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PREFACE

Educational Philosophy

In our many years of teaching business statistics, we have continually searched for ways to
improve the teaching of these courses. Our active participation in a series of Making Statistics
More Effective in Schools and Business (MSMESB), Decision Sciences Institute (DSI), and
American Statistical Association conferences as well as the reality of serving a diverse group of
students at large universities have shaped our vision for teaching these courses. Over the years, our
vision has come to include these key principles:

I.

Students need to be shown the relevance of statistics.

 Students need a frame of reference when learning statistics, especially when statistics is
not their major. That frame of reference for business students should be the functional
areas of business—that is, accounting, finance, information systems, management, and
marketing. Each statistical topic needs to be presented in an applied context related to at
least one of these functional areas.

» The focus in teaching each topic should be on its application in business, the interpreta-
tion of results, the presentation of assumptions, the evaluation of the assumptions, and
the discussion of what should be done if the assumptions are violated.

Students need to be familiar with the software used in the business world.

* Integrating spreadsheet software into all aspects of an introductory statistics course
allows the course to focus on interpretation of results instead of computations.

* Introductory business statistics courses should recognize that in business, spreadsheet
software is typically available on a decision maker’s desktop.

Students need to be given sufficient guidance on using software.

» Textbooks should provide enough instructions so that students can effectively use the
software integrated with the study of statistics, without having the software instruction
dominate the course.

Students need ample practice in order to understand how statistics is used in business.

* Both classroom examples and homework exercises should involve actual or realistic data
as much as possible.

 Students should work with data sets, both small and large, and be encouraged to look
beyond the statistical analysis of data to the interpretation of results in a managerial
context.

New to This Edition: Statistics Coverage

This new fifth edition of Statistics pr Managers Using Microso f Excel enhances the statistical
coverage of previous editions in a number of ways:

Every chapter has been rewritten to use a more engaging, conversational writing style
that students will appreciate. Complex topics are discussed in simple, straightforward
sentences.

“From the Authors’ Desktop” essays provide greater background for the topic just covered
and raise important issues.

This edition includes many more examples from everyday life. Notable examples include
what you would do with $1,000 (Chapter 2), time to get ready in the morning (Chapter 3),
and waiting time at a fast-food restaurant (Chapter 9).

Many new applied examples and exercises with data from The Wall Street Journal, USA
Today, Consumer Re ports, and other sources have been added to the book.

Many problems have been restructured to contain no more than four parts, allowing stu-
dents to break down the concepts and apply the material more easily.

A “Key Equations” list at the end of each chapter lists the equations used in the chapter.
Worked-out solutions to self-test questions are provided at the back of the book.

XiX
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XX Preface

A roadmap for selecting the proper statistical method is included at the front of the text to
help students select the proper technique and to make connections between topics.
Student surveys are included as an integrating theme for exercises across many chapters.

New to This Edition: Excel Coverage

This new fifth edition of Statistics pr Managers Using Microso f Excel enhances the Excel cov-
erage of previous editions in a number of ways:

Totally rewritten Excel sections have been organized into end-of-chapter Excel
Companions for easy reference.

Wherever possible, Excel Companions present step-by-step instructions and Excel command
sequences that are compatible across all current versions of Excel, including Excel 2007.
Clearly marked separate Excel 972003 and Excel 2007 instructions are provided for those
Excel techniques that are fundamentally different in Excel 2007.

“Basic Excel” sections allow the use of Excel without any outside enhancement, and
“PHStat2” sections describe the use of the PHStat2 add-in included on the student CD-ROM.
Margin notes link worksheet and chart illustrations to the instructions of Excel Companion
sections.

Worksheet illustrations, like the following example, display underlying cell formulas that
show how results are computed:

Chapter-by-Chapter Changes in the Fifth Edition

Each chapter includes a new opening page that displays the chapter sections and subsections.
Accompanying each chapter is an Excel Companion that discusses how to apply Microsoft Excel
to the statistical techniques of the chapter. In addition, the Excel Companion includes completely
new material for using Excel in most chapters. The following changes have been made to this fifth
edition:

Chapter 1 has rewritten Sections 1.1 (Why Learn Statistics), 1.2 (Statistics for Managers),
and 1.3 (Basic Vocabulary of Statistics) and a completely new Section 1.6 (Microsoft Excel
Worksheets). The sections on survey sampling have been moved to Chapter 7.

Chapter 2 includes a new data set concerning mutual fund returns for 2001 —2005. Graphs
for a single variable are covered prior to graphs for two variables. Graphs for categorical
variables are covered prior to graphs for numerical variables. The examples in this chapter
refer to what to do with $1,000 and the cost of restaurant meals in addition to mutual fund
returns.

Chapter 3 includes a new data set concerning mutual fund returns for 2001-2005. The
examples in this chapter refer to the time to get ready in the morning as well as mutual fund
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returns. Z scores for detecting outliers are now included. The sample covariance is now
included, as is the coefficient of correlation.

Chapter 4 now includes additional examples.

Chapter 5 covers the Poisson distribution prior to the hypergeometric distribution.

Chapter 6 has a simplified section on the normal probability plot. Coverage of sampling
distributions has been moved to a new Chapter 7.

Chapter 7 now covers sampling distributions along with types of survey sampling methods
and survey worthiness.

Chapter 8 has 28 new problems.

Chapter 9 uses a simple, six-step method to perform hypothesis tests using the critical value
approach and a straightforward five-step method to perform hypothesis tests using the p-
value.

Chapter 10 (formerly Chapter 13) now includes computations for the regression coeffi-
cients and sum of squares in chapter examples.

Chapter 11 (formerly Chapter 14) now covers R?, and adjusted R? prior to residual analysis.

Hallmark Features

We have continued many of the traditions of past editions and have highlighted some of those fea-
tures below:

Using Statistics business scenarios—FEach chapter begins with a Using Statistics example
that shows how statistics is used in accounting, finance, information systems, management,
or marketing. Each scenario is used throughout the chapter to provide an applied context for
the concepts.

Emphasis on data analysis and interpretation of Excel results—We believe that the use
of computer software is an integral part of learning statistics. Our focus emphasizes analyz-
ing data by interpreting the results from Microsoft Excel while reducing emphasis on doing
computations. For example, in the coverage of tables and charts in Chapter 2, the focus is on
the interpretation of various charts, not on their construction by hand. In our coverage of
hypothesis testing in Chapter 9, extensive computer results have been included so that the
p-value approach can be emphasized.

Pedagogical aides—An active writing style, boxed numbered equations, set-off examples
to provide reinforcement for learning concepts, problems divided into “Learning the
Basics” and “Applying the Concepts,” key equations, and key terms are included.
Answers—Most answers to the even-numbered exercises are provided in an appendix at the
end of the book.

PHStat2—This add-in, which is included on the student CD-ROM, extends the statistical
capabilities of Microsoft Excel and executes the low-level menu selection and worksheet
entry tasks associated with implementing statistical analysis in Excel. When combined with
the Analysis ToolPak add-in, virtually all statistical methods taught in an introductory
statistics course can be demonstrated using Microsoft Excel.

Web Cases—A chapter-ending Web Case is included for each of the first 11 chapters. By
visiting Web sites related to the companies and researching the issues raised in the Using
Statistics scenarios that start each chapter, students learn to identify misuses of statistical
information. The Web Cases require students to sift through claims and assorted informa-
tion in order to discover the data most relevant to the case. Students then determine
whether the conclusions and claims are supported by the data. (Instructional tips for using
the Web Cases and solutions to the Web Cases are included in the Instructor’s Solutions
Manual.)

Case studies and team projects—Detailed case studies are included in numerous chap-
ters. A Springville Herald case is included at the end of most chapters as an integrating
theme. A team project relating to mutual funds is included in many chapters as an integrat-
ing theme.

Visual Explorations—Microsoft Excel add-in workbook that allows students to interac-
tively explore important statistical concepts in descriptive statistics, the normal distribution,
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sampling distributions, and regression analysis. For example, in descriptive statistics, stu-
dents observe the effect of changes in the data on the mean, median, quartiles, and standard
deviation. With the normal distribution, students see the effect of changes in the mean and
standard deviation on the areas under the normal curve. In sampling distributions, students
use simulation to explore the effect of sample size on a sampling distribution. In regression
analysis, students have the opportunity of fitting a line and observing how changes in the
slope and intercept affect the goodness of fit.

Supplement Package
The supplement package that accompanies this text includes the following:

* Instructor’s Solutions Manual—This manual includes solutions for end-of-section and

end-of-chapter problems, answers to case questions, where applicable, and teaching tips for
each chapter. Electronic solutions are provided in Excel and Word formats.
Student Solutions Manual—This manual provides detailed solutions to virtually all the
even-numbered exercises and worked-out solutions to the self-test problems.
Test Item File—The Test Item File contains true/false, multiple-choice, fill-in, and prob-
lem-solving questions based on the definitions, concepts, and ideas developed in each
chapter of the text.
TestGen software—A test bank has been designed for use with the TestGen test-generating
software. This computerized package allows instructors to custom design, save, and gener-
ate classroom tests. The test program permits instructors to edit, add, or delete questions
from the test bank; edit existing graphics and create new graphics; analyze test results; and
organize a database of tests and student results. This software allows for flexibility and ease
of use. It provides many options for organizing and displaying tests, along with a search and
sort feature. The program is available on the instructor’s CD-ROM, and associated conver-
sion files can be found online at the Instructor’s Resource Center.

Instructor’s Resource Center—The Instructor’s Resource Center contains the electronic

files for the complete Instructor’s Solutions Manual, the Test Item File, and Lecture

PowerPoint presentations (www.prenhall.com/levine).

Course and Homework Management Tools

* Prentice Hall’s OneKey—This tool offers the best teaching and learning resources, all
in one place. OneKey for Statistics pr Managers Using Microso f Excel, is all an instruc-
tor needs to plan and administer a course and is all students need for anytime, anywhere
access to course materials. Conveniently organized by textbook chapter, the compiled
resources include links to quizzes, PowerPoint presentations, data files, links to Web
Cases, a PHStat2 download, a Visual Explorations download, the Student Solutions
Manual, and additional instructor resources.

* WebCT and Blackboard—With a local installation of either course management sys-
tem, Prentice Hall provides content designed especially for this textbook to create a com-
plete course suite, tightly integrated with the system’ course management tools.

* PH GradeAssist—This online homework and assessment system allows the instructor to
assign problems for student practice, homework, or quizzes. The problems, taken directly
from the text, are algorithmically generated, so each student gets a slightly different prob-
lem with a different answer. This feature allows students multiple attempts for more prac-
tice and improved competency. PH GradeAssist grades the results and can export them to
Microsoft Excel worksheets.

* Companion Web site—www.prenhall.com/levine contains the following:

* An online study guide with true/false, multiple-choice, and essay questions designed to
test students’ comprehension of chapter topics

» PowerPoint presentation files with chapter outlines and key equations

* Student data files for text problems in Excel

* PHStat2 Web site—PHStat2 has a home page at www.prenhall.com/phstat.
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* Index page Web site—An index page for the supporting material for all the
Web Cases included in the text can be found at www.prenhall.com/Springville/
SpringvilleSFM5e.htm.
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CHAPTER 1

Introduction and Data Collection

1.1 WHYLEARN STATISTICS EXCEL COMPANION TO CHAPTER 1

1.2 STATISTICS FOR MANAGERS E; grel'lm\l);/laif: ias)lc Computing Skills
How This Text Is Organized ’ asic Workbook Operations

El.3 Worksheet Entries
USING STATISTICS (@ Good Tunes El.4 Worksheet Formatting

1.3 BASIC VOCABULARY OF STATISTICS EL.5 Copy-and-Paste Operations
El.6 Add-ins: Making Things Easier for You
1.4 DATA COLLECTION

1.5 TYPES OF VARIABLES
Levels of Measurement and Measurement Scales

1.6 MICROSOFT EXCEL WORKSHEETS
Worksheet Cells
Designing Effective Worksheets

LEARNING OBJECTIVES

This chapter will help you learn:
B How statistics is used in business
® The sources of data used in business

The types of data used in business
The basics of Microsoft Excel
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2 CHAPTER ONE Introduction and Data Collection

1.1

1.2

"The statistical terms
population and sample are
formally defined in Section
1.3, on page 5.

WHY LEARN STATISTICS

The reality TV series The Apprentice stars the real estate developer Donald Trump. When
it premiered several years ago, Trump assigned two teams of contestants the task of setting
up and running a lemonade stand. At the time, a number of businesspeople criticized that
task as not being a realistic business task. They saw the task of selling lemonade as a sim-
ple act of salesmanship that was more dependent on the persuasive skills of the seller than
anything else.

If you have ever sold lemonade or held other childhood jobs such as selling cookies or
delivering daily newspapers, you know your task was fairly simple. For example, to deliver
newspapers, you need only to keep track of a list of addresses and perhaps record the weekly or
monthly payments. In contrast, sales and marketing managers of the newspaper need to keep
track of much more data—including the incomes, education levels, lifestyles, and buying pref-
erences of their subscribers—in order to make appropriate decisions about increasing circula-
tion and attracting advertisers. But unless that newspaper has a tiny circulation, those managers
are probably not looking at data directly. Instead, they are looking at summaries, such as the
percentage of subscribers who attended at least some college, or trying to uncover useful pat-
terns, such as whether more subscriptions are delivered to single-family homes in areas associ-
ated with heavy sales of luxury automobiles. That is to say, the managers at the newspaper are
using statistics, the subject of this text.

Statistics is the branch of mathematics that transforms data into useful information for
decision makers. These transformations often require complex calculations that are practi-
cal only if done by computer, so using statistics usually means also using computers. This is
especially true when dealing with the large volumes of data that a typical business collects.
Attempting to do statistics using manual calculations for such data would be too time-
consuming to benefit a business.

When you learn statistics, you learn a set of methods and the conditions under which it is
appropriate for you to use those methods. And because so many statistical methods are practi-
cal only when you use computers, learning statistics also means learning more about using
computer programs that perform statistical analyses.

STATISTICS FOR MANAGERS

Today, statistics plays an ever increasing important role for business managers. These decision
makers use statistics to:

=  Present and describe business data and information properly

*  Draw conclusions about large populations, using information collected from samples'
= Make reliable forecasts about a business activity

= Improve business processes

“Statistics for managers” means knowing more than just how to perform these tasks.
Managers need a conceptual understanding of the principles behind each statistical analysis
they undertake in order to have confidence that the information produced is correct and appro-
priate for a decision-making situation.

To help you master these necessary skills, every chapter of Statistics pr Managers Using
Microso f Excel has a Using Statistics scenario. While the scenarios are fictional, they represent
realistic situations in which you will be asked to make decisions while using Microsoft Excel
to transform data into statistical information. For example, in one chapter, you will be asked to
decide the location in a supermarket that best enhances sales of a cola drink, and in another
chapter, you will be asked to forecast sales for a clothing store. (You will not be asked, as the
television apprentices were asked, to decide how best to sell lemonade on a New York City street
corner.)
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How This Text Is Organized

Table 1.1 shows the chapters of Statistics pr Managers Using Microso f Excel organized
according to the four activities for which decision makers use statistics.

TABLE 1.1 Presenting and Describing Information
Organization of This Text Data Collection (Chapter 1)

Presenting Data in Tables and Charts (Chapter 2)
Numerical Descriptive Measures (Chapter 3)

Drawing Conclusions About Populations Using Sample Information

Basic Probability (Chapter 4), a prerequisite for the rest of the chapters of this group

Some Important Discrete Probability Distributions (Chapter 5)

The Normal Distribution and Other Continuous Distributions (Chapter 6) and Sampling
and Sampling Distributions (Chapter 7), which lead to Confidence Interval Estimation
(Chapter 8) and Hypothesis Testing (Chapter 9)

Making Reliable Forecasts

Simple Linear Regression (Chapter 10)
Introduction to Multiple Regression (Chapter 11)

Methods presented in the Chapters 1-3 are all examples of descriptive statistics, the
branch of statistics that collects, summarizes, and presents data. Methods discussed in
Chapters 7 through 9 are examples of inferential statistics, the branch of statistics that uses
sample data to draw conclusions about an entire population. (Chapters 4—6 provide the foun-
dation in probability and probability distributions needed for Chapters 7-9.) The definition
of inferential statistics uses the terms sam ple and po pulation, the second time you have
encountered these words in this section. You can probably figure out that you cannot learn
much about statistics until you learn the basic vocabulary of statistics. Continue now with
the first Using Statistics scenario, which will help introduce you to several important terms
used in statistics.

USING STATISTICS @ Good Tunes

Good Tunes, a growing four-store home entertainment systems retailer, seeks to dou-
ble their number of stores within the next three years. The managers have decided to
approach local area banks for the cash needed to underwrite this expansion. They need
to prepare an electronic slide show and a formal prospectus that will argue that Good
Tunes is a thriving business that is a good candidate for expansion.

You have been asked to assist in the process of preparing the slide show
and prospectus. What data would you include that will convince bankers to extend the
credit it needs to Good Tunes? How would you present that data?
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1.3

In this scenario, you need to identify the most relevant data for the bankers. Because Good
Tunes is an ongoing business, you can start by reviewing the company’s records, which show
both its current and recent past status. Because Good Tunes is a retailer, presenting data about
the company’s sales seems a reasonable thing to do. You could include the details of every sales
transaction that has occurred for the past few years as a way of demonstrating that Good Tunes
is a thriving business.

However, presenting the bankers with the thousands of transactions would overwhelm
them and not be very useful. As mentioned in Section 1.1, you need to transform the transac-
tions data into information by summarizing the details of each transaction in some useful
way that would allow the bankers to (perhaps) uncover a favorable pattern about the sales
over time.

One piece of information that the bankers would presumably want to see is the dollar sales
totals by year. Tallying and totaling sales is a common process of transforming data into infor-
mation and a very common statistical analysis. When you tally sales—or any other relevant
data about Good Tunes you choose to use—you follow normal business practice and tally by a
business period such as by month, quarter, or year. When you do so, you end up with multiple
values: sales for this year, sales for last year, sales for the year before that, and so on. How best
to refer to these multiple values requires learning the basic vocabulary of statistics.

BASIC VOCABULARY OF STATISTICS

Variables are characteristics of items or individuals and are what you analyze when you use a
statistical method. For the Good Tunes scenario, sales, expenses by year, and net profit by year
are variables that the bankers would want to analyze.

VARIABLE

A variable is a characteristic of an item or individual.

When used as an adjective in everyday speech, variable suggests that something changes or
varies, and you would expect the sales, expenses, and net profit to have different values from year
to year. These different values are the data associated with a variable, and more simply, the “data”
to be analyzed. In later sections, you will be sometimes asked to enter the cell range of a variable in
Excel. When you see such an instruction, you should enter the cell range of the different values that
collectively are the data to be analzyed. (Section 1.6 on page 11 explains what a cell range is and
further discusses how to enter data in Excel.)

Variables can differ for reasons other than time. For example, if you conducted an analysis
of the composition of a large lecture class, you would probably want to include the variables
class standing, gender, and major field of study. Those variables would vary, too, because each
student in the class is different. One student might be a freshman male Economics ma jor, while
another may be a sophomore female Finance major.

You also need to remember that values are meaningless unless their variables have opera-
tional definitions. These definitions are universally accepted meanings that are clear to all
associated with an analysis. While the operational definition for sales per year might seem
clear, miscommunication could occur if one person was referring to sales per year for the entire
chain of stores and another to sales per year per store. Even individual values for variables
sometimes need definition—for the class standing variable, for example, what exact/yis meant
by the words so phomore and jnior? (Perhaps the most famous example of vague definitions
was the definition of a valid vote in the state of Florida during the 2000 U.S. presidential elec-
tion. Vagueness about the operational definitions there ultimately required a U.S. Supreme
Court ruling.)

Understanding the distinction between variables and their values helps in learning four
other basic vocabulary terms, two of which you have already encountered in previous sections.
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1.3: Basic Vocabulary of Statistics 5

A population consists of all the items or individuals about which you want to draw

a conclusion.

SAMPLE

A sample is the portion of a population selected for analysis.

PARAMETER

A parameter is a numerical measure that describes a characteristic of a population.

STATISTIC

A statistic is a numerical measure that describes a characteristic of a sample.

All the Good Tunes sales transactions for a specific year, all the customers who shopped at
Good Tunes this weekend, all the full-time students enrolled in a college, and all the registered
voters in Ohio are examples of populations. Examples of samples from these four populations
would be 200 Good Tunes sales transactions randomly selected by an auditor for study, 30 Good
Tunes customers asked to complete a customer satisfaction survey, 50 full-time students selected
for a marketing study, and 500 registered voters in Ohio contacted via telephone for a political
poll. In each sample, the transactions or people in the sample represent a portion of the items or
individuals that make up the population.

“The average amount spent by all customers who shopped at Good Tunes this weekend” is an
example of a parameter because the amount spent in the entire population is needed. In contrast,
“the average amount spent by the 30 customers completing the customer satisfaction survey” is
an example of a statistic because the amount spent from only the sample of 30 people is required.

Using and Learning Microsoft E xcel

Ithough we have talked a lot
about statistics to this point,
we haven't mentioned much
about using Microsoft Excel.
Using any computer program is a two-step
process that begins with learning to operate
the program and then advances to mastering
how to apply the program to a decision-
making task—and Excel is no exception.

The Excel Companion to this chapter will
help you become familiar with operating
Excel. In writing that Companion, we have
assumed that you have operated a personal
computer in the past to do something such as
surf the Web, send an instant message, play
music or games, or write homework assign-
ments. If you have never used a personal com-
puter for any of these or similar activities, you
should ask a friend to introduce you to per-
sonal computers before you read the Com-
panion for this chapter. While this Companion
was primarily written for novices, experienced
Excel users will benefit from learning the
words used to describe the Excel operations
in this book.

The Excel Companion to Chapter 2 and
those for later chapters will help you under-
stand how you can apply the statistical meth-
ods discussed in this book by using Microsoft
Excel. For each method discussed, you will
typically learn two ways that you can use
Excel. One way, labeled Basic Excel, uses
Excel without any outside enhancements to
the program. The other way, labeled PHStat2,
uses the free PHStat2 statistics add-in* thatis
included on this book's CD.

These two ways are truly interchange-
able. The Excel solutions you create using
either way will be identical (or nearly so) to
each other and the example worksheets and
charts you see in this book. You can switch
between the two ways at any time as you use
this text without losing any comprehension of
the Excel material. That this book includes two
complementary ways of learning Microsoft
Excel is a distinctive feature of the book.

W hich way is best pr you?
Unless your instructor requires you to use one
way, you may want to choose a way that best

suits how you like to learn. Do you like to leamn
by building things from scratch, one step at a
time? If so, using the Basic Excel way would be
the best way for you. Do you worry about the
time it takes to build things and the typing errors
you might make? Or do you like to learn by
closely examining a solution to discover its
details, a discovery process some call reverse
engineering? In either of these cases, using
PHStat2 would be your best choice.

For a few statistical methods, you will not
find either a Basic Excel way or a PHStat2 way,
due to the limitations of Excel. For such meth-
ods, you will find Excel workbook files on the
book’s CD that you can open and use as a tem-
plate for creating your own solutions. (Actually,
you will find files that contain template exam-
ples for every statistical method discussed in the
Excel Companions and for every Excel work-
sheet or chart illustrated in this book. A good
starting point for these examples are the Excel
workbook files named for the chapters of this
text, such as Chapter 2.xis.)

Regardless of the way you use and learn
Microsoft Excel, you are invited to go online and
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explore the Web site for this book. There, you will
find supplementary material about using Excel,
induding discussions of Excel techniques that
the authors were not able to include in the book
because of space limitations.

Postscript: Isn‘t Using an Add-in

a Bad Thing?

