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PREFACE

This is a book on problem-solving tools and their use in quality improvement. The
book is appropriate as a text for use in colleges, primarily for undergraduate and
graduate-level courses on quality. These courses are typically taught in Industrial
Engineering programs, Departments of Statistics, and Schools of Business and
Management. This text is also appropriate for use in two-year colleges, as well as
for in-house company training courses on quality.

Courses on quality are generally taught in two different ways: “technique-
oriented” courses, which emphasize the statistical tools, and “management-
oriented” courses, which stress the managerial side of quality. This book is in-
tended as a main text for a technique-oriented course. However, it is also useful in
a managerial-type course on guality, as it serves as a useful primer and reference
book on problem-solving tools.

Problem-solving skills are important for improving quality. This text provides
the reader with a general and widely applicable problem-solving strategy. It cov-
ers a variety of “nonstatistical” problem-solving tools, which are neglected in most
statistically oriented texts on quality. Furthermore, it discusses techniques that are
useful when problems are solved by groups or teams of people. This discussion is
important since most problem solving takes place within an organizational frame-
work; in addition to the technical aspects, there is a human side to problem solving
that cannot be neglected. This book shows how the success of problem solving
is influenced by the style of management and the type of management-employee
interaction.

This book gives a comprehensive treatment of statistical tools for problem
solving and quality improvement. Our discussion starts from elementary principles
of data analysis. No prior background in statistics is needed; only minimal math-
ematics background is required. The coverage is self-contained, and concepts
and techniques are presented in a logical sequence. This text is not intended to
be a “cookbook”; the emphasis of this book is on understanding and on laying the
foundation for further continual learning.

The book provides a solid introduction to commonly used probability distri-
butions, including the binomial, Poisson, and normal distributions, and it illustrates
their importance in the quality arena. An introduction to surveys and sampling is
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given, and it is shown how methods of statistical inference can be used to gener-
alize sample findings. The text covers sample inspection plans, statistical process
control, control charts, and capability indexes. It provides an extensive discussion
of the statistical design of experiments; this discussion starts from basic princi-
ples, and proceeds to the analysis of factorial and fractional factorial designs. The
book also contains a chapter on Taguchi methods, illustrating their main features
with examples that can be easily understood. Furthermore, the text includes a
comprehensive chapter on regression.

Appropriate exercises are included in each chapter, and many references
for further reading are listed. Each major section of the book concludes with the
assignment of several projects. The aim of these end-of-section projects is to show,
by example, how quantitative analysis can contribute to the solution of problems.
Problem-solving techniques and statistical analysis are most meaningful when you
have personal experience with their use.

Several large data sets are analyzed or assigned as exercises and projects.
To save you the work of entering the data, we have stored data files on the Wiley
web site given below. The computer files are in ASCII format. Files start with a brief
description of the variables, and then list the observations. The first four symbols
of each file name indicate the chapter or the project in which these data are first
used; the next four symbols provide an abbreviated informative title.

There are many books that can be used in a course on the tools for quality
improvement, and one may ask why one should prefer this text over all others. We
believe that this book stands out for several reasons:

1. Discussion of nonstatistical problem solving tools found in Chapters 2-5
covers the organizational aspects of general or team-based problem solv-
ing techniques—topics not usually found in other statistical quality control
books.

2. Thorough coverage of statistical quality control, with emphasis on the under-
standing of concepts and their practical use in solving quality problems.
Coverage of sample inspection plans, control charts, and capability indexes
includes a careful discussion of the differences between statistical control
and capability.

3. Extensive discussion of design of experiments for process improvement,
from basic principles through the analysis of factorial and fractional factorial
designs, concludes with a chapter on Taguchi methods.

4. The large collection of exercises for each chapter is supported by Problem
Solving Projects at the end of each of the five sections of the text. Several of
the exercises and projects involve the analysis of large, case-oriented data
sets. An ASCII version of all data sets from the text can be found on the Wiley
Web Site at www.wiley.com/college/ledolter/qualitytools.
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We hope you will find our book useful. If you have any comments or sug-
gestions that could help us improve this book, please let us know. You can reach
us through the Department of Statistics and Actuarial Science at the University of
lowa, lowa City, |1A 52242, or through e-mail at ledolter@stat.uiowa.edu.

