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Preface to the Second
Edition

The first edition of this book appeared in 2010, so we decided to produce

an updated and expanded second edition. The purpose of the book remains

unchanged—to show how, using the three principles of Visual Six Sigma,

you can exploit data to make better decisions more quickly and easily than you

would otherwise. And, as you might expect given their power and utility, these

principles are also unchanged. However, production of this second edition

allows us to take advantage of some interim developments that make the

implementation of Visual Six Sigma even easier, further increasing the scope

and efficacy of its application. It also allows us to improve and enhance the

content and form of the first edition.

The staying power of Six Sigma as a methodology can be attributed to the

fact that it can provide a common language for, and approach to, project-based

improvement initiatives. Nonetheless, as we pointed out in the first edition,

there is a clear need to evolve the mechanics of Six Sigma both to accommo-

date the greater availability of data and to address the fact that, historically,

approaches to analyzing data were overly concerned with hypothesis testing, to

the detriment of the hypothesis generation and discovery needed for improve-

ment. We believe that Visual Six Sigma can foster this evolution, and this is part

of our motivation for keeping this text current.

At the same time, the past five years have seen the explosion of “big data,”

at least as an identifiable area that software providers and implementation con-

sultants make strenuous efforts to market to. In this language, the increased

data availability mentioned above is measured using three dimensions: volume,

variety, and velocity. Even though the precise definition of big data is not always

clear, we think there is much for would-be data scientists to learn from the prin-

ciples of Visual Six Sigma and their application. In addition, if a project-based

approach is warranted, the language of Six Sigma may also be useful.

Although the principles of Visual Six Sigma are general, their effective and

efficient adoption in practice is reliant on good enabling software. The first edi-

tion was tied to version 8.01 of JMP, Statistical Discovery software from SAS

Institute®. This second edition has been revised to be consistent with the ver-

sion current at the time of writing, JMP 12.2.0. Generally, JMP aims to exploit

the synergy between visualization and analysis, and its continuing development

has opened up new possibilities for Visual Six Sigma. In some cases, these are

simply matters of detail and efficiency, but in others there are important new

capabilities we can use.

ix
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A key feature of the book remains the six self-contained case studies. Given

feedback from the first edition, we are even more convinced of the advantage

of this format in showing how seemingly disparate techniques can be used in

concert to accomplish something useful. We interweave the new capabilities of

JMP where they usefully support or extend the case studies.

Consistent with the requirements of Visual Six Sigma in the new era of big

data, we have introduced two new chapters:

◾ Chapter 4, “Managing Data and Data Quality,” precedes the case studies

and addresses the management of data and data quality. Data quality, at

an organizational level, is a ubiquitous topic that is often seen as main-

stream to the point of being boring. However, the importance of data

quality for project teams and anyone making decisions with data can-

not be overstated. As we shall see, the Visual Six Sigma context leads to

some important and interesting nuances.

◾ Chapter 11, “Beyond ‘Point and Click’ with JMP,” follows the case

studies and shows how to go beyond the interactive usage of JMP for

discovery and improvement. No matter how simple or complex, the

performance of empirical models always degrades over time. Once

improvements are made, there is always the need to monitor and adapt

with an appropriate frequency. In turn, this means that analyses need

to be repeated as new data arrive, and this is often best done with an

element of automation.

The case studies appear in Part Two of the book. Chapter 4 is appended

to Part One, making this section four chapters long. Given the nature of the

content, Chapter 11 appears as a singleton chapter in Part Three.

Finally, we have tried tomake the case studies easier to use by having clearer

typographic separation between the narrative (consisting of the why, the what,

and the findings of each technique as it is used in a specific context) and the

“how to” steps required in JMP. As well as helping to keep things concise, this

arrangement better accommodates users with different levels of prior familiarity

with JMP, and may make it easier to use other software should this be required

or mandated.

As in the first edition, we have used different fonts to help identify the

names of data tables, of columns in data tables, and commands. Data table

names are shown inMeridienLTStd-Bold, the names of columns (which are

variable names) are shown in italic Helvetica, and the names of commands and

other elements of the user interface are shown in bold Helvetica.
We are now living through a time of rapid change in the world of data

analysis. We have tried to reflect this in our changes and additions. We hope

that this second edition on Visual Six Sigma contains even more of interest for

current or would-be Six Sigma practitioners, or more generally for anyone with
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a stake in exploiting data for the purpose of gaining new understanding or of

driving improvement.