If you are an experienced Microsoft Excel user,
you may have concerns about using an add-in
such as PHStat2. You may be concerned that
you will become dependent on something you
would not be able to use in business or think
that using PHStat2 somehow means that you

CHAPTER ONE Introduction and Data Collection

are not really using and learning Microsoft
Excel.

Both of these concerns are unfounded.
PHStat2 is a learning tool whose sole purpose
is to help you understand how Excel can be
used to support specific statistical methods.
PHStat2 is designed to make using Microsoft
Excel more convenient, by doing the “busy
work " activities of creating an Excel solution,
such as cell formatting, for you. When you
read the Excel Companions, you will under-
stand what PHStat2 is doing for you in a gen-
eralized way as well as whatitis doing specif-
ically for a problem (following the Basic Excel
instructions).

Itis true that other add-ins, including add-
ins for other introductory business statistics
textbooks, can obscure Microsoft Excel by not
building an Excel-based solution and only
reporting outcomes and statistical information
that the add-in has internally (and invisibly)
computed. Using such add-ins would not be
truly “learning” Microsoft Excel, and using such
add-ins would leave you dependent on their
use. In contrast, PHStat2 creates model Excel
solutions that you can examine and incorporate
into your own Excel solutions.

*Section E1.6 that begins on page 28
explains what an add-in is.

1.4

DATA COLLECTION

The managers at Good Tunes believe that they will have a stronger argument for expansion if
they can show the bankers that the customers of Good Tunes are highly satisfied with the ser-
vice they received. How could the managers demonstrate that good service was the typical cus-
tomer experience at Good Tunes?

Unlike the earlier Good Tunes scenario, in which sales per year was automatically collected
as part of normal business activities, the managers now face the twin challenges to first identify
relevant variables for a customer satisfaction study and then devise a method for data
collection—that is, collecting the values for those variables.

Many different types of circumstances, such as the following, require data collection:

= A marketing research analyst needs to assess the effectiveness of a new television
advertisement.

= A pharmaceutical manufacturer needs to determine whether a new drug is more effective
than those currently in use.

= An operations manager wants to monitor a manufacturing process to find out whether the
quality of product being manufactured is conforming to company standards.

=  An auditor wants to review the financial transactions of a company in order to determine
whether the company is in compliance with generally accepted accounting principles.

In each of these examples, and for the Good Tunes managers as well, collecting data from every
item or individual in the population would be too difficult or too time-consuming. Because this is
the typical case, data collection almost always involves collecting data from a sample. (Chapter 7
discusses methods of sample selection.)

Unlike the Good Tunes example that begins this section, the source of the data to be col-
lected is not always obvious. Data sources are classified as being either primary sources or
secondary sources. When the data collector is the one using the data for analysis, the source is
primary. When the person performing the statistical analysis is not the data collector, the source
is secondary. Sources of data fall into one of four categories:

= Data distributed by an organization or an individual
= A designed experiment

= Asurvey

=  Anobservational study

Organizations and individuals that collect and publish data typically use that data as a pri-
mary source and then let others use it as a secondary source. For example, the United States
federal government collects and distributes data in this way for both public and private pur-
poses. The Bureau of Labor Statistics collects data on employment and also distributes the
monthly consumer price index. The Census Bureau oversees a variety of ongoing surveys
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Questions about the
Good Tunes customer
experience

1.4: Data Collection 7

regarding population, housing, and manufacturing and undertakes special studies on topics
such as crime, travel, and health care.

Market research firms and trade associations also distribute data pertaining to specific indus-
tries or markets. Investment services such as Mergent’s provide financial data on a company-by-
company basis. Syndicated services such as AC Nielsen provide clients with data that enables the
comparison of client products with those of their competitors. Daily newspapers are filled with
numerical information regarding stock prices, weather conditions, and sports statistics.

Outcomes of a designed experiment are another data source. These outcomes are the
results of an experiment, such as a test of several laundry detergents to compare how well each
detergent removes a certain type of stain. Developing proper experimental designs is a subject
mostly beyond the scope of this text because such designs often involve sophisticated statistical
procedures.

Conducting a survey is a third type of data source. People being surveyed are asked ques-
tions about their beliefs, attitudes, behaviors, and other characteristics. For example, people
could be asked their opinion about which laundry detergent best removes a certain type of stain.
(This could lead to a result different from a designed experiment seeking the same answer.)

Conducting an observational study is the fourth important data source. A researcher col-
lects data by directly observing a behavior, usually in a natural or neutral setting. Observational
studies are a common tool for data collection in business. Market researchers use pcus grou ps
to elicit unstructured responses to open-ended questions posed by a moderator to a target audi-
ence. Other, more structured types of studies involve group dynamics and consensus building,
Observational study techniques are also used in situations in which enhancing teamwork or
improving the quality of products and service is a management goal.

Identifying the most appropriate source is a critical task because if biases, ambiguities,
or other types of errors flaw the data being collected, even the most sophisticated statis-
tical methods will not produce useful information. For the Good Tunes example, variables
relevant to the customer experience could take the form of survey questions related to
various aspects of the customer experience, examples of which are shown in Figure 1.1.

1. How many days did it take from the time you ordered your merchandise to the time
you received it?
2. Did you buy any merchandise that was featured in the Good Tunes Sunday newspaper

sales flyer for the week of your purchase? Yes No

3. Was this your first purchase at Good Tunes? Yes No

4. Are you likely to buy additional merchandise from Good Tunes in the next 12

months? Yes No

5. How much money (in U.S.dollars) do you expect to spend on stereo and consumer
electronics equipmentin the next 12 months?

6. How do you rate the overall service provided by Good Tunes with respect to your
recent purchase?

Excellent [0 Verygood O Fair 0  Poor O

7. How do you rate the selection of products offered by Good Tunes with respect to other
retailers of home entertainment systems?

Excellent 0  Verygood 0  Fair O  Poor O

8. How do you rate the quality of the items you recently purchased from Good Tunes?

Excellent [0  Verygood [0  Fair 0  Poor [J

Statistics for Managers Using Microsoft Excel, Fifth Edition, by David M. Levine, Mark L. Berenson, and Timothy C. Krehbiel. Published by Prentice Hall.
Copyright © 2008 by Pearson Education, Inc.



8

From the Authors’ Deskto p

CHAPTER ONE Introduction and Data Collection

The survey might also ask questions that seek to classify customers into groups for later

analysis.

One good way for Good Tunes to avoid data-collection flaws would be to distribute the
questionnaire to a random sample of customers (as discussed in Chapter 7). A poor way would
be to rely on a business rating Web site that allows online visitors to rate a merchant. Such Web
sites cannot provide assurance that those who do the rating are customers.

eb-based surveys and rat-

ings seem to be of growing

importance for many mar-

keters. Their use and mis-

use raise many concerns. By coincidence, while
writing Section 1.4, one of us received an email
requesting that he rate the Marriott Rewards
travel loyalty program a perfect “10” in the vot-
ing for the InsideFlyer Freddie Awards. The

author had never heard of those awards, but

soon he received other emails from various

other travel loyalty programs, also asking that

the same high rating be submitted. He even got

an email for a program for which he had just
signed up in the prior month (and for a travel
company of which he was not yet a customer).

At the same time, another one of us found

an article in The New York Times that reported

that Internet travel sites had to closely monitor
submitted reviews to avoid fraudulent claims
(C. Elliott, “"Hotel Reviews Online: In Bed with
Hope, Half-Truths and Hype,” The New York
Times, February 7, 2006, pp. C1, C8). The article
also reported that a hotel in Key West, Florida,
offered its guests a 10% discount if they pub-
lished a rave review of that hotel on a particu-
lar travel Web site! Our co-author with all the
“Freddie” emails felt cheated.

Have you ever received an email asking
you to rate an online merchant? Many of
us have, especially when we have just pur-
chased something from an online merchant.
Often, such emails come with an incentive, not
unlike the Key West hotel’s discount. Would
an incentive cause you to rate the mer-
chant? Would the incentive affect your opinion?

What would you say about a ratings Web
site that accepts advertising from merchants
that are rated on the site? What would you
say about a ratings Web site that gets paid a
commission if a visitor first views a rating and
then clicks on a link for the merchant? These
are among the several practices that may
raise ethical concerns for some.

If you do use a ratings Web site, be sure
to check out the “fine print” on your next
visit. Although you will find a privacy state-
ment that explains how the Web site uses
data that can personally identify you, most
likely you will not find a “data collection
statement” that explains the methods the
Web site uses to collect its data. Perhaps
you should find such a statement.

1.5

TYPES OF VARIABLES

FIGURE 1.2

Types of variables

Statisticians classify variables as either being categorical or numerical and further classify
numerical variables as having either discrete or continuous values. Figure 1.2 shows the rela-
tionships and provides examples of each type of variable.

Data Type Question Types Responses
Categorical Do you currently own any stocks or bonds? Yes [0 No [
Discrete To how many magazines do
you currently subscribe? Number
Numerical
Continuous How tall are you? Inches

Categorical variables (also known as qualitative variables) have values that can only be
placed into categories, such as “yes” and ‘“no”. Questions 2—4 in Figure 1.1 are examples of
categorical variables, all of which have “yes” or “no” as their values. Categorical variables can
also result in more than two possible responses. An example of this type of variable is asking
customers to indicate the day of the week on which they made their purchases. Questions 6—8
result in one of four possible responses.

Numerical variables (also known as quantitative variables) have values that represent
quantities. For example, Questions 1 and 5 in Figure 1.1 are numerical variables. Numerical
variables are further subdivided as discrete or continuous variables.
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Discrete variables have numerical values that arise from a counting process. “The number
of magazines subscribed to” is an example of a discrete numerical variable because the response
is one of a finite number of integers. You subscribe to zero, one, two, and so on magazines. The
number of days it takes from the time you ordered your merchandise to the time you receive it is
a discrete numerical variable because you are counting the number of days.

Continuous variables produce numerical responses that arise from a measuring process.
The time you wait for teller service at a bank is an example of a continuous numerical vari-
able because the response takes on any value within a continuum, or interval, depending on the pre-
cision of the measuring instrument. For example, your waiting time could be 1 minute, 1.1 min-
utes, 1.11 minutes, or 1.113 minutes, depending on the precision of the measuring device you use.

Theoretically, with sufficient precision of measurement, no two continuous values
will be identical. As a practical matter, however, most measuring devices are not precise enough
to detect small differences, and tied values for a continuous variable (i.e., two or more items
or individuals with the same value) are often found in experimental or survey data.

Levels of Measurement and Measurement Scales

Using levels of measurement is another way of classifying data. There are four widely recog-
nized levels of measurement: nominal, ordinal, interval, and ratio scales.

Nominal and Ordinal Scales Data from a categorical variable are measured on a nom-
inal scale or on an ordinal scale. A nominal scale (see Figure 1.3) classifies data into distinct
categories in which no ranking is implied. In the Good Tunes customer satisfaction survey, the
answer to the question “Are you likely to buy additional merchandise from Good Tunes in the
next 12 months?” is an example of a nominal scaled variable, as are your favorite soft drink,
your political party affiliation, and your gender. Nominal scaling is the weakest form of mea-
surement because you cannot specify any ranking across the various categories.

Categorical Variable Categories
Personal Computer Ownership Yes [J No [J
Type of Stocks Owned Growth [J Value [J Other [J None [
Internet Provider Microsoft Network (] AOL [0 Other [

FIGURE 1.3 Examples of nominal scales

An ordinal scale classifies data into distinct categories in which ranking is implied. In the
Good Tunes survey, the answers to the question “How do you rate the overall service provided
by Good Tunes with respect to your recent purchase?” represent an ordinal scaled variable
because the responses “excellent, very good, fair, and poor” are ranked in order of satisfaction
level. Figure 1.4 lists other examples of ordinal scaled variables.

Categorical Variable Ordered Categories

Student class designation Freshman Sophomore Junior Senior

Product satisfaction Very Unsatisfied Fairly Unsatisfied Neutral
Fairly Satisfied Very Satisfied

Faculty rank Professor Associate Professor Assistant Professor
Instructor

Standard & Poor’s bond ratings AAA AA A BBB BB B CCC CC C DDD DD D

Student grades ABCDF

FIGURE 1.4 Examples of ordinal scales

Statistics for Managers Using Microsoft Excel, Fifth Edition, by David M. Levine, Mark L. Berenson, and Timothy C. Krehbiel. Published by Prentice Hall.
Copyright © 2008 by Pearson Education, Inc.



10  CHAPTER ONE Introduction and Data Collection

FIGURE 1.5

Examples of interval
and ratio scales

Ordinal scaling is a stronger form of measurement than nominal scaling because an observed
value classified into one category possesses more of a property than does an observed value
classified into another category. However, ordinal scaling is still a relatively weak form of
measurement because the scale does not account for the amount of the differences between the
categories. The ordering implies only which category is “greater,” “better,” or “more preferred”—
not by how much.

Interval and Ratio Scales Data from a numerical variable are measured on an interval or a
ratio scale. An interval scale (see Figure 1.5) is an ordered scale in which the difference between
measurements is a meaningful quantity but does not involve a true zero point. For example, a noon-
time temperature reading of 67 degrees Fahrenheit is 2 degrees warmer than a noontime reading of
65 degrees. In addition, the 2 degrees Fahrenheit difference in the noontime temperature readings
is the same as if the two noontime temperature readings were 74 and 76 degrees Fahrenheit
because the difference has the same meaning anywhere on the scale.

Numerical Variable Level of Measurement

Temperature (in degrees Celsius or Fahrenheit) Interval
Standardized exam score (e.g., ACT or SAT) Interval
Height (in inches or centimeters) Ratio
Weight (in pounds or kilograms) Ratio
Age (in years or days) Ratio
Salary (in American dollars or Japanese yen) Ratio

A ratio scale is an ordered scale in which the difference between the measurements
involves a true zero point, as in height, weight, age, or salary measurements. In the Good Tunes
customer satisfaction survey, the amount of money (in U.S. dollars) you expect to spend on
stereo equipment in the next 12 months is an example of a ratio scaled variable. As another
example, a person who weighs 240 pounds is twice as heavy as someone who weighs
120 pounds. Temperature is a trickier case: Fahrenheit and Celsius (centigrade) scales are
interval but not ratio scales; the “zero” value is arbitrary, not real. You cannot say that a noontime
temperature reading of 4 degrees Fahrenheit is twice as hot as 2 degrees Fahrenheit. But a Kelvin
temperature reading, in which zero degrees means no molecular motion, is ratio scaled. In con-
trast, the Fahrenheit and Celsius scales use arbitrarily selected zero-degree beginning points.

Data measured on an interval scale or on a ratio scale constitute the highest levels of
measurement. They are stronger forms of measurement than an ordinal scale because you can
determine not only which observed value is the largest but also by how much.

PROBLEMS FOR SECTION 1.5

a. Explain why the download time is a continuous numeri-

Learning the Basics

R 1.1 Three different beverages are sold at a fast-

food restaurant—soft drinks, tea, and coffee.

a. Explain why the type of beverage sold is an example of
a categorical variable.

b. Explain why the type of beverage sold is an example of
a nominal scaled variable.

1.2 Soft drinks are sold in three sizes at a fast-food
restaurant—small, medium, and large. Explain why the
size of the soft drink is an example of an ordinal scaled
variable.

1.3 Suppose that you measure the time it takes to down-
load an MP3 file from the Internet.

cal variable.
b. Explain why the download time is a ratio scaled
variable.

Applying the Concepts

1.4 For each of the following variables, determine

whether the variable is categorical or numerical.
If the variable is numerical, determine whether the

variable is discrete or continuous. In addition, determine the

level of measurement for each of the following.

a. Number of telephones per household

b. Length (in minutes) of the longest long-distance call

made per month
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¢. Whether someone in the household owns a cell phone
d. Whether there is a high-speed Internet connection in the
household

e 1.5 The following information is collected from

students upon exiting the campus bookstore dur-
ing the first week of classes:

a. Amount of time spent shopping in the bookstore

b. Number of textbooks purchased

¢. Academic major

d. Gender

Classify each of these variables as categorical or numeri-
cal. If the variable is numerical, determine whether the
variable is discrete or continuous. In addition, determine
the level of measurement for these variables.

e 1.6 For each of the following variables, determine

whether the variable is categorical or numerical. If
the variable is numerical, determine whether the

variable is discrete or continuous. In addition, determine the

level of measurement for each of the following.

a. Name of Internet provider

b. Amount of time spent surfing the Internet per week

¢. Number of emails received in a week

d. Number of online purchases made in a month

1.7 For each of the following variables, determine whether

the variable is categorical or numerical. If the variable is

numerical, determine whether the variable is discrete or

continuous. In addition, determine the level of measurement

for each of the following.

a. Amount of money spent on clothing in the past month

b. Favorite department store

¢. Most likely time period during which shopping for
clothing takes place (weekday, weeknight, or weekend)

d. Number of pairs of winter gloves owned

1.6: Microsoft Excel Worksheets 11

1.8 Suppose the following information is collected from
Robert Keeler on his application for a home mortgage loan
at the Metro County Savings and Loan Association:

a. Monthly payments: $1,427

b. Number of jobs in past 10 years: 1

¢. Annual family income: $86,000

d. Marital status: Married

Classify each of the responses by type of data and level of
measurement.

1.9 One of the variables most often included in surveys is

income. Sometimes the question is phrased “What is your

income (in thousands of dollars)?” In other surveys, the

respondent is asked to “Place an X in the circle corre-

sponding to your income level” and given a number of

income ranges to choose from.

a. In the first format, explain why income might be consid-
ered either discrete or continuous.

b. Which of these two formats would you prefer to use if
you were conducting a survey? Why?

¢. Which of these two formats would likely bring you a
greater rate of response? Why?

Teres 1.10 If two students score a 90 on the same
examination, what arguments could be used to

show that the underlying variable—test score—is
continuous?

1.11 The director of market research at a large department

store chain wanted to conduct a survey throughout a metro-

politan area to determine the amount of time working
women spend shopping for clothing in a typical month.

a. Describe both the population and the sample of interest,
and indicate the type of data the director might want to
collect.

b. Develop a first draft of the questionnaire needed in (a)
by writing a series of three categorical questions and
three numerical questions that you feel would be appro-
priate for this survey.

1.6 MICROSOFT EXCEL WORKSHEETS

When you use Microsoft Excel, you place the data you have collected in worksheets.
Worksheets appear as pages containing gridlines that separate individually lettered columns
from numbered rows. While worksheets look like the simple tables you can create in a word
processing program, worksheets have special features that are particularly suited to data analy-
sis. Understanding the special features of worksheets will help you to better understand the
interplay of data and results in Microsoft Excel.

Worksheet Cells

The intersections of the columns and rows of worksheets form boxes called cells. You refer to a
cell by its column letter and row number. For example, you refer to the cell in the first column
and second row as cell A2 and the cell in the fifth column and first row as cell El. You enter in a
cell a single value or an expression that can include a reference to another cell. This flexibility,
as explained further in Section El .3 of the Excel Companion to this chapter, is one of the special
features that makes Microsoft Excel more than just a fancy table-oriented word processor.
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You can refer to more than one cell in a cell reference. If you want to refer to a group of
cells that forms a contiguous rectangular area, you can use a cell range in which references to
the upper leftmost cell and the lower rightmost cell are joined with a colon. For example, the
cell range Al:C2 refers to the six cells found in the first two rows and three columns of a work-
sheet. Excel also allows ranges such as A: A or 4:4, as a shorthand way of referring to all the
cells in a column or a row. Later in this text, you will see cell ranges such as D1:D8,F1:F8 that
refer to cells from two non-adjacent area of a worksheet.

Worksheets exist inside a workbook, a collection of worksheets and other types of sheets,
including chart sheets that help visualize data. Usually, you will use only one sheet at any given
time and open to a worksheet by clicking its sheet tab (see Section ElL.1). If someone says that
they are opening an “Excel file,” they are most likely opening a workbook file. All versions of
Excel can open workbook files saved using the .xlIs file format (and all Excel files on the
Student CD are in this format). Excel 2007 can also open workbooks saved in the newer .xlIsx
format discussed in Appendix E

Designing Effective Worksheets

Because thousands of cells are available on individual worksheets, you will never have to worry
about running out of cells to use. This spaciousness of worksheets invites careless use and
causes some to ignore the important process of effectively arranging worksheet data. Poor
arrangements can increase the chance of user errors, create confusing results, lead to unattrac-
tive printouts, or worse.

To be consistent with standard business usage, you should associate column cell ranges with
variables. In this arrangement, you use the first (row 1) cell of a column for a name label for a
variable and place the data for the variable in the subsequent cells of the column. You do not skip
any rows as you enter data, so column cell ranges will never contain any empty cells. (Empty
cells can interfere with Excel ability’s to process your data and can lead to inaccurate results.)

This standard practice is always used in this text and in all of the Excel files on the student
CD. Because all of the Excel instructions assume this data arrangement, you should never devi-
ate from this practice when you use this book.

Another good practice is to place all the variables on a worksheet that is se parate from the
worksheet containing the results. Such separation will increase the reusability of your results
worksheet and minimize the chance of inadvertent changes to the values of your variables
as you construct your results. In the workbooks found on the book’s CD as well as the work-
books produced by PHStat2, you will generally find a Results worksheet showing the results
separate from the worksheet containing the variables.

Sometimes, worksheets used in this book require only the values of certain parameters or
statistics and not the values associated with a variable. For such worksheets, good practice is to
place the parameters and statistics at the top of the worksheet so that a user can easily perform
what-if analyses, changing values to see their effects on the results. In this book, these values
always appear in bold, in cells tinted a shade Excel calls light turquoise and under the heading
Data. When you see such tinted cells, you know that you can change the values in those cells to
perform what-if analyses and solve other, similar problems.

Another good design practice is to allow the user to be able to explicitly see the chain of
calculations from the starting data, through any intermediate calculations, to the results. This
practice is particularly advantageous when preparing statistical worksheets because most “inter-
mediate calculations™ are statistics themselves. Showing the chain of calculations helps you
review your worksheet for errors and helps others better understand what your worksheet does.

In the worksheets of this book, intermediate calculations appear under the heading
Intermediate Calculations and are in a cell range that immediately precedes the cell range
containing the results. The results appear in cells that are tinted a light yellow and contain
boldfaced text. There is also a heading over the results cells that varies with the type of statis-
tical analysis performed.

Whether you use the worksheet design of this book or your own design, do not overlook
the importance of skipping rows or columns to create white space to separate different regions
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of the worksheet that present results. In this book, worksheets tend to skip only a single row or
a single column. This choice is due more to making all illustrations compact than any hard or
fast rule. You should experiment with your own worksheets with an eye to making them easy to
follow on both the display screen and the printed page. Do not hesitate to create two copies of
your worksheets—one optimized for the screen, the other for the printer, if you have anything
but the simplest worksheet to produce.

When to Excel

From the Authors’ Deskto p

erhaps you have heard from some

people that Microsoft Excel

shouldn't be used for statistics or

you have searched the Internet
and discovered that statistics educators have
had a long-running discussion over the use of
Excel in the classroom.

As authors of a text whose title includes
the phrase Using Microsoft Excel, we believe
that Microsoft Excel provides a good way to
introduce you to basic statistical methods and
demonstrate how to apply these methods in
business decision making. Many managers,
noting the prevalence of Microsoft Excel on
the computers in their businesses, have simi-
larly considered using Excel, rather than a
specialized statistical program, for statistical
analysis. Microsoft Excel seems like an attrac-
tive choice because:

e Using Excel means not having to incur the
extra costs of using specialized statistical
programs.

e Most business users already have some
familiarity with Excel.

e Excel is easy to use and easy to learn, at
least for casual users.

e Excel graphical and statistical functions
can use the same worksheet-based data
that users have created for other business
purposes.

e Some Excel graphical functions produce
more vivid visual outputs than some spe-
cialized statistical programs.

