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PREFACE"

INTENDED AUDIENCE

Statistics, Data Analysis, and Decision Modeling was written to meet the need for an
introductory text that provides a basic introduction to business statistics and deci-
sion models/optimization, focusing on practical applications of data analysis and
decision modeling, all presented in a simple and straightforward fashion.

The text consists of 14 chapters in two distinct parts. The first eight chapters deal
with statistical and data analysis topics, while the remaining chapters deal with deci-
sion models and applications. Thus, the text may be used for:

e MBA or undergraduate business programs that combine topics in business sta-
tistics and management science into a single, brief, quantitative methods course.

* Business programs that teach statistics and management science in short, mod-
ular courses.

¢ Executive MBA programs.

¢ Graduate refresher courses for business statistics and management science.

SUBSTANCE

The danger in using quantitative methods does not generally lie in the inability to
perform the requisite calculations, but rather in the lack of a fundamental under-
standing of why to use a procedure, how to use it correctly, and how to properly
interpret results. The principal focus of this text is conceptual understanding using
simple and practical examples rather than a plug-and-chug or point-and-click men-
tality, as are often done in other texts, supplemented by appropriate theory. On the
other hand, the text does not attempt to be an encyclopedia of detailed quantitative
procedures, but focuses in on useful concepts and tools for today’s managers.

To support the presentation of topics in business statistics and decision modeling,
this text integrates fundamental theory and practical applications in a spreadsheet
environment using Microsoft Excel 2007 and various spreadsheet add-ins, specifically:

e PHStat, a collection of statistical tools that enhance the capabilities of Excel;
published by Pearson Education.

e A time limited professional version of Crystal Ball (including CBPredictor for
forecasting and OptQuest for optimization), the most popular commercial pack-
age for risk analysis.

e TreePlan, a decision analysis add-in.

e SimQuick, an Excel-based application for process simulation, published by
Pearson Education.

e Premium Solver, a more powerful version of Excel’s Solver.

These tools have been integrated throughout the text to simplify the presentations
and implement tools and calculations so that more focus can be placed on interpretation
and understanding the managerial implications of results. However, as not to disrupt
the flow of the text discussion and distract from conceptual understanding, we have
placed boxed “Notes” for Excel, PHStat, and other add-ins that provide procedural
details of using specific functions, tools, or techniques where appropriate.
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New 10 THis EDITION

The fourth edition of this text has been substantially re-written to improve clarity
and pedagogical features. Many significant changes have been made in this edition.
These changes include the following.

1. Spreadsheet-based tools and applications are now compatible with Microsoft
Excel 2007, which is used throughout this edition.

2. Every chapter has been carefully revised to improve clarity of the material. Many
explanations of critical concepts have been enhanced using new business exam-
ples and data sets.

3. Key decision modeling chapters in Part 2 of this book have been significantly
revised and reorganized. These are Chapter 9-Building and Using Decision Models,
Chapter 13-Linear Optimization, and Chapter 14-Integer and Nonlinear Optimization.

4. Theory and extensive computational formulas have been relegated to end of
chapter Appendixes to provide better flexibility for instructors, and not impede
learning essential concepts and skills.

5. End-of-chapter material has been enhanced and reorganized to include Basic
Concepts Review Questions that focus on the understanding of fundamental terms
concepts; Skill-Building Exercises that facilitate experiential learning and Excel-
based skills, and Problems and Applications, which provide a wide variety of
numerical exercises and practical applications to real and/or realistic data sets or
problem scenarios. New cases are introduced in most chapters.

To THE STUDENTS

The CD-ROM accompanying this text contains all the data and model files used
throughout the text in examples, problems, and exercises.* These are also available on
the text’s Web site, www.pearsonhighered.com/evans. Versions of a variety of soft-
ware packages, including PHStat, SimQuick, Crystal Ball, and Premium Solver, are also
available in connection with this text. For complete information on these, please also
visit www.pearsonhighered.com/evans.

To THE INSTRUCTORS

To access instructor solutions files please visit pearsonhighered.com/evans and
choose the instructor resources option. A variety of instructor resources are available
for instructors who register for our secure environment. The files for each chapter,
including PowerPoint presentations, are available for download.

As a registered faculty member, you can login directly to download resource files,
and receive immediate access and instructions for installing Course Management con-
tent to your campus server.

Need help? Our dedicated Technical Support team is ready to assist instructors
with questions about the media supplements that accompany this text. Visit:
http://247 pearsoned.com/ for answers to frequently asked questions and toll-free
user support phone numbers.
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Data and Business Decisions

INTRODUCTION

phrase one often hears in many companies today is, “In God we
74 trust; all others use data.” Modern organizations truly manage by
fact—they depend on complete and accurate data for performance evalu-
ation, improvement, and decision making. However, many organizations
ignore the most important data they need to make good decisions. This
may occur for several reasons:

» They may not fully understand what to measure or how to measure.
» They may be reluctant to spend the required time and effort.

» They may feel they can make decisions by instinct and do not need
data.

» They may fear discovering problems or poor performance that data
may uncover.

