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About the Series

Statistical Analysis Simplified is one title in McGraw-Hill’s Harrington’s Per-
formance Improvement Series. The series is designed to meet an organiza-
tion’s need to understand the most useful approaches now available to bring
about improvements in organizational performance as measured by:

» Return on investment,

» Value added per employee, and

» Customer satisfaction.

Each title in the series is written in an easy-to-read, user-friendly style to
reach employees at all levels of an organization. Our goal is to present com-
plex methodologies in a way that is simple but not simplistic. The following
are other subjects covered in the books in this series:

» Statistical Process Control
Process Redesign
Process Reengineering
Establishing a Balanced Scorecard
Reliability Analysis
Fostering Teamwork
Simulation Modeling
Rewards and Recognition
Managing the Change Process

We believe that the books in this series will provide an effective way to
learn about these practices as well as a training tool for use in any type of or-
ganization. In each title in the series, the design features a series of icons in
the margins that call your attention to different points. Use these icons to
guide your reading and study:
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viii About the Series

Requirement, Rule, Example
or Principle
Concept or Idea Quote
Guide Exercise
Definiti
elnition. Checks and Alarms
Discussion

It is our hope that you will find this series of Performance Improvement
Management books enjoyable and useful.

H. James Harrington
Principal, Ernst & Young LLP
International Quality Advisor
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This book is dedicated to the two men who taught me the power of numbers. The
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impact of an unhappy customer; for that matter how can you measure the impact
of a happy customer?”
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Foreword

Why Numbers Are Important

Measurement stands as one of the great inventions of all time. Every day we
make thousands of decisions—what to eat for breakfast, which route to take
to work, and so forth. This book is about making better decisions using num-
bers. Many of our everyday decisions contain the question “How much?” or
“How many?” The answers to these and many other questions involve mea-
surement and numbers. “What time do I have to get up tomorrow?” The an-
swer is a number, 6:30 A.M.

That answer is a measure of time. When ancient people first began mea-
suring time, they based their measurements on observations of night and
day, changing seasons, and cycles of the moon. These observations became
the basis for units of measure that we now call days, months, and years. As
life became more complicated, the Babylonians used the sundial to segment
the day into 12 parts, each called an hour.

Measures of weight likewise go back to ancient times—over 5,000 years.
Egyptian tombs dating to 4000 B.C. contain stone weights. Ancient Egyptians
used weights on balance pans to weigh gold. And when you buy groceries,
you base many of your purchasing decisions on this common measuring con-
cept. If you ask yourself, “How much hamburger do I need to make meatloaf
for my family?” the answer will be in pounds or kilograms. Think of your su-
permarket and the many everyday products that are bought and sold on the
basis of weight. You can buy fresh meat, vegetables, butter, sugar, flour, and
coffee by the pound or the kilogram. Many manufacturing processes are also
controlled on the basis of weight. Chemical manufacturers measure the ingre-
dients in their processes to ensure the quality of their products.
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The history of measurement is a fascinating story of methods that
evolved as civilization progressed. In ancient Egypt, the Nile flowed quietly
for most of the year. Farmers tended their crops and worked their farms.
When the spring floods roared down the Nile, all signs of their fields were
washed away. After the flooding river deposited thousands of tons of rich silt
on top of the fields, each farmer asked, “Where is my field?” Posts and stone
markers could not withstand the flood waters. The solution the Egyptians
developed was a means of measuring accurately from a distant point of ref-
erence beyond the flood waters. They invented surveying.

