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- Preface

With today’s technology, companies are able to collect tremendous amounts of data with
relative ease. Indeed, many companies now have more data than they can handle. However,
the data are usually meaningless until they are analyzed for trends, patterns, relationships,
and other useful information. This book illustrates in a practical way a variety of methods,
from simple to complex, to help you analyze data sets and uncover important information.
In many business contexts, data analysis is only the first step in the solution of a problem.
Acting on the solution and the information it provides to make good decisions is a critical
next step. Therefore, there is a heavy emphasis throughout this book on analytical methods
that are useful in decision making. Again, the methods vary considerably, but the objective
is always the same—to equip you with decision-making tools that you can apply in your
business careers.

We recognize that the majority of students in this type of course are not majoring in
a quantitative area. They are typically business majors in finance, marketing, operations
management, or some other business discipline who will need to analyze data and make
quantitative-based decisions in their jobs. We offer a hands-on, example-based approach
and introduce fundamental concepts as they are needed. Our vehicle is spreadsheet soft-
ware—specifically, Microsoft Excel®. This is a package that most students already know
and will almost surely use in their careers. Our MBA students at Indiana University have
been so turned on by the required course that is based on this book that almost all of them
(mostly finance and marketing majors) have taken at least one of our follow-up elective
courses in spreadsheet modeling. We are convinced that students see value in quantitative
analysis when the course is taught in a practical and example-based approach.

Rationale for Writing This Book

Business Analytics: Data Analysis and Decision Making is different from the many fine
textbooks written for statistics and management science. Our rationale for writing this
book is based on four fundamental objectives.

m Integrated coverage and applications. The book provides a unified approach to
business-related problems by integrating methods and applications that have been tra-
ditionally taught in separate courses, specifically statistics and management science.

m Practical in approach. The book emphasizes realistic business examples and the
processes managers actually use to analyze business problems. The emphasis is not
on abstract theory or computational methods.

m Spreadsheet-based teaching. The book provides students with the skills to analyze
business problems with tools they have access to and will use in their careers. To
this end, we have adopted Excel and commercial spreadsheet add-ins.

m Latest tools. This is not a static field. The software keeps changing, and even the
mathematical algorithms behind the software continue to evolve. Each edition of this
book has presented the most recent tools in Excel and the accompanying Excel add-
ins, and the current edition is no exception.
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Integrated Coverage and Applications

In the past, many business schools, including ours at Indiana University, have offered a
required statistics course, a required decision-making course, and a required management
science course—or some subset of these. A current trend, however, is to have only one
required course that covers the basics of statistics, some regression analysis, some decision
making under uncertainty, some linear programming, some simulation, and some advanced
data analysis methods. Essentially, faculty in the quantitative area get one opportunity to
teach all business students, so we attempt to cover a variety of useful quantitative methods.
We are not necessarily arguing that this trend is ideal, but rather that it is a reflection of the
reality at our university and, we suspect, at many others. After several years of teaching
this course, we have found it to be a great opportunity to attract students to the subject and
to more advanced study.

The book is also integrative in another important aspect. It not only integrates a number
of analytical methods, but it also applies them to a wide variety of business problems—that
is, it analyzes realistic examples from many business disciplines. We include examples, prob-
lems, and cases that deal with portfolio optimization, workforce scheduling, market share
analysis, capital budgeting, new product analysis, and many others.

Practical in Approach

This book has been designed to be very example-based and practical. We strongly believe
that students learn best by working through examples, and they appreciate the material
most when the examples are realistic and interesting. Therefore, our approach in the book
differs in two important ways from many competitors. First, there is just enough conceptual
development to give students an understanding and appreciation for the issues raised in the
examples. We often introduce important concepts, such as standard deviation as a measure
of variability, in the context of examples rather than discussing them in the abstract. Our
experience is that students gain greater intuition and understanding of the concepts and
applications through this approach.

Second, we place virtually no emphasis on hand calculations. We believe it is more
important for students to understand why they are conducting an analysis and what it means
than to emphasize the tedious calculations associated with many analytical techniques.
Therefore, we illustrate how powerful software can be used to create graphical and numeri-
cal outputs in a matter of seconds, freeing the rest of the time for in-depth interpretation of
the results, sensitivity analysis, and alternative modeling approaches. In our own courses,
we move directly into a discussion of examples, where we focus almost exclusively on
interpretation and modeling issues, and we let the software perform the number crunching.

Spreadsheet-based Teaching

We are strongly committed to teaching spreadsheet-based, example-driven courses, regard-
less of whether the basic area is data analysis or management science. We have found
tremendous enthusiasm for this approach, both from students and from faculty around the
world who have used our books. Students learn and remember more, and they appreciate
the material more. In addition, instructors typically enjoy teaching more, and they usually
receive immediate reinforcement through better teaching evaluations. We were among the
first to move to spreadsheet-based teaching about two decades ago, and we have never
regretted the move.
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What We Hope to Accomplish
in This Book

Condensing the ideas in the previous paragraphs, we hope to:

® continue to make quantitative courses attractive to a wide audience by making these
topics real, accessible, and interesting;

m give students plenty of hands-on experience with real problems and challenge them
to develop their intuition, logic, and problem-solving skills;

m expose students to real problems in many business disciplines and show them how
these problems can be analyzed with quantitative methods; and

m develop spreadsheet skills, including experience with powerful spreadsheet add-ins,
that add immediate value to students’ other courses and for their future careers.

