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The world keeps getting more complex, but becoming a
better problem solver can help you make sense of it all. In
this readable and entertaining book, an award-winning
scientist teaches you how to apply practical problem-solving
ills to life and work.

ejis nothing else like this book out there. Nobody who deals with
blems where numbers matter — and everybody in today’s world
eally'needs to — should be without it.”

—From the Foreword by John P. Holdren, Past President of
the American Association for the Advancement of Science

“As information becomes ever cheaper, Dr. Koomey’s book becomes
ever more valuable. Masterful!”

—Professor Erik Brynjolfsson, Sloan School of Management,
Massachusetts Institute of Technology
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“Dr. Koomey’s book deserves to be widely read and
shared, especially by those who take seriously the
fragile yet critical role of an informed citizenry in

increasingly complex democratic societies.”

—~Professor Michael Maniates, Allegheny College

Turning Numbers into Knowledge is “a lively, well-written, attractively
packaged book on the art of critical thinking.”

—Skeptical Inquirer
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MORE PRAISE FOR TURNING NUMBERS INTO KNOWLEDGE!

Turning Numbers Into Knowledge is a godsend to analysts everywhere. It is the
single best resource | have encountered on the practice of data analysis in

the real world. Cooper Richey
Trader, Centaurus Energy

This outstanding book teaches the tricks of the analytical trade. There's no
better guide to learning how to use numbers to understand the world.

Art Rosenfeld

Commissioner; California Energy Commission
Professor of Physics Emeritus

University of California, Berkeley

| thought | was good at crunching numbers until | read Turning Numbers Into
Knowledge. It's a great tool for improving your own use of numbers AND for

seeing through the smoke screens of others. Lee Schipper, Ph.D.
World Resources Institute

Turning Numbers into Knowledge teaches tricks that most problem solvers only
learn after years on the job. Give yourself an edge: Read this book!

Barbara Barkovich, Ph.D.
Principal
Barkovich and Yap, Inc., Consultants

This gem of a book should be required reading for anyone who analyzes

information—and that means everyone! Professor Richard F. Hirsh
Department of History and
Science &Technology Studies, Virginia Tech

The greatest challenge facing educators, institutions, and businesses is the
inculcation of rigor and fact-based analysis into the psyches of future leaders.
Turning Numbers Into Knowledge is the tool for organizations to accomplish this

essential task. Ephraim Heller
Founder, Therasense, Inc.



Dr. Koomey has produced an absolute home run! A witty, incisive primer on
critical analytical thinking. Required reading for business analysts, planners, and
strategists—critical insight for players in the Internet economy.

Tod Loofbourrow
President and CEO, Authoria, Inc.

All decision-makers need to read this book. It explains, in clear and useful
terms, how to use the ever-growing flow of data in our society. But that's only
the start. Turning Numbers into Knowledge will help the reader become a bet-
ter thinker, and it is a rare book that can make that claim.

Hal Harvey
William and Flora Hewlett Foundation

Here at last is the definitive guide for beating information overload and
responding to the current anti-science, anti-environment backlash. This
remarkable book will empower both professionals and neophytes.

Professor John Harte

Energy and Resources Group, University of California, Berkeley
Author of Consider a Spherical Cow:

A Course in Environmental Problem Solving

This splendidly clear and concise introduction to the craft should be a
foundation of every student’s apprenticeship—and for those who missed fit,
a toolkit for a salutary retrofit later. How much more quickly and pleasantly
we would discover truth if everyone followed these simple precepts!

Amory B. Lovins
CEO, Rocky Mountain Institute

Jon Koomey writes books the old fashioned way: by accumulating experi-
ences, anecdotes and examples over a lifetime of hard work, and refining
them into a compact ingot of pure gold. The reader is offered a rare gift
indeed—the essential elements of dozens of fine books, the collective wisdom
of countless scientists and commentators, and a handful of the most
inspired comic strips ever to grace the daily newspaper. In an era where so
many books, once read, become disposable, Dr. Koomey has created an
enduring reference. His focus on the Internet and his commitment to keep-
ing its content fresh through an ongoing electronic dialogue with readers are
laudable indeed. Read this book and apply its many lessons not just to school
or work, but to life! Chris Calwell

Founder, ECOS Consulting, Inc.