While these traits are attractive, those
who have chosen Microsoft Excel have not
necessarily considered the accuracy and com-
pleteness of the statistical results that Excel

produces. Unfortunately, some investigators
have determined that certain Microsoft Excel
statistical capabilities contain flaws that can
lead to invalid results, especially when data
sets are very large or have unusual statistical
properties (see reference 1, 2, and 4). Even
using Microsoft Excel with small data sets to
produce the relatively simple descriptive sta-
tistics can lead to nonstandard results. (As an
example, see the discussion for creating his-
tograms in the Excel Companion to chapter 2
on page 86.) Clearly, when you use Microsoft
Excel, you must be careful about the data and
the method you are using. Whether this com-
plication outweighs the benefits of Excel’s
attractive features is still an unanswered
question in business today.

SUMM ARY

In this chapter, you have been introduced to the role of sta-
tistics in turning data into information and the importance
of using computer programs such as Microsoft Excel. In
addition, you have studied data collection and the various
types of data used in business. In conjunction with the
Using Statistics scenario, you were asked to review the cus-
tomer survey used by the Good Tunes company (see page 7).
The first and fifth questions of the survey shown will pro-

KEY TERMS

duce numerical data. Questions 2, 3, and 4 will produce
nominal categorical data. Questions 6—8 will produce ordi-
nal categorical data. The responses to the first question
(number of days) are discrete, and the responses to the fifth
question (amount of money spent) are continuous. In the
next two chapters, tables and charts and a variety of
descriptive numerical measures that are useful for data
analysis are developed.

interval scale 10
nominal scale 9

categorical variable 8
cell 11

cell range 12

chart sheet 12
continuous variable 9
data 4

descriptive statistics 3
discrete variable 9
inferential statistics 3

ordinal scale 9
parameter 5
population 5

numerical variable 8
operational definition 4

primary source 6
qualitative variable

quantitative variable 8
ratio scale 10

sample 5

secondary source 6
statistic 5

statistics 2

variable 4

workbook 12

8 worksheet 11
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CHAPTER REVIEW PROBLEMS

Checking Your Understanding

Elee 1.12 What is the difference between a sample
and a population?

Feeen] 1.13 What is the difference between a statistic
and a parameter?

R 1.14 What is the difference between descriptive
and inferential statistics?

FREer| 1.15 What is the difference between a categori-
cal variable and a numerical variable?

1.16 What is the difference between a discrete variable
and a continuous variable?

1.17 What is an operational definition and why is it so
important?

1.18 What are the four levels of measurement scales?

Applying the Concepts

1.19 The Data and Story Library, lib.stat.cmu.edu/
DASL, is an online library of data files and stories that
illustrate the use of basic statistical methods. The stories
are classified by method and by topic. Go to this site and
click on List all topics. Pick a story and summarize how
statistics were used in the story.

1.20 Go to the official Microsoft Excel Web site,
www.microsoft.com/office/excel. Explain how you
think Microsoft Excel could be useful in the field of
statistics.

1.21 The Gallup organization releases the results of

recent polls at its Web site, www.galluppoll.com. Go to

this site and read today’s top analysis.

a. Give an example of a categorical variable found in the
poll.

b. Give an example of a numerical variable found in the
poll.

c. Is the variable you selected in (b) discrete or continuous?

1.22 The US. Census Bureau site, www.census.gov, con-

tains survey information on people, business, geography,

and other topics. Go to the site and click on Housing in

the “People and Households” section. Then click on

American Housing Survey.

a. Briefly describe the American Housing Survey.

b. Give an example of a categorical variable found in this
survey.

¢. Give an example of a numerical variable found in this
survey.

d. Is the variable you selected in (¢) discrete or continuous?

1.23 On the US. Census Bureau site, www.census.gov,

click on Survey of Business Owners in the “Business &

Industry” section and read about The Survey of Business

Owners. Click on Sample SBO-1 Form to view a survey

form.

a. Give an example of a categorical variable found in this
survey.

b. Give an example of a numerical variable found in this
survey.

c. Is the variable you selected in (b) discrete or continuous?

1.24 An online survey of almost 53,000 people

(N. Hellmich, “Americans Go for the Quick Fix for

Dinner,” USA Today, February 14, 2005, p. B1) indicated

that 37% decide what to make for dinner at home at the last

minute and that the amount of time to prepare dinner aver-
ages 12 minutes, while the amount of time to cook dinner
averages 28 minutes.

a. Which of the four categories of data sources listed in
Section 1.4 on page 6 do you think were used in this
study?

b. Name a categorical variable discussed in this article.

c. Name a numerical variable discussed in this article.

1.25 According to a Harris Interactive survey of 502

senior human resource executives, 58% responded that

referrals were one of the methods for finding the best can-

didates. (“USA Snapshots,” USA Today, February 9, 2006,

p. Al).

a. Describe the population for the Harris Interactive survey.

b. Is a response to the question “By which methods do
you feel you find the best candidates?” categorical or
numerical?

c. Fourteen percent of the senior human resources execu-
tives polled indicated that professional associations
were one of the methods for finding the best candidates.
Is this a parameter or a statistic?

1.26 A manufacturer of cat food was planning to survey

households in the United States to determine purchasing

habits of cat owners. Among the questions to be included
are those that relate to

1. where cat food is primarily purchased.

2. whether dry or moist cat food is purchased.

3. the number of cats living in the household.

4. whether the cat is pedigreed.

a. Describe the population.

b. For each of the four items listed, indicate whether the
variable is categorical or numerical. If it is numerical, is
it discrete or continuous?

c¢. Develop five categorical questions for the survey.

d. Develop five numerical questions for the survey.
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Student Survey Data Base

1.27 A sample of 50 undergraduate students answered the
following survey.

1.

10.

11.

12.

13.

What is your gender?  Female____ Male_

2. What is your age (as o flast birthday)? ___
3.
4. What is your current registered class designation?

What is your height (in inches)? __

Freshman Sophomore Junior Senior

. What is your major area of study?

Accounting___ Economics/Finance____
Information Systems____ International Business____
Management____ Marketing/Retailing___ Other____
Undecided____

. At the present time, do you plan to attend graduate

school?

Yes_ No__ Notsure_

. What is your current cumulative grade point

average?

. What would you expect your starting annual salary

(in $000) to be if you were to seek employment
immediately after obtaining your bachelor’s
degree?__

. What do you anticipate your salary to be (in $000)

after five years of full-time work experience? ____
What is your current employment status?
Full-time____ Part-time____ Unemployed____
How many clubs, groups, organizations, or teams
are you currently affiliated with on campus?

How satisfied are you with the student advisement
services on campus?___

Extremely 1 2 3 4 5 6 7 Extremely
unsatisfied Neutral satisfied
About how much money did you spend this semester
for textbooks and supplies?____

The results of the survey are in the file
a. Which variables in the survey are categorical?

b. Which variables in the survey are numerical?

¢. Which variables are discrete numerical variables?

1.28 A sample of 50 MBA students answered the follow-
ing survey:

End-of-Chapter Cases

At the end of most chapters, you will find a continuing
case study that allows you to apply statistics to problems
faced by the management of the Springville Herald, a daily

P e

10.

1.

12.

13.

14.

. What is your gender?
. What is your age (as o flast birthday)?__
. What is your height (in inches)?__

. What is your current major area of study?

End-of-Chapter Cases 15

Female Male_

Accounting ____ Economics/Finance___
Information Systems____ International Business____
Management___ Marketing/Retailing___ Other___
Undecided____

. What is your graduate cumulative grade point

index?

. What was your undergraduate area of specialization?

Biological Sciences____ Business Administration____
Computers or Math____ Education___
Engineering____ Humanities___ Performing Arts___
Physical Sciences____Social Sciences____

Other___

. What was your undergraduate cumulative grade point

average?

. What was your GMAT score?____
. What is your current employment status?____

Full-time____ Part-time___ Unemployed____
How many different full-time jobs have you held in
the past 10 years?____

What do you expect your annual salary (in $000)
to be immediately after completion of the MBA
program?____

What do you anticipate your salary to be (in $000)
after five years of full-time work experience follow-
ing the completion of the MBA program?____

How satisfied are you with the student advisement
services on campus?

Extremely 1 2 3 4 5 6 7 Extremely
unsatisfied Neutral satisfied
About how much money did you spend this semester
for textbooks and supplies?

The results of the survey are in the file FIEERTAE Bl
a. Which variables in the survey are categorical?

b. Which variables in the survey are numerical?

¢. Which variables are discrete numerical variables?

newspaper. Complementing this case are a series of Web
Cases that extend many of the Using Statistics scenarios
that begin each chapter.
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Learning with the Web Cases

Peo ple use statistical techniques to hel p communicate and

present im portant in prmation to others both inside and

outside their businesses. Every day, as in these exam ples,
peo ple misuse these techniques:

* A sales manager working with an “easy-to-use” chart-
ing program chooses an inappropriate chart that
obscures data relationships.

* The editor of an annual report presents a chart of rev-
enues with an abridged Y-axis that creates the false
impression of greatly rising revenues.

* An analyst generates meaningless statistics about a set
of categorical data, using analyses designed for numer-
ical data.

Identifying and preventing misuses of statistics, whether
intentional or not, is an important responsibility for all
managers. The Web Cases help you develop the skills nec-
essary for this important task.

Web Cases send you to Web sites that are related to the
Using Statistics scenarios that begin each chapter. You
review internal documents as well as publicly stated
claims, seeking to identify and correct the misuses of sta-
tistics. Unlike a traditional case study, but much like real-
world situations, not all of the information you encounter
will be relevant to your task, and you may occasionally dis-
cover conflicting information that you need to resolve
before continuing with the case.

To assist your learning, the Web Case for each chap-
ter begins with the learning objective and a summary of
the problem or issue at hand. Each case directs you to one
or more Web pages where you can discover information
to answer case questions that help guide your exploration.
If you prefer, you can view these pages by opening
corresponding HTML files that can be found on this Web
Case folder on the Student CD. You can find an index of
all files/pages by opening the SpringvilleCC.htm file
in the Web Case folder or by visiting the Springville
Chamber of Commerce page, at www.prenhall.com/
Springville/SpringvilleCC.htm.

Web Case Example

To illustrate how to learn from a Web Case, open a Web
browser and link to www.prenhall.com/Springville/
Good_Tunes.htm, or open the Good_Tunes.htm file in
the WebCase folder on the book’s CD. This Web page rep-
resents the home page of Good Tunes, the online retailer

mentioned in the Using Statistics scenario in this chapter.
Recall that the privately held Good Tunes is seeking
financing to expand its business by opening retail loca-
tions. Since it is in management’s interest to show that
Good Tunes is a thriving business, it is not too surprising
to discover the “our best sales year ever” claim in the
“Good Times at Good Tunes” entry at the top of their
home page.

The claim is also a hyperlink, so click on our best sales
year ever to display the page that supports the claim. How
would you support such a claim? with a table of numbers?
a chart? remarks attributed to a knowledgeable source?
Good Tunes has used a chart to present “two years ago” and
“latest twelve months” sales data by category. Are there
any problems with the choices made on this Web page?
Absolutel)!

First, note that there are no scales for the symbols used,
so it is impossible to know what the actual sales volumes
are. In fact, as you will learn in Section 2.6, charts that
incorporate symbols in this way are considered examples
of chart yink and would never be used by people seeking to
properly use graphs.

This important point aside, another question that
arises is whether the sales data represent the number of
units sold or something else. The use of the symbols cre-
ates the impression that unit sales data are being pre-
sented. If the data are unit sales, does such data best sup-
port the claim being made—or would something else,
such as dollar volumes—be a better indicator of sales at
Good Tunes?

Then there are those curious chart labels. “Latest
twelve months” is ambiguous; it could include months
from the current year as well as months from one year ago
and therefore may not be an equivalent time period to
“two years ago.” Since the business was established in
1997, and the claim being made is “best sales year ever,”
why hasn’t management included sales figures for every
year?

Is Good Tunes management hiding something, or are
they just unaware of the proper use of statistics? Either way,
they have failed to properly communicate a vital aspect
of their story.

In subsequent Web Cases, you will be asked to provide
this type of analysis, using the open-ended questions of the
case as your guide. Not all the cases are as straightforward
as this sample, and some cases include perfectly appropri-
ate applications of statistics.
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E xcel Companion

to Chapter 1

This Excel Companion serves as a primer for Microsoft
Excel, helping you become familiar with the concepts and
commands that everyday use of Microsoft Excel requires.
Before you intensely study this Companion, you should first
consider how you plan to use Excel as you learn statistics. If
you skipped reading the “From the Authors’ Desktop: Using
and Learning Microsoft Excel” on page 5, you may want to
review it now so that you have a better understanding of the
choices you have in using Excel with this text.

How you plan to use Excel will affect which Excel
skills you immediately need to know. If you plan to use the
Basic Excel instructions in later companions, you should
know, or at least have some awareness of, just about every
skill discussed in the rest of this Companion. If you plan to
use PHStat2, you will have a less immediate need for the
skills related to worksheet entries and formulas discussed
in Sections E1.3, E1.4, and E1.5. (You can master such
skills later, as you read through this book.)

The rest of this companion presents skills in an increas-
ing order of difficulty. Make sure you have mastered the
skills presented in the first sections before going on to the
later sections. If you consider yourself an experienced Excel
user, you might want to take the time to scan this compan-
ion if only to become familiar with the terms used through-
out the book to describe Excel objects and operations.

E1.1 PRELIMINARIES: BASIC

COMPUTING SKILLS

If you have ever surfed the Web, sent an instant message,
played music or games, or written word-processed assign-
ments, you have already mastered the skills necessary in
order to use Microsoft Excel. However, if you are new to
computing, you should use the following countdown of
skills—on your mark, get ready, get set, go—to master the
basic computing skills needed with this book. (If you are an
experienced computer user, you will want to skim this sec-
tion and note the definitions of the boldfaced terms.)

On Your Mark!

Like many other programs, Microsoft Excel makes fre-
quent use of a keyboard and a mouse-type pointing device.
Microsoft Excel expects your pointing device to have two

buttons: a primary button (typically the left button) and a
secondary button (typically the right). You move your
pointing device and use one of the buttons to execute one
of these six basic operations’:

Click Move the mouse pointer over an object and press the
primary button. You click links on a Web page and many of
the user interface elements identified in the “Get Set! ”” part
of this section. The book also uses the verb clear when
telling you to click on a check box to remove its check
mark.

Select Similar to click, but when you press the primary but-
ton, another list of menu commands or choices appear. You
click the Microsoft Windows Start menu and then select
Programs or All Programs (depending on the version) to
display a list of programs and program folders installed on
your system.

Double-click Move the mouse pointer over an object and
click the primary button twice in rapid succession. You
double-click Desktop program icons to open programs, and
you double-click the icons that represent files to open and
use those files.

Right-click Move the mouse pointer over an object and
click the secondary button. You typically right-click an
object to reveal a shortcut menu of commands that apply
to that object.

Drag A multipart mouse operation. First, you move the
mouse pointer over an object and then, while pressing and
holding down the primary button, you move the mouse
pointer somewhere else on the screen and release the primary
button. You use drag to resize windows and, in Microsoft
Excel, to select a group of adjacent worksheet cells.

Drag-and-drop A multipart mouse operation. First, you
move the mouse pointer over an object and then, while
pressing and holding down the primary button, you move
the mouse pointer over another onscreen object and release
the primary button. Drag-and-drop has many applications,
but in this text, you mostly use this operation when defin-
ing PivotTables (discussed in the Excel Companion to
Chapter 2).

! Alternate methods of interaction, such as using speech
recognition input, are possible on suitably equipped systems.
If you are using an alternate method, make sure you know the
equivalents to the mouse operations defined in this section.
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If these operations are new to you, you can practice them
by opening the IR o file on the Student CD.
(If you do not know how to open a file, ask a friend or use
the instructions available in Section El1.2.) Otherwise, you
are ready to advance to the “Get Ready! ” stage.

Get Ready!

When you start Microsoft Excel, you see a window that con-
tains the Excel user interface and a workspace area that dis-
plays open workbooks. If you start any Excel version other
than 2007, you will see a window very much like the one
shown in Figure El.1, the actual window for Excel 2003.
If you start Excel 2007, you will see the very different-
looking window, similar to the one shown in Figure E1.2 on
page 20.

In designing Excel 2007, Microsoft tried to minimize
the find-and-seek process that many users of earlier versions
experience trying to find a particular command or Excel fea-
ture. Generally, Excel 2007 displays all relevant commands
for a particular task at the top of the window. If you are new
to Microsoft Excel and have a choice of using Excel 2007 or
an earlier version, you will most likely benefit from choos-
ing Excel 2007 because displaying all relevant commands
lessens the initial training you need. However, Excel 2007 is
functionally equivalent to earlier Excel versions, and every
Excel activity in this text can be done with any version of
Excel, starting with Excel 97, although sometimes there are
special instructions specific to Excel 2007.

Get Set!

To get started using Microsoft Excel, you need to be famil-
iar with the objects you will commonly see when using

Menu bar

Standard toolbar
Formatting toolbar

Formula bar

Workspace area with
opened workbook

Sheet tabs

/

FIGURE E1.1 The Excel 2003 window
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Excel. When opening Excel, you see a window that is
either similar to Figure El.1 if you use Excel 97, 2000,
2002, or 20032 or Figure E1.2 if you use Excel 2007.
(Should your Excel window not contain some of the ele-
ments shown in the figure appropriate for the Excel version
you use, see the “Microsoft Excel FAQs” section in
Appendix E As you begin using Excel, you will encounter
dialog boxes, special windows that display messages to
allow you to make entries or selections. Because you will
be frequently interacting with dialog boxes, you should be
familiar with the objects you will commonly see in these
special windows (see Figure E1.3 on page 20).

The rest of this section defines the objects labeled in
Figures El.1, E1.2, and E1.3. You should be familiar with
the objects that apply to the Excel version you use before
continuing to the next section.

Excel Window Elements (all versions)

Minimize, resize, and close buttons minimize (that is, hide
without closing), resize, and close windows. When you
click the sets of labeled buttons in Figures E1.1 and E1.2,
you affect the Excel window itself; other, similar buttons
operate on other elements in the Excel window, such as the
currently opened workbook.

Workspace area displays the currently opened workbook
or workbooks. (Although you will not need to open more
than one workbook at a time when using this text, you can
open multiple workbooks and view all of them by resizing
them to fit in the workspace area.)

2In the remainder of the book, the labels “Fxcel 97-2003" or
“97-2003" are used when collectively referring to one of these
Excel versions.

Minimize, resize,
and close buttons

Task pane/

Scroll bars—

/
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Quick access toolbar

Formula bar

Office (Home tab selected)

Button

Tabs Group

Title bar

Minimize, Resize,

Launcher button
and Close buttons

Workspace area with

opened wookbook

Sheet tabs

FIGURE E1.2 The Excel 2007 window

Formula bar shows the name of the currently selected
worksheet cell (see Section E1.3) and the current contents
of that cell.

Sheet tabs display the name of each sheet in the opened
workbook. You click a sheet tab to select a sheet and make
it the currently active sheet. You double-click a sheet tab to
rename the sheet.

Scroll bars allow you to travel horizontally or verti-
cally through parts of a worksheet that are offscreen
(for example, row 100 or column T in Figures El1.1 or E1.2).

Drop-down lists

List

box
Set of
option
buttons

Scroll bars

Title bar displays the name of the currently active work-
book and contains the minimize, resize, and close buttons
for the Excel window. You drag the title bar to reposition
the Excel window on your screen.

Additional Window Objects (Excel 97-2003)

Menu Bar The horizontal list of words at the top of the
window that represent sets of commands. You click a menu
bar word and pull down lists of command choices, some of
which lead to further menu choices.

Question-mark
buttons

Edit box (with
spinner buttons

Check box

OK & Cancel buttons

FIGURE E1.3 Commonly encountered elements



Standard Toolbar The toolbar that contains shortcuts to
many file-oriented commands, including the common
workbook operations discussed in Section El.4.

Formatting Toolbar The toolbar that contains shortcuts to
many common worksheet cell formatting commands (see
Section E1.4).

Task Pane A closable window that contains clickable links
that represent shortcuts to menu and toolbar operations
(Excel 2002 and 2003 only).

Additional Windows Ob jects Excel 2007

Office Button displays a menu of commonly issued com-
mands similar to the File menu in Excel 97-2003. The Office
Button also gives you access to many Excel options settings.

Quick Access Toolbar (to the right of the office button)
Displays buttons that are shortcuts to commonly used com-
mands. When you first see Excel 2007, the Save, Undo,
and Redo buttons are displayed, but you can add or remove
buttons in this toolbar (see “Microsoft Excel 2007-Specific
FAQs” in Appendix F to add or remove buttons. )

Tabs Displays groups of commands and features associ-
ated with a single type of Excel task. The Home Tab (seen
in Figure E1.2) displays all commands and features associ-
ated with making worksheet cell entries.

Tab Groups Display named collections of related commands
and features. Some tab groups, such as the Font, Alignment,
and Number groups shown in Figure E1.2 contain launcher
buttons that open related dialog boxes or task panes.

Contextual Tabs Additional tabs that appear only when
you are doing a specific task (that is, working in a specific
“context”), such as creating charts. Contextual tabs are dis-
played with a title (for example, “Chart Tools™) that
appears in the title bar.

Ribbon is the collective name for the tab-and-group user
interface exclusive to Excel 2007. (See “Microsoft Excel
2007-Specific FAQs” in Appendix F if your Excel 2007
window does not display the ribbon.)

Common Dialog Box Objects

List boxes Display lists of choices available to you. Should
a list exceed the dimensions of a list box, you will see
scroll buttons and a slider that you can click in order to
see the other choices available.

Drop-down lists Display lists of commands or choices
when you click over them. Many drop-downs in Excel
2007 display galleries, which are illustrated (and some-
times annotated) sets of choices.

Edit boxes Areas into which you type entries. Some edit
boxes also contain drop-down lists or spinner buttons that
you can use to complete the entry. Cell range edit boxes
typically include a button that allows you to point to a cell
range instead of typing the range.
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Option buttons Present a set of mutually exclusive
choices. When you click one option button, all the other
option buttons in the set are cleared.

Check boxes Present optional actions that are not mutually
exclusive choices. Unlike with option buttons, clicking a
check box does not affect the status of other check boxes,
and more than one check box can be checked at a time. If
you click an already checked check box, you clear the
check from the box.

OK buttons (in dialog boxes) Allow you to execute tasks
using the current values and settings of the currently dis-
played dialog box. Sometimes the “OK button” will have a
different legend, such as Finish, Create, Open, or Save.

Cancel buttons Close dialog boxes and cancel operations
represented by the dialog boxes. In most contexts, clicking
the Cancel button is equivalent to clicking the Close button
in the title bar of the dialog box.

Question-mark buttons Display Excel help messages.
Many dialog boxes contain a button with the legend Help
that also displays help messages.

Go!

To start using Microsoft Excel, you need to understand the
conventions used in Excel menus and be familiar with
commonly used special keys and keystroke combinations.

Excel menus use these conventions (labeled in
Figure El.4):

= An underlined letter in a menu choice represents an
accelerator key, a keystroke that is equivalent to
selecting the choice with your mouse.

= An ellipsis indicates that when you select a menu
choice, a dialog box will appear.

= A triangle marker indicates that when you select that
menu choice, you will see either another menu of
choices or a gallery of choices.

You can execute a number of frequently used menu
choices or Excel operations by using a combination
keystroke—that is, holding down one or more keys while
pressing another key. In Excel versions other than Excel
2007, many of these combinations appear next to the menu
choices they represent. You can print your currently active
worksheet by pressing the combination Ctrl+P (that is,
while holding down the Ctrl key, press the P key) and save
your currently active workbook by pressing Ctrl+S. You
can copy (or cut) and paste worksheet cell entries by press-
ing Ctrl+C (or Ctrl+X) and Ctrl+V.

