state. The same is true of the solutions to
the critical root causes identified in the CRT (that is, the FRT).

This carries simultaneously potential benefits and risks. The chief benefit is that for
organizations that don’t compete with one another, such as different Boy Scout groups,
there isn’t a need to “re-invent the wheel.” The same solution, logically developed and
verified, can be adopted by a similar group. The primary risk is that for companies or
groups that compete with one another, access to one’s CRT (or worse, the FRT) can
provide a tactical, perhaps even a strategic advantage. Thus, commercial companies have
learned to hold CRTs and FRTs as proprietary information and secure them in order to
avoid harm to themselves. No point in giving away the secrets of your success without
making the enemy work for them! For this reason, it’s usually difficult to find for-profit
companies willing to have their Thinking Process analyses trees published or otherwise
made available to people outside the company. (For many years, lack of such commercial
real-world examples has been an obstacle to spreading the use of the Thinking Process.)

Depicting a Current Reality Tree

The symbology used to depict current reality is straightforward (see Figure 4.12). The
symbols used here conform to the standard conventions described in Chapter 2.

A round-cornered rectangle indicates a cause or effect. Effects that are undesirable
are highlighted in some way, either by means of stars, asterisks, shading, or perhaps drop
shadows. Arrows connect causes with effects. Ellipses are used to indicate that two or
more causes must combine to produce the effect.

Entities

As you will notice from reading other chapters of this book, all of the Thinking Process
logic trees contain statements bordered by some kind of geometric figure. In the Current
Reality Tree you should see only round-cornered rectangles. Evaporating Clouds, Future
Reality Trees, and Transition Trees have both round-cornered and sharp-cornered
rectangles. Prerequisite Trees have octagons and square-cornered rectangles. These figures
and the statements they enclose fall into the general category of “entities.” The name itself
implies that the idea can stand alone. In accordance with the standard conventions
described in Chapter 2, statements in Current Reality, Future Reality, and Transition Trees
must be expressed in complete sentences that convey an idea that can stand alone. Entities
in IO Maps, Evaporating Clouds, and Prerequisite Trees need not be expressed in
complete sentences, provided their meanings are clear.
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Entities in a Current Reality Tree

With a Current Reality Tree, the issue is simple: An entity is either a cause or an effect. Or
it can be both—that is, the effect of one cause and the cause of another effect. This is what
enables us to create chains of cause and effect.

Arrows

Arrows appear in every Logical Thinking Process tool, but they signify different
relationships. In the Current Reality, Future Reality, and Transition Trees, they signify
sufficiency in a cause-and-effect relationship. Remember, sufficiency implies that the
presence of all the contributing causes will deliver the stated effect.

In an Evaporating Cloud and a Prerequisite Tree they represent a necessary—but not
necessarily sufficient—condition relationship. Remember, necessity implies a minimum
(enabling) requirement. A necessary condition (at the tail of an arrow) enables us to
accomplish the next entity (at the head of the arrow). But the entity at the head of a
necessary condition arrow is not an effect.

Refer to the section in Chapter 2, “Sufficiency-Based vs. Necessity-Based Logic Trees,”
p- 59, for more details on this distinction.

So, in the Current Reality Tree, the arrow implies a sufficiency relationship. In other
words, the cause (entity at the tail of the arrow) is sufficient to produce the effect (entity
at the head of the arrow). To read a cause-effect relationship (two entities connected by an
arrow), attach “If...” to the beginning of the cause statement and “...then...” to the
beginning of the effect statement.

Logical Statements Connection Devices

Causality Arrow
(Causal relationship)
Tail = Cause
Head = Effect

>

Ellipse
(Cause sufficiency)

Undesirable Effect
(Cause, Effect)

Entity

(Cause, Effect)

Magnitudinal “AND"
(Multiple independent
causes, additive effect)

<OR>

Exclusive “OR"
(If one cause occurs,
the others will not)

Figure 4.12 CRT symbology.
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If I turn off the light, then the room is dark.

However, you must be careful in using and reading arrows in a Current Reality Tree. The
previous example has a catch to it (see Figure 4.13, upper half). It assumes that (a) it’s
dark (that is, night) outside the room, or (b) there are no windows or other openings that
could admit other light. These assumptions aren’t stated in the cause-effect relationship,
but they’re there just the same and they have a direct bearing on the validity of the cause-
effect relationship.