WHY YOU SHOULD READ THIS BOOK

The world keeps getting more complex, but becoming a better problem solver
can help you make sense of it all. Mastering the art of problem solving takes
more than proficiency with basic calculations: it requires (among other things)
understanding how people use information, recognizing the importance of ide-
ology, learning the art of story telling, and acknowledging the important dis-
tinction between facts and values. Turning Numbers into Knowledge is the first
comprehensive guide to these and other essential skills. Full of tools, tricks, and
tips for solving problems in the real world, it will prepare you well to make
independent judgments about the numerical assertions of others and to gener-
ate cogent and compelling analyses of your own.

To order this book or to download key data files, URLs, and sample chap-
ters, go to <http://www.numbersintoknowledge.com>. To find out about related
seminars and books, go to <http://www.analyticspress.com>.

ABOUT THE AUTHOR

Jonathan G. Koomey is a Project Scientist at Lawrence Berkeley National Lab-
oratory and a Consulting Professor at Stanford University. He holds M.S. and
Ph.D. degrees from the Energy and Resources Group at the University of Cali-
fornia at Berkeley, and an A.B. in History of Science from Harvard University.
His academic work, summarized in eight books and more than 150 articles and
reports, spans engineering, economics, public policy, and environmental science.
Dr. Koomey won an award for excellence in transportation research from the
National Research Council in 1992, was an Aldo Leopold Leadership Fellow in
2004, and was an AT&T Industrial Ecology Fellow in 2005. He has appeared
on Nova/Frontline, BBC radio, CNBC, All Things Considered, Marketplace,
On the Media, and Tech Nation, and has been quoted in the New York Times,
Wall Street Journal, Barron’s, Washington Post, Financial Times, Science, Tech-
nology Review, Dow Jones News, Wires, and the Christian Science Monitor,
among others. He holds a third degree black belt in the Japanese martial art of
Aikido. He also enjoys hiking, cooking, and playing classical contrabass in his

spare time. For more details go to <http://www.koomey.com>.



ABOUT THE ARTIST

Tom Chen delights in creating sculpture and computer

art. You can learn about his latest book at <http://www

lyingcatsonline.com>.
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Show Me the Numbers: Designing Tables and Graphs
to Enlighten, by Stephen Few, is the first practical and
comprehensive guide to table and graph design writ-
ten specifically for the needs of business. If you create
tables and graphs or manage those who do, this
book will alleviate countless hours of confusion and

frustration.
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PREFACE

Whatever failures | have known, whatever errors | have committed,
whatever follies | have witnessed in private and public life have been
the consequence of action without thought. — BERNARD BARUCH

Quantitative problem solving is the process by which we take numbers and
transform them into knowledge, using our instincts and experience to fill in
when we don’t have all the answers. Although the technical aspects of this
process are taught at many universities, the art of problem solving is rarely dis-
cussed and even more rarely written down. This book teaches the intricacies of
that art and will help you become a first-rate analyst in your chosen field.

After reading this book, you will be well equipped to make independent judg-
ments about analysis used by others. You will know which key questions to ask,
so you need never again be at the mercy of those who traffic in “proof by vig-
orous assertion.”? You will also be more effective at conducting and presenting
your own analyses, no matter what the topic.

Mastering the art of problem solving takes more than proficiency with basic
calculations: it requires understanding how people use information and learn-
ing about things as diverse as exploring your ideology, telling good stories, and
distinguishing facts from values. To give you a feeling for what to expect, I pres-
ent an annotated chapter list below.

ANNOTATED CHAPTER LIST

This book contains five major sections, separated into 39 short chapters. Each
chapter is compact and self-contained, and each summarizes key lessons I've
learned over the years.

XV



XVi ¢ TURNING NUMBERS INTO KNOWLEDGE

INTRODUCTION * THE INFORMATION EXPLOSION: This section
briefly describes how analysis can help reduce the information overload that
affects us all.