You can use some of the special keys to execute fre-
quently used operations. When you type an entry, pressing the
Escape key usually cancels that entry. Pressing the
Backspace key when typing an entry erases typed characters
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\Keyboard

shortcuts

Accelerator

\ keys

Ellipses

Triangle
markers

FIGURE E1.4 Excel menu conventions

to the left of the cursor, one character at a time. Pressing the
Delete key when typing erases characters to the right of the
cursor, one character at a time. Pressing either the Enter or
Tab keys finalizes a typed worksheet cell entry.

When viewing a dialog box, pressing Escape usually
cancels its operation. After clicking a workbook object
such as a chart, pressing Delete deletes that object. If you
get stuck while using Excel, you can move the mouse
pointer over an object and then pause to see if Excel dis-
plays a Tool Tip, a pop-up help message, about the object.
At any time, you can also press the F1 key to display either
a help message or help search box.

Textbook Conventions

In this book, dialog box objects are usually referred to by
their names or labels. You will find instructions such as
“Click Labels” or “Click OK” when referring to check
boxes and command buttons. You will find instructions
such as “Select the Lower-Tail option” when referring to
option boxes or drop-down lists. When object names or
labels can vary due to context, the book uses italics, as in
“Select variable name.”

To describe a sequence of menu (Excel 97-2003) or
ribbon (Excel 2007) choices, the book uses an arrow sym-

bol to link selections. For example, in Excel versions other
than 2007, “select Tools = Data Analysis” means that you
would first select Tools from the Excel menu bar and then
select Data Analysis from the submenu of choices that
appears after you select Tools. The equivalent Excel 2007
sequence “select Data = Data Analysis” means select the
Formulas tab and then select Data Analysis (from the
Solutions group).

E1.2 BASIC WORKBOOK OPERATIONS

As you work with Microsoft Excel, you will need to open
workbooks to use data and results created by you or others at
an earlier time. You will also need to save workbooks to
ensure their future availability and to protect yourself against
any computer system failures that might occur as you work
with Excel. You may also need to create new workbooks and
may want to print out individual sheets for your workbooks
for later study or use in projects and assignments.

In all Excel versions, including Excel 2007, these oper-
ations involve dialog boxes that differ only in minor ways.
While the dialog box of the version you are using may sub-
tly differ from the ones shown in Figure E1.3 (see page 21),
the instructions in this section apply to all Excel versions,
except when otherwise noted.

Opening and Saving Workbooks

You open and save workbooks by selecting the storage folder
to use and then specifying the file name of the workbook.
You begin the process by selecting File from the Excel menu
bar in Excel 97-2003 or by clicking the Office Button in
Excel 2007. In either case, a menu of commands appears, as
partially shown in Figure El.4. While the contents of the
menus differ (the Excel 2007 menu is on the right in Figure
El.4), they both have Open and Save As choices. These
choices lead to similar dialog boxes, shown in Figure El.3
and Figure E1.5.

You select the storage folder using the drop-down list
at the top of these dialog boxes. You enter (or select from
the list box) a file name for the workbook in the File name
box. You click Open (obscured in Figure E1.3) or Save to
complete the task.

Sometimes when saving files, you will want to change
the file type before you click Save. If you use Excel 2007
and want to save your workbook in the format used by ear-
lier Excel versions, you select Excel 97-2003 Workbook
(*.xls) from the Save as type drop-down list before you
click Save (shown in Figure El.5). If you use any version
of Excel and want to save data in a form that can be opened
by programs that cannot open Excel workbooks, you might
select either Text (Tab delimited) (*.txt) or CSV (Comma
delimited) (*.csv) as the save type.
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FIGURE E1.5 Save As dialog box (Excel 2007 version)

Likewise, if you are opening a data file that is not an
Excel workbook format, you can change the file type
(labeled as File of type in Figure E1.3). If you cannot find
a file that you are sure is in the current Look in folder,
changing the file type to All Files (*.*) can reveal an inad-
vertent misspelling or missing file extension (the part of
the file name after the period) that otherwise prevents the
file from being displayed.

Although all versions of Microsoft Excel include a Save
command, you should avoid this choice until you gain expe-
rience. Using Save makes it too easy for you to inadvertently
overwrite your work, and in Excel 2007, it saves your work-
book in the new .xlsx workbook format that cannot be used
by Excel 97-2003. In contrast, using Save As always pre-
sents you with an opportunity to name your file and choose
its file type, and using Save As is also the simplest way you
can create a backup copy of your workbook as you work.

If you open a workbook from a nonmodifiable source,
such as a CD-ROM, Excel marks the workbook “read-
only.” You must use Save As to save a modified version of
such a workbook, which is another good reason for always
using this command.

Creating New Workbooks

You create a new workbook through a straightforward
process that varies depending on the version of Excel you
are using. In Excel 97 or 2000, you select File = New. In
Excel 2002 (also known as Excel XP) or 2003, you select
File & New and then click Blank workbook in the New
Workbook task pane. In Excel 2007, you click Office
button = New and in the New Workbook dialog box, you
first click Blank workbook and then Create.

New workbooks are created with a fixed number of
worksheets. You can delete extra worksheets or insert more
sheets by right-clicking a sheet tab and clicking either
Delete or Insert.

Printing Worksheets

When you want to print the contents of a workbook, you
should print one sheet at a time to get the best results. You
print sheets by first previewing their printed form onscreen
and then making any adjustments to the worksheet and/or
to the print setup settings.

To print a specific worksheet, you first click on the
sheet tab of that worksheet to make the worksheet
the currently active one. Then you display the Print
Preview window. If you use a version of Excel other than
2007, select File = Print Preview. If you use Excel
2007, click Office Button, move the mouse pointer over
Print (do not click) and select Print Preview from the
Preview and Print gallery.

The Print Preview windows for all Excel versions are
similar to one another. Figure E1.6 shows a partial window
for Excel 2003 (top) and Excel 2007 (bottom). If the pre-
view contains errors or displays the worksheet in an unde-

FIGURE E1.6 Partial Print Preview windows (Excel
2003 and 2007 versions)
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sirable manner, click Close (or Close Print Preview in
Excel 2007), make the changes necessary, and reselect the
preview command. You can customize your printout by
clicking Setup (or Page Setup) and making the appropri-
ate entries in the Page Setup dialog box, which is similar
for all Excel versions. For example, to print your worksheet
with grid lines and numbered row and lettered column
headings (similar to the appearance of the worksheet
onscreen), you click the Sheet tab in the Page Setup dialog
box and then click Gridlines and Row and column head-
ings and click OK (see Figure E1.7). (You can find more
information about using Page Setup in Section F4 of
Appendix F)

FIGURE E1.7

Sheet tab of the Page Setup dialog box (Excel
2003 version)

When you are ready to print, you can click Print in the
Print Preview window, but to gain maximum control over
your printout, click Close (or Close Print Preview) and
then select File = Print (Excel 97-2003) or Office Button
= Print (Excel 2007). In the Print dialog box that appears
(see Figure E1.3 on page 20), you can select the printer to
use, make sure you are printing only the currently active
worksheet, or print multiple copies at once.

E1.3 WORKSHEET ENTRIES

As first discussed in Section 1.6 (see page 11), you make
entries into worksheet cells, the intersections of lettered
columns and numbered rows. You use the cursor keys or
your pointing device to move a cell pointer through a
worksheet and to select a cell for entry. As you type an
entry, it appears in the formula bar (see Figures E1.1 and
El.2 on pages 19 and 20), and you place that entry into the

cell by either pressing Tab or Enter or clicking the check-
mark button in the formula bar.

You enter individual numeric and label (sometimes
called text) values into cells. You can also enter formulas,
which are instructions to perform a calculation or some
other task. Usually, formulas use values found in other cells
to produce a displayed result. Formulas can automatically
change the displayed result when the values in the support-
ing cells change.

To refer to a cell in a formula, you use a cell address in
the form Sheetname! ColumnRow. For example, Data! A2
refers to the cell in the Data worksheet that is in column A
and row 2. You can also use just the ColumnRow portion of
a full address, for example A2, if you are referring to a cell
on the same worksheet as the one into which you are enter-
ing a formula.

Sometimes you need to refer to a group of cells, called
a cell range. If the group of cells forms a rectangular
area—for example, a group composed of cells from
two adjacent columns—you use an address in the form
Sheetname!U pperle fcell: Lowerrightcell. For example,
Data! A1:B10 refers to the 20 cells that are in rows 1
through 10 in columns A and B of the Data worksheet. If
your group forms two or more rectangular areas, you enter
the range as a list of rectangular areas separated by com-
mas, for example, Data! Al: Al 0,Data! C1:C10. If the name
of the sheet contains spaces or special characters, such as
“City Data” or “Figure-1.2”, you must enclose the sheet
name in a pair of single quotes, as in ‘City Data’l A1:A10
or ‘Figure-1.2"' A1:A10.3

(Because you use names of sheets in formulas,
you may want to rename sheets from their default
names. As mentioned in Section El.1, you can rename a
sheet by double-clicking the sheet tab for the sheet, typ-
ing a new, more descriptive name, and then pressing
Enter.)

Entering Formulas

You enter formulas by typing the equal sign (=) followed
by some combination of mathematical or other data pro-
cessing operations. For simple formulas, the symbols +,
—, * /, and ~ are used for the operations addition, sub-
traction, multiplication, division, and exponentiation (a
number raised to a power), respectively. For example, the

3For cases in which you need to distinguish between two
similarly located cells on two similarly named worksheets in two
different workbooks, you use an address in the form
[Workbookname]Sheetname!ColumnRow. For example, you
use [ChapterT]Data’lAl to refer to the first cell on the

Data worksheet in the Chapter1 workbook.
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FIGURE E1.8 Insert Function dialog box of the Function Wizard

formula = Data!B2 + Data!B3 + Data!B4 + Data!B5S
adds the contents of cells B2, B3, B4, and B5 of the Data
worksheet and displays the sum as the value of the cell
containing the formula. You can also use worksheet
functions to simplify formulas. For example, the formula
=SUM(Data! B2:B5) uses the worksheet SUM function
to create a shorter equivalent to the example in this para-
graph.

When you are using worksheet functions, you can use
the Function Wizard to minimize your typing. To use this
wizard, which is similar in all Excel versions, you select
Insert = Function (Excel 97-2003) or Formulas =
Function Wizard (Excel 2007) and then make entries and
selections in one or more dialog boxes. For example, to
enter the formula =SUM(Data! B2: BS) using this wizard,
you select the function SUM and click OK in the Insert
Function dialog box (obscured in Figure EI.8). You then
type or point to the cell range B2:BS5 in the Number1 box
and click OK in the Function Argument dialog box (also
shown in Figure E1.8). The wizard then enters the com-
pleted formulas in the currently active cell.

As Figure E1.8 shows, the Function Wizard also pre-
views the results of the SUM function (13) and displays the
contents of the range B2:B5 (4, 2, 2, and 5).

Verifying Formulas

Whether you enter formulas on your own in a new work-
sheet, open a workbook that contains formulas, or use com-
mands that add formulas to worksheets, you should review
and verify formulas before you use their results. To view
the formulas in a worksheet, press Ctrl+ (backtick key).

To restore the original view, the results of the formulas,
press Ctrl+\ a second time.

As you create and use more complicated worksheets,
you may want to visually examine the relationships
among a formula and the cells it uses (called the prece-
dents) and the cells that use the results of the formula (the
dependents). To display arrows that show these relation-
ships, use the formula auditing feature of Excel. For Excel
97 or 2000, select Tools => Auditing and for Excel
2002-2003, select Tools = Formula Auditing. Then
select one of the choices on the auditing submenu. To use
this feature In Excel 2007, select Formulas and then
select one of the choices from the Formula Auditing
group. The Remove All Arrows choice restores your
display by removing all auditing arrows when you are fin-
ished auditing the formulas.

E1.4 WORKSHEET FORMATTING

You can use various formatting commands to enhance the
appearance of your worksheets. If you use Excel 97-2003,
you will find many of the common formatting operations
on the Formatting Toolbar (see Figures El1.1 and E1.9) and
the rest inside the Format Cells dialog box (select Format
=> Cells to view this dialog box). If you use Excel 2007,
most formatting operations are visible on the Home tab
(see Figures E1.2 and EI.9), and the rest are available
through the launcher buttons of several groups or the
Format choice of the Cells group.

Use Figure E1.9 as a visual guide for locating the com-
mon formatting operations.
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FIGURE E1.9 Formatting Toolbar (Excel 97-2003) and Home tab groups (Excel 2007)

Common Formatting Operations

Font Face & Size Drop-down lists set the font face and
font size for the currently selected cells. You will get best
results if you select entire rows before changing the font
face or size.

Boldface Displays the values of the currently selected cells,
using boldface type. Consider using this for cells that con-
tain titles, column headings, or important results. You can
also use the Italic and Underline buttons to the immediate
right of Boldface for additional type effects.

Left Displays the values of the currently selected cells left-
justified in their cells. The Center and Right buttons next
to Left, center, and right-justify values, respectively. In a
worksheet with many filled columns, using Center for the
values of categorical variables can sometimes improve
readability.

Merge-and-Center Combines the currently selected cells,
merges them into one, and displays the value in the first
cell of the group, centered across the merged cells.
Consider using this for a worksheet title or a title that
applies to several contiguous rows or columns.

Percent Displays numeric values in the currently selected
cells as percentages. The value 0.01 displays as 1%, the
value 1 as 100%, and the value 100 as 10000%.

Increase Decimal and Decrease Decimal Increases/
decreases the number of decimal places that will be used to
display numeric values in the currently selected cells.
Particularly useful to align the decimal points in a column
of numeric values.

Borders Drops down a gallery of border effects from
which you can choose to change the borders for the cur-
rently selected cells. Many worksheet examples in this text
use one or more of these border effects: All Borders,
Outside Borders, and Top Border.

Fill Color and Font Color Drop down a gallery from
which you can choose to change the cell background color
and the type color for the currently selected cells. Many

worksheet examples in this text use the color “Light
Turquoise™ to tint areas that contain user-changable data
values and the color “Light Yellow” to tint areas that con-
tain results. These colors are available in the Excel
2002-2003 galleries and by clicking More Colors in the
Excel 2007 gallery.

In addition to these operations, you may want to
adjust the width of a worksheet column so that its column
heading and all its values are clearly visible. To do this,
select the entire column and then select Format =
Column = AutoFit Selection (Excel 97-2003) or Home
- Format (in the Cells group) = AutoFit Selection
(Excel 2007).

E1.5 COPY-AND-PASTE OPERATIONS

There will be times that you will want to copy cell entries
to another part of the same worksheet or to another work-
sheet as well as copy an entire worksheet for insertion into
another workbook. Copying and pasting cell entries
entirely composed of numeric or text values is fairly
straightforward. You select the cells to be copied, press
Ctrl+C, move to the first cell of the range in which you
want to paste the copy, and press Ctrl+V. However, often
you will copy cells that contain one or more formulas.
Copying cells that contain formulas is not necessarily
as straightforward as you might expect. Likewise, copying
cells or entire worksheets between workbooks raises some
issues you need to understand in order to get the best
results possible.

Copying Formulas

Copying entries that contain formulas requires extra atten-
tion because exact duplicates may or may not result,
depending on how you have entered cell addresses. If you
entered addresses using the Sheetname!ColumnRow or
ColumnRow form, as introduced in Section E1.3, Excel
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considers them relative references that will change to
reflect the difference, or offset, between the original
(source) cell and the cell into which you are pasting the for-
mula (the target cell). For example, when you copy the for-
mula =A2 + B2 in cell C2 down to cell C3, an offset of one
row, Excel pastes the formula =A3 + B3 in C3 to reflect
that one-row offset. Cell ranges also get changed, so if you
copy the formula =SUM(A1:A4) from cell A5 to cell BS,
the formula is changed to =SUM(BI1:B4).

You typically want Excel to make these changes when
you are copying a formula down a column or across a row.
This allows you to enter the formula once and then use
copy-and-paste to fill in the similar formulas in the col-
umn or row. Sometimes, especially in cases in which you
want to copy and paste a single formula, you may not
want Excel to make a change. You can stop Excel from
making changes in the column or row offset by inserting a
dollar sign ($) before either the column letter or row num-
ber (or both) of a cell address. Addresses written with
inserted dollar signs, such as $A$2, are called absolute
references and do not change during a copy operation.
For example, if you copy the formula from one cell to
another, the formula that appears in the target cell will be
the same, =$A$2 + $B$2. You can also use addresses such
as $A2 or A$2, if you want Excel to change only the row
or column, respectively. For example, when you copy the
cell C2 formula =A2/B$10 to cell C3, the formula that
appears in C3 is =A3/B$10. However, if you copy the
cell C2 formula to cell D3, the formula that would appear
is =B3/CS$10.

Do not confuse the use of the dollar sign with format-
ting cell values for currency display. To format cell values
for currency display (in dollars and cents, in the U.S. ver-
sion of Microsoft Excel), you use the Currency ($) for-
mat button, located to the left of the Percent button in
either the Formatting toolbar or the Home tab group (see
Figure E1.9).

Copying Formulas Between Worksheets

When you copy and paste formulas between worksheets,
you generally want to make sure that all cell addresses con-
tain a worksheet name and are absolute references—for
example, Data! $A$1:$A$12—in order to ensure consistent
results.

If you only need to transfer the calculated results
from one sheet to another (for example, to create your
own summary or report worksheet), you should consider
using one of two methods to transfer information between
worksheets. If you need to transfer only one or a few cells’
worth of information, consider entering formulas in the
form =Sourcesheetname! Cellre frence to transfer the infor-
mation into the second worksheet. For example, if you want
to transfer the results of a formula found in cell B10 of the
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worksheet named Results to cell AS in the worksheet
named Summary, you can enter the formula =Results! B10
in cell AS of the Summary sheet instead of copying
the original formula. You can also use this technique to
transfer column headings or other labeling information
between worksheets in order to maintain consistency across
worksheets.

If you need to transfer information from a large
range of cells, you should consider using the Paste
Special command. To use this command, you first select
the cell range to be copied and press Ctrl+C. Then select
the first cell of the cell range in the second worksheet
that is your target and right-click. Next, select Paste
Special from the shortcut menu that appears. In the
Excel Paste Special dialog box (similar for all Excel ver-
sions; Figure E1.10 shows the Excel 2003 dialog box),
you select the Values and number formats option and
click OK. Selecting this option places the current values
of all formulas in the second worksheet, so if
you change the underlying data, you need to repeat this
procedure to update the values shown on the second
worksheet.

FIGURE E1.10
Paste Special dialog box (Excel 2003 version)

Copying Worksheets

You can copy worksheets to a new workbook or to any
opened workbook, including the source of the copy.
To copy a worksheet to a new workbook, you first select
the worksheet by clicking its sheet tab. Then you right-
click the tab and select Move or Copy from the shortcut
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menu that appears. In the Move or Copy dialog box
(similar for all Excel versions; Figure E1.11 shows
the Excel 2007 dialog box), select (new book) from
the To book drop-down, click Create a copy, and click
OK.

FIGURE E1.11
Move or Copy dialog box (Excel 2007 version)

You use the same procedure, changing only your selec-
tion in the To book drop-down list, to copy a worksheet to
any opened workbook, including the source of the copy.
(You may want to duplicate a worksheet in the same work-
book so that you can have a copy that shows the formulas
contained in the worksheet or that presents the same
information in an alternate format.) When you make a copy
of a worksheet and place it in the same workbook, Excel
assigns the copied worksheet the name of the original
sheet, plus a number, in parentheses. For example, if you
copy a sheet named Calculations, the copied sheet will be
named Calculations (2). (You can and should consider
renaming copied worksheets to give them more descriptive
names.)

E1.6 ADD-INS: MAKING THINGS
EASIER FOR YOU

Add-ins can simplify the task of creating something to add
to a workbook. Add-ins are programming components not
included in the main Excel program and may need to be
installed, or added, to your computer system separately.
Add-ins are not always available for you to use because
they can be disabled by other users or system security set-

tings. However, the little extra effort you need to ensure
that the right add-ins are installed and enabled is well worth
the features that add-ins bring to Excel.

In this book, you use the Analysis ToolPak add-in that
is included with Microsoft Excel. You may make use of
PHStat2, a Prentice Hall add-in that is included on the
Student CD. The Analysis ToolPak add-in (which the book
simply calls the “ToolPak” from this point forward) adds
statistical procedures to Excel, but creates worksheets that
contain only text and numbers and no formulas. This
means that the results you create using the ToolPak will not
change if you change the underlying data. (To get updated
results, you would have to use the ToolPak a second time.
This is in contrast to worksheets that contain formulas
which update themselves automatically when data are
changed.)

PHStat2 adds a PHStat menu of procedures to the Excel
menu bar (Excel 97-2003) or the Add-ins tab (Excel 2007).
Unlike the ToolPak, PHStat2 usually creates worksheets that
contain formulas and that will produce new results as the
underlying data changes. Sometimes, though, PHStat2 asks
the ToolPak to create sheets on its behalf, and the resulting
sheets are similar to the no-formulas sheets that the ToolPak
creates. In many such cases, PHStat2 enhances the sheets it
asks the ToolPak to create, correcting errors the ToolPak
makes or adding new formula-based calculations.

Before you continue, you should check to see if the
ToolPak is already installed and active in your copy of
Microsoft Excel. If you are using an Excel version other
than Excel 2007, select Tools and then see if Data Analysis
appears on the Tools menu. If you see Data Analysis, the
ToolPak is installed and enabled. If you are using Excel
2007, the best way to check the ToolPak status is to click
the Office Button and then click Excel Options in the
Office menu. Finally, you click Add-Ins in the Excel
Options dialog box. If Analysis ToolPak appears in the
Active Applications Add-Ins list, the ToolPak is installed
and enabled.

If the ToolPak is not installed and enabled, you may
need to use your original Microsoft Office or Excel CD or
DVD and go through the Microsoft Office setup process to
add the ToolPak add-in to your copy of Excel. If you plan to
use the PHStat2 add in, you should review the appropriate
part of Appendix F and read the PHStat2 readme file on the
book’s CD.

How to Use the ToolPak Add-in

Once you have determined that the ToolPak add-in is prop-
erly installed and active, you use the ToolPak by selecting
Tools = Data Analysis (Excel 97-2003) or Formulas =
Data Analysis (Excel 2007). In either case, you will see a
Data Analysis dialog box similar to the one shown in
Figure E1.12.
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FIGURE E1.12 Data Analysis dialog box

To use a ToolPak procedure, you select the name of the
procedure that you want to use from the Analysis Tools
list and then click OK. (The Histogram procedure has
been selected in Figure E1.12.) A second dialog box then
appears, in which you make entries and selections appro-
priate for the selected procedure. Click OK in this second
dialog box to execute the procedure.

Macro Security Issues

In all Excel versions other than Excel 97, all add-ins that
you open will be screened by Microsoft Office security
components. If you use Excel 2000, 2002, or 2003, you can
review and change the security settings by selecting Tools
- Macros = Security to display a Security dialog box
(similar to the one shown in Figure E1.13 for Excel 2003).
To use an add-in such as PHStat2 that is “not signed,”
select the Medium option and click OK.

FIGURE E1.13 Security dialog box (Excel 2003

version)

If you use Excel 2007, click the Office Button, then
click Excel Options in the Office menu. In the Excel
Options dialog box (see Figure E1.14) click Trust Center
in the left pane to display information about security
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FIGURE E1.14 Excel Options and Trust Center
panes (Excel 2007)

issues. Then click Trust Center Settings (obscured in
Figure E1.14) to display the Trust Center dialog box. To use
an add-in such as PHStat2 that is not signed, click Add-Ins
in the left pane and then clear all checkboxes in the right
pane (see Figure E1.15). Then click Macro Settings in the
left pane and click Disable all macros with notification in
the right pane (see Figure El1.14). (On some systems, you
may also have to click Trusted Locations in the left pane
and add the file location of the add-in.)