New in the Sixth Edition
There are several important changes in this edition.

m MindTap: Offered for the first time with this text, MindTap is a customizable digital
course solution that includes an interactive eBook, auto-graded exercises from the
textbook, author-created videos, flashcards, and more. MindTap includes all videos in
support of the text, using StatTools or using JMP, as well as Excel solutions files for
students to use for checking selected problems from the text (odd-numbered ques-
tions). MindTap also includes a chapter on Spreadsheet Modeling, which is not found
in the print text, as an additional resource for faculty and students. For more informa-
tion on MindTap, as well as ordering options, please contact your Cengage Learning
consultant.

m  Focus on Excel 2016: The newest version of Excel was released just in time for this
book’s revision, so all of the explanations and screenshots are based on this newest
version. Except for cosmetic changes in the user interface, you will see almost no
changes, and if you are still using Excel 2013 or a previous version, you shouldn’t
have any problems following along with this book. However, Excel 2016 does have
some nice features that are included here, including histograms, box plots, and the
“power” tools discussed in Chapters 17 and 18.

m  Revised Chapter 6: The chapter on decision making under uncertainty has been
totally rewritten. Now, a single “new product decisions” example is developed and
extended throughout the chapter to promote continuity.

m BigPicture diagrams: In the optimization and simulation chapters, it has always
been difficult for students to go from a verbal description of a problem to an eventual
spreadsheet model. In this edition, we include “big picture” diagrams of the models
that will hopefully act as a bridge from the verbal descriptions to the spreadsheet
models. These diagrams have been created from the latest add-in in the Palisade
DecisionTools Suite, the BigPicture add-in. Users of the book have access to
BigPicture, just like @RISK and the other Palisade add-ins.

m  Somewhat less reliance on StatTools: Although we continue to rely on the StatTools
add-in for much of the statistical number crunching, especially in the regression and
time series chapters, we rely on Excel formulas for the “easier” material in the confi-
dence interval and hypothesis testing chapters, where Excel’s functions are perfectly
adequate and might even be more insightful. Nevertheless, we include many brief
videos that walk you through the StatTools procedures. These videos can be found
within the MindTap product that accompanies this text.
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m Inclusion of JMP: The book continues to use Excel and Excel add-ins as the pri-
mary tools for data analysis. However, the student edition of the statistical software
package JMP from SAS can be bundled with the text for minimal cost for users of
our book. We do not try to replicate JMP’s fine and extensive online help for learn-
ing the software, but for many of the statistical examples in the book, we provide
short videos showing how JMP can generate the results from Excel or StatTools.
These videos can be found within the MindTap product that is available for this
text. For ordering information on how to include JMP student edition with the
book, please contact your Cengage learning consultant.

m  Updated videos: As in the fifth edition, the materials for the book include over
50 videos, particularly for the models in the optimization and simulation chapters.
These videos have been redone (and shortened). These videos can be found within
the MindTap product that accompanies this text.

m  Updated Problems: As in previous editions, there are some new and some updated
problems. Again, we have included a file, essentially a database of problems, which
is available to instructors. This file, DADM 6e Problem Database.xlsx, indicates
the context of each of the problems, and it also shows the correspondence between
problems in this edition and those in the previous edition.

®  More Data Mining Content: Chapter 17 on data mining has been expanded. First,
there is more coverage on Excel’s newest “power” tools, especially Power Pivot,
which are now included with Excel 2016 (at least in versions Professional Plus and
higher). Second, there are detailed sections on the Naive Bayes method for classifica-
tion and an Excel-only method for clustering.

Software

This book is based entirely on Microsoft Excel, the spreadsheet package that has become
the standard analytical tool in business. Excel is an extremely powerful package, and one of
our goals is to convert casual users into power users who can take full advantage of its fea-
tures. If you learn no more than this, you will be acquiring a valuable skill for the business
world. However, Excel has some limitations. Therefore, this book includes several Excel
add-ins that greatly enhance Excel’s capabilities. As a group, these add-ins comprise what
is arguably the most impressive assortment of spreadsheet-based software accompanying
any book on the market.

DecisionTools® Suite Add-in

The textbook website for Business Analytics: Data Analysis and Decision Making provides
a link to the powerful DecisionTools® Suite by Palisade Corporation. (The version avail-
able is compatible with Excel 2016 and previous versions of Excel.) This suite includes
seven separate add-ins:

@RISK, an add-in for simulation

StatTools, an add-in for statistical data analysis

PrecisionTree, a graphical-based add-in for creating and analyzing decision trees
TopRank, an add-in for performing what-if analyses

NeuralTools®, an add-in for estimating complex, nonlinear relationships

Evolver™, an add-in for performing optimization (an alternative to Excel’s Solver)

BigPicture, a very smart drawing add-in, useful for depicting model relationships
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We use @RISK and PrecisionTree extensively in the chapters on simulation and decision
making under uncertainty, and we use StatTools extensively in the data analysis chapters.
We also use BigPicture in the optimization and simulation chapters to provide a “bridge”
between a problem statement and an eventual spreadsheet model.