A note to instructors: There may be more material in this book than can
be covered comfortably in a one-semester or, especially, a one-quarter course.
How much can be covered and which chapters should be emphasized or omit-
ted will depend on the background of your students. Chapters 1 through 14 can
be covered if your students have had no prior background in statistics. In fact,
we have done this at the University of lowa in our statistics modules for MBA
students (in ten weeks) and for Executive MBA students (in eight weeks, with-
out Chapter 14). If your students have had some introduction to statistics and
if they are familiar with the material in Chapters 6 through 10, then the course
can focus on Chapters 1 through 5 (problem solving) and Chapters 11 through
17 (sample inspection, statistical process control, design of experiments, and
regression).

Supplements

Instructor’s Solutions Manual. Provides extensive solutions for
end-of-chapter exercises and end-of-section problems.

Data Disk. Contains all data sets from the text. Files are in ASCII format and
are included with the Instructor’s Solutions Manual available only upon
request to adopting instructors. The files can also be found on the Wiley
Web Site at www.wiley.com/college/ledolter/qualitytools.
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1.1 QUALITY: AN OVERVIEW
1.2 OUTLINE OF THIS BOOK
1.3 EXERCISES
1.4 REFERENCES

In this introductory chapter we summarize the objectives that we pursue
with this text. The aim of this book is to provide the reader with an effective set of
tools that he or she can use in problem solving, especially in problems that relate
to quality and quality improvement issues. We start this chapter by giving a brief
introduction to the area of quality. Quality and its continual improvement are
critical to the success of any organization, and workers and managers must
have familiarity with the appropriate tools for achieving and improving quality.

Our book emphasizes problem-solving tools and says very little about the
managerial aspects of quality. Nevertheless, we need the subsequent brief
introduction to the concept of quality to describe the background in which these
tools operate. The following section gives only a very rudimentary introduction
to quality. If you want to learn more about management issues of quality, then
you should consult our other book, Achieving Quality through Continual
Improvement, which is also published by John Wiley & Sons, 1999. This second
book gives a detailed discussion of the managerial aspects of quality and covers
the organizational and tactical issues of implementing quality.

1.1 QUALITY: AN OVERVIEW

1.1.1 A Brief History

Quality has been a concern of humankind since the beginning of time. Through-
out history, the wealthy and powerful sponsored artisans who produced quality
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products for them. Over time, various guilds were formed to promote profession-
alism and standards for quality.

The industrial revolution made goods available to the masses, but introduced
a basic change in commerce by separating the workers who made products from
the customers who received them. This depersonalization of production intro-
duced the need for producers to evolve new means to monitor and control the
quality of their products. Originally, the focus was on quality control, that is, on in-
spection to identify faulty products and prevent their being shipped to customers.
In the early part of this century, this inspection approach to quality was augmented
with the employment of statistical process control (SPC), also known as statistical
quality control (SQC), a concept developed by W. A. Shewhart of Bell Labs. SPC
comprises a set of technigues for monitoring a production process to determine if
it is stable over time and capable of producing quality products. It shifts the focus
of attention from the product to the process that is used to make the product. SPC
was widely practiced by U.S. industry during World War I, and it is credited by
many observers as playing a key role in bringing about the defeat of Japan.

In the period following World War Il, U.S. manufacturers enjoyed a huge
pent-up demand for their products. They could sell whatever they produced, so
their emphasis was on quantity of production, not product quality. Many of the
wartime quality lessons were forgotten by manufacturers, and consumers did not
seem to care because jobs were plentiful, wages were good, and if something
broke, one could always replace it. The United States developed into a “throw-
away” society—one bought a product, soon discovered that it failed to perform
satisfactorily, threw it away, and bought another.

Postwar Japan faced an entirely different situation. With food and shelter
scarce and their factories in ruins, Japan assessed and corrected the causes of
their failure. Product quality was one area where America had definitely outper-
formed Japan, so they attempted to correct this situation. They soon mastered
the inspection and SPC quality concepts, and went on to invent their own quality
improvement techniques. By the 1970s, they had achieved world leadership in
quality.

Today, some Western firms have closed the quality gap with Japan, and a few
of them have managed to surpass their Japanese competitors. But much of the
Western World still is playing catch-up with Japan in the quality arena. The aim of
this book is to provide you with knowledge that you can use to help organizations
improve the quality of their products.

1.1.2 Quality in Goods, Services, and Information Products
There are various formal definitions of quality; one is the definition of the Interna-
tional Organization for Standardization (ISO):

Quality is the totality of features and characteristics of a product or
service that bear on its ability to satisfy stated or implied needs.
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As this definition implies, quality is an attribute of a product. A product is a quality
product if it meets all the requirements established for it; that is, it is a defect-free
product. In other words, quality means meeting requirements.