With the Security screen set to an appropriate level, you
will see a macro virus warning dialog box when you open

FIGURE E1.15 Macro warning dialog boxes (Excel
2003 and 2007)
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an add-in such as PHStat2. Figure E1.15 shows the Excel

2003 and Excel 2007 warning boxes. You click the Enable
Macros button to allow virus-free add-ins, such as PHStat2,

to be opened and used.

Forum: Click the SETUP AND INSTALLATION ISSUES
link if you need additional information setting up and
using the add-ins.
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CHAPTER 2

Presenting Data in Tables
and Charts

USING STATISTICS @ Choice Is Yours, Part I

2.1 TABLES AND CHARTS FOR CATEGORICAL 2.5 SCATTER PLOTS AND TIME-SERIES PLOTS

DATA The Scatter Plot

The Summary Table The Time-Series Plot

Ul et Clirys 2.6 MISUSING GRAPHS AND ETHICAL ISSUES
The Pie Chart

Microsoft Excel Graphs

EXCEL COMPANION TO CHAPTER 2
E2.1 Creating Summary Tables
E2.2 Creating Charts
E2.3 Creating Bar and Pie Charts from Summary

The Pareto Diagram

2.2 ORGANIZING NUMERICAL DATA
The Ordered Array
The Stem-and-Leaf Display

2.3 TABLES AND CHARTS FOR NUMERICAL Tables
DATA E2.4 Creating Pareto Diagrams from Summary
The Frequency Distribution Tables
The Relative Frequency Distribution and the E2.5 Creating an Ordered Array
Percentage Distribution E2.6 Creating Stem-and-Leaf Displays
The Cumulative Distribution E2.7 Creating Frequency Distributions and
The Histogram Histograms
The Polygon E2.8 Creating a Histogram from Summarized Data
The Cumulative Percentage Polygon (Ogive) E2.9 Creating Polygons
2.4 CROSS TABULATIONS E2.10 Creating Contingency Tables

E2.11 Creating Side-by-Side Charts
E2.12 Creating Scatter Plots
E2.13 Creating Time-Series Plots

The Contingency Table
The Side-by-Side Bar Chart

LEARNING OBJECTIVES

In this chapter, you learn:

® To develop tables and charts for categorical data
® To develop tables and charts for numerical data
B The principles of properly presenting graphs
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USING STATISTICS @ Choice Is Yours, Part |

Choice Is Yours is a service that helps customers make wise investment
choices. You’ve been hired to assist investors interested in mutual funds, a
market basket of securities. According to investopedia.com, “A mutual
fund is nothing more than a collection of stocks and/or bonds. You can
think of a mutual fund as a company that brings together a group of people
and invests their money in stocks, bonds, and other securities. Each
investor owns shares, which represent a portion of the holdings of the
fund.” (You can learn more about mutual funds at www.investopedia.com/

university/mutualfunds/.)

The Choice Is Yours company previously selected a sample of 838
mutual funds that it believes might be of interest to its customers. You have
been asked to present data about these funds in a way that will help cus-
tomers make good investment choices. What facts about each mutual fund
would you collect to help customers compare and contrast the many funds?

A good starting point would be to collect data that would help cus-
tomers classify mutual funds into various categories. You could research

such things as the amount of risk involved in a funds investment strategy and whether the fund
focuses on growth securities, those companies that are expected to grow quickly in the next
year, or, on value securities, those companies whose stock prices are currently considered
undervalued. You might also investigate whether a mutual fund specializes in a certain size of
company and whether the fund charges management fees that would reduce the percentage

return earned by an investor.

Of course, you would want to know how well the fund performed in the past. You would
also want to supply the customer with several measures of each fund’ past performance. While
past performance is no assurance of future performance, past data could give customers insight

into how well each mutual fund has been managed.

As you further think about your task, you realize that all these data for all 838 mutual funds
would be a lot for anyone to review. How could you “get your hands around” such data and

explore them in a comprehensible manner?

To get your hands around the data described in this chapter’s Using Statistics scenario, you
need to use methods of descriptive statistics, defined in Chapter 1 as the branch of statistics
that collects, summarizes, and presents data. In this scenario, you need to use descriptive tech-
niques for both categorical variables (to help investors classify the mutual funds) and numeri-
cal variables (to help show the return each fund has achieved). Reading this chapter will help
you to prepare tables and charts that are appropriate for both types of variables. You’ll also
learn techniques to help answer questions that require two variables, such as “Do growth-
oriented mutual funds have lower returns than ‘value’ mutual funds?” and “Do growth funds

tend to be riskier investments than value funds?”

Many examples in this chapter use a sample o f838 real mutual finds, the data pr which
you can find in the Data worksheet o fthe fle on the Student C D-RO M.

2.1 TABLES AND CHARTS FOR CATEGORICAL DATA

When you have categorical data, you tally responses into categories and then present the fre-

quency or percentage in each category in tables and charts.



TABLE 2.1

What People Would Do
with an Extra $1,000
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The Summary Table

A summary table indicates the frequency, amount, or percentage of items in a set of cate-
gories so that you can see differences between categories. A summary table lists the categories
in one column and the frequency, amount, or percentage in a different column or columns.
Table 2.1 illustrates a summary table based on a recent survey that asked people what they
would do if they had an extra $1,000 to spend (“If You Had an Extra $1,000 to Spend, What
Would You Do with the Money?” USA Today, January 11, 2006, p. Al). In Table 2.1, the most
common choices are saving and paying debt, followed by buying a luxury item, vacation, or
gift and spending on essentials. Very few respondents mentioned giving to charity or other
uses.

What You Would Do with the Money Percentage (%)
Buy a luxury item, vacation, or gift 20
Give it to charity 2
Pay debt 24
Save 31
Spend on essentials 16
Other 7

EXAMPLE 2.1

TABLE 2.2

Frequency and
Percentage Summary
Table Pertaining to Risk
Level for 838 Mutual
Funds

SUMMARY TABLE OF LEVELS OF RISK OF MUTUAL FUNDS

The 838 mutual funds that are part of the Using Statistics scenario (see page 32) are classified
according to their risk level, categorized as low, average, and high. Construct a summary table
of the mutual funds, categorized by risk.

SOLUTION The mutual funds are fairly evenly divided by risk (see Table 2.2). There are
more high-risk funds (346, or 41 %) than low-risk or average-risk funds. There are about the
same number of average-risk funds as low-risk funds (29%).

‘ Fund Risk Level Number of Funds Percentage of Funds (%)
Low 247 29.47
Average 245 29.24
High 346 41.29
Total 838 100.00

The Bar Chart

In a bar chart, a bar shows each category, the length of which represents the amount, fre-
quency, or percentage of values falling into a category. Figure 2.1 on page 34 displays the bar
chart for spending an extra $1,000 presented in Table 2.1.

Bar charts allow you to compare percentages in different categories. In Figure 2.1,
respondents are most likely to save or pay debt, followed by buy a luxury item, vacation, or
gift and spend on essentials. Very few respondents mentioned giving to charity or other
uses.
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FIGURE 2.1

Microsoft Excel bar
chart for spending an
extra $1,000

See Sections E2.2 and E2.3
to create this.

EXAMPLE 2.2 BAR CHART OF LEVELS OF RISK OF MUTUAL FUNDS

Construct a bar chart for the levels of risk of mutual funds (based on the information in
Table 2.2) and interpret the results.

SOLUTION The mutual funds are fairly evenly divided by risk (see Figure 2.2 on page 33).
There are more high-risk funds (346, or 41 %) than low-risk or average-risk funds. There are
about the same number of average-risk funds as low-risk funds (29%).

FIGURE 2.2

Microsoft Excel bar
chart of the levels of
risk of mutual funds

The Pie Chart

The pie chart is a circle broken up into slices that represent categories. The size of each slice
of the pie varies according to the percentage in each category. In Table 2.1 on page 33, for
example, 31 % of the respondents stated that they would save the $1,000. Thus, in constructing
the pie chart, the 360 degrees that makes up a circle is multiplied by 0.31, resulting in a slice of
the pie that takes up 111.6 degrees of the 360 degrees of the circle. From Figure 2.3, you can
see that the pie chart lets you visualize the portion of the entire pie that is in each category. In
this figure, saving takes 31% of the pie and giving to charity takes only 2%.
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FIGURE 2.3

Microsoft Excel pie
chart for spending an
extra $1,000

See Sections E2.2 and E2.3
to create this.

Which chart should you use—a bar chart or a pie chart? The selection of a particular chart
often depends on your intention. If a comparison of categories is most important, you should
use a bar chart. If observing the portion of the whole that is in a particular category is most
important, you should use a pie chart.

EXAMPLE 2.3 PIE CHART OF LEVELS OF RISK OF MUTUAL FUNDS

Construct a pie chart for the levels of risk of mutual funds (see Table 2.2 on page 33) and inter-
pret the results.

SOLUTION (See Figure 2.4.) The mutual funds are fairly evenly divided by risk. There are
more high-risk funds (346, or 41 %) than low-risk or average-risk funds. There are about the
same number of average-risk funds as low-risk funds (29%).

FIGURE 2.4

Microsoft Excel pie
chart of the levels of
risk of mutual funds

The Pareto Diagram

In a Pareto diagram, the categorized responses are plotted in descending order, according to
their frequencies, and are combined with a cumulative percentage line on the same chart. The
Pareto diagram can identify situations in which the Pareto principle occurs.
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PARETO PRINCIPLE

The Pareto principle exists when the majority of items in a set of data occur in a small
number of categories and the few remaining items are spread out over a large number of
categories. These two groups are often referred to as the “vital few” and the “trivial many.”

The Pareto diagram has the ability to separate the “vital few” from the “trivial many,”
enabling you to focus on the important categories. In situations in which the data involved con-
sist of defective or nonconforming items, the Pareto diagram is a powerful tool for prioritizing
improvement efforts.

Table 2.3 presents data for a large injection-molding company that manufactures plastic
molded components used in computer keyboards, washing machines, automobiles, and televi-
sion sets (see the [ YELLE L file). The data presented in Table 2.3 consist of all com-
puter keyboards with defects produced during a three-month period.

TABLE 2.3 Cause Frequency Percentage

Summary Table of Black spot 413 6.53

Causes of Defects in Damage 1,039 16.43

Computer Keyboards .

in a Three-Month Period Je.ttmg 258 4.08
Pin mark 834 13.19
Scratches 442 6.99
Shot mold 275 4.35
Silver streak 413 6.53
Sink mark 371 5.87
Spray mark 292 4.62
Warpage 1,987 31.42
Total 6,324 100.01*

* Result di frs slightly fom 100.00 due to rounding.
Source: Extracted fom U. H. Acharya and C. Mahesh, “Winning Back the Customer’s Con fdence: A Case Study on the
Application o fDesign o fExperiments to an In pction-Molding Process,” Quality Engineering, /1, 1999, pp. 357-363.

Table 2.4 presents a summary table for the computer keyboard data in which the categories
are ordered based on the percentage of defects present (rather than arranged alphabetically).
The cumulative percentages for the ordered categories are also included as part of the table.

TABLE 2.4 Cumulative
Cause Frequency Percentage Percentage

Ordered Summary

Table of Causes of Warpage 1,987 31.42 31.42

Defects in Computer Damage 1,039 16.43 47.85

Keyboards in a Three- Pin mark 834 13.19 61.04

Month Period Scratches 442 6.99 68.03
Black spot 413 6.53 74.56
Silver streak 413 6.53 81.09
Sink mark 371 5.87 86.96
Spray mark 292 4.62 91.58
Shot mold 275 4.35 95.93
Jetting 258 4.08 100.00

Total 6,324 100.01*

* Result di fers slightly fom 100.00 due to rounding.
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FIGURE 2.5

Microsoft Excel
Pareto diagram for the
keyboard defects data

See Sections E2.2 and E2.4
to create this.
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In Table 2.4, the first category listed is warpage (with 31.42% of the defects), followed
by damage (with 16.43%), followed by pin mark (with 13.19%). The two most frequently
occurring categories—warpage and damage—account for 47.85% of the defects; the three
most frequently occurring categories—warpage, damage, and pin mark—account for
61.04% of the defects, and so on. Figure 2.5 is a Pareto diagram based on the results dis-
played in Table 2.4.

Figure 2.5 presents the bars vertically, along with a cumulative percentage line. The
cumulative line is plotted at the midpoint of each bar, at a height equal to the cumulative
percentage. If you follow the line, you see that these first three categories account for about
60% of the defects. Because the categories in the Pareto diagram are ordered by the fre-
quency of occurrences, decision makers can see where to concentrate efforts to improve the
process. Attempts to reduce defects due to warpage, damage, and pin marks should produce
the greatest payoff. Then efforts can be made to reduce scratches, black spots, and silver
streaks.

In order for a Pareto diagram to include all categories, even those with few defects, in some
situations you need to include a category labeled Other or Miscellaneous. In these situations,
the bar representing these categories is placed to the right of the other bars.

EXAMPLE 2.4

PARETO DIAGRAM OF SPENDING AN EXTRA $1,000

Construct a Pareto diagram of what respondents would do with an extra $1,000 (see Table 2.1
on page 33).

SOLUTION In Figure 2.6, saving and paying debt account for 55% of what respondents
would do with the extra $1,000; 91% of the respondents would save; pay debt; buy a luxury
item, vacation, or gift; or spend on essentials.
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FIGURE 2.6

Microsoft Excel Pareto
diagram for spending
an extra $1,000

CHAPTER TWO Presenting Data in Tables and Charts

Usino

From the Authors’ Deskto p

sually when you learn some-
thing, there is eventually
some sort of feedback.
Providing feedback is one
reason instructors give tests. When you get
the results of a test, you can reflect on how
well you have properly learned the subject
matter. Unfortunately, feedback opportunities
are rare when you are learning to use a com-
puter program such as Microsoft Excel as you
study statistics. You either get the worksheet
to calculate what you want or get a work-
sheet with misleading or inaccurate results.
This good/bad, pass/fail type of feedback can-
not help you refine your Microsoft Excel skills.
We hope the following list will.
You are using Microsoft Excel properlyif
you can:

1. Understand how to operate the
program. Understanding how to operate the
program does not mean that you need to
know everything about Microsoft Excel. Don't
waste your time teaching yourself every com-
mand or trying to memorize every function.
Use the Excel Companion to Chapter 1 as
your guide for what you need to know to get
started using Excel effectively. Learn about
additional features only just-in-time—when
you need to use the feature. Excel features
that you learn but don't immediately use are
features that you will soon forget. However, if
you learn an Excel feature when you need to

Microsoft Excel Proper!

use it, such as discovering that you can use
Data = Sort to sort data in Excel 97-2003,
you are more likely to remember the proper
command.

2. Understand the underlying statis-
tical concepts. Make sure you understand
what a worksheet is doing as it produces its
information. As a minimum, be informed
about what each function you use calculates,
or returns, as its value. Knowing this informa-
tion will minimize your confusion and help
you avoid making mistakes such as using the
NORMSDIST function described in Chapter 6
when you meant to use the similar looking
but different NORMDIST function.

3. Understand how to format and
present information in a worksheet.
Section 1.6 on page 11 has already discussed
how to organize your worksheets. With that
as a starting point, you should plan how you
are going to use the rows and columns of a
worksheet to enhance the contents of your
worksheets. For almost every worksheet illus-
trated in this text, the authors changed col-
umn widths, book font characteristics, and
background tints of selected cells and added
borders to highlight various cell ranges. Use
the author's techniques (reviewed in the
Excel Companion to Chapter 1) or invent your
own, but always remember to have a plan
that will present information effectively.

4. Know how to review formulas for
errors. Never assume that any worksheet you
create or that was created for you is free of
error. Always examine all formulas that have
been entered into a worksheet. (See the Excel
Companion to Chapter 1 for one way to do
this.) You need to do this even if you use
worksheets created by PHStat2 or retrieved
from the Student CD-ROM.

5. Take control of your copy of
Microsoft Excel. Customize the settings of
Microsoft Excel (and Microsoft Windows) to
best suit your style, abilities, and needs. For
example, many overlook increasing the
default 10-point Arial font to a more readable
size when examining the contents of a work-
sheet. If you own or control the computer on
which you use Excel, you can make such cus-
tomizations permanent so that they are auto-
matically available to you every time you use
Microsoft Excel.

In addition, if you own or control your
own computer, you should regularly apply
the security updates to Microsoft Office that
Microsoft puts on its Web site. And if you
plan to use PHStat2 on your own computer,
you should read all the technical documenta-
tion including the PHStat readme file on the
Student CD-ROM.

Visit the online forum to
continue this discussion online.
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PROBLEMS FOR SECTION 2.1

Learning the Basics

Feres] 2.1 A categorical variable has three categories
with the following frequencies of occurrence:

Category Frequency
A 13
B 28
C 9

a. Compute the percentage of values in each category.
b. Construct a bar chart.

c¢. Construct a pie chart.

d. Construct a Pareto diagram.

et 2.2 A categorical variable has four categories
with the following percentages of occurrence:

Category Percentage | Category Percentage
A 12 C 35
B 29 D 24

a. Construct a bar chart.
b. Construct a pie chart.
c. Construct a Pareto diagram.

Applying the Concepts

2.3 A survey of 705 workers asked how much they used
the Internet at work. The results (US4 Today Snapshots,
March 21, 2006) were as follows:

Use of the Internet at Work %
Too much 5
More than I should 4
Within limits 60
Very little 5
Do not use 26

a. Construct a bar chart, a pie chart, and a Pareto diagram.

b. Which graphical method do you think is best to portray
these data?

c. Based on this survey, what conclusions can you reach
about the use of the Internet at work?

2.4 An article (R. Richmond, “Anatomy of a
L8| Threat,” The Wall Street Journal, February 13,

2006, pp. RS, R6) discussed the costs companies
face in defending their networks from attack. The follow-
ing table provides the breakdown in costs:

Percentage
Cost (%)
Consulting 7.6
Hardware tools 8.2
Labor 25.9
Lost business/revenue 23.6
Nonproductive employee time 15.5
Software tools 14.2
Other 5.0

a. Construct a bar chart, a pie chart, and a Pareto diagram.

b. Which graphical method do you think is best to portray
these data?

¢. What conclusions can you reach concerning the costs
companies face in defending their networks from attack?

2.5 When do Americans decide what to make for dinner?
An online survey (N. Hellmich, Americans Go for the
Quick Fix for Dinner,” US4 Today, February 14, 2005,
p. 1 B) indicated the following:

When Americans

Decide What to

Make for Dinner %
At the last minute 37
Plan in advance 25
That day 37
Don’t know 1

a. Construct a bar chart, a pie chart, and a Pareto diagram.
b. Which graphical method do you think is best to portray
these data?

2.6 The following table represents the U.S. sources of
electric energy in a recent year:

Source %
Coal 51
Hydropower 6
Natural gas 16
Nuclear 21
Petroleum 3
Oil 3

Source: U.S. De partment o fEnergy.

a. Construct a Pareto diagram.

b. What percentage of electricity is derived from either
coal, nuclear energy, or natural gas?

c¢. Construct a pie chart.

d. Which chart do you prefer to use for these data—the
Pareto diagram or the pie chart? Why?
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2.7 An article (P. Kitchen, “Retirement Plan: To Keep
Working,” Newsday, September 24, 2003) discussed the
results of a sample of 2,001 Americans ages 50 to 70 who
were employed full time or part time. The following table
represents their plans for retirement:

Plans Percentage (%)
Not work for pay at all 29
Start own business 10
Work full time 7
Work part time 46
Don’t know 3
Other 5

a. Construct a bar chart and a pie chart.
b. Which graphical method do you think is best to portray
these data?

2.8 US. companies spent more than $250 billion in
advertising in 2005 (K. Delaney, “In Latest Deal, Google
Steps Further into World of Old Media,” The Wall Street
Journal, January 18, 2006, pp. Al, A6). The spending was
as follows:

2.9 Medication errors are a serious problem in hospitals.
The following data represent the root causes of pharmacy
errors at a hospital during a recent time period:

Reason for Failure Frequency
Additional instructions 16
Dose 23
Drug 14
Duplicate order entry 22
Frequency 47
Omission 21
Order not discontinued when received 12
Order not received 52
Patient 5
Route 4
Other 8

a. Construct a Pareto diagram.
b. Discuss the “vital few” and “trivial many” reasons for
the root causes of pharmacy errors.

2.10 The following data represent complaints about hotel
rooms:

Media Amount ($hillions) Percentage (%) Reason Number
Cinema 0.4 0.16 Room dirty 32
Direct mail 44.5 17.35 Room not stocked 17
Internet 10.0 3.90 Room not ready 12
Magazines 23.9 9.32 Room too noisy 10
Newspapers 50.2 19.57 Room needs maintenance 17
Outdoor 5.7 2.22 Room has too few beds 9
Radio 20.6 8.03 Room doesn’t have promised features 7
TV 55.4 21.60 No special accommodations 2
Other 45.8 17.86

a. Construct a bar chart and a pie chart.
b. Which graphical method do you think is best to portray
these data?

a. Construct a Pareto diagram.

b. What reasons for complaints do you think the hotel
should focus on if it wants to reduce the number of com-
plaints? Explain.

2.2 ORGANIZING NUMERICAL DATA

When the number of data values is large, you can organize numerical data into an ordered array
or a stem-and-leaf display to help understand the information you have. Suppose you decide to
undertake a study that compares the cost for a restaurant meal in a major city to the cost of a
similar meal in the suburbs outside the city. The data file [Eaae g contains the data for 50
city restaurants and 50 suburban restaurants, as shown in Table 2.5. The data are not arranged
in order from lowest to highest. This arrangement makes it difficult to make conclusions about
the price of meals in the two geographical areas.
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TABLE 2.5

Price per Person at 50
City Restaurants and 50
Suburban Restaurants

TABLE 2.6

Ordered Array of Price
per Person at 50 City
Restaurants and 50
Suburban Restaurants

2.2: Organizing Numerical Data 41

City

50 38 43 56 51 36 25 33 41 44
34 39 49 37 40 50 50 35 22 45
44 38 14 44 51 27 44 39 50 35
31 34 48 48 30 42 26 35 32 63
36 38 53 23 39 45 37 31 39 53

Suburban

37 37 29 38 37 38 39 29 36 38
44 27 24 34 44 23 30 32 25 29
43 31 26 34 23 41 32 30 28 33
26 51 26 48 39 55 24 38 31 30
51 30 27 38 26 28 33 38 32 25

The Ordered Array

An ordered array is a sequence of data, in rank order, from the smallest value to the largest
value. Table 2.6 contains ordered arrays for the price of meals at city restaurants and suburban
restaurants. From Table 2.6 you can see that the price of a meal at the city restaurants is between
$14 and $63 and the price of a meal at the suburban restaurants is between $23 and $55.

City

14 22 23 25 26 27 30 31 31 32
33 34 34 35 35 35 36 36 37 37
38 38 38 39 39 39 39 40 41 42
43 44 44 44 44 45 45 48 48 49
50 50 50 50 51 51 53 53 56 63

Suburban

23 23 24 24 25 25 26 26 26 26
27 27 28 28 29 29 29 30 30 30
30 31 31 32 32 32 33 33 34 34
36 37 37 37 38 38 38 38 38 38
39 39 41 43 44 44 48 51 51 55

The Stem-and-Leaf Display

A stem-and-leaf display organizes data into groups (called stems) so that the values within
each group (the leaves) branch out to the right on each row. The resulting display allows you to
see how the data are distributed and where concentrations of data exist. To see how to construct
a stem-and-leaf display, suppose that 15 students from your class eat lunch at a fast-food
restaurant. The following data are the amounts spent for lunch:

5.40 4.30 4.80 550 7.30 850 6.10 480 490 490 5.50 3.50 5.90 6.30 6.60

To form the stem-and-leaf display, you use the units as the stems and round the decimals
(the leaves) to one decimal place. For example, the first value is 5.40. Its stem (row) is 5, and
its leaf'is 4. The second value, is 4.30. Its stem (row) is 4, and its leaf is 3. You continue with the
remainder of the 15 values and then reorder the leaves within each stem as follows;

315
4 | 38899
5 14559
6 (136
713
815
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EXAMPLE 2.5 STEM-AND-LEAF DISPLAY OF THE THREE-YEAR ANNUALIZED RETURN
OF MUTUAL FUNDS

In this chapter’s Using Statistics scenario, you are interested in studying the past performance
of mutual funds. One measure of past performance is the three-year annualized return
(2003-2005)—that is, the average percentage return over the past three years. Construct a
stem-and-leaf display of the three-year annualized returns.

SOLUTION From Figure 2.7, you can conclude that:

= The lowest three-year annualized return was 6.7.

=  The highest three-year annualized return was 42.3.

= The three-year annualized returns were concentrated between 11 and 23.

= Only six mutual funds had three-year annualized returns below 8, and only two mutual
funds had three-year annualized returns above 40.

FIGURE 2.7

Microsoft Excel stem-
and-leaf display of the
three-year annualized
returns (2003-2005)

See Section E2.6 to create
this.

PROBLEMS FOR SECTION 2.2

Learning the Basics

e 2.11 Form an ordered array, given the following ey 2.12 Form a stem-and-leaf display, given the
data from a sample of n = 7 midterm exam scores following data from a sample of n = 7 midterm
in accounting;: exam scores in finance:
68 94 63 75 71 88 64 80 54 69 98 93 53 74
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Rle-e| 2.13 Form an ordered array, given the following
data from a sample of » =7 midterm exam scores
in marketing:

8 78 78 73 91 78 85

e 2.14 Form an ordered array, given the following
stem-and-leaf display from a sample of n = 7
midterm exam scores in information systems:

446
19

O 0 9 & W

Applying the Concepts

e 2.15 The following is a stem-and-leaf display
representing the amount of gasoline purchased,

in gallons (with leaves in tenths of gallons), for a
sample of 25 cars that use a particular service station on the
New Jersey Turnpike:

9 1147
10 | 02238
11 | 125566777
12 | 223489
13102

a. Place the data into an ordered array.

b. Which of these two displays seems to provide more
information? Discuss.

c¢. What amount of gasoline (in gallons) is most likely to be
purchased?

d. Is there a concentration of the purchase amounts in the
center of the distribution?

FIEres] 2.16 The data in the file [ERTRaR contains
the bounced check fees, in dollars, for a sample

of 23 banks for direct-deposit customers who
maintain a $100 balance:

26 28 20 20 21 22 25 25 18 25 15 20

18 20 25 25 22 30 30 30 15 20 29

Source: Extracted fom The New Face of Banking, June 2000
Copyright © 2000 by Consumers Union o fU.S., Inc., Yonkers, NY
10703-1057.

2.2: Organizing Numerical Data 43

a. Place the data into an ordered array.

b. Construct a stem-and-leaf display for these data.

¢. Which of these two displays seems to provide more
information? Discuss.

d. Around what value, if any, are the bounced check fees
concentrated? Explain.

2.17 The file contains data on the price for
two tickets, with online service charges, large popcorn,
and two medium soft drinks at a sample of six theater
chains:

$36.15 $31.00 $35.05 $40.25 $33.75 $43.00

Source: Extracted fom K. Kelly, “The Multi plex Under Siege,”
The Wall Street Journal, December 24-25, 2005, pp. PI, P5.

a. Place the data into an ordered array.

b. Construct a stem-and-leaf display for these data.

¢. Which of these two displays seems to provide more
information? Discuss.

d. Around what value, if any, are the movie prices con-
centrated? Explain.

seLF | 2.18 The file [N contains data on the
total fat, in grams per serving, for a sample of 20
chicken sandwiches from fast-food chains. The

data are as follows:

7 8 4 5 16 20 20 24 19 30
23 30 25 19 29 29 30 30 40 56

Source: Extracted fom “Fast pod: Adding Health to the Menu,”
Consumer Reports, Seprember 2004, pp. 28-31.

a. Place the data into an ordered array.

b. Construct a stem-and-leaf display.

c¢. Does the ordered array or the stem-and-leaf display pro-
vide more information? Discuss.

2.19 The data in the file represent the bat-
tery life, in shots, for three pixel digital cameras:

300 180 85 170 380 460 260 35 380 120 110 240

Source: Extracted fom “Cameras: More Features in the Mix,”
Consumer Reports, July 2005, pp. 14-18.

a. Place the data into an ordered array.

b. Construct a stem-and-leaf display.

c¢. Does the ordered array or the stem-and-leaf display pro-
vide more information? Discuss.

d. Around what value, if any, is the battery life concentrated?
Explain.
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2.3

TABLES AND CHARTS FOR NUMERICAL DATA

When you have a data set that contains a large number of values, reaching conclusions from an
ordered array or a stem-and-leaf display can be difficult. In such circumstances, you need to
use tables and charts. There are many types of tables and charts that you can use to visually pre-
sent numerical data. These include the frequency and percentage distributions, histogram, poly-
gon, and cumulative percentage polygon (ogive).

The Frequency Distribution

The frequency distribution is a summary table in which the data are arranged into numeri-
cally ordered class groupings. In constructing a frequency distribution, you must give attention
to selecting the appropriate number of class groupings for the table, determining a suitable
width of a class grouping, and establishing the boundaries of each class grouping to avoid
overlapping.

The number of class groupings you use depends on the number of values in the data.
Larger numbers of values allow for a larger number of class groupings. In general, the fre-
quency distribution should have at least 5 class groupings but no more than 15. Having too few
or too many class groupings provides little new information.

When developing a frequency distribution, you define each class grouping by class inter-
vals of equal width. To determine the width of a class interval, you divide the range (highest
value — lowest value) of the data by the number of class groupings desired.

DETERMINING THE WIDTH OF A CLASS INTERVAL
Range

Width of interval = 2.1)

Number of desired class groupings

Because the city restaurant data consist of a sample of 50 restaurants, 10 class group-
ings are acceptable. From the ordered array in Table 2.6 on page 41, the range of the data is
$63 — 14 = $49. Using Equation (2.1), you approximate the width of the class interval as
follows:

Width of interval = % =49

You should choose an interval width that simplifies reading and interpretation. Therefore,
instead of using an interval width of $4.90, you should select an interval width of $5.00.

To construct the frequency distribution table, you should establish clearly defined class
boundaries for each class grouping so that the values can be properly tallied into the
classes. You place each value in one and only one class. You must avoid overlapping of
classes.

Because you have set the width of each class interval for the restaurant data at $5, you need
to establish the boundaries of the various class groupings so as to include the entire range of
values. Whenever possible, you should choose these boundaries to simplify reading and inter-
pretation. Thus, for the city restaurants, because the cost ranges from $14 to $63, the first class
interval ranges from $10 to less than $135, the second from $15 to less than $20, and so on, until
they have been tallied into 11 classes. Each class has an interval width of $5, without overlap-
ping. The center of each class, the class midpoint, is halfway between the lower boundary of
the class and the upper boundary of the class. Thus, the class midpoint for the class from $10 to
under $15 is $12.50, the class midpoint for the class from $15 to under $20 is $17.50, and so
on. Table 2.7 is a frequency distribution of the cost per meal for the 50 city restaurants and the
50 suburban restaurants.
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TABLE 2.7

Frequency Distribution
of the Cost per Meal
for 50 City Restaurants
and 50 Suburban
Restaurants
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Cost per Meal ($) City Frequency Suburban Frequency
10 but less than 15 1 0
15 but less than 20 0 0
20 but less than 25 2 4
25 but less than 30 3 13
30 but less than 35 7 13
35 but less than 40 14 12
40 but less than 45 8 4
45 but less than 50 5 1
50 but less than 55 8 2
55 but less than 60 1 1
60 but less than 65 1 0
Total 50 50

The frequency distribution allows you to draw conclusions about the major characteristics
of the data. For example, Table 2.7 shows that the cost of meals at city restaurants is concen-
trated between $30 and $55, and the cost of meals at suburban restaurants is clustered between
$25 and $40.

If the data set does not contain many values, one set of class boundaries may provide a dif-
ferent picture than another set. For example, for the restaurant cost data, using a class-interval
width of 4.0 instead of 5.0 (as was used in Table 2.7) may cause shifts in the way the values dis-
tribute among the classes.

You can also get shifts in data concentration when you choose different lower and upper
class boundaries. Fortunately, as the sample size increases, alterations in the selection of class
boundaries affect the concentration of data less and less.

EXAMPLE 2.6

TABLE 2.8

Frequency Distribution
of the Three-Year
Annualized Return for
Growth and Value
Mutual Funds

FREQUENCY DISTRIBUTION OF THE THREE-YEAR ANNUALIZED RETURN
FOR GROWTH AND VALUE MUTUAL FUNDS

In the Using Statistics scenario, you are interested in comparing the three-year annualized
return (2003-2005) of growth and value mutual funds. Construct frequency distributions for
the growth funds and the value funds.

SOLUTION The three-year annualized returns of the growth funds and the value funds are
highly concentrated between 10 and 25 (see Table 2.8). You should not directly compare the
frequencies of the growth funds and the value funds because there are 480 growth funds and
358 value funds in the sample. On page 47, relative frequencies and percentages are introduced.

Three-Year Annualized Return Growth Frequency Value Frequency
5 but less than 10 21 7
10 but less than 15 148 85
15 but less than 20 172 132
20 but less than 25 113 97
25 but less than 30 21 28
30 but less than 35 5 7
35 but less than 40 0 0
40 but less than 45 0 2
Total 480 358
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TABLE 2.9

Relative Frequency
Distribution and

Percentage Distribution
of the Cost of Restaurant

Meals at City and

Suburban Restaurants

The Relative Frequency Distribution and the Percentage
Distribution

Because you usually want to know the proportion or the percentage of the total that is in each
group, the relative frequency distribution or the percentage distribution is preferred to the fre-
quency distribution. When you are comparing two or more groups that differ in sample size,
you must use either a relative frequency distribution or a percentage distribution.

You form the relative frequency distribution by dividing the frequencies in each class
of the frequency distribution (see Table 2.7 on page 45) by the total number of values. You
form the percentage distribution by multiplying each relative frequency by 100%. Thus,
the relative frequency of meals at city restaurants that cost between $30 and $35 is 7 divided
by 50, or 0.14, and the percentage is 14%. Table 2.9 presents the relative frequency dis-
tribution and percentage distribution of the cost of restaurant meals at city and suburban
restaurants.

City | Suburban
Relative Relative
Cost per Meal ($) Frequency Percentage Frequency Percentage
10 but less than 15 0.02 2.0 0.00 0.0
15 but less than 20 0.00 0.0 0.00 0.0
20 but less than 25 0.04 4.0 0.08 8.0
25 but less than 30 0.06 6.0 0.26 26.0
30 but less than 35 0.14 14.0 0.26 26.0
35 but less than 40 0.28 28.0 0.24 24.0
40 but less than 45 0.16 16.0 0.08 8.0
45 but less than 50 0.10 10.0 0.02 2.0
50 but less than 55 0.16 16.0 0.04 4.0
55 but less than 60 0.02 2.0 0.02 2.0
60 but less than 65 0.02 2.0 0.00 ~ 0.0
Total 1.00 100.0 1.00 100.0

From Table 2.9, you conclude that meals cost more at city restaurants than at suburban
restaurants—I 6% of the meals at city restaurants cost between $40 and $45 as compared to 8%
of the suburban restaurants; 16% of the meals at city restaurants cost between $50 and $55 as
compared to 4% of the suburban restaurants; and only 6% of the meals at city restaurants cost
between $25 and $30 as compared to 26% of the suburban restaurants.

EXAMPLE 2.7

RELATIVE FREQUENCY DISTRIBUTION AND PERCENTAGE DISTRIBUTION
OF THE THREE-YEAR ANNUALIZED RETURN FOR GROWTH AND VALUE
MUTUAL FUNDS

In the Using Statistics scenario, you are interested in comparing the three-year annualized
return (2003-2005) for growth and value mutual funds. Construct relative frequency distribu-
tions and percentage distributions for the growth funds and the value funds.

SOLUTION You conclude (see Table 2.10) that the three-year annualized return (2003-2005)
for the growth funds is slightly lower than for the value funds. 4.38% of growth funds have
returns below 10, while only 1.96% of value funds have returns below 10. Of the growth funds,
30.83% have returns between 10 and 15 as compared to 23.74% of the value funds. Also, more
of the value funds have higher returns. For example, 34.91% of the value funds made between
20 and 30, while 27.92% of the growth funds made between 20 and 30.
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TABLE 2.10

Relative Frequency
Distribution and
Percentage Distribution
of the Three-Year
Annualized Return
(2003-2005) for Growth
and Value Mutual Funds
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Growth Value

Three-Year

Annualized Return Proportion Percentage Proportion Percentage
5 but less than 10 0.0438 4.38 0.0196 1.96
10 but less than 15 0.3083 30.83 0.2374 23.74
15 but less than 20 0.3583 35.83 0.3687 36.87
20 but less than 25 0.2354 23.54 0.2709 27.09
25 but less than 30 0.0438 4.38 0.0782 7.82
30 but less than 35 0.0104 1.04 0.0196 1.96
35 but less than 40 0.0000 0.00 0.0000 0.00
40 but less than 45 0.0000 0.00 0.0056 0.56
Total 1.0000 100.00 1.0000 100.00

TABLE 2.11

Developing the
Cumulative Percentage
Distribution for the Cost
of Meals at City
Restaurants

The Cumulative Distribution

The cumulative percentage distribution provides a way of presenting information about the
percentage of items that are less than a certain value. For example, you might want to know
what percentage of the city restaurant meals cost less than $20, less than $30, less than $50, and
so on. The percentage distribution is used to form the cumulative percentage distribution. Table
2.11 illustrates how to develop the cumulative percentage distribution for the cost of meals at
city restaurants. 0.00% of the meals cost less than $10, 2% cost less than $15, 2% also cost less
than $20 (because none of the meals cost between $15 and $20), 6% (2% + 4%) cost less than
$25, and so on, until all 100% of the meals cost less than $65.

Percentage of Meals Less Than

Cost per Meal ($) Percentage Lower Boundary of Class Interval

10 but less than 15 2 0

15 but less than 20 0 2

20 but less than 25 4 2=2+0

25 but less than 30 6 6=2+0+4

30 but less than 35 14 12=2+0+4+6

35 but less than 40 28 26=2+0+4+6+14

40 but less than 45 16 54=2+0+4+6+14+28

45 but less than 50 10 710=2+0+4+6+14+28+16

50 but less than 55 16 80=2+0+4+6+14+28 +16+10

55 but less than 60 2 9=2+0+4+6+14+28+16+10+16

60 but less than 65 2 98=2+0+4+6+14+28+16+10+16+2
65 but less than 70 0 100=2+0+4+6+14+28+16+10+16+2+2

Table 2.12 on page 48 summarizes the cumulative percentages of the cost of city and sub-
urban restaurant meals. The cumulative distribution clearly shows that the cost of meals is
lower in suburban restaurants than in city restaurants—34% of the suburban restaurants cost
less than $30 as compared to only 12% of the city restaurants; 60% of the suburban restaurants
cost less than $35 as compared to only 26% of the city restaurants; 84% of the suburban restau-
rants cost less than $40 as compared to only 54% of the city restaurants.
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TABLE 2.12

Cumulative Percentage
Distributions of the
Cost of City and
Suburban Restaurant
Meals

City Percentage of Suburban Percentage of
Restaurants Less Than Restaurants Less Than
Cost ($) Indicated Value Indicated Value
10 0 0
15 2 0
20 2 0
25 6 8
30 12 34
35 26 60
40 54 84
45 70 92
50 80 94
55 96 98
60 98 100
65 100 100

EXAMPLE 2.8

TABLE 2.13

Cumulative Percentage
Distributions of the
Three-Year Annualized
Return for Growth and
Value Funds

CUMULATIVE PERCENTAGE DISTRIBUTION OF THE THREE-YEAR
ANNUALIZED RETURN FOR GROWTH AND VALUE MUTUAL FUNDS

In the Using Statistics scenario, you are interested in comparing the three-year annualized
return (2003-2005) of growth and value mutual funds. Construct cumulative percentage distri-
butions for the growth funds and the value funds.

SOLUTION The cumulative distribution in Table 2.13 indicates that more of the growth funds
have lower returns than the value funds—35.21% of the growth funds have returns below 15 as
compared to 25.70% of the value funds; 71.04% of the growth funds have returns below 20
as compared to 62.57% of the value funds; 94.58% of the growth funds have returns below
25 as compared to 89.66% of the value funds.

Annual Growth Fund Percentage Value Fund Percentage
Return Less Than Indicated Value Less Than Indicated Value
5 0.00 0.00

10 4.38 1.96

15 35.21 25.70

20 71.04 62.57

25 94.58 89.66

30 98.96 97.48

35 100.00 99.44

40 100.00 99.44

45 100.00 100.00

The Histogram

A histogram is a bar chart for grouped numerical data in which the frequencies or percentages
of each group of numerical data are represented as individual vertical bars. In a histogram,
there are no gaps between adjacent bars as there are in a bar chart of categorical data. You dis-
play the variable of interest along the horizontal (X) axis. The vertical (Y) axis represents either
the frequency or the percentage of values per class interval.
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FIGURE 2.8

Microsoft Excel
histogram for the cost
of restaurant meals at
city restaurants

See Sections E2.7 and E2.8
to create this.

2.3: Tables and Charts for Numerical Data 49

Figure 2.8 displays a Microsoft Excel frequency histogram for the cost of restaurant meals
at city restaurants. The histogram indicates that the cost of restaurant meals at city restaurants
is concentrated between approximately $30 and $50. Very few meals cost less than $20 or more
than $60.

EXAMPLE 2.9

FIGURE 2.9

Histogram of the three-
year annualized return
(2003-2005) (Panel A—
growth funds and Panel
B—value funds)

Panel A

HISTOGRAM OF THE THREE-YEAR ANNUALIZED RETURN FOR GROWTH
AND VALUE MUTUAL FUNDS

In the Using Statistics scenario, you are interested in comparing the three-year annualized
return (2003—2005) of growth and value mutual funds. Construct histograms for the growth
funds and the value funds.

SOLUTION Figure 2.9 shows that the distribution of the growth funds (shown below) has more
low returns as compared to the value funds (shown on p. 50), which have more high returns.
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Panel B

FIGURE 2.10

Microsoft Excel
percentage polygons
of the cost of restaurant
meals for city and
suburban restaurants

See Section E2.9 to create
this.

The Polygon

Constructing multiple histograms on the same graph when comparing two or more sets of data
is confusing. Superimposing the vertical bars of one histogram on another histogram makes
interpretation difficult. When there are two or more groups, you should use a percentage
polygon.

PERCENTAGE POLYGON

A percentage polygon is formed by having the midpoint of each class represent the data in
that class and then connecting the sequence of midpoints at their respective class
percentages.

Figure 2.10 displays percentage polygons for the cost of restaurant meals for city and
suburban restaurants. The polygon for the suburban restaurants is concentrated to the left of
(corresponding to lower cost) the polygon for city restaurants. The highest percentages of
cost for the suburban restaurants are for class midpoints of $27.50 and $32.50, while the
highest percentages of cost for the city restaurants are for a class midpoint of $37.50.
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The polygons in Figure 2.10 have points whose values on the X axis represent the mid-
point of the class interval. For example, look at the points plotted on the Y axis at 22.5
($22.50). The point for the suburban restaurants (the higher one) represents the fact that 8%
of these restaurants have meal costs between $20 and $25. The point for the city restaurants
(the lower one) represents the fact that 4% of these restaurants have meal costs between $20
and $25.

When you construct polygons or histograms, the vertical (¥) axis should show the true
zero, or “origin,” so as not to distort the character of the data. The horizontal (X) axis does not
need to show the zero point for the variable of interest, although the range of the variable
should constitute the major portion of the axis.

EXAMPLE 2.10

FIGURE 2.11

Microsoft Excel
percentage polygons
of the three-year
annualized return

PERCENTAGE POLYGONS OF THE THREE-YEAR ANNUALIZED RETURN
(2003-2005) FOR GROWTH AND VALUE MUTUAL FUNDS

In the Using Statistics scenario, you are interested in comparing the three-year annualized
return (2003—2005) of growth and value mutual funds. Construct percentage polygons for the
growth funds and the value funds.

SOLUTION Figure 2.11 shows that the distribution of the growth funds has slightly more low
returns as compared to the distribution of value funds, which has more high returns.

The Cumulative Percentage Polygon (Ogive)

The cumulative percentage polygon, or ogive, displays the variable of interest along the X
axis, and the cumulative percentages along the Y axis.

Figure 2.12 illustrates the Microsoft Excel cumulative percentage polygons of the cost
of restaurant meals at city and suburban restaurants. Most of the curve for the city restau-
rants is located to the right of the curve for the suburban restaurants. This indicates that the
city restaurants have fewer meals that cost below a particular value. For example, 12% of
the city restaurant meals cost less than $30 as compared to 34% of the suburban restaurant
meals.
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FIGURE 2.12

Microsoft Excel
cumulative percentage
polygons of the cost of
restaurant meals at city
and suburban
restaurants

EXAMPLE 2.11 CUMULATIVE PERCENTAGE POLYGONS OF THE THREE-YEAR
ANNUALIZED RETURN (2003-2005) FOR GROWTH AND
VALUE MUTUAL FUNDS

In the Using Statistics scenario, you are interested in comparing the three-year annualized
return (2003—-2005) of growth and value mutual funds. Construct cumulative percentage poly-
gons for the growth funds and the value funds.

SOLUTION Figure 2.13 illustrates the Microsoft Excel cumulative percentage polygons of
the three-year annualized return for growth and value funds. The curve for the value funds is
located slightly to the right of the curve for the growth funds. This indicates that the value funds
have fewer returns below a particular value. For example, 62.57% of the value funds have
returns less than 20 as compared to 71.04% of the growth funds.

FIGURE 2.13

Microsoft Excel

cumulative percentage
polygons of the three-
year annualized return
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PROBLEMS FOR SECTION 2.3

Learning the Basics

e 2.20 The values for a set of data vary from 11.6
t0 97.8.
a. If these values are grouped into nine classes,
indicate the class boundaries.
b. What class-interval width did you choose?
¢. What are the nine class midpoints?

FREer| 2.21 The GMAT scores from a sample of 50

applicants to an MBA program indicate that none
of the applicants scored below 450. A frequency

distribution was formed by choosing class intervals 450 to

499, 500 to 549, and so on, with the last class grouping

being 700 to 749. Two applicants scored in the interval 450

to 499, and 16 applicants scored in the interval 500 to 549.

Construct a cumulative percentage polygon.

a. What percentage of applicants scored below 500?

b. What percentage of applicants scored between 500 and

549?
¢. What percentage of applicants scored below 5507
d. What percentage of applicants scored below 7507

Applying the Concepts

2.22 The following data (contained in the file
represent the cost of electricity during

July 2006 for a random sample of 50 one-bedroom
apartments in a large city:

Raw Data on Utility Charges ($)

9 171 202 178 147 102 153 197 127 82
157 185 90 116 172 111 148 213 130 165
141 149 206 175 123 128 144 168 109 167

95 163 150 154 130 143 187 166 139 149
108 119 183 151 114 135 191 137 129 158

a. Form a frequency distribution and a percentage distribu-
tion that have class intervals with the upper class limits
$99, $119, and so on.

b. Construct a histogram and a percentage polygon.

c¢. Form a cumulative percentage distribution and plot a
cumulative percentage polygon.

d. Around what amount does the monthly electricity cost
seem to be concentrated?