Online access to the DecisionTools Suite, available with new copies of the book, is an
academic version, slightly scaled down from the professional version that sells for hun-
dreds of dollars and is used by many leading companies. It functions for two years when
properly installed, and it puts only modest limitations on the size of data sets or models
that can be analyzed.'

SolverTable Add-in

We also include SolverTable, a supplement to Excel’s built-in Solver for optimization.? If
you have ever had difficulty understanding Solver’s sensitivity reports, you will appreciate
SolverTable. It works like Excel’s data tables, except that for each input (or pair of inputs),
the add-in runs Solver and reports the optimal output values. SolverTable is used exten-
sively in the optimization chapters.

Windows versus Mac

In our own courses, we have seen an increasing number of students using Macintosh lap-
tops rather than Windows laptops. Fortunately, this is not a problem, and our students
have followed along fine with their Macs. However, these students should be advised to
use a Windows emulation program (Bootcamp or Parallels are good candidates), along
with Office for Windows. Be aware that a few Excel features discussed in the book, such
as pivot charts and Power Pivot, are not yet supported by Excel 2016 for the Mac, and the
SolverTable and Palisade add-ins will not work in Excel 2016 for the Mac.

Potential Course Structures

Although we have used the book for our own required one-semester course, there is admit-
tedly much more material than can be covered adequately in one semester. We have tried
to make the book as modular as possible, allowing an instructor to cover, say, simulation
before optimization or vice-versa, or to omit either of these topics. The one exception is
statistics. Due to the natural progression of statistical topics, the basic topics in the early
chapters should be covered before the more advanced topics (regression and time series
analysis) in the later chapters. With this in mind, there are several possible ways to cover
the topics.

m One-semester Required Course, with No Statistics Prerequisite (or where MBA
students need a refresher for whatever statistics they learned previously): If data
analysis is the primary focus of the course, then Chapters 2-5, 7-11, and possibly
Chapter 17 should be covered. Depending on the time remaining, any of the topics
in Chapters 6 (decision making under uncertainty), 12 (time series analysis), 13—-14
(optimization), or 15-16 (simulation) can be covered in practically any order.

® One-semester Required Course, with a Statistics Prerequisite: Assuming that
students know the basic elements of statistics (up through hypothesis testing), the

' Visit www.kelley.iu.edu/albrightbooks for specific details on these limitations.
2 Although SolverTable is available on this textbook’s website, it is also available for free from Albright’s
website, www.kelley.iu.edu/albrightbooks.
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material in Chapters 2-5 and 7-9 can be reviewed quickly, primarily to illustrate
how Excel and add-ins can be used to do the number crunching. The instructor
can then choose among any of the topics in Chapters 6, 10-11, 12, 13-14, or
15-16 (in practically any order), or to fill the remainder of the course.

m Two-semester Required Sequence: Given the luxury of spreading the topics over
two semesters, the entire book, or at least most of it, can be covered. The statistics
topics in Chapters 2—5 and 7-9 should be covered in chronological order before other
statistical topics (regression and time series analysis), but the remaining chapters can
be covered in practically any order.

Custom Publishing

Cengage Learning is dedicated to making the educational experience unique for all learn-
ers by creating custom materials that best suit your course needs. With Cengage Learning
you can create a custom solution where you have the ability to choose your book’s content,
length, sequence, even the cover design. You may combine content from multiple Cengage
Learning titles and add other materials, including your own original work, to create your
ideal customized text. If you would like to learn more about our custom publishing ser-
vices, please contact your Cengage Learning representative® or visit us at www.cengage
.com/custom.

Instructor Supplements
Textbook Website: cengage.com/login

The companion website provides immediate access to an array of teaching resources—
including data and solutions files for all of the Examples, Problems, and Cases in the
book, Chapters 18-20 and Appendix A, Test Bank files, PowerPoint slides, and access
to the DecisionTools® Suite by Palisade Corporation and the SolverTable add-in. You
can easily download the instructor resources you need from the password-protected,
instructor-only section of the site.

Test Bank

Cengage Learning Testing Powered by Cognero is a flexible, online system that allows you
to:

m author, edit, and manage test bank content from multiple Cengage Learning solutions
m create multiple test versions in an instant

m deliver tests from your LMS, your classroom, or wherever you want

* Find your Learning Consultant at sites.cengage.com/repfinder.
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Student Supplements
Textbook Website: www.cengagebrain.com

Every new student edition of this book comes with access to the Business Analytics: Data
Analysis and Decision Making, 6e textbook website that links to the following files and
tools:

m  Excel files for the examples in the chapters (usually two versions of each—
a template, or data-only version, and a finished version)
m Data files required for the Problems and Cases
m Excel Tutorial for Windows.xlsx, which contains a useful tutorial for getting
up to speed in Excel (Excel Tutorial for the Mac.xlIsx is also available)
Chapters 18-20 and Appendix A
DecisionTools® Suite software by Palisade Corporation (described earlier)
SolverTable add-in
The resources listed above can be accessed through our MindTap learning system. For
additional free resources go to www.cengagebrain .com, search by ISBN 9781305947542,
click on the “Free Materials™ tab, and select “Access Now.” The resources you need will be

listed both per chapter (by selecting a chapter from the drop-down list) and for the entire
book (under Book Resources).
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CHAPTER