PART | * THINGS TO KNOW: These chapters summarize ideas to keep in
mind as you read the rest of the book. More experienced analysts should delve
into the ones they find most intriguing and skim the rest.

Chapter | * Beginner’s Mind: Start fresh and approach any problem like a
beginner would and you’ll surely see things that others will miss.

Chapter 2 » Don’t Be Intimidated: The difference between success and fail-
ure often depends on whether you are intimidated. By consciously refusing to
be cowed you can stack the odds in your favor.

Chapter 3 ¢ Information, Intention, and Action: This chapter describes
how humans respond to events, exploring the connections between what we
measure, what we assume, and what we choose to do.

Chapter 4 * Peer Review and Scientific Discovery: Progress in science can
be subject to human frailty, just as can any other human endeavor. The end
result, however, is something you can count on, in large part because of the
peer review process.

PART Il * BE PREPARED: A key determinant of your effectiveness is the
quality of your preparation. Whether you’re building a house or chairing a
meeting, preparation for the analysis tasks at hand can turn a potential disas-

ter into a triumph.

Chapter 5 ¢ Explore Your Ideology: Ideology provides a simplified model
of the world that reflects your values and experiences and prevents paralysis
in the face of the myriad choices you face every day. Make sure you know
your own belief system and those of others.

Chapter 6 * Get Organized: Working and living in chaos is like running a
marathon with your feet tied together. Get your life in shape and keep it that
way.

Chapter 7 ¢ Establish a Filing System: Few mistakes are more maddening
than knowing you have seen a relevant article and not being able to find it.
By creating a good filing system, you can prevent this annoyance from ever
happening again.
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Chapter 8 * Build aToolbox: My analytical toolbox is the set of tricks and
techniques that I use to solve particular problems. This chapter describes
some key tools to consider for your own.

Chapter 9 ¢ Put Facts at Your Fingertips: Every analysis requires data.
Unless you’ve memorized the encyclopedia, you’ll want to keep some key ref-
erence sources within easy reach. This chapter describes the ones I find most
useful.

Chapter 10 ¢ Value Your Time: If someone is wasting your time, they are
stealing your life. Identify your most productive times of day and protect
yourself from interruptions during those periods. Unplug the phone. Go to
the library. Take control of those times!

PART 11l * ASSESS THEIR ANALYSIS: When faced with the assertions of
others, it’s good to know the right questions to ask. These chapters summarize
hard-won knowledge about deciphering other people’s analyses.

Chapter || * The Power of Critical Thinking: Careful critical thinking is
at the root of all good analysis. When the steps described in this chapter
become second nature, you will have mastered its essence.

Chapter 12 « Numbers Aren’t Everything: Not everything that matters
can be quantified, so make sure the unmeasurable doesn’t fall through the
cracks.

Chapter 13 ¢ All Numbers Are Not Created Equal: Numbers and calcu-
lations characterizing the physical world are almost always more certain than
those describing human behavior. Many analysts wrongly imply that fore-
casts based on economic data are just as solid as science. They aren’t, so be
forewarned.

Chapter 14 « Question Authority: This catch phrase of the 1960s is still
applicable today. Authority figures can be wrong or biased, so investigate
their assertions in the same way that you’d examine those of someone with
whom you’re not familiar.

Chapter 15 * How Guesses Become Facts: Always remember that “offi-
cial” statistics are based on calculations that are often poorly documented,
incorrectly cited, or otherwise hazardous to your intellectual health.
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Chapter 16 * Don’t Believe Everything You Read: Maintain a healthy
skepticism, even of well-established sources. In this age of instant information
transmission, rumor and error seem to propagate even more quickly than
truth.

Chapter 17 * Go Back to the Questions: Any time you rely on survey data
to make an important decision, refer back to the actual questionnaire upon
which the survey data are based; otherwise, you risk misinterpreting the data.

Chapter 18 * Reading Tables and Graphs: First check for internal consis-
tency, then see if the results contradict other facts you know to be true. Search
for cognitive dissonance; any discrepancy between the author’s results and
what you already know will help you investigate further.