Underlying Assumptions

Every arrow in any Logical Thinking Process tree is based on unstated but underlying
assumptions about the situation, environment, or laws of nature. For example, consider
this cause-and-effect relationship, depicted with entities and an arrow (see Figure 4.13,
lower half):

If I push the glass off the table, then it falls to the floor.

There’s an unstated underlying assumption here that the law of gravity applies in this
situation. “Well, of course,” you're probably thinking, “that’s obvious. Gravity always
applies.” Perhaps. But maybe not. Astronauts in orbit around the earth don’t need to

Verbalize: Depiction: Underlying (unspoken)
Assumptions:

"...then.the The room
rc(i):rrl? ,',S is dark.
’ a. It's dark outside the room.
b. The room has no windows.
¢. The door is closed.
“If | turn
| turn off
off the the light
light...” e ight.

(Read in the direction of the arrow)

“...then the The glass

glass falls to falls to the

the floor.” floor.
a. The glass, table, and floor

are not in earth orbit
(that is, weightless condition).

b. Newton’s Second Law of

Gravity applies.
“If | push the | push the yapp
glass off the glass off

table...” the table.

(Read in the direction of the arrow)

Figure 4.13 Cause-effect relationships and underlying assumptions.
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worry about the glass falling to the floor; they have to worry about it floating away,
because the underlying assumption about gravity does not apply in their situation. As a
result, when the underlying assumptions change, the same cause can result in a different
effect. Keep this in mind, both when you build your own trees and when you scrutinize
someone else’s. What assumptions underlie the arrows? And the follow-up question is:
“In light of these assumptions, does the cause-effect relationship make sense?” Chapter 2,
“Categories of Legitimate Reservation,” provides more guidance on analyzing cause-
effect relationships.

Ellipses, Magnitudinal ANDs, and Exclusive ORs

Ellipses. The ellipse is unique to sufficiency-based logic trees (Current Reality, Future
Reality, and Transition Trees). Its function is to encompass multiple causes that depend
upon one another to produce the effect in question (see Figure 4.14). The absence of any
one cause whose arrow passes through the ellipse is enough to destroy the cause-effect
relationship. However, the most common situation you’re likely to encounter is a cause
insufficiency—a contributing cause requiring an ellipse to combine it with the one you've
already stated.

Let’s recall the example, “If I turn off the light, then the room is dark.” It's conceivable
that turning off the light alone is not sufficient to make the room dark (see Figure 4.15).
You might add another cause: “...and if the room has no windows....” Is this now
sufficient? No? How about adding: “...and if the only door into the room is closed... .”
Now it’s a pretty tight, or “dry,” cause-effect relationship.

REMEMBER: We live in a complex world. Most effects result from multiple causes,
some independent, some contributing. An independent cause is a single entity, sufficient
by itself to produce the effect. Sometimes, when several independent causes apply, they
are referred to as additional causes (see “Additional Cause,” Chapter 2, for a more detailed
explanation). A contributing cause is one of two or more factors that alone can’t produce
the effect, but together will. Contributing-cause arrows are always enclosed by an ellipse.
You should look at every causality arrow critically and ask yourself the question, “Is an

ellipse required?”
Effect NO Ellipse
A

This single, INDEPENDENT

cause is sufficient to produce
Cause that effect.

Effect WITH Ellipse

These CONTRIBUTING
causes are sufficient

TOGETHER to produce
[Cause A j [ Cause B] that effect.

Figure 4.14 Ellipses.
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NOTE: It isn’t necessary to include every underlying assumption or potential
contributing cause in your Current Reality Tree. It would quickly get out of
hand if you did. Your decision rule should be: “For whom am I building this
tree?” If it’s for yourself alone and it’s about an environment in which you have
good intuitive knowledge, you can leave much more unstated but assumed. If
you’re going to present your tree to someone else, you have to consider how
much they might know about the situation. Trees presented to others must
usually be more detailed (that is, with fewer unstated assumptions and more
contributing causes) in order to preclude confusion and embarrassment.

Magnitudinal AND. As we saw in Chapter 2, it’s possible to have conditions in which two
or more causes can produce an effect independently of one another (that is, no ellipse
required to enclose them). In some cases, it’s possible that these two independent causes
exist at the same time. What's more, it’s conceivable that when this occurs, two or more
causes, though independent of one another, can act additively to increase the magnitude
of the effect. This can only happen when the effect is a condition that admits the possibility
of a graduated degree. The preferred symbol for a 