Introduction to Business

Analytics

michaeljung/Shutterstock.com

BUSINESS ANALYTICS PROVIDES INSIGHTS
AND IMPROVES PERFORMANCE

his book is all about using quantitative modeling to help companies

make better decisions and improve performance. We have been
teaching management science for decades, and companies have been using
the management science methods discussed in this book for decades
to improve performance and save millions of dollars. Indeed, the applied
journal Interfaces, discussed later in this chapter, has chronicled management
science success stories for years. Therefore, we were a bit surprised when
a brand new term, Business Analytics (BA), became hugely popular several
years ago.All of a sudden, BA promised to be the road to success. By using
quantitative BA methods—data analysis, optimization, simulation, prediction,
and others—companies could drastically improve business performance.
Haven’t those of us in management science been doing this for years? What
is different about BA that has made it so popular, both in the academic world
and even more so in the business world?

The truth is that BA does use the same quantitative methods that have
been the hallmark of management science for years, the same methods you
will learn in this book. BA has not all of a sudden invented brand new quanti-
tative methods to eclipse traditional management science methods.The main
difference is that BA uses big data to solve business problems and provide
insights. Companies now have access to huge sources of data, and the
technology is now available to use huge data sets for statistical and quantitative
analysis, predictive modeling, optimization, and simulation. In short, the same
quantitative methods that have been available for years can now be even more
effective by utilizing big data and the corresponding technology.
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2 Chapter |

For a quick introduction to BA, you should visit the BA Wikipedia site (search
the Web for “business analytics”). Among other things, it lists areas where BA plays a
prominent role, including the following: retail sales analytics; financial services analyt-
ics; risk and credit analytics; marketing analytics; pricing analytics; supply chain analytics;
and transportation analytics. If you glance through the examples and problems in this
book, you will see that most of them come from these same areas. Again, the differ-
ence is that we use relatively small data sets to get you started—we do not want to
overwhelm you with gigabytes of data—whereas real applications of BA use huge data
sets to advantage.

A more extensive discussion of BA can be found in the Fall 201 | research report,
Analytics: The Widening Divide, published in the MIT Sloan Management Review in collabo-
ration with IBM, a key developer of BA software (search the Web for the article’s title).
This 22-page article discusses what BA is and provides several case studies. In addition, it
lists three key competencies people need to compete successfully in the BA world—and
hopefully you will be one of these people.

B Competency |:Information management skills to manage the data. This
competency involves expertise in a variety of techniques for managing data. Given the
key role of data in BA methods, data quality is extremely important.With data com-
ing from a number of disparate sources, both internal and external to an organization,
achieving data quality is no small feat.

m Competency 2: Analytics skills and tools to understand the data. We
were not surprised, but rather very happy, to see this competency listed among the
requirements because these skills are exactly the skills we cover throughout this
book—optimization with advanced quantitative algorithms, simulation, and others.

B Competency 3: Data-oriented culture to act on the data. This refers to the
culture within the organization. Everyone involved, especially top management, must
believe strongly in fact-based decisions arrived at using analytical methods.

The article argues persuasively that the companies that have these competencies
and have embraced BA have a distinct competitive advantage over companies that are
just starting to use BA methods or are not using them at all. This explains the title of the
article. The gap between companies that embrace BA and those that do not will only
widen in the future.

One final note about the relationship between BA and management science is that,
at the time this book was being revised (Winter 2014), a special issue of the journal
Management Science was about to be published. The entire focus of this special issue is
on BA.The following is an excerpt from the Call for Papers for this issue (search the
Web for “management science business analytics special issue”).

“We envision business analytics applied to many domains, including, but surely not
limited to: digital market design and operation; network and social-graph analysis; pricing
and revenue management; targeted marketing and customer relationship management;
fraud and security; sports and entertainment; retailing to healthcare to financial services
to many other industries.VWe seek novel modeling and empirical work which includes,
among others, probability modeling, structural empirical models, and/or optimization
methods.”

This is even more confirmation of the tight relationship between BA and manage-
ment science. As you study this book, you will see examples of most of the topics listed
in this quote. B
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1-1 INTRODUCTION

We are living in the age of technology. This has two important implications for everyone enter-
ing the business world. First, technology has made it possible to collect huge amounts of data.
Retailers collect point-of-sale data on products and customers every time a transaction occurs;
credit agencies have all sorts of data on people who have or would like to obtain credit; invest-
ment companies have a limitless supply of data on the historical patterns of stocks, bonds,
and other securities; and government agencies have data on economic trends, the environment,
social welfare, consumer product safety, and virtually everything else imaginable. It has become
relatively easy to collect the data. As a result, data are plentiful. However, as many organizations
have discovered, it is quite a challenge to make sense of all the data they have collected.