Chapter 19 ¢ Distinguish Facts FromValues: Don’t be fooled by technical
people who portray their advice as totally rational, completely objective, and
value-free. If they have made a choice, they have also made a value judgment.

Chapter 20 * The Uncertainty Principle and the Mass Media: Just as the
observer of a subatomic particle can disturb that particle by the act of obser-
vation, the observer of an institution can disturb that institution by observ-
ing and reporting on it. Members of the media (and the analysts who inform
them) should take responsibility for the power they wield.

PART IV * CREATE YOUR ANALYSIS: Everyone develops his/her own
techniques for creating cogent analyses, and in this section I summarize those
I’ve learned. The importance of organization, clear thinking, careful definitions,
systematic exposition, scrupulous documentation, and consistent comparisons

cannot be overestimated. You’ll learn about each of these here.

Chapter 21 ¢ Reflect: Free yourself from interruptions and give yourself
time to reflect. Without such time, you’ll never achieve your full problem-
solving potential.

Chapter 22 » Getting Unstuck: Everyone gets stuck sometimes, but this pit-
fall need not hobble your efforts if you use the tricks in this chapter.

Chapter 23 ¢ Inquire: When faced with a problem outside your expertise,
don’t surrender! It’s an advantage to be unconstrained by the mental shack-
les most disciplines place on their practitioners. Some of the most important
insights in modern thought came from people who could think “outside the
box” (or ignore the box entirely).
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Chapter 24 * Be a Detective: Detectives are real-world practitioners of the
scientific method. The time-honored techniques of these seasoned problem
solvers should be grist for your analytical mill.

Chapter 25 * Create Consistent Comparisons: People often relate best to
anecdotes. A consistent comparison is a well-chosen set of anecdotes that
illustrates your point in a compelling way. It is a powerful technique and one
well worth learning.

Chapter 26 ¢ Tell a Good Story: Scenario analysis is the art of structured
storytelling, and it’s an essential tool for any good analyst. Most people don’t
realize that this art is both highly developed and pertinent to many everyday
situations.

Chapter 27 ¢ Dig into the Numbers: Don’t be shy about delving into the
actual numbers even if you’re a highly paid executive. You’ll learn things
you’d never see if someone else crunches the numbers.

Chapter 28 * Make a Model: Models are “laboratories for the imagina-
tion,” and this chapter explores the subtleties of using them to explain the
world around you.

Chapter 29 * Reuse Old Envelopes: You can calculate almost anything
using only common knowledge—you just need to learn how to put this
knowledge to use, and this chapter (which focuses on back-of-the-envelope
calculations) is just the thing to help you do it.

Chapter 30 * Use Forecasts with Care: The future is uncertain but people
keep trying to forecast it anyway. Numerous pitfalls await, and without a
keen eye for the tricks of this trade, you’ll be hard pressed to avoid them.

Chapter 31 ¢ Hear All Sides: In any intellectual dispute, it pays to hear two
well-prepared debaters argue their points before drawing any conclusions.
Always make such debates fodder for your deliberations and your decisions
will benefit.

PART V * SHOW YOUR STUFF: Once you’ve done good work you’ll
want to present it effectively to readers or listeners. The chapters in this section
give insights into making your results “grab” your audience, designing good
tables and figures, and using those tables and figures to convey your key points.
The section concludes by exploring effective use of the Internet for publishing

your analysis and sharing your data.



XX ¢ TURNING NUMBERS INTO KNOWLEDGE

Chapter 32 * Know Your Audience: Most analysts forget that other people
don’t care nearly as much about their results as they themselves do, so know
your audience and present compelling information in a form your readers

can easily grasp.

Chapter 33 * Document, Document, Document: An astounding number
of analysts routinely omit vital data and assumptions from their reports, but
you should avoid this pernicious practice. The best analysts document every-
thing, giving credit where credit is due, leaving a trail so they can remember,
and creating a trail for others to follow. Documentation is also a key step
in checking your work, because it forces you to think clearly about your
analysis.

Chapter 34 ¢ Let the Tables and Graphs Do the Work: When writing tech-
nical reports, create the analysis, tables, and graphs first, then write around
them. If the analysis is well thought out, the tables and graphs well designed,
and the audience clearly defined, the report should practically write itself.