The pioneers of the quality movement—Walter A. Shewhart, W. Edwards
Deming, Joseph M. Juran, Philip B. Crosby, and Kaoru Ishikawa—all were physi-
cal scientists or engineers. The focus of their quality efforts was on goods—man-
ufactured or constructed products—and their approach to quality improvement
leaned heavily on the use of statistical methods. More recently, the focus of qual-
ity efforts has been expanded to include services—the performance of labor for
the benefit of another. This expansion has placed a greater emphasis on human
factors and their impact on product quality.

Service is a broad category, including food services, health care, cleaning
and building services, transportation, education, finance, government, and so on.
Service accounts for about two-thirds of the jobs in an industrial economy; even in
manufacturing, about two-thirds of the jobs are in service areas such as design,
finance, advertising, and sales (The Economist, May 6, 1995, p. 15).

The traditional view of the economy in terms of goods and services tends to
obscure what people in America really do for a living. About 60 percent of U.S. em-
ployment is in two categories—(1) managerial and professional specialty, and (2)
technical, sales, and administrative support—both white-collar jobs (Bureau of La-
bor Statistics, U.S. Department of Labor Employment; 1993 counts). Most of these
employees do not deal with physical objects, such as nuts and bolts; instead they
deal with sales slips, correspondence, reports, checks, and the like. Thus, at least
half the people in this country are information workers—some estimates place the
number as high as 70 percent. In industries such as banking and insurance, the
number is almost 100 percent. What these people deal with are information prod-
ucts. Quality products for information workers means instructions that are clear
and complete, documents that are correct, checks in the right amount, and so on.

Quality in the office is every bit as important as quality on the factory floor.
To appreciate this, think about what takes place when a customer buys a “wid-
get" from a manufacturing company: A salesperson obtains and documents an
order; components and supplies are ordered; incoming goods are stockpiled and
listed in inventory; a production order is written, causing a worker to build the
widget; the widget is built and sent to the customer with a shipping slip and an
invoice; the customer pays, and appropriate transactions are made in the account-
ing system; checks are issued to the worker for his or her effort and to the people
providing supplies, heat, light, and space; and, finally, the government gets tax
reports and a check for part of the profit. This is a very much abbreviated list of
activities and products, but notice that for each physical product (components,
supplies, widgets, and so on) there are many information products (orders, inven-
tory records, production orders, accounting statements, check, bills, reports, and
so on). To provide proper service to the customer, all products—goods, services,
and information—must be quality products.
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1.1.3 Processes and Quality

The starting point in understanding how to achieve quality is to examine how prod-
ucts come into being. A product is the output of a production process (or simply
a process), which is a logically related collection of actions or operations that pro-
duce results, called the outputs of the process. A process must be supplied with
necessary ingredients, and those are the inputs to the process. For a manufactur-
ing process, the inputs include parts and components, and the outputs include
the finished products as well as scrap. For a service process, inputs may include
a package and delivery instructions, and the output may be a delivered pack-
age. For an information product, inputs may be a class assignment and source
materials, and the output a term paper. In all cases, the process involves some
arrangement of equipment, tools, methods, procedures, and instructions for con-
verting appropriate inputs into the desired product (and ancillary outputs, such as
scrap). The quality of a product depends heavily on the production process that
is used to produce it. If you want to produce quality widgets, then you must have
an effective widget-producing process. If you want to produce quality cars, then
you must have an effective assembly line. A major cause of poor products is the
failure to build effective production processes.

Every production process can be thought of as consisting of four stages:
analyze, design, build, test. Analyze involves learning what customers want and
expressing these “wants” as a set of customer requirements. Design means es-
tablishing the requirements for a product that will meet the customer requirements.
Build means actually building the product. Testinvolves checking to learn whether
the product meets the customer requirements that were established for it. Each of
these four subprocesses must be carried out properly to have a product that meets
customer requirements. Quality control is an important component, especially in
the fourth step of the production process. Here we confirm that the product meets
the requirements that were established for it. If the product does, it is judged to
be a quality product.

1.1.4 Management and Quality

Our focus in this book is on the tools that can be used to improve quality. But tools
are only one part of the total effort required to achieve quality. Because manage-
ment has ultimate control of all resources in an organization, it also has ultimate
responsibility for the quality of all products. To make its views on quality known,
management must establish a quality policy in which it states the organization’s
commitment to quality and establishes general guidelines for supporting that pol-
icy. Management must then support the quality policy by properly managing work,
workers, work processes, and the work environment. There is an extensive litera-
ture on each of these topics. You should consult our other book for information on
these issues.
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1.1.5 IS0 9000 and Quality

For years, many organizations have strived for quality because they were con-
vinced it was good business practice—it increased the demand for their products
and reduced the cost of production. But others were not always convinced that
costs would decrease so their quality initiatives were half-hearted. Now, however,
many of these reluctant organizations are pushing for quality because of an ini-
tiative of the International Organization for Standardization, commonly referred to
as I1SO.

ISO was founded in 1946 to establish a series of international standards
for products and production processes. Currently over 90 countries are members,
including the United States and all of its major trading partners. In 1987, the organi-
zation published the ISO 9000 series of generic standards for quality management
and quality assurance. These standards apply to companies of every size and to
all industrial sectors—goods, services, and information. Various extensions of the
original ISO 9000 standards have been introduced since 1987; ISO 14000, a new
environmental management systems standard, was added in 1996.

The ISO 9000 standards provide guidance for suppliers who want to imple-
ment effective quality systems. Also, they can be used by customers to evaluate
the adequacy of a supplier’s quality system. To avoid the need for each customer
to check each supplier, a system of registration has been established. A group of
registrars has been accredited by ISO to audit quality systems of suppliers and
certify those suppliers that are in compliance with a specific standard of the ISO
series. A customer can then ask a supplier to become registered as a precon-
dition to placing an order with that supplier. Registration gives the customer an
assurance that the supplier has an effective quality system in place; this increases
the likelihood that the supplier will provide quality products. In the past, suppliers
were motivated to establish quality systems by the carrot of increased customer
satisfaction. Today, many suppliers are motivated by the stick of ISO 9000—if they
don't register, then they may not be able to sell to some potential customers.

1.1.6 Achieving Quality

There are two basic strategies for achieving quality: prevention and improvement.
One strategy is to prevent quality problems by having a good understanding of
customer requirements, by designing, building, and documenting production pro-
cesses capable of producing the required products, and by using well-trained,
highly motivated process operators who consistently do first-class work. Some
organizations do a very good job on all of these tasks, which helps them avoid
quality problems. However, many times companies will fall far short of this ideal,
and they need to employ an equally important second strategy, namely, to practice
continual process improvement.

Quality improvement efforts are designed to make a production process less
likely to produce defective products. Examples of typical improvement efforts are:
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Document a process in an attempt to make it more consistent; train operators to
improve their job performance; collect and analyze defect information to determine
the causes of product defects; make process changes to remove the causes of
product defects; redesign the product to make its production less error-prone.
The aim of this book is to present techniques and tools that aid such quality
improvement efforts.

1.2 OUTLINE OF THIS BOOK
1.2.1 Quality Problems and Problem-Solving Strategies

This is a book on problem-solving tools and their use in quality improvement.
Problem-solving skills are important for achieving and improving quality. Above
all, one needs to have a general strategy for solving problems, and one must
know techniques that help to find, prioritize, and solve problems. Useful system-
atic techniques for detecting and prioritizing problems are discussed in Chapter 2.
Flowcharts and Pareto diagrams are explained. Flowcharts are important tools for
visualizing the sequence of events in a process and they can help locate prob-
lems and unneeded complexity. Pareto diagrams are useful tools for prioritizing
problems by focusing one’s attention on the most commonplace problems.

A general four-step problem-solving strategy and a collection of simple but
helpful problem-solving techniques are given in Chapter 3. Different ways of ap-
proaching the solutions to problems are explored. Cause-analysis and Ishikawa
cause-and-effect diagrams are explained; these diagrams represent useful graph-
ical displays of possible causes and their interrelationships.

Team-based approaches to problem solving are vital, as more and more
problems are solved in groups. In order to solve problems within a team structure,
we must have procedures for sharing and assessing information. Chapter 4 of this
book emphasizes the benefits of team-based approaches to problem solving, and
discusses brainstorming, the nominal group technique, and the Delphi method—
three useful technigues for the structured exchange of information.

Problem solving usually takes place within an organizational framework, and
certainly not in a vacuum that is devoid of human interaction. In addition to the
technical aspects, there is a human side to problem solving that cannot be ne-
glected. The reward system and leadership, in particular, have a major influence
on the creation as well as the solution of problems. These issues are explored in
Chapter 5. We discuss how the success of problem solving is influenced by the
style of management and the type of management-employee interaction.

1.2.2 Management Based on Facts: The Importance of Data
and Data Analysis

We need to understand how data helps us solve problems. The collection and the
analysis of relevant data through appropriate statistical techniques are important