2.23 One operation of a mill is to cut pieces of steel into
parts that will later be used as the frame for front seats in an
automobile. The steel is cut with a diamond saw and
requires the resulting parts to be within £0.005 inch of the
length specified by the automobile company. The following
table (contained in the file EEERH) comes from a sample

of 100 steel parts. The measurement reported is the differ-
ence in inches between the actual length of the steel part, as
measured by a laser measurement device, and the specified
length of the steel part. For example, the first value,
—0.002, represents a steel part that is 0.002 inch shorter
than the specified length.

—-0.002 0.002 0.0005  -0.0015 -0.001
0.0005 0.001 0.001 -0.0005 -0.001
0.0025 0.001 0.0005  —0.0015 0.0005
0.001 0.001 0.001 -0.0005 -0.0025
0.002 —0.002 0.0025  —0.0005 0.0025
0.001 -0.003 0.001 -0.001 0.002
0.005 -0.0015 0 -0.0015 0.0025
—-0.002 —-0.0005 —-0.0025 0.0025 —-0.002
0 0 -0.001 0.001 0

0.001 —0.0025 0.0035 0.0005 —0.0005
—-0.0025 -0.003 0 0 -0.001
—0.003 —0.001 —0.003 0.002 0
0.001 0.002 -0.002  -0.0005 —-0.002
-0.0005 -0.001 -0.001 0.0005 0
0 0 —0.0015 0.0005 0
-0.003 0.003 -0.0015 0 0.002
—0.001 0.0015 —0.002  —0.0005 —0.003
0.0005 0 0.001 0.002 —-0.0005
0.0025 0 -0.0025 0.001 -0.002
—0.0025 —-0.0025 -0.0005  —0.0015 -0.002

a. Construct a frequency distribution and a percentage
distribution.

b. Construct a histogram and a percentage polygon.

Plot a cumulative percentage polygon.

d. Is the steel mill doing a good job in meeting the require-
ments set by the automobile company? Explain.

SELF| 2.24 A manufacturing company produces
steel housings for electrical equipment. The
main component part of the housing is a steel

trough that is made out of a 14-gauge steel coil. It is pro-
duced using a 250-ton progressive punch press with a
wipe-down operation that puts two 90-degree forms in
the flat steel to make the trough. The distance from one
side of the form to the other is critical because of weath-
erproofing in outdoor applications. The company
requires that the width of the trough be between 8.31
inches and 8.61 inches. The following (contained in the

e
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file [EIELER) are the widths of the troughs, in inches,
for a sample of 49 troughs.

8.312 8.343 8.317 8.383 8.348 8.410 8.351 8.373
8.481 8.422 8.476 8.382 8.484 8.403 8.414 8.419
8.385 8.465 8.498 8.447 8.436 8.413 8.489 8.414
8.481 8.415 8.479 8.429 8.458 8.462 8.460 8.444
8.429 8.460 8.412 8.420 8.410 8.405 8.323 8.420
8.396 8.447 8.405 8.439 8.411 8.427 8.420 8.498
8.409

a. Construct a frequency distribution and a percentage
distribution.

b. Construct a histogram and a percentage polygon.

Plot a cumulative percentage polygon.

d. What can you conclude about the number of troughs

that will meet the company’s requirements of troughs
being between 8.31 and 8.61 inches wide?

e

2.25 The manufacturing company in Problem 2.24 also
produces electric insulators. If the insulators break when in
use, a short circuit is likely to occur. To test the strength of
the insulators, destructive testing in high-powered labs is
carried out to determine how much prce is required to
break the insulators. Force is measured by observing how
many pounds must be applied to the insulator before it
breaks. The strengths of 30 insulators (contained in the file

[ZTZE ) are as follows:

1,870 1,728 1,656 1,610 1,634 1,784 1,522 1,696
1,592 1,662 1,866 1,764 1,734 1,662 1,734 1,774
1,550 1,756 1,762 1,866 1,820 1,744 1,788 1,688
1,810 1,752 1,680 1,810 1,652 1,736

a. Construct a frequency distribution and a percentage
distribution.

b. Construct a histogram and a percentage polygon.

Plot a cumulative percentage polygon.

d. What can you conclude about the strength of the insula-
tors if the company requires a force measurement of at
least 1,500 pounds before breaking?

e

2.26 The ordered arrays in the accompanying table (and
contained in the file [JFAA) deal with the life (in hours)
of a sample of 40 100-watt light bulbs produced by
Manufacturer A and a sample of 40 100-watt light bulbs
produced by Manufacturer B.

2.4 CROSS TABULATIONS

Manufacturer A Manufacturer B

684 697 720 773 821| 819 836 888 897 903
831 835 848 852 852| 907 912 918 942 943
859 860 868 870 876| 952 959 962 986 992
893 899 905 909 O911| 994 1,004 1,005 1,007 1,015
922 924 926 926 938(1,016 1,018 1,020 1,022 1,034
939 943 946 954 9711,038 1,072 1,077 1,077 1,082
972 977 984 1,005 1,014{1,096 1,100 1,113 1,113 1,116
1,016 1,041 1,052 1,080 1,09311,153 1,154 1,174 1,188 1,230

a. Form a frequency distribution and a percentage distribu-
tion for each manufacturer, using the following class-
interval widths for each distribution:

1. Manufacturer A: 650 but less than 750, 750 but
less than 850, and so on.
2. Manufacturer B: 750 but less than 850, 850 but
less than 950, and so on.

b. Construct percentage histograms on separate graphs and
plot the percentage polygons on one graph.

c¢. Form cumulative percentage distributions and plot
cumulative percentage polygons on one graph.

d. Which manufacturer has bulbs with a longer life—
Manufacturer A or Manufacturer B? Explain.

2.27 The following data (contained in the file EfT/%H)
represent the amount of soft drink in a sample of 50 2-liter
bottles:

2.109 2.086 2.066 2.075 2.065 2.057 2.052 2.044
2.036 2.038 2.031 2.029 2.025 2.029 2.023 2.020
2.015 2.014 2.013 2.014 2.012 2.012 2.012 2.010
2.005 2.003 1.999 1.996 1.997 1.992 1.994 1.986
1.984 1.981 1.973 1.975 1.971 1.969 1.966 1.967
1.963 1.957 1.951 1.951 1.947 1.941 1.941 1.938
1.908 1.894

a. Construct a frequency distribution and a percentage
distribution.

b. Construct a histogram and a percentage polygon.

c¢. Form a cumulative percentage distribution and plot a
cumulative percentage polygon.

d. On the basis of the results of (a) through (c), does the
amount of soft drink filled in the bottles concentrate
around specific values?

The study of patterns that may exist between two or more categorical variables is common in
business. These patterns are explained by cross-tabulating the data. You can present cross
tabulations in tabular form (contingency tables) or graphical form (side-by-side charts).
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TABLE 2.14

Contingency Table
Displaying Fund
Objective and
Fund Risk

See Section E2.10 to create
this.

TABLE 2.15

Contingency Table
Displaying Fund
Objective and Fund Risk,
Based on Percentage

of Overall Total

TABLE 2.16

Contingency Table
Displaying Fund
Objective and Fund Risk,
Based on Percentage

of Row Total

2.4: Cross Tabulations 55

The Contingency Table

A contingency table presents the results of two categorical variables. The joint responses are
classified so that the categories of one variable are located in the rows and the categories of the
other variable are located in the columns. The values located at the intersections of the rows and
columns are called cells. Depending on the type of contingency table constructed, the cells for
each row—column combination contain the frequency, the percentage of the overall total, the
percentage of the row total, or the percentage of the column total.

Suppose that in the Using Statistics scenario, you want to examine whether there is any
pattern or relationship between the level of risk and the objective of the mutual fund (growth
versus value). Table 2.1 4 summarizes this information for all 838 mutual funds.

RISK LEVEL
OBJECTIVE High Average Low Total
Growth 332 132 16 480
Value 14 113 231 358
Total 346 245 247 838

You construct this contingency table by tallying the joint responses for each of the 838
mutual funds with respect to objective and risk into one of the six possible cells in the table.
The first fund listed in the [[ENEMEER file is classified as a growth fund with an average
risk. Thus, you tally this joint response into the cell that is the intersection of the first row and
second column. The remaining 837 joint responses are recorded in a similar manner. Each cell
contains the frequency for the row—column combination.

In order to further explore any possible pattern or relationship between objective and fund
risk, you can construct contingency tables based on percentages. You first convert these results
into percentages based on the following three totals:

1. The overall total (i.e., the 838 mutual funds)
2. The row totals (i.e., 480 growth funds and 358 value funds)
3. The column totals (i.e., 346 high, 245 average, and 247 low)

Tables 2.15, 2.16, and 2.1 7 summarize these percentages.

RISK LEVEL
OBJECTIVE High Average Low Total
Growth 39.62 15.75 1.91 57.28
Value 1.67 13.48 27.57 42.72
Total 41.29 29.23 29.48 100.00
RISK LEVEL
OBJECTIVE High Average Low Total
Growth 69.17 27.50 3.33 100.00
Value 3.91 31.56 64.53 100.00
Total 29.24 41.29 29.47 100.00
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TABLE 2.17 RISK LEVEL

Contingency Table OBJECTIVE High Average Low Total
Displaying Fund

Objective and Fund Risk, ~ Growth 95.95 53.88 6.48 57.28
Based on Percentage of  Value 4.05 46.12 93.52 42.72
Column Total Total 100.00 100.00 100.00 100.00

Table 2.15 shows that 41.29% of the mutual funds sampled are high risk, 57.28% are growth
funds, and 39.62% are high-risk funds that are growth funds. Table 2.16 shows that 69.17% of
the growth funds are high risk and 3.33% are low risk. Table 2.17 shows that 95.95% of the high-
risk funds and only 6.48% of the low-risk funds are growth funds. The tables reveal that growth
funds are more likely to be high risk, while value funds are more likely to be low risk.

The Side-by-Side Bar Chart

A useful way to visually display the results of cross-classification data is by constructing a
side-by-side bar chart. Figure 2.14, which uses the data from Table 2.14, is a Microsoft Excel
side-by-side bar chart that compares the three fund risk levels, based on their objectives. An
examination of Figure 2.14 reveals results consistent with those of Tables 2.15, 2.16, and 2.17:
Growth funds are more likely to be high risk, while value funds are more likely to be low risk.

FIGURE 2.14

Microsoft Excel side-by-
side bar chart for fund
objective and risk

See Section E2.11 to create
this.

PROBLEMS FOR SECTION 2.4

Learning the Basics o , ,
students majoring in business—What is your gender? (male

Feres] 2.28 The following data represent the responses =M; female = F) and What is your major? (accounting = A,
to two questions asked in a survey of 40 college computer information systems = C; marketing = M)

Genderr M ™M M F M F F M F M F M M M M F F M F F
Ma pr: A C C M A C A A C C A A A M C M A A A C
Gender M ™M M M F M F F M M F M M M M F M F M M
Ma pr: C C A A M M C A A A C C A A A A C C A C
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a. Tally the data into a contingency table where the two
rows represent the gender categories and the three
columns represent the academic-major categories.

b. Form contingency tables based on percentages of all 40
student responses, based on row percentages and based
on column percentages.

c¢. Using the results from (a), construct a side-by-side bar
chart of gender based on student major.

e 2.29 Given the following contingency table,
construct a side-by-side bar chart comparing 4
and B for each of the three-column categories:

1 2 3 Total
A 20 40 40 100
B 80 80 40 200

Applying the Concepts

e 2.30 The results of a study made as part of a

yield improvement effort at a semiconductor

manufacturing facility provided defect data for a

;73| sample of 450 wafers. The following table pre-

sents a summary of the responses to two ques-

tions: Was a particle found on the die that produced the
wafer? and Is the wafer good or bad?

CONDITION OF DIE

QUALITY OF

WAFER No Particles Particles Totals
Good 320 14 334
Bad 80 36 116
Totals 400 50 450

Source: Extracted fom S.W. Hall, “Analysis o fDe gctivity o f
Semiconductor Wa grs by ContingencyTable,” Proceedings Institute
of Environmental Sciences, Vol. 1 (1994), pp. 177—-183.

a. Construct contingency tables based on total percent-
ages, row percentages, and column percentages.

b. Construct a side-by-side bar chart of quality of wafers
based on condition of die.

¢. What conclusions do you draw from these analyses?

Fiecer| 2.31 Each day at a large hospital, several hun-
dred laboratory tests are performed. The rate at
which these tests are done improperly (and there-
fore need to be redone) seems steady, at about 4%. In an
effort to get to the root cause of these nonconformances
(that is, tests that need to be redone), the director of the lab
decided to keep records over a period of one week. The lab-
oratory tests were subdivided by the shift of workers who
performed the lab tests. The results are as follows:

2.4: Cross Tabulations 57

SHIFT
LAB TESTS
PERFORMED Day Evening Total
Nonconforming 16 24 40
Conforming 654 306 960
Total 670 330 1,000

a. Construct contingency tables based on total percent-
ages, row percentages, and column percentages.

b. Which type of percentage—row, column, or total—do
you think is most informative for these data? Explain.

¢. What conclusions concerning the pattern of noncon-
forming laboratory tests can the laboratory director
reach?

2.32 A sample of 500 shoppers was selected in
Test

a large metropolitan area to determine various

information concerning consumer behavior.
Among the questions asked was “Do you enjoy shopping
for clothing?”” The results are summarized in the following
cross-classification table:

GENDER
ENJOY SHOPPING
FOR CLOTHING Male Female Total
Yes 136 224 360
No 104 36 140
Total 240 260 500

a. Construct contingency tables based on total percent-
ages, row percentages, and column percentages.

b. Construct a side-by-side bar chart of enjoying shopping
for clothing based on gender.

¢. What conclusions do you draw from these analyses?

2.33 As more Americans use cell phones, they question
where it is okay to talk on cell phones. The following is a
table of results, in percentages, for 2000 and 2006
(extracted from W. Koch, “Business Put a Lid on
Chatterboxes,” USA Today, February 7, 2006, p. 3A):

YEAR
OK TO TALK ON A CELL
PHONE IN A RESTAURANT 2000 2006
Yes 31 21
No _69 19
Total 100 100

a. Construct a side-by-side bar chart.
b. Discuss the changes in attitude concerning the use of
cell phones in restaurants between 2000 and 2006.
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2.34 An experiment was conducted by James Choi,
David Labson, and Brigitte Madrian to study the choices
made in fund selection. When presented with four S&P

b. What do these results tell you about the differences
between undergraduate and MBA students in their abil-
ity to choose S&P 500 index funds?

500 index funds that were identical except for their fees,
undergraduate and MBA students chose the funds as fol-
lows (in percentages):

2.35 Where people turn to for news is different for vari-
ous age groups. A study indicated where different age
groups primarily get their news.

Student Group Age Group

Fund Undergraduate MBA Media Under 36 36-50 50+

Lowest-cost fund 19 19 Local TV 107 119 133
Second-lowest-cost fund 37 40 .

. National TV 73 102 127
Third-lowest-cost fund 17 23 .

Highest t fund 7 18 Radio 75 97 109

Ighest-cost Tun Local newspaper 52 79 107

Internet 95 83 76

Source: Extracted fom J Choi, D. Laibson, and B. Madrian, Why
Does the Law of One Practice Fail? An Experiment on Mutual
Funds www.som. yale.edu/ficulty/ji83/fes. pd f a. Construct a side-by-side bar chart for the three age groups.
b. What differences are there in the age groups?

a. Construct a side-by-side bar chart for the two student

groups.
2.5 SCATTER PLOTS AND TIME-SERIES PLOTS
When analyzing a single numerical variable such as the cost of a restaurant meal or the three-
year annualized return, you use histograms, polygons, and cumulative percentage polygons,
developed in Section 2.3. This section discusses scatter plots and time series plots, which are
used when you have two numerical variables.
The Scatter Plot
You use a scatter plot to examine possible relationships between two numerical variables.
For each observation, you plot one variable on the Xaxis and the other variable on the verti-
cal Y axis. For example, a marketing analyst could study the effectiveness of advertising by
comparing weekly sales volumes and weekly advertising expenditures. Or a human resources
director interested in the salary structure of the company could compare the employees’
years of experience with their current salaries.
To demonstrate a scatter plot, you can examine the relationship between the cost of dif-
ferent items in various cities (extracted from K. Spors, “Keeping Up with. . . Yourself,” The
Wall Street Journal, April 11, 2005, p. R4). Table 2.18 provides the cost of a fast-food ham-
burger meal and the cost of two movie tickets in 10 cities around the world. The data file
[FETIEITEE T contains the complete data set.
TABLE 2.18 City Hamburger Movie Tickets
Cost of a Fast-Food Tokyo 5.99 32.66
Hamburger Meal and London 7.62 28.41
Cost of Two Movie New York 5.75 20.00
Tickets in 10 Cities Sydney 4.45 20.71
Chicago 4.99 18.00
San Francisco 5.29 19.50
Boston 4.39 18.00
Atlanta 3.70 16.00
Toronto 4.62 18.05
Rio de Janeiro 2.99 9.90
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FIGURE 2.15

Microsoft Excel scatter
plot of the cost of a
fast-food hamburger
meal and the cost of
two movie tickets

See Section E2.12 to create
this.

TABLE 2.19

Movie Attendance,
in Billions, from 1999
to 2005
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For each city, you plot the cost of a fast-food hamburger meal on the Xaxis, and the cost of
two movie tickets on the Y axis. Figure 2.15 presents a Microsoft Excel scatter plot for these
two variables.

Although there is some variation, there appears to be a clearly increasing (positive) rela-
tionship between the cost of a fast-food hamburger meal and the cost of two movie tickets. In
other words, cities in which the cost of a fast-food hamburger meal is low seem to also have a
low cost of two movie tickets. Other pairs of variables may have a decreasing (negative) rela-
tionship in which one variable decreases as the other increases. The scatter plot will be studied
again in Chapter 3, when the coefficient of correlation and the covariance are presented, and in
Chapter 13, when regression analysis is developed.

The Time-Series Plot

A time-series plot is used to study patterns in the values of a numerical variable over time.
Each value is plotted as a point in two dimensions with the time period on the horizontal Xaxis
and the variable of interest on the Y axis.

To demonstrate a time-series plot, you can examine the yearly movie attendance, in bil-
lions, from 1999 to 2005 (extracted from C. Passy, “Good Night and Good Luck,” Palm Beach
Post, February 5, 2006, p. 1J). Table 2.19 presents the data for the yearly movie attendance (see
the file JEYTTRH). Figure 2.16 is a time-series plot of the movie attendance (in billions) from
1999 to 2005. You can see that although movie attendance increased from 1999 to 2002, it has
declined since then. Attendance in 2005 was below attendance in 1999.

Year Attendance
1999 1.47
2000 1.42
2001 1.49
2002 1.63
2003 1.57
2004 1.53
2005 1.41
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FIGURE 2.16

Microsoft Excel time-
series plot of movie
attendance from 1999
to 2005

See Section E2.13 to create
this.

PROBLEMS FOR SECTION 2.5

Learning the Basics

Feres] 2.36 The following is a set of data from a sam-
ple of n =11 items:
X 7 5 8 3 6 10 12 4 9 15 18
Y 21 15 24 9 18 30 36 12 27 45 54

a. Construct a scatter plot.
b. Is there a relationship between Xand Y? Explain.

e 2.37 The following is a series of annual sales

ASSIST | (in millions of dollars) over an 11-year period
(1996 to 2006):

Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Sales 13.0 17.0 19.0 20.0 20.5 20.5 20.5 20.0 19.0 17.0 13.0

a. Construct a time-series plot.

b. Does there appear to be any change in real annual sales
over time? Explain.

Applying the Concepts

2.38 There are several methods for calculating
Icsie| fuel economy. The following table (contained in
the file indicates the mileage as cal-

culated by owners and by current government standards:

Car Owner Government
2004 Honda Civic Hybrid 48.8 47.6
2002 Ford Explorer 16.8 18.3
2005 Toyota Camry 23.7 28.5
2003 Toyota Corolla 32.8 33.1
2005 Toyota Prius 37.3 56.0

a. Construct a scatter plot with owner mileage on the Xaxis
and current government standards mileage on the Y axis.

b. Does there appear to be a relationship between owner
and current government standards mileage? If so, is the
relationship positive or negative?

2.39 The file TR contains data on the calories and
total fat, in grams per serving, for a sample of 20 chicken
sandwiches from fast-food chains:

Car Owner Government
2005 Ford F-150 14.3 16.8
2005 Chevrolet Silverado 15.0 17.8
2002 Honda Accord LX 27.8 26.2
2002 Honda Civic 27.9 34.2

Sandwich Calories Fat
Wendy’s Ultimate Chicken Grill 360 7
Baja Fresh Original Baja Taco

with Charbroiled Chicken 370 8
Burger King Smoky BBQ Fire

Grilled Chicken Baguette 380 4
Quiznos Sub Honey Bourbon

Chicken on wheat bread 400 5
McDonald%s Chicken McGrill 400 16
Blimpie Grilled Chicken Hot Sub 470 20
Subway Oven Roasted Chicken Breast 470 20
Blimpie Buffalo Chicken Hot Sub 500 24
Wendy’s Spicy Chicken Fillet 510 19

(continued)
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Sandwich Calories Fat
Taco Bell Ranchero Chicken Soft Taco

(two tacos) 540 30
KFC Oven Roasted Chicken Tender

Wrap 550 23
Subway Buffalo Chicken Sub 550 30
Burger King Chicken Whopper 570 25
Au Bon Pain Arizona Chicken 580 19
Boston Market Rotisserie Chicken

Carver 640 29
Chipolte Soft Tacos with Chicken

(three tacos) 660 29
Cosi Grilled Chicken with Tomato,

Basil, and Mozzarella 720 30
Atlanta Bread Company Chargrilled

Chicken Pesto Panini 740 30
Corner Bakery Café Chicken Pomodori

Panini 910 40
Panera Bread Tuscan Chicken on

Rosemary & Onion Focaccia 950 56

Source: Extracted fom “Fast pod: Adding Health to the Menu,”
Consumer Reports, Seprember 2004, pp. 28-31.

a. Construct a scatter plot with calories on the X axis and
total fat on the Y axis.

b. What conclusions can you reach about the relationship
between the calories and total fat in chicken sandwiches?

2.40 College basketball is big business, with coaches’

salaries, revenues, and expenses in millions of dollars.

The data file contains the coaches’

salary and revenue for college basketball at selected

schools in a recent year (extracted from R. Adams, “Pay

for Playoffs,” The Wall Street Journal, March 11-12,

2006, pp. P1, P8).

a. Construct a scatter plot with coaches’ salaries on the X
axis and revenue on the Y axis.

b. What conclusions can you reach about the relationship
between the coach’s salary and the revenue?

¢. You would expect a school with a higher revenue to have
a higher coach’ salary? Is this borne out by the data?

2.41 College football players trying out for the NFL are

given the Wonderlic standardized intelligence test. The data

file contains the average Wonderlic scores of

football players trying out for the NFL and the graduation

rate for football players at selected schools (extracted from

S. Walker, “The NFLs Smartest Team,” The Wall Street

Journal, September 30, 2005, pp. W1, W10).

a. Construct a scatter plot with average Wonderlic score on
the Xaxis and graduation rate on the Y axis.

b. What conclusions can you reach about the relationship
between the average Wonderlic score and graduation
rate?
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2.42 The US. Bureau of Labor Statistics compiles data on
a wide variety of workforce issues. The following table
(contained in the file [IENEIEEH) gives the monthly sea-
sonally adjusted civilian unemployment rate for the United
States from 2000 to 2005:

Month 2000 2001 2002 2003 2004 2005

January 4.0 4.2 5.7 5.8 5.7 5.2
February 4.1 42 57 59 5.6 5.4

March 4.0 4.3 5.7 5.9 5.7 5.1
April 3.8 4.4 5.9 6.0 5.5 5.1
May 4.0 4.3 5.8 6.1 5.6 5.1
June 4.0 4.5 5.8 6.3 5.6 5.0
July 4.0 4.6 5.8 6.2 5.5 5.0

August 4.1 4.9 5.7 6.1 5.4 4.9
September 3.9 5.0 5.7 6.1 5.4 5.1
October 3.9 5.3 5.7 6.0 5.4 4.9
November 3.9 5.5 5.9 5.9 5.4 5.0
December 3.9 5.7 6.0 5.7 5.4 4.9

Source: US. Bureau of Labor Statistics, www.bls.gov, Sept. 19,
2006.

a. Construct a time-series plot of the U.S. unemployment
rate.
b. Does there appear to be any pattern?