Chapter 35 ¢ Create Compelling Graphs and Figures: Follow Edward
Tufte’s rules for graphical excellence, and avoid the most common pitfalls in
designing charts and graphs. Your goal should be to give to the reader “the
greatest number of ideas in the shortest time with the least ink in the small-
est space.”?

Chapter 36 * Create Good Tables: A well-designed table is a work of art;
a sloppy one is worse than useless. Make your tables a resource that your
readers will keep as a reference for many years to come.

Chapter 37 * Use Numbers Effectively in Oral Presentations: Even vet-
eran presenters show too many of the wrong numbers. Present only those
numbers that support the story you are telling, and focus on that story, NOT
on the numbers themselves.

Chapter 38 * Use the Internet: The old ways of publishing are fast being
supplanted by web-based approaches. Learn about these new tools and put
them to work for you.

Chapter 39 ¢ Share and Share Alike: Some kinds of information are more
valuable when shared. Although there's still work to be done, web technol-
ogy is finally automating the data sharing process, allowing you to capture
benefits in standardization, efficiency, and greater analytical insight.
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CONCLUSIONS * CREATING THE FUTURE: This chapter gives per-
spective on why we use analysis in the first place. Understanding the world is a

prerequisite for making it better!

EPILOGUE * SOME PARTING THOUGHTS: After the first edition of
Turning Numbers into Knowledge was published in 2001 I encountered some
widely believed but erroneous statistics, and this epilogue recounts the lessons

I learned in debunking them.

WHO SHOULD READ THIS BOOK

This book grew out of my experience in training analysts over the past two
decades. It is written for beginning problem solvers in business, government,
consulting, and research professions, and for students of business and public
policy. It is also intended for supervisors of such analysts, professors, and entre-
preneurs (who may not consider themselves analysts but who need to create
analyses to justify their business plans to potential investors). Finally, it covers
many topics that journalists who focus on scientific or business topics will find

useful.

HOW TO USE THIS BOOK

There is no need to read the chapters in order. Go straight to those that inter-
est you most, but skim the chapters you skip. You just might see something use-
ful there that you did not expect.

Most chapters have “links” to other chapters, with graphical signposts indi-
cating which chapter or major section to investigate for each link (the relevant
chapter number appears inside). These signposts look like the link to Chapter
14 that appears in the right margin opposite this line.

All Uniform Resource Locators (URLs) discussed in the book are enclosed in
triangular brackets, to set them off from the text. They appear as follows:
<http://www.lbl.gov>. The brackets and any punctuation marks that precede or
follow them are not part of the URL.

All URLs, as well as many key data files, are available in electronic form at
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<http://www.numbersintoknowledge.com>. If you have questions, comments,
or suggestions you can post them at this site. I’ll gladly evaluate them for inclu-
sion in the next edition. ’m particularly interested in examples of large and pub-
lic analytical blunders by people who should know better, examples of bad or
good tables and graphs, and suggestions for how the book can be improved or
expanded.

The endnotes contain references, attributions, and detailed information for
the interested reader. The Further Reading at the end of the book does not
attempt to be comprehensive. Rather, it contains selected sources for each chap-
ter that I regard as most crucial for mastering the material. If I mention a book,
I include it in the Further Reading section for the chapter in which I refer to it.
At the beginning of the Further Reading section, I also include the list of my
very favorite sources on this topic, which (in my opinion) are the “must read”

items that all serious problem solvers should have on their shelves.

WHAT'S NEW IN THE SECOND EDITION

In my revisions for this edition I've focused on tightening up the text, revising
and improving the examples, updating data where appropriate, and updating
and expanding the further reading section. I also added a new chapter on data
sharing sites as well as an Epilogue, which describes some of what I've learned
since the first edition of Turning Numbers into Knowledge was published in
2001. Finally, John Holdren graciously consented to write a new foreword. I
hope you enjoy reading this book as much as I enjoyed writing it!

Like all other arts, the science of deduction and andlysis is one that
can only be acquired by long and patient study.
— SHERLOCK HOLMES
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