A second important implication of technology is that it has given many more people the
power and responsibility to analyze data and make decisions on the basis of quantitative analy-
sis. People entering the business world can no longer pass all of the quantitative analysis to the
“quant jocks,” the technical specialists who have traditionally done the number crunching. The
vast majority of employees now have a desktop or laptop computer at their disposal, access to
relevant data, and training in easy-to-use software, particularly spreadsheet and database soft-
ware. For these employees, statistics and other quantitative methods are no longer forgotten top-
ics they once learned in college. Quantitative analysis is now an integral part of their daily jobs.

A large amount of data already exists, and it will only increase in the future. Many com-
panies already complain of swimming in a sea of data. However, enlightened companies are
seeing this expansion as a source of competitive advantage. In fact, one of the hottest topics
in today’s business world is business analytics, also called data analytics. These terms have
been created to encompass all of the types of analysis discussed in this book, so they aren’t
really new; we have been teaching them for years. The new aspect of business analytics is
that it typically implies the analysis of very large data sets, the kind that companies currently
encounter. (For this reason, the term big data has also become popular.) By using quantitative
methods to uncover the information in these data sets and then acting on this information—
again guided by quantitative analysis—companies are able to gain advantages that their less
enlightened competitors are not able to gain. Here are several pertinent examples.

m Direct marketers analyze enormous customer databases to see which customers are
likely to respond to various products and types of promotions. Marketers can then
target different classes of customers in different ways to maximize profits—and give
their customers what they want.

m Hotels and airlines also analyze enormous customer databases to see what their custom-
ers want and are willing to pay for. By doing this, they have been able to devise very
clever pricing strategies, where different customers pay different prices for the same
accommodations. For example, a business traveler typically makes a plane reservation
closer to the time of travel than a vacationer. The airlines know this. Therefore, they
reserve seats for these business travelers and charge them a higher price for the same
seats. The airlines profit from clever pricing strategies, and the customers are happy.

m Financial planning services have a virtually unlimited supply of data about security prices,
and they have customers with widely differing preferences for various types of investments.
Trying to find a match of investments to customers is a very challenging problem.
However, customers can easily take their business elsewhere if good decisions are not made
on their behalf. Therefore, financial planners are under extreme competitive pressure to
analyze masses of data so that they can make informed decisions for their customers.'

'For a great overview of how quantitative techniques have been used in the financial world, read the book
The Quants, by Scott Patterson. It describes how quantitative models made millions for a lot of bright young
analysts, but it also describes the dangers of relying totally on quantitative models, at least in the complex world
of global finance.

I-1 Introduction 3
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m  We all know about the pressures U.S. manufacturing companies have faced from
foreign competition in the past couple of decades. The automobile companies, for
example, have had to change the way they produce and market automobiles to stay
in business. They have had to improve quality and cut costs by orders of magnitude.
Although the struggle continues, much of the success they have had can be attributed
to data analysis and wise decision making. Starting on the shop floor and moving up
through the organization, these companies now measure almost everything, analyze
these measurements, and then act on the results of their analysis.

We talk about companies analyzing data and making decisions. However, companies don’t
really do this; people do it. And who will these people be in the future? They will be you! We
know from experience that students in all areas of business, at both the undergraduate and
graduate level, will be required to describe large complex data sets, run regression analyses,
make quantitative forecasts, create optimization models, and run simulations. You are the
person who will be analyzing data and making important decisions to help your company
gain a competitive advantage. And if you are not willing or able to do so, there will be plenty
of other technically trained people who will be more than happy to replace you.

The goal of this book is to teach you how to use a variety of quantitative methods to
analyze data and make decisions in a very hands-on way. We discuss a number of quan-
titative methods and illustrate their use in a large variety of realistic business situations.
As you will see, this book includes many examples from finance, marketing, operations,
accounting, and other areas of business. To analyze these examples, we take advantage of the
Microsoft Excel® spreadsheet software, together with a number of powerful Excel add-ins. In
each example we provide step-by-step details of the method and its implementation in Excel.

This is not a “theory” book. It is also not a book where you can lean comfortably back
in your chair and read about how other people use quantitative methods. It is a “get your
hands dirty” book, where you will learn best by actively following the examples throughout
the book on your own computer. By the time you have finished, you will have acquired
some very useful skills for today’s business world.

1-2 OVERVIEW OF THE BOOK

4  Chapter |

This book is packed with quantitative methods and examples, probably more than can be
covered in any single course. Therefore, we purposely intend to keep this introductory
chapter brief so that you can get on with the analysis. Nevertheless, it is useful to introduce
the methods you will be learning and the tools you will be using. This section provides an
overview of the methods covered in this book and the software that is used to implement
them. Then the next section presents a brief discussion of models and the modeling pro-
cess. The primary goal at this point is to stimulate your interest in what follows.

1-2a The Methods

This book is rather unique in that it combines topics from two separate fields: statistics and
management science. Statistics is the study of data analysis, whereas management science
is the study of model building, optimization, and decision making. In the academic arena
these two fields have traditionally been separated, sometimes widely. Indeed, they are often
housed in separate academic departments. However, from a user’s standpoint it makes little
sense to separate them. Both are useful in accomplishing what the title of this book prom-
ises: data analysis and decision making.

Therefore, we do not distinguish between the statistics and the management science
parts of this book. Instead, we view the entire book as a collection of useful quantitative
methods that can be used to analyze data and help make business decisions. In addition, our
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Figure 1.1

Themes and
Subthemes

choice of software helps to integrate the various topics. By using a single package, Excel,
together with a number of add-ins, you will see that the methods of statistics and manage-
ment science are similar in many important respects. Most importantly, their combination
gives you the power and flexibility to solve a wide range of business problems.

Three important themes run through this book. Two of them are in the title: data anal-
ysis and decision making. The third is dealing with uncertainzy.2 Each of these themes
has subthemes. Data analysis includes data description, data inference, and the search
for relationships in data. Decision making includes optimization techniques for problems
with no uncertainty, decision analysis for problems with uncertainty, and structured sen-
sitivity analysis. Dealing with uncertainty includes measuring uncertainty and modeling
uncertainty explicitly. There are obvious overlaps between these themes and subthemes.
When you make inferences from data and search for relationships in data, you must deal
with uncertainty. When you use decision trees to help make decisions, you must deal with
uncertainty. When you use simulation models to help make decisions, you must deal with
uncertainty, and then you often make inferences from the simulated data.

Figure 1.1 shows where these themes and subthemes are discussed in the book. The
next few paragraphs discuss the book’s contents in more detail.

Themes Subthemes Chapters Where Emphasized

Data Analysis

with Uncertainty

Modeling

We begin in Chapters 2 and 3 by illustrating a number of ways to summarize the infor-
mation in data sets. These include graphical and tabular summaries, as well as numerical
summary measures such as means, medians, and standard deviations. The material in these
two chapters is elementary from a mathematical point of view, but it is extremely impor-
tant. As stated earlier, organizations are now able to collect huge amounts of raw data, but
what does it all mean? Although there are very sophisticated methods for analyzing data,
some of which are covered in later chapters, the “simple” methods in Chapters 2 and 3 are
crucial for obtaining an initial understanding of the data. Fortunately, Excel and available
add-ins now make this quite easy. For example, Excel’s pivot table tool for “slicing and
dicing” data is an analyst’s dream come true. You will be amazed by the insights you can
gain from pivot tables—with very little effort.

Decision Making

Uncertainty

© Cengage Learning

“The fact that the uncertainty theme did not find its way into the title of this book does not detract from its impor-
tance. We just wanted to keep the title reasonably short.
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6 Chapter |

Uncertainty is a key aspect of most business problems. To deal with uncertainty, you
need a basic understanding of probability. We discuss the key concepts in Chapters 4 and 5.
Chapter 4 covers basic rules of probability and then discusses the extremely important
concept of probability distributions. Chapter 5 follows up this discussion by focusing on
two of the most important probability distributions, the normal and binomial distributions.

One of the best ways to make probabilistic concepts easier to understand is by using
computer simulation. Therefore, simulation is a common theme that runs through this
book, beginning in Chapter 4. Although Chapters 15 and 16 are devoted entirely to simula-
tion, we do not hesitate to use simulation in earlier chapters to illustrate statistical concepts.

In Chapter 6 we apply probability to decision making under uncertainty. These types
of problems—faced by all companies on a continual basis—are characterized by the need
to make a decision now, even though important information, such as demand for a prod-
uct or returns from investments, will not be known until later. The methods in Chapter 6
provide a rational basis for making such decisions. These methods do not guarantee per-
fect outcomes—the future could unluckily turn out differently than expected—but they do
enable decision makers to proceed rationally and make the best of their current informa-
tion. Additionally, the software used to implement these methods allows decision makers,
with very little extra work, to see how sensitive the optimal decisions are to inputs. This is
crucial, because the inputs to many business problems are, at best, educated guesses.
Finally, we examine the role of risk aversion in these types of decision problems.

In Chapters 7, 8, and 9 we discuss sampling and statistical inference. Here the basic
problem is to estimate one or more characteristics of a population. If it is too expensive
or time-consuming to learn about the entire population—and it usually is—it is instead
common to select a random sample from the population and then use the information in
the sample to infer the characteristics of the population. You see this continually on news
shows that describe the results of various polls. You also see it in many business contexts.
For example, auditors typically sample only a fraction of a company’s records. Then they
infer the characteristics of the entire population of records from the results of the sample to
conclude whether the company has been following acceptable accounting standards.

In Chapters 10 and 11 we discuss the extremely important topic of regression analysis,
which is used to study relationships between variables. The power of regression analysis is its
generality. Every part of a business has variables that are related to one another, and regression
can often be used to estimate relationships between these variables. In managerial accounting,
regression can be used to estimate how overhead costs depend on direct labor hours and pro-
duction volume. In marketing, regression can be used to estimate how sales volume depends
on advertising and other marketing variables. In finance, regression can be used to estimate
how the return of a stock depends on the “market” return. In real estate studies, regression can
be used to estimate how the selling price of a house depends on the assessed valuation of the
house and characteristics such as the number of bedrooms and square footage.