2.43 In 2005, five million people in the United States
subscribed to online dating services. The subscribers spent,
on average, $99 for the services provided, thus generating
nearly $500 million for the online dating companies. The
following table (contained in the file gives the
number of subscribers (in millions) to U.S. dating Web
sites from 2000 to 2005:

Number of Subscribers

Year (millions)
2000 0.7
2001 1.6
2002 2.8
2003 4.3
2004 4.7
2005 5.0

Source: Extracted fom “Making an E-Match,” National Geographic,
February, 2006, p. 128.

a. Construct a time-series plot.

b. Do you think the number of subscribers is increasing or
decreasing? Do you think the rate of growth is increas-
ing or decreasing? Explain.

2.44 The following table contained in the file
1o [T (extracted from “Price of Sickness
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Rising,” USA Today, April 7, 2006, p. Al ), shows the aver- Year Deals
age price of prescription drugs from 2000 to 2004: 1995 715
Year Price ($) 1996 865
2000 46 1997 708
1998 861

2001 50
1999 931

2002 55
2000 939

2003 60
2004 64 2001 1,031
2002 893
a. Construct a time-series plot for the average price of pre- A0S 23
o 2004 759

scription drugs from 2000 to 2004.

b. What pattern, if any, is present in the data? 2005 L0
’ ’ 2006 622

c¢. If you had to make a prediction of the average price of

prescription drugs in 2005, what would you predict?

2.45 The following data, contained in the file FEEFRL. a. Construct a time-series plot.

provide the number of mergers and acquisitions made dur-

b. What pattern, if any, is present in the data?

ing January 1 through January 11 of each year from 1995 to c. If you had to make a prediction of the mergers and

2006 (extracted from “Back of the Envelope,” The New York
Times, January 13, 2006, p. C7):

2.6

FIGURE 2.17

“Improper” display of
Australian wine exports
to the United States,

in millions of gallons

Source: Adapted fom S.
Watterson, “Liquid Gold—
Australians Are Changing

the World o fWine. Even the
French Seem Grate fil,” Time,
November 22, 1999, p. 68.

acquisitions made during January 1 through January 11,
2007, what would you predict?

MISUSING GRAPHS AND ETHICAL ISSUES

Good graphical displays reveal what the data convey. Unfortunately, many graphs presented in
newspapers and magazines as well as graphs that can be developed using the Chart Wizard of
Microsoft Excel either are incorrect, misleading, or so unnecessarily complicated that they
should never be used. To illustrate the misuse of graphs, the graph presented in Figure 2.17 is
similar to one that was printed in 7ime magazine as part of an article on increasing exports of
wine from Australia to the United States.

We're drinking more . . .
Australian wine exports to the U.S.
in millions of gallons

3.67
2.25
1.04

1989 1992 1995 1997

In Figure 2.17, the wineglass icon representing the 6.77 million gallons for 1997 does not
appear to be almost twice the size of the wineglass icon representing the 3.67 million gallons
for 1995, nor does the wineglass icon representing the 2.25 million gallons for 1992 appear to
be twice the size of the wineglass icon representing the 1.04 million gallons for 1989. Part of
the reason for this is that the three-dimensional wineglass icon is used to represent the two
dimensions of exports and time. Although the wineglass presentation may catch the eye, the
data should instead be presented in a summary table or a time-series plot.

In addition to the type of distortion created by the wineglass icons in the Time magazine
graph displayed in Figure 2.17, improper use of the vertical and horizontal axes leads to distor-
tions. Figure 2.18 presents another graph used in the same 7ime magazine article.
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FIGURE 2.18

“Improper” display of
amount of land planted
with grapes for the wine
industry

Source: Adapted fom S.
Watterson, “Liquid Gold—
Australians Are Changing the
World o fWine. Even the French
Seem Grate fil,” Time,
November 22, 1999, pp. 68—69.

FIGURE 2.19

Plot of market share
of soft drinks in 1999

Source: Adapted fom Anne B.
Careyand Sam Ward, “Coke
Still Has Most Fizz,” USA
Today, May 10, 2000, p. 1B.

2.6: Misusing Graphs and Ethical Issues 63

...they’re growing more... 1997-1998
Amount of land planted with grapes for the wine industry 2:2;224

1979-1980
172,075
acres
1949-1950
135,326
acres
1969-1970
150,300 1989-1990
acres 146,204
acres
1959-1960
130,201
acres

There are several problems in this graph. First, there is no zero point on the vertical axis.
Second, the acreage of 135,326 for 1949 to 1950 is plotted above the acreage of 150,300 for
1969 to 1970. Third, it is not obvious that the difference between 1979 to 1980 and 1997 to
1998 (71,569 acres) is approximately 3.5 times the difference between 1979-1980 and
1969-1970 (21,775 acres). Fourth, there are no scale values on the horizontal axis. Years are
plotted next to the acreage totals, not on the horizontal axis. Fifth, the values for the time
dimension are not properly spaced along the horizontal axis. The value for 19791980 is much
closer to 1989-1990 than it is to 1969-1970.

Other types of eye-catching displays that you typically see in magazines and newspapers
often include information that is not necessary and just adds excessive clutter. Figure 2.19 rep-
resents one such display. The graph in Figure 2.19 shows those products with the largest mar-
ket share for soft drinks in 1999. The graph suffers from too much clutter, although it is
designed to show the differences in market share among the soft drinks. The display of the fizz
for each soft drink takes up too much of the graph relative to the data. The same information
could have been conveyed with a bar chart or pie chart.

Coke still has most fizz
Carbonated soft drinks with the biggest
share of the $58 billion market last year:

Coke Classic
20%

Pepsi-Cola
14%  Diet
Cooke Mountain
9% Dew  Sprite Dr Pepper
7% 7% 6%

Some guidelines for developing good graphs are as follows:

= The graph should not distort the data.
= The graph should not contain unnecessary adornments (sometimes referred to as
chartjunk).
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FIGURE 2.20

“Poor-style” 3-D pie
chart

= Any two-dimensional graph should contain a scale for each axis.

=  The scale on the vertical axis should begin at zero.

= All axes should be properly labeled.

= The graph should contain a title.

= The simplest possible graph should be used for a given set of data.

Often these guidelines are unknowingly violated by individuals unaware of how to construct
appropriate graphs. However, ethical issues arise when these guidelines are purposely violated
in an effort to mislead the reader.

Microsoft Excel Graphs

Unfortunately, to some extent, Microsoft Excel encourages you to violate these guidelines
when you use the Chart feature to create graphs. Microsoft Excel offers you many types of
unusual charts, such as doughnut, radar, surface, bubble, cone, and pyramid charts, that
obscure the data for most analyses. Even for the simple graphs discussed in this chapter,
Microsoft Excel creates graphs with unnecessary adornments or other examples of poor style.
Fortunately, for the types of graphs discussed in this text, you will find instructions in Excel
Companion sections that correct the style errors that Excel makes.

Oddly, many of the sample graphs used in marketing or educational materials by Microsoft
for Microsoft Excel 2007, feature “three-dimensional” charts, such as the 3-D pie chart shown
in Figure 2.20. Although you may see many examples of such “3-D” charts in Microsoft-
supplied materials, you should avoid creating this type of chart as the prospective of the faked third
dimension serves only to distort the relative proportions of each category shown on the chart.

PROBLEMS FOR SECTION 2.6

Applying the Concepts

2.46 (Student Project) Bring to class a chart from a
newspaper or magazine that you believe to be a poorly
drawn representation of a numerical variable. Be prepared
to submit the chart to the instructor with comments as to
why you believe it is inappropriate. Do you believe that the
intent of the chart is to purposely mislead the reader? Also,
be prepared to present and comment on this in class.

2.47 (Student Project) Bring to class a chart from a
newspaper or magazine that you believe to be a poorly

drawn representation of a categorical variable. Be pre-
pared to submit the chart to the instructor with comments
as to why you consider it inappropriate. Do you believe
that the intent of the chart is to purposely mislead the
reader? Also, be prepared to present and comment on this
in class.

2.48 (Student Project) Bring to class a chart from a
newspaper or magazine that you believe to contain too
many unnecessary adornments (i.e., chartjunk) that may
cloud the message given by the data. Be prepared to submit
the chart to the instructor with comments about why you
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think it is inappropriate. Also, be prepared to present and
comment on this in class.

2.49 The following visual display contains an overem-
bellished chart similar to one that appeared in USA Today,
dealing with the number of deaths from lightning strikes in
the United States:

Lightning strike fatalities decline
Number of deaths from lightning strikes

1942-51
1952-61
1962-71
1972-81
1,652
1,298
, 1982—
674 982-91

3,048

1992-

733 2001
518

a. Describe at least one good feature of this visual display.

b. Describe at least one bad feature of this visual display.

¢. Redraw the graph, using the guidelines given on
pages 63 and 64.

2.50 The following visual display is similar to one that
appeared in USA Today concerning the relative size of
police departments in major U.S. cities:

Highest police-resident ratio

Of the USA's 50 largest police forces, these cities have the
highest number of full-time officers per 10,000 residents:

67

52 52
49 46 46 46

Washington New York Newark, N.J. Chicago Philadelphia St. Louis Baltimore

2.6: Misusing Graphs and Ethical Issues 65

a. Indicate a feature of this chart that violates the princi-
ples of good graphs.

b. Set up an alternative graph for the data provided in this
figure.

2.51 The following visual display concerning where the
United States gets its electricity is similar to one that
appeared in USA Today.

Coal is top electricity source
60 Where USA gets its electricity:

50
40
30
20

10

Wind Other
Power

Coal Nuclear Gas Hydro Oil

a. Describe at least one good feature of this visual display.

b. Describe at least one bad feature of this visual display.

c. Redraw the graph, using the guidelines given on
pages 63 and 64.

2.52 An article in The New York Times (Donna Rosato,
“Worried About the Numbers? How About the Charts?”
The New York Times, September 15, 2002, p. B7) reported
on research done on annual reports of corporations by
Professor Deanna Oxender Burgess of Florida Gulf Coast
University. Professor Burgess found that even slight distor-
tions in a chart changed readers’ perception of the informa-
tion. The article displayed sales information from the
annual report of Zale Corporation and showed how results
were exaggerated.

Go to the World Wide Web or the library and study the
most recent annual report of a selected corporation. Find at
least one chart in the report that you think needs improve-
ment and develop an improved version of the chart.
Explain why you believe the improved chart is better than
the one included in the annual report.

2.53 Figures 2.1, 2.3, and 2.6 consist of a bar chart, a pie
chart, and a Pareto diagram for how respondents would
spend $1,000.
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a. Use the Chart Wizard of Microsoft Excel to construct a
doughnut chart, a cone chart, and a pyramid chart for
how respondents spend $1,000.

b. Which graphs do you prefer—the bar chart, pie chart,
and Pareto diagram or the doughnut chart, cone chart,
and pyramid chart? Explain.

2.54 Figures 2.2 and 2.4 consist of a bar chart and a pie
chart for the risk level for the mutual fund data.

a. Use the Chart Wizard of Microsoft Excel to develop a
doughnut chart, a cone chart, and a pyramid chart for the
risk level of the mutual funds.

b. Which graphs do you prefer—the bar chart and pie chart
or the doughnut chart, cone chart, and pyramid chart?
Explain.

SUMM ARY

As you can see in Table 2.20, this chapter discusses data
presentation. You have used various tables and charts to
draw conclusions about spending an extra $1,000, about the
cost of restaurant meals in a city and its suburbs, and about
the set of mutual funds that were first introduced in the

TABLE 2.20

Using Statistics scenario at the beginning of the chapter.
Now that you have studied tables and charts, in Chapter 3
you will learn about a variety of numerical descriptive
measures useful for data analysis and interpretation.

Type of Data

Roadmap for Selecting Type of Analysis

Numerical

Categorical

Tables and Charts . ..
Tabulating, organizing,

and graphically presenting
the values of a variable

Graphically presenting the
relationship between two

Ordered array, stem-and-leaf
display, frequency distribution,

Summary table, bar chart,
pie chart, Pareto diagram

relative frequency distribution, (Section 2.1)

percentage distribution,

cumulative percentage

distribution, histogram, polygon,

cumulative percentage polygon

(Sections 2.2 and 2.3)

Scatter plot, time-series Contingency table,

plot (Section 2.5) side-by-side bar chart
(Section 2.4)

variables

KEY TERMS

bar chart 33
cells 55 51
chartjunk 63

class boundaries 44
class grouping 44
class midpoint 44 51
contingency table 55 ordered array 41
cross tabulations 54

cumulative percentage distribution

histogram 48

Pareto principle

47 percentage distribution 46

cumulative percentage polygon (ogive)
frequency distribution 44

ogive (cumulative percentage polygon)

Pareto diagram 35

percentage polygon 50

pie chart 34

range 44

relative frequency distribution 46
scatter plot 58

side-by-side bar chart 56
stem-and-leaf display 41
summary table 33

time-series plot 59

width of class interval 44
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Chapter Review Problems 67

CHAPTER REVIEW PROBLEMS

Checking Your Understanding

FIeres 2.55 How do histograms and polygons differ in
terms of construction and use?

Rlee 2.56 Why would you construct a summary

table?

e 2.57 What are the advantages and/or disadvan-
tages of using a bar chart, a pie chart, or a Pareto
diagram?

FiEre| 2.58 Compare and contrast the bar chart for cate-
gorical data with the histogram for numerical data.

2.59 Whatis the difference between a time-series plot and
a scatter plot?

e 2.60 Why is it said that the main feature of the
Pareto diagram is its ability to separate the “vital
few” from the “trivial many”? Discuss.

FIEres] 2.61 What are the three different ways to break
down the percentages in a contingency table?

Applying the Concepts
2.62 The following data represent the breakdown of the
price of a new college textbook:

2.63 The following data represent the global market share
for plasma TVs and LCD TVs in the fourth quarter of 2005:

Revenue Categories Percentage

Publisher 64.8
Manufacturing costs 32.3
Marketing and promotion 15.4
Administrative costs and taxes 10.0
After-tax profit 7.1

Bookstore 22.4
Employee salaries and benefits 11.3
Operations 6.6
Pretax profit 4.5

Author 11.6

Freight 1.2

Source: Extracted fom T. Lewin, “When Books Break the Bank,”
The New York Times, Seprember 16, 2003, pp. Bl, B4.

a. Using the four categories publisher, bookstore, author,
and freight, construct a bar chart, a pie chart, and a
Pareto diagram.

b. Using the four subcategories of publisher and three sub-
categories of bookstore along with the author and
freight categories, construct a Pareto diagram.

¢. Based on the results of (a) and (b), what conclusions can
you reach concerning who gets the revenue from the
sales of new college textbooks? Do any of these results
surprise you? Explain.

Plasma LCD
Company TVs (%) Company TVs (%)
Hitachi 7.3 LGE 6.5
LGE 15.4 Phillips/Magnavox 14.2
Panasonic 26.0 Samsung 11.6
Phillips 13.3 Sharp 13.6
Samsung 14.4 Sony 14.6
Others 23.6 Others 39.5

Source: Extracted fomY. Kkageyama, “Flat-Panel TVs Proving
Savior o fJa panese Electronics Makers,” The Palm Beach Post,
April 23, 2006, p. F3.

a. For plasma TVs and LCD TVs, separately construct a
bar chart, a pie chart, and a Pareto diagram.

b. Based on the results of (a), explain how the market share
of plasma TVs differs from the market share of LCD
TVs.

2.64 The following data represent energy consumption
and renewable energy consumption in the United States in
2005:

Renewable
Energy Source %* Energy Source %*
Coal 23.0  Ethanol 10.1
Hydroelectric power 2.7  Geothermal 10.8
Natural gas 22.2  Solar 1.9
Nuclear electric power 8.1 Waste 17.1
Petroleum 40.5  Wind 4.5
Renewable fuels 3.3 Wood 55.5

*Percentages do not add to 100%
due to rounding.

Source: Energy In prmation
Administration, 2006.

*Percentages do not add to
100% due to rounding.
Source: Energy In prmation
Administration, 2006.

a. For energy consumption and renewable energy con-
sumption, separately construct a bar chart, a pie chart,
and a Pareto diagram.

b. Based on the results of (a), what conclusions can you
reach about energy consumption and renewable energy
consumption in the United States in 2005?

2.65 The data on page 68 represent proven conventional
oil reserves, in billions of barrels, subdivided by region and
country:
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68 CHAPTER TWO Presenting Data in Tables and Charts

Proven Conventional 2.66 In the aftermath of the attacks of September 11,
Reserves 2001, statisticians at the National Center for Health
Region and Country (Billions of Barrels) Statistics became more concerned with their ability to
North America 548 track and classify victims of terrorism (E. Weinstein,
Mexico 283 “Tracking Terror’s Rising Toll,” The Wall Street Journal,
US. 1.8 January 25, 2002, p. Al3). The following data represents
Canada 47 deaths due to terrorism on U.S. soil from 1990 to 2001 and
Central and South America 952 also the deaths in the United States in 2000 due to various
Venezuela 76.9 causes.
Brazil 8.1 Deaths Due to Terrorism
Other Central and Year in the United States
South America 10.2
Western Euro pe 17.2 1990 0
Norway 9.5 1991 L
Britain 5.0 1992 0
Other Western Europe 2.7 1993 6
Afica 74.9 1994 !
Libya 29.5 1995 160
Nigeria 225 1996 2
Algeria 9.2 1997 v
Angola 5.4 oL !
Other Africa 8.3 1558 3
Middle East 683.6 AU v
Saudi Arabia 259.2 — 2,717
Iraq 112.5
United Arab Emirates 97.8 Deaths, in
Kuwait 94.0 Cause Thousands
Iran 89.7 .
Qatar 13.2 Smoke and fire 3.3
Oman 55 Accidental drowning 33
Other Middle East 11.7 Alcohol-induced deaths 18.5
Far East and Oceania 44.0 Alzheimer’s .dlsease 49.0
China 24.0 Assault by firearms 10.4
Indonesia 50 Assault by non-firearms 5.7
India 4.7 Asthma 4.4
Other Far East and Oceania 10.3 Cancer ) ol
Eastern Europe and Former USSR 59.0 Strokes and related diseases 166.0
Russia 48.6 Emphysema 16.9
Kazakhstan 54 Diabetes 68.7
Other Eastern Europe and Heart disease 0.0
Former USSR 5.0 Falls 12.0
HIV 14.4
Source: U.S. De partment o fEnergy. Influenza and pneumonia 67.0
Injuries at work 5.3
Motor vehicle accidents 41.8
a. Using the set of countries, construct a bar chart, a pie Suicide 28.3
chart, and a Pareto diagram. Drug-related deaths 15.9
b. Using the set of regions, construct a bar chart, a pie
chart, and a Pareto diagram. Source: Federal Bureau o fCriminal Justice Statistics, National

Center pr Health Statistics, National Highway Trans portation

¢. Which graphical method do you think is best to portray Sa fity Administration, Department o fDe fnse.

these data?

d. Based on the results of (a) and (b), what conclusions can a. Construct a time-series plot of deaths due to terrorism
you make concerning the proven conventional oil on U.S. soil. Is there any pattern to the deaths due to ter-
reserves for the different countries and regions? rorism on U.S. soil between 1990 and 2001 ?
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b. For the deaths, in thousands, due to different causes,
construct a bar chart, a pie chart, and a Pareto diagram.

¢. Which graphical method do you think is best to portray
these data?

d. Based on the results of (c¢), what conclusions can you
make concerning the deaths in the United States in 2000
due to various causes?

2.67 The owner of a restaurant serving Continental-style
entrées is interested in studying patterns of patron demand
for the Friday-to-Sunday weekend time period. Records are
maintained that indicate the type of entrée ordered. The
data are as follows:

Type of Entrée Number Served
Beef 187
Chicken 103
Duck 25
Fish 122
Pasta 63
Shellfish 74
Veal 26

a. Construct a percentage summary table for the types of
entrées ordered.

b. Construct a bar chart, a pie chart, and a Pareto diagram
for the types of entrées ordered.

¢. Do you prefer a Pareto diagram or a pie chart for these
data? Why?

d. What conclusions can the restaurant owner draw con-
cerning demand for different types of entrées?

2.68 Suppose that the owner of the restaurant in
Problem 2.67 is also interested in studying the demand
for dessert during the same time period. She decided that
two other variables, along with whether a dessert was
ordered, are to be studied: the gender of the individual
and whether a beef entrée is ordered. The results are as
follows:

GENDER
DESSERT ORDERED Male Female Total
Yes 96 40 136
No 24 240 464
Total 320 280 600
BEEF ENTREE
DESSERT ORDERED Yes No Total
Yes 71 65 136
No 16 348 464
Total 187 413 600

Chapter Review Problems 69

a. For each of the two contingency tables, construct a con-
tingency table of row percentages, column percentages,
and total percentages.

b. Which type of percentage (row, column, or total) do you
think is most informative for each gender? for beef
entrée? Explain.

¢. What conclusions concerning the pattern of dessert
ordering can the owner of the restaurant reach?

2.69 An article in The New York Times (William
McNulty and Hugh K. Truslow, “How It Looked Inside
the Booth,” The New York Times, November 6, 2002) pro-
vided the following data on the method for recording
votes in 1980, 2000, and 2002, broken down by percent-
age of counties in the United States using each method
and the percentage of registered voters using each method.
The results are as follows:

Percentage of
Counties Using

Method 1980 2000 2002
Punch cards 18.5 18.5 15.5
Lever machines 36.7 14.4 10.6
Paper ballots 40.7 11.9 10.5
Optical scan 0.8 41.5 43.0
Electronic 0.2 9.3 16.3
Mixed 3.1 4.4 4.1

Percentage

of Registered

Voters Using

Method 1980 2000 2002
Punch cards 31.7 31.4 22.6
Lever machines 42.9 17.4 15.5
Paper ballots 10.5 1.5 1.3
Optical scan 2.1 30.8 31.8
Electronic 0.7 12.2 19.6
Mixed 12.0 6.7 9.3

a. Construct separate pie charts for each year for the per-
centage of counties and the percentage of registered vot-
ers using the various methods.

b. Construct side-by-side bar charts, by year, for the per-
centage of counties and the percentage of registered vot-
ers using the various methods.

c¢. Which type of graphical display is more helpful in
depicting the data? Explain.

d. What differences are there in the results for the counties
and the registered voters?

2.70 In summer 2000, a growing number of warranty
claims on Firestone tires sold on Ford SUVs prompted
Firestone and Ford to issue a major recall. An analysis of
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70 CHAPTER TWO Presenting Data in Tables and Charts

warranty-claims data helped identify which models to
recall. A breakdown of 2,504 warranty claims based on tire
size is given in the following table:

Tire Size Warranty Claims

23575R15 2,030
311050R15 137
30950R15 82
23570R16 81
331250R15 58
25570R16 54
Others 62

Source: Extracted fom Robert L. Simison, “Ford Steps U p Recall
Without Firestone,” The Wall Street Journal, August 14, 2000, p. A3.

The 2,030 warranty claims for