If you stop in a fabric store to buy cloth for a new garment, you ask your-
self, “How long a piece of fabric do I need?” Length is another measuring
concept that dates back over 5,000 years. Measuring length requires compar-
ing one thing to another. Measurement sticks were used to determine length
in ancient times. Because sticks could get lost and were of different sizes, it
became more convenient to use parts of the human body as standards for
length measurement. When building the pyramids, the Egyptians used a
measure of length called a cubit, which was the distance from a man’s fore-
arm to his fingertip. Body standards were so practical that other parts of the
body became standards of measurement. The Romans used the width of the
thumb and called it an uncia, forerunner of the English word ich. A man’s
foot was approximately 12 thumbs long; thus 12 inches became a foot. This
system worked well until the Middle Ages and the spread of commerce. Be-
cause a tradesman could go broke if he had large hands and feet, a universal
standard was needed. But whose foot would become the standard? The an-
swer was “the king’s.” To this day, we do not say, “Pass me the king’s foot”
when we want to measure something. We say, “Pass me the ruler.”

The numbers used to express measurement also evolved over time. Al-
though base ten numbers seem very logical and familiar to us, it took cen-
turies for the base ten system to evolve. The ancient Egyptians, Babylonians,
Greeks, and Romans used symbols different from those in our current system.
Imagine a very early counting system in which a sheepherder made a mark on
a stick or piece of bark for each sheep he owned: A large herd would require a
lot of bark and a great many marks. A shorthand developed to represent a
group of sheep with a special mark. These special marks, like spoken and
written language, evolved differently in different societies (see examples).
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Numerals for |, 10, 100 from Five Civilizations

Egyptian 3000 B.C.

VN D

Babylonian 1500 B.c.

<. V=
— +

100
Chinese 500 B.c.
I 10 100

Greek 400 B.cC.

o 1 p
| 10 100
Roman 200 B.c.

x 10 C 100
Arabic A.D. 800
| 10 100

Not only did symbols differ, but methods for calculations and arithmetic
took many forms. About A.D. 600, the Hindus made one of the greatest math-
ematical breakthroughs of all time with the concept of zero. They invented
the symbol 0, meaning empty space. Modern numerals use zeros as place
holders—for instance, 307 is short for three of hundreds, none of tens, and
seven of ones. The concept is so simple but so very powerful.

The Power of Numbers

The power of numbers lies in simplicity, but simplicity can be misleading.
Oliver Wendell Holmes said, “I would not give a penny for simplicity on this
side of complexity, but I would give my purse for simplicity on the other side
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of complexity.” Numbers are powerful tools for making better decisions, but
numbers alone cannot make decisions. People make decisions.

People run processes. People manage organizations. People create the fu-
ture. Ultimately, there are no answers, only more questions. We designed this
book to help you think about ways to use numbers to make better decisions.
You must make the decisions. Numbers help you answer the three basic ques-
tions concerning every decision:

1. Am I getting the results [ want?
2. Is there too much variation in the results I get?
3. Are the results I get stable over time?

Let’s try out these questions on chocolate chip cookies. The first question is

1. Am I getting the results I want? Are the cookies
— the right size?
— done correctly?
— the proper thickness?

To determine the answers, you must have a standard or reference. Here is our
standard: We like our cookies 2 inches in diameter, dark brown on the edges,
soft, and with lots of chocolate chips. If the cookies meet these requirements,
then by our standards they are good.

The second question is

2. Is there too much variation between cookies? Are the cookies
— the same size?
— made with the same number of chocolate chips?

To answer these questions, you must compare each cookie to the others.
The third question is

3. Are they stable over time? Will each batch of cookies
— produce the same results?
— be baked the same way every day?
Have I found a way to make good cookies consistently?

You may not care about baking cookies, but the least threatening way to
talk about measurement is to use simple examples. Baking a pie, driving a
car across a bridge, and correcting your golf swing are examples of actions
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that can help you visualize how numbers and measurement can help you un-
derstand the issues you face.

As you read this book, try to translate the logic and power of measure-
ment to your own applications. Measurement can be fun if you overcome
your fear of math. The good news is that because you live in the computer
age, you probably will never have to use the boring long division you learned
in school. Measurements and numbers pour out of computers. We are tap-
ping more of their potential every day. This is not a book about computers. It
is not even a book about mathematical calculations. It is a book about how
you can use measurement, numbers, and data to help you do what you have
to do and make better decisions. If you don’t know what you want to do, then
this book cannot help you.