Supplemental Materials

We anticipate that you will follow along, using JMP, as you work through the

case studies and Chapters 4 and 11. You can download a trial copy of JMP

at www.jmp.com/try. Chapter 10 requires JMP Pro. You can request a trial

version of JMP Pro at www.jmp.com/en_us/software/jmp-pro-eval.html. JMP

instructions in this book are based on JMP 12.2.0. Although the menu structure

may differ if you use a different version of JMP, all the functionality described

in this book is available in JMP 12.2.0 or newer versions.

The data sets used in the book are available at http://support.sas.com/

visualsixsigma. This folder contains a journal file, Visual Six Sigma.jrn, that
contains links to the data tables, scripts, and add-ins discussed in this book. The

color versions of the exhibits shown in the book are also available here. Exhibits

showing JMP results were taken using JMP 12.2.0 running on Windows.

http://www.jmp.com/try
http://www.jmp.com/en_us/software/jmp-pro-eval.html
http://support.sas.com/
http://support.sas.com/visualsixsigma




Preface to the First Edition

The purpose of this book is to show how, using the principles of Visual Six

Sigma, you can exploit data to make better decisions more quickly and easily

than you would otherwise. We emphasize that your company does not need to

have a Six Sigma initiative for this book to be useful. Clearly there are many

data-driven decisions that, by necessity or by design, fall outside the scope of a

Six Sigma effort, and in such cases we believe that Visual Six Sigma is ideal. We

seek to show that Visual Six Sigma can be used by a lone associate, as well as a

team, to address data-driven questions, with or without the support of a formal

initiative like Six Sigma.

To this end, we present six case studies that show Visual Six Sigma in

action. These case studies address complex problems and opportunities faced

by individuals and teams in a variety of application areas. Each case study

was addressed using the Visual Six Sigma Roadmap, described in Chapters 2

and 3. As these case studies illustrate, Visual Six Sigma is about exploration

and discovery, which means that it is not, and never could be, an entirely

prescriptive framework.

As well as using the case studies to convey the Visual Six Sigma Roadmap,

we also want to use them to illustrate Visual Six Sigma techniques that you can

reuse in your own setting. To meet this goal, sometimes we have deliberately

compromised the lean nature of the Visual Six Sigma Roadmap in order to take

the opportunity to show you extra techniques that may not be strictly nec-

essary to reach the conclusion or business decision. Striking the balance this

way means that you will see a wider repertoire of techniques from which to

synthesize an approach to Visual Six Sigma that works for you.

Because of its visual emphasis, Visual Six Sigma opens the doors for

non-statisticians to take active roles in data-driven decision making, empow-

ering them to leverage their contextual knowledge to pose relevant questions,

get good answers, and make sound decisions. You may find yourself working

on a Six Sigma improvement project, a design project, a data mining inquiry,

or a scientific study—all of which require decision making based on data. After

working through this book, we hope that you will be able to make data-driven

decisions in your specific situation quickly, easily, and with greater assurance.

How This Book Is Organized

This book is organized in two parts. Part I contains an introductory chapter that

presents the three Visual Six Sigma strategies, a chapter on Visual Six Sigma,

xiii
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and a chapter introducing JMP statistical software (from SAS® Institute), which

will be used throughout the case studies.

Case studies are presented in Part Two. These case studies follow challeng-

ing real-world projects from start to finish. Through these case studies, you will

gain insight into how the three Visual Six Sigma strategies combine to expedite

project execution in the real world. Each case study is given its own chapter,

which can be read independently from the rest. A concise summary of the story-

line opens each case study. Although these case studies are real, we use fictitious

names for the companies and individuals to preserve confidentiality.

Within each case study, visualization methods and other statistical tech-

niques are applied at various stages in the data analysis process in order to better

understand what the data are telling us. For those not familiar with JMP, each

case study also contains the relevant how-to steps so that you may follow along

and see Visual Six Sigma in action.

The data sets used in the case studies are available at http://support.sas

.com/visualsixsigma. Here you can also find the exhibits shown in the case

studies, allowing you to see screen captures in color. Additional Visual Six Sigma

resource materials will be made available on the website, as appropriate.