From regression, we move to time series analysis and forecasting in Chapter 12. This
topic is particularly important for providing inputs into business decision problems. For
example, manufacturing companies must forecast demand for their products to make
sensible decisions about order quantities from their suppliers. Similarly, fast-food restau-
rants must forecast customer arrivals, sometimes down to the level of 15-minute inter-
vals, so that they can staff their restaurants appropriately. There are many approaches to
forecasting, ranging from simple to complex. Some involve regression-based methods,
whereas other methods are based on extrapolation. In an extrapolation method the his-
torical patterns of a time series variable, such as product demand or customer arrivals, are
studied carefully and are then extrapolated into the future to obtain forecasts. In Chapter 12
we discuss both regression and extrapolation methods for forecasting.

Chapters 13 and 14 are devoted to spreadsheet optimization. We assume a company
must make several decisions, and there are constraints that limit the possible decisions. The
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job of the decision maker is to choose the decisions such that all of the constraints are satis-
fied and an objective, such as total profit or total cost, is optimized. The solution process
consists of two steps. The first step is to build a spreadsheet model that relates the decision
variables to other relevant quantities by means of logical formulas. In this first step there is
no attempt to find the optimal solution; its only purpose is to relate all relevant quantities
in a logical way. The second step is then to find the optimal solution. Fortunately, Excel
contains a Solver add-in that performs the optimization. All you need to do is specify the
objective, the decision variables, and the constraints; Solver then uses powerful algorithms
to find the optimal solution. As with regression, the power of this approach is its generality.
An enormous variety of problems can be solved with spreadsheet optimization.

Chapters 15 and 16 illustrate a number of computer simulation models. This is not
your first exposure to simulation—it is used in several previous chapters to illustrate sta-
tistical concepts—but here it is studied in its own right. As mentioned earlier, most busi-
ness problems have some degree of uncertainty. The demand for a product is unknown,
future interest rates are unknown, the delivery lead time from a supplier is unknown, and
so on. Simulation allows you to build this uncertainty explicitly into spreadsheet models.
Essentially, some cells in the model contain random values with given probability distribu-
tions. Every time the spreadsheet recalculates, these random values change, which causes
“bottom-line” output cells to change as well. The trick then is to force the spreadsheet to
recalculate many times and keep track of interesting outputs. In this way you can see an
entire distribution of output values that might occur, not just a single best guess.

Spreadsheet simulations can be performed entirely with Excel’s built-in tools, but this is
quite tedious. Therefore, we use a spreadsheet add-in to streamline the process. In particular,
you will learn how the @RISK add-in from Palisade Corporation can be used to run repli-
cations of a simulation, keep track of outputs, create useful charts, and perform sensitivity
analyses. With the inherent power of spreadsheets and the ease of using add-ins such as @
RISK, spreadsheet simulation is becoming one of the most popular quantitative tools in the
business world.

Chapter 17 then returns to data analysis. It provides an introduction to data mining,
a topic of increasing importance in today’s data-driven world. Data mining is all about
exploring data sets, especially large data sets, for relationships and patterns that can help
companies gain a competitive advantage. It employs a number of relatively new technolo-
gies to implement various algorithms, several of which are discussed in this chapter.

Finally, there are three online chapters, 18-20, that complement topics included in the
book itself. Chapter 18 discusses methods for importing data from a variety of data sources
into Excel for analysis. Chapter 19 discusses analysis of variance (ANOVA) and experi-
mental design. Chapter 20 discusses quality control and statistical process control. These
three online chapters follow the same structure as the chapters in the book, complete with
many examples and problems.

1-2b The Software

The quantitative methods in this book can be used to analyze a wide variety of business
problems. However, they are not of much practical use unless you have the software to
perform the number crunching. Very few business problems are small enough to be solved
with pencil and paper. They require powerful software.

The software included in new copies of this book, together with Microsoft Excel, pro-
vides you with a powerful combination. This software is being used—and will continue to be
used—Dby leading companies all over the world to analyze large, complex problems. We firmly
believe that the experience you obtain with this software, through working the examples and
problems in this book, will give you a key competitive advantage in the business world.

I-2 Overview of the Book 7
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It all begins with Excel. All of the quantitative methods that we discuss are implemented
in Excel. Specifically, in this edition, we use Excel 2016.3 ‘We cannot forecast the state of com-
puter software in the long-term future, but Excel is currently the most heavily used spreadsheet
package on the market, and there is every reason to believe that this state will persist for many
years. Most companies use Excel, most employees and most students have been trained in
Excel, and Excel is a very powerful, flexible, and easy-to-use package.

Built-in Excel Features

Virtually everyone in the business world knows the basic features of Excel, but relatively
few know some of its more powerful features. In short, relatively few people are the “power
users” we expect you to become by working through this book. To get you started, the files
Excel Tutorial for Windows.xlsx and Excel Tutorial for the Mac.xlsx explain some of
the “intermediate” features of Excel—features that we expect you to be able to use. (See
the Preface for instructions on how to access the resources that accompany this textbook.)
These include the SUMPRODUCT, VLOOKUP, IF, NPV, and COUNTIF, functions.
They also include range names, data tables, Paste Special, Goal Seek, and many others.
Finally, although we assume you can perform routine spreadsheet tasks such as copying and
pasting, the tutorial provides many tips to help you perform these tasks more efficiently.