Each of the book’s 10 chapters can stand by itself. However, we
have structured the book so that each chapter builds on what you have
learned in the preceding one. Following are the concepts covered in each
chapter.

CHAPTER 1. How to use measurement as an objective language for pro-
moting honest and open communication

CHAPTER 2. How looking at groups of numbers gives you insights into
the way things are

CHAPTER 3. How you can find one number that represents a large group
of numbers

CHAPTER 4. How looking at sets of numbers over time reveals trends
and movement

CHAPTER 5. How to use data as a guideline for deciding when to take ac-
tion for change and when to leave things alone

CHAPTER 6. How to use numbers to compare what you are doing with
what your customers and end users want

CHAPTER 7. How to experiment to find and identify better methods

CHAPTER 8. How to divide things into subsets so you can study your
process

CHAPTER 9. How to find out why things are as they are by identifying
cause-and-effect relationships

CHAPTER 10. How to put all these good ideas to work in your organi-
zation
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Following the 10 chapters are two appendices. Appendix A provides
additional information about control charts, and Appendix B gives an-
swers to questions and quizzes found throughout the book. We have included
a bibliography of resources that will give you additional information about
the use of numbers and a glossary of terms used throughout the book.

The CD/ROM inside the back cover provides a visual introduction to the
power of measurement. The chapters in this book are like tools in a toolbox.
They won’t do you much good if they stay in the box. For a hammer to work,
you must pick it up and use it. Rarely do you use every tool in your toolbox
for a given job. On some jobs, certain tools may get used more than once.
When you first begin using tools, you may not be very handy with some of
the them. Don’t become discouraged. Keep using the tools, and you will be-
come more adept at making them work for you. We urge you to try one or two
of these tools the next time you need to make a decision. As you become profi-
cient with one tool, begin using another to make your job easier. If a tool com-
plicates your decision-making process, don’t use it. We know that once you
start using these tools well, you will use them often.
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CHAPTER

Measurement

An Objective Language
for Communication

Iintroduction

This chapter will give you practical insight into the nature of measure-
ment. Measurements have different uses in the management of an organi-
zation’s work. The first section of the chapter explains that measurement
can be used to set directions, establish plans, or track work. All three are
important; all must be done. The second section tells you to get MAD—
measure, analyze, and do. These elements are the big three of every indi-
vidual and organizational decision. The third section introduces the mea-
surement chain. Measurement in itself does not accomplish much.
Measurement must be connected to key success factors. Numbers, like peo-
ple, assume different sizes and shapes. Matching the type of measurement
with the type of decision to be made is important. The favorite question of
every four-year-old—“Why?”—applies to measurement as well. Answer-
ing the question of why numbers are important to you is your first step on
the road to making decisions based on sound numerical information. The
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chapter ends with simple step-by-step guidelines for collecting numbers by
using a check sheet.

Three Points of View

The greatest obstacle to the use of numbers is the mistaken idea that they are
difficult to understand. Now, we’ll admit that using numbers to make better
decisions can involve some high-powered mathematics, but you don’t have to
be a mathematician to use numbers.

You can view everything you do
from three important points of view.
The first is setting the direction you
want to move in. The second is plan-
ning how you are going to move in
that direction. The third is actually
doing the work to get to where you
want to go—implementing your
plans. For an organization to suc-
ceed, everyone, every day must con-

_ sider and take account of these three
points of view.

Doing In many organizations, the exec-

utives alone set direction. Managers

do the planning work as part of their
back-office responsibilities. The rest of the employees implement the tasks on
the front line. All projects involve setting direction, planning how to move in
that direction, and implementing the plans.

We have all planned, cooked, or enjoyed meals. Someone must set the di-
rection and determine the menu for tonight’s dinner. Someone must plan for
buying the ingredients and choosing the recipes. Finally, someone must pre-
pare the ingredients, cook the food, and serve the meal. It may be that the same
person performs all of these tasks, or they may be done by a team of people.

Direction Setting