Even if organizations do gather data, they may not interpret them properly.

Information derives from analysis of data. Analysis refers to extracting
larger meaning from data to support evaluation and decision making. One
of the most important tools for analyzing data in business is statistics,
which is the science of collecting, organizing, analyzing, interpreting, and
presenting data. Modern spreadsheet technology, such as Microsoft
Excel, has made it quite easy to organize, analyze, and present data.

Data also provide key inputs to decision models. A decision model is a
logical or mathematical representation of a problem or business situation.
Decision models establish relationships between actions that decision
makers might take and results that they might expect, thereby allowing the
decision makers to predict what might happen based on the model
assumptions. For instance, the manager of a grocery store might want to
know how best to use price promotions, coupon programs, and advertis-
ing to increase sales. In the past, grocers have studied the relationship of
sales volume to programs such as these by conducting controlled experi-
ments to identify the relationship between actions and sales volumes."
That is, they implement different combinations of price promotions,
coupon programs, and advertising (the decision variables) then observe




the sales that result. Using the data from these experiments and a statisti-
cal technique known as regression analysis (which we cover in Chapter 6),
we can develop a predictive model of sales as a function of the decision
variables. Such a model might look like the following:

Sales = a + b X Price + ¢ X Coupons + d X Advertising
+ e X Price X Advertising

where a, b, ¢, d, and e are constants that are estimated from the data.
By setting levels for price, coupons, and advertising, the model esti-
mates a level of sales. The manager can use the model to identify effec-
tive pricing, promotion, and advertising strategies.

Statistics and data analysis have long been critical to business deci-
sions, but they are becoming more important as an increasing amount of
electronic information becomes available. These techniques help man-
agers determine trends, projections, cause-and-effect relationships, and
other significant meanings of data that might not be evident. The pur-
pose of this book is to introduce you to practical approaches for analyz-
ing data; ways of using data effectively to make informed decisions; and
approaches for developing, analyzing, and solving models of decision
problems. Part | of this book (Chapters 1-7) focuses on key issues of sta-
tistics and data analysis, and Part Il (Chapters 8-13) introduces you to
various types of decision models that rely on good data analysis.

In this chapter, we discuss the roles of data analysis in business,
discuss how data are used in evaluating business performance, intro-
duce some fundamental issues of statistics and measurement, and
introduce spreadsheets as a support tool for data analysis and decision
modeling. The key concepts we will discuss are the following:

» The importance of statistical thinking in business

» The importance of statistics in Six Sigma, which has become a
widely accepted approach to business performance improvement

» The scope of business performance data and the concept of a
“balanced scorecard,” as well as the use of data outside the
business environment

» The role of statistics in using sample data to understand and draw
inferences about populations and monitor the effectiveness of
business processes

» Classification of data and common types of measurement scales

» Basic Microsoft Excel skills and add-ins that are supplied with this
book

» Using PivotTables to manipulate data

STATISTICAL THINKING IN BUSINESS

The importance of applying statistical concepts to make good business decisions and
improve performance cannot be overemphasized. Statistical thinking is a philoso-
phy of learning and action for improvement that is based on the principles that

e all work occurs in a system of interconnected processes;
® variation exists in all processes; and
* understanding and reducing variation are keys to success.

Work gets done in any organization through processes—systematic ways of
doing things that achieve desired results. Understanding processes provides the con-

Chapter 1 Data and Business Decisions 3
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text for determining the effects of variation and the proper type of action to be taken.
Any process contains many sources of variation. In manufacturing, for example, dif-
ferent lots of material vary in strength, thickness, or moisture content. Cutting tools
have inherent variation in their strength and composition. During manufacturing,
tools experience wear, vibrations cause changes in machine settings, and electrical
fluctuations cause variations in power. Workers may not position parts on fixtures
consistently, and physical and emotional stress may affect workers’ consistency. In
addition, measurement gauges and human inspection capabilities are not uniform,
resulting in variation in measurements even when the true value is constant. The
complex interactions of these variations in materials, tools, equipment, people, and
the environment are not easily understood and are often referred to as common causes
of variation. Other variations, which we generally call special causes, arise from exter-
nal sources that are not inherent in the process. Some factors that lead to special
causes in manufacturing are a bad batch of material from a supplier, a poorly trained
substitute machine operator, a broken or worn tool, or miscalibration of measuring
instruments. These typically result in unusual variations that disrupt the statistical
pattern of common causes. Similar phenomena occur in service processes because of
variation in employee and customer behavior, application of technology, and so on.