In the body of the book, we describe several of Excel’s advanced features in more detail.
For example, we provide a fairly extensive explanation of pivot tables in Chapter 3. This Excel
tool enables you to summarize data sets in an almost endless variety of ways. As another
example, we explain Excel’s RAND and RANDBETWEEN functions for generating random
numbers in Chapter 4. These functions are used in all spreadsheet simulations (at least those
that do not take advantage of an add-in). In short, when an Excel tool is useful for a particular
type of analysis, we usually provide step-by-step instructions on how to use it.

Solver Add-in

Chapters 13 and 14 make heavy use of Excel’s Solver add-in. This add-in, developed by
Frontline Systems®, not Microsoft, uses powerful algorithms to perform spreadsheet opti-
mization. Before this type of spreadsheet optimization add-in was available, specialized
(nonspreadsheet) software was required to solve optimization problems. Now you can do
it all within the familiar Excel environment.

SolverTable Add-in

An important theme throughout this book is sensitivity analysis: How do outputs change when
inputs change? Typically these changes are made in spreadsheets with a data table, a built-in
Excel tool. However, data tables don’t work in optimization models, where we want to see how
the optimal solution changes when certain inputs change. Therefore, we include an Excel add-
in called SolverTable, which works almost exactly like Excel’s data tables. (This add-in was
developed by Albright.) Chapters 13 and 14 illustrate the use of SolverTable.

DecisionTools Suite

In addition to SolverTable and built-in Excel add-ins, an educational version of Palisade
Corporation’s powerful DecisionTools® Suite is available. (See the Preface for instructions
on how to access it.) All of the programs in this suite are Excel add-ins, so the learning
curve isn’t very steep. There are seven separate add-ins in this suite: @RISK, BigPicture,

3As you probably know, Microsoft made sweeping changes to Excel when it went from version 2003 to version 2007.
The subsequent move to version 2010 introduced a few new changes, but nothing too dramatic, and the same is true
of the two most recent versions, Excel 2013 and 2016. If you are using version 2007, 2010, or 2013 you will see a few
differences in the screenshots (which are from version 2016), but you should be able to follow along without trouble.

Albright and several colleagues have created a more robust commercial version of this tutorial called ExcelNow!.
The Excel Tutorial files explain how you can upgrade to this commercial version at a very reasonable price.
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StatTools, PrecisionTree, NeuralTools, TopRank, and Evolver.5 We use only the first five in
this book, but all are useful for certain tasks and are described briefly below.

@RISK

The simulation add-in @RISK enables you to run as many replications of a spreadsheet
simulation as you like. As the simulation runs, @RISK automatically keeps track of the out-
puts you select, and it then displays the results in a number of tabular and graphical forms.
@RISK also enables you to perform a sensitivity analysis, so that you can see which inputs
have the most effect on the outputs. Finally, @RISK provides a number of spreadsheet func-
tions that enable you to generate random numbers from a variety of probability distributions.

RISKOptimizer, part of @RISK, combines optimization with simulation. There are
often times when you want to use simulation to model some business problem, but you also
want to optimize a summary measure, such as a mean, of an output distribution. This opti-
mization can be performed in a trial-and-error fashion, where you try a few values of the
decision variable(s) and see which provides the best solution. However, RISKOptimizer
provides a more automatic optimization procedure.

BigPicture

BigPicture is the newest addition to the Palisade suite. It is a smart drawing add-in that com-
plements Excel’s built-in drawing tools. The goal of BigPicture, at least for our purposes,
is to represent the elements and relationships in a model so that you can better visualize the
problem. We use it in most of the optimization and simulation examples as a “bridge” from
the verbal description of a problem to the eventual spreadsheet model of the problem.

StatTools

Much of this book discusses basic statistical analysis. Fortunately, the Palisade suite
includes a statistical add-in called StatTools. StatTools is powerful, easy to use, and capable
of generating output quickly in an easily interpretable form.

PrecisionTree

The PrecisionTree add-in is used in Chapter 6 to analyze decision problems with uncer-
tainty. The primary method for performing this type of analysis is to draw a decision tree.
Decision trees are inherently graphical, and they have always been difficult to implement in
spreadsheets, which are based on rows and columns. However, PrecisionTree does this in a
very clever and intuitive way. Equally important, once the basic decision tree is built, you
can use PrecisionTree to perform a sensitivity analysis on the model’s inputs.

NeuralTools

Chapters 10 and 11 discuss how regression can be used to find a linear equation that quanti-
fies the relationship between a dependent variable and one or more explanatory variables.
Although linear regression is a powerful tool, it is not capable of quantifying all possi-
ble relationships. The NeuralTools add-in mimics the working of the human brain to find
“neural networks” that quantify complex nonlinear relationships. It is used in Chapter 17
as one of several possible classification methods.

Evolver

Although we will not use it in this book, Evolver provides an alternative to Excel’s built-in
Solver add-in for optimization.

5The Palisade suite used to have another separate add-in, RISKOptimizer. Now RISKOptimizer is contained
entirely in @RISK.
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