A Word about Software

The ideas behind Visual Six Sigma are quite general, but active learning—in our

view, the only kind of learning that works—requires that you step through the

case studies and examples in this book to try things out for yourself. For more

information about JMP, and to download a trial version of the software, visit

www.jmp.com/demo.

JMP is available on Windows, Mac, and Linux platforms. The step-by-step

instructions in this book assume that you are working in Windows. Mac and

Linux users should refer to the JMP documentation for details on differences.

This book is based on JMP version 8.0.1.

http://support.sas
http://www.jmp.com/demo
http://support.sas.com/visualsixsigma
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4 V I S U A L S I X S I G M A

WHAT IS VISUAL SIX SIGMA?

Visual Six Sigma is about leveraging interactive and dynamic graphical displays

to help transform data into sound decisions. It is not an algorithm. It is a cre-

ative process that employs visual techniques in the discovery of new and useful

knowledge, leading to quicker and better decisions than do the methods in

general use today. It signals a new generation of Six Sigma techniques.

At the heart of Six Sigma is the concept of data-driven decision making, that

is, of exploiting the data from measurements or simulations at various points

in the life cycle of your product or service. Visual Six Sigma aims to produce

better alignment between Six Sigma practice and the key idea of discovery,

providing benefits for all those who have a stake in solving problems and in

making improvements through data.

Visual Six Sigma consists of three main strategies:

1. Using dynamic visualization to literally see the sources of variation in

your data.

2. Using exploratory data analysis techniques to identify key drivers and

models, especially for situations involving many variables.

3. Using confirmatory statistical methods only when the conclusions are

not obvious.

Six Sigma programs often use the so-called DMAIC approach for team-based

process improvement or problem-solving efforts. The acronym DMAIC stands

for the major phases in a team’s project: Define, Measure, Analyze, Improve, and

Control. DMAIC provides a structure for a team’s efforts, just as an overall Six

Sigma program provides a structure for a company’s efforts. Each phase of

DMAIC comes with a list of techniques that are considered appropriate in that

phase; the team moves from one phase to another, using this sequence of tech-

niques as a general guide. In a similar way, Six Sigma projects aimed at design

follow various structures, such as Define, Measure, Analyze, Design, and Validate

(DMADV) and Identify, Design, Optimize, and Validate (IDOV).

Visual Six Sigma is not a replacement for the DMAIC, DMADV, or IDOV

frameworks. Rather, Visual Six Sigma supports these frameworks by simplifying

and enhancing methods for data exploration and discovery whenever they are

needed. In addition, when circumstances make a full-blown project-based or

team-based approach undesirable or unworkable, Visual Six Sigma can still be

used by individual contributors such as you. In a nutshell, Visual Six Sigma helps

to make the DMAIC and design structures—and data analysis in general—lean.

Moving beyond Traditional Six Sigma

It is our belief that the tools, techniques, and workflows in common use with

Six Sigma efforts are typically not aligned with the key idea of discovery. In
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the early days of Six Sigma, relevant data rarely existed, and a team was often

challenged to collect data on its own. As part of the Measure phase, a team usu-

ally conducted a brainstorming session to identify which features of a process

should be measured. In some sense, this brainstorming session was the team’s

only involvement in hypothesis generation. The data collected were precious,

and hypothesis testing methods were critical in separating signals from noise.

Project teams struggling with a lack of useful data generally rely on an abun-

dance of subjective input, and often require hypothesis testing to minimize the

risk of bad decisions. This emphasis on hypothesis testing is reasonable in an

environment where data are sparse. In contrast, today’s Six Sigma teams often

find warehouses of data that are relevant to their efforts. Their challenge is to

wade through the data to discover prominent features, to separate the remark-

able from the unremarkable.

These data-rich environments call for a shift in emphasis from confirma-

tory methods, such as hypothesis testing, to exploratory methods, with a major

emphasis on the display of data to reveal prominent features that are hidden

in the data. Since the human interpretation of the data context is a vital part

of the discovery process, these exploratory techniques cannot be fully auto-

mated. Also, with large quantities of data, hypothesis testing itself becomes less

useful—statistical significance comes easily and may have little to do with prac-

tical importance.

Of course, the simple abundance of data in a warehouse does not guarantee

its relevance for improvement or problem solving. In fact, it is our experience

that teams working in what they believe to be data-rich environments some-

times find that the available data are of poor quality or are largely irrelevant

to their efforts. Visualization methods can be instrumental in helping teams

quickly reach this conclusion. In these cases, teams need to revert to techniques

such as brainstorming, cause-and-effect diagrams, and process maps, which

drive efforts to collect the proper data. But, as we shall see, even in situations

where only few relevant data are available, visualization techniques, supported

as appropriate by confirmatory methods, prove invaluable in identifying telling

features of the data.

Making Data Analysis Lean

Discovery is largely supported by the generation of hypotheses—conjectures

about relationships and causality. Today’s Six Sigma teams, and data analysts

in the business world in general, are often trained with a heavy emphasis on

hypothesis testing, with comparatively little emphasis given to hypothesis gen-

eration and discovery. They are often hampered in their problem-solving and

improvement efforts by the inability to exploit exploratory methods, which

could enable them to make more rapid progress, often with less effort.



6 V I S U A L S I X S I G M A

In recent times, we have seen incredible advances in visualization methods,

supported by phenomenal increases in computing power. We strongly believe

that the approaches now allowed by these methods are underutilized in current

Six Sigma practice. It is this conviction that motivated us to write the first edition

of this book and, following its success, to produce a second edition that takes

advantage of recent software advances. We hope you find this book useful as

you shape and build your own real-world Six Sigma experience.

Requirements of the Reader

This leads to another important point, namely, that you are “part of the system.”

Discovery, whether practiced as an individual or as a team sport, involves both

divergent and convergent thinking; both creativity and discipline are required

at different times. You should bear this in mind when forming a team or when

consulting with individuals, since each person will bring his or her own skill

set, perspective, and strength to the discovery process.

Given the need to be data driven, we also need to recognize one of the basic

rules of using data, which is that any kind of analysis that treats data simply as a

list of numbers is doomed to failure. To say it differently: All data are contextual,

and it is this context and the objectives set out for the project that must shape

the analysis and produce useful recommendations for action. As a practitioner,

your main responsibility should always be to understand what the numbers in

the data actually mean in the real world. In fact, this is the only requirement

for putting the ideas in this book into practice in your workplace.
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This chapter introduces the key ideas behind Six Sigma and Visual Six Sigma;

our focus is on the latter. Six Sigma is a potentially huge topic, so we only

have space to mention some of its essential ideas. There are already numer-

ous well-written books and articles dealing with the many and diverse aspects

of Six Sigma as commonly practiced.1 We also note that today, digital tools

(software, databases, visual media, etc.) are leveraged extensively in Six Sigma

initiatives.2

Our goal in this chapter is to provide an overview of Six Sigma so that you

start to see how Visual Six Sigma fits into this picture. However, it is worth

pointing out in advance that you can only gain a proper appreciation of the

power of visualization techniques by working with data that relate to real prob-

lems in the real world.

BACKGROUND: MODELS, DATA, AND VARIATION

There is no doubt that science and technology have transformed the lives of

many and will continue to do so. Like many fields of human endeavor, science

proceeds by building pictures, or models, of what we think is happening. These

models can provide a framework in which we attempt to influence or control

inputs so as to provide better outputs. Unlike the models used in some other

areas, the models used in science are usually constructed using data that arise

from measurements made in the real world.

At the heart of the scientific approach is the explicit recognition that wemay

be wrong in our current world view. Saying this differently, we recognize that

our models will always be imperfect, but by confronting themwith data, we can

strive to make them better and more useful. Echoing the words of George Box,

one of the pioneers of industrial statistics, we can say, “Essentially, all models

are wrong, but some are useful.”3

MODELS

The models of interest in this book can be conceptualized as shown in

Exhibit 2.1. This picture demands a few words of explanation:

◾ In this book, and generally in Six Sigma, the outcomes of interest to us

are denoted with a Y. For example, Y1 in Exhibit 2.1 could represent the

event that someone will apply for a new credit card after receiving an

offer from a credit card company.

◾ Causes that may influence a Y will be shown as an X. To continue the

example, X1 may denote the age of the person receiving the credit

card offer.

◾ Rather than using a lengthy expression such as “we expect the age of

the recipient to influence the chance that he or she will apply for a credit