While variation exists everywhere, many business decisions do not often
account for it, and managers frequently confuse common and special causes of vari-
ation and try to take action to eliminate a perceived special cause when it in fact is
simply common cause variation. For example, if sales in some region fell from the
previous year, the regional manager might quickly blame her sales staff for not work-
ing hard. If a new advertising campaign happens to coincide with a drop in sales,
some managers would quickly drop the ad campaign without any further analysis.
How often do managers make decisions based on a single data point or two, seeing
trends when they don't exist, or manipulate financial figures they cannot truly con-
trol? Usually, it is simply a matter of ignorance of how to deal with data and infor-
mation. A better approach would be to formulate a theory (“Certain ad campaigns
positively affect sales”) and test this theory in some way, either by collecting and ana-
lyzing some data (“Measure change in sales when advertising is adopted”) and per-
haps developing a model of the situation that will provide better insight (“When
advertising is increased by 10%, sales increase by 15%”). Using statistical thinking in
this fashion can provide much better insight into the facts and nature of relationships
among the many factors that may have contributed to the event and enable man-
agers to make better decisions.

The lack of broad and sustained use of statistical thinking in many organizations
is due to two reasons.’ First, statisticians historically have functioned as problem
solvers in manufacturing, research, and development and, thereby, have focused on
individual clients rather than on organizations. Second, statisticians have focused
primarily on technical aspects of statistics rather than emphasizing process defini-
tion, measurement, control, and improvement—the key activities that will lead to
bottom-line results. Today, many organizations, including General Electric (GE),
Ford Motor Company, numerous healthcare organizations, and many others, are
implementing “Six Sigma” initiatives and training all employees in statistical think-
ing and other problem-solving tools and techniques to improve organizational effec-
tiveness and financial performance.

Six Sigma and Statistical Thinking*

Six Sigma can be best described as a business process improvement approach that
seeks to find and eliminate causes of defects and errors, reduce cycle times and cost
of operations, improve productivity, better meet customer expectations, and achieve
higher asset use and returns on investment in manufacturing and service processes.
It is based on a simple problem-solving methodology—DMAIC, which stands for
Define, Measure, Analyze, Improve, and Control—that incorporates a wide variety

Partl Statistics and Data Analysis



of statistical and other types of process improvement tools.

Six Sigma is appealing to top executives because of its focus on measurable
bottom-line results; a disciplined, fact-based approach to problem solving; and rapid
project completion. Motorola pioneered the concept as an approach to measuring
product and service quality, and it has garnered significant credibility over the past
decade because of its acceptance at such major firms as Allied Signal (now part of
Honeywell) and GE. The term six sigma is actually based on a statistical measure that
equates to 3.4 or fewer errors or defects per million opportunities. An ultimate
“stretch” goal of all organizations that adopt a Six Sigma philosophy is to have all
critical processes, regardless of functional area, at a six-sigma level of capability.

Considerable evidence exists that Six Sigma initiatives positively impact bottom-
line results. In the first year of Six Sigma implementation at GE, they trained 30,000
employees at a cost of $200 million and got back about $150 million in savings. From
1996 to 1997, GE increased the number of Six Sigma projects from 3,000 to 6,000
and achieved $320 million in productivity gains and profits. By 1998, the company
had generated $750 million in Six Sigma savings over and above their investment, and
would receive $1.5 billion in savings the next year.

GE had many early success stories. GE Capital, for example, fielded about
300,000 calls each year from mortgage customers who had to use voicemail or call
back 24% of the time because employees were busy or unavailable. A Six Sigma team
analyzed one branch that had a near perfect percentage of answered calls and
applied their best practices to the other 41 branches, resulting in a 99.9% chance of
customers’ getting a representative on the first try. A team at GE Plastics improved
the quality of a product used in CD-ROMs and audio CDs from a 3.8 sigma level to
5.7 level and captured a significant amount of new business from Sony.” GE credits
Six Sigma with a tenfold increase in the life of CT scanner X-ray tubes, a 400%
improvement in return on investment in its industrial diamond business, a 62%
reduction in turnaround time at railcar repair shops, and $400 million in savings in
its plastics business.®

Six Sigma has heightened the awareness of statistics among business profession-
als, and the material in this book will provide the foundation for more advanced top-
ics commonly found in Six Sigma training courses in many organizations.

DATA IN THE BusiNEss ENVIRONMENT

An example from the Boeing Company shows the value of having good business
data and analysis capabilities.” In the early 1990s, Boeing’s assembly lines were
morasses of inefficiency. A manual numbering system dating back to World War II
bomber days was used to keep track of an airplane’s four million parts and
170 miles of wiring; changing a part on a 737’s landing gear meant renumbering 464
pages of drawings. Factory floors were covered with huge tubs of spare parts worth
millions of dollars. In an attempt to grab market share from rival Airbus, the com-
pany discounted planes deeply and was buried by an onslaught of orders. The
attempt to double production rates, coupled with implementation of a new produc-
tion control system, resulted in Boeing being forced to shut down its 737 and
747 lines for 27 days in October 1997, leading to a $178 million loss and a shakeup of
top management. Much of the blame was focused on Boeing’s financial practices
and lack of real-time financial data. With a new Chief Financial Officer and finance
team, the company created a “control panel” of vital measures, such as materials
costs, inventory turns, overtime, and defects, using a color-coded spreadsheet. For
the first time, Boeing was able to generate a series of bar charts showing which of its
programs were creating value and which were destroying it. The results were eye-

opening and helped formulate a growth plan. As one manager noted, “The data will
set you free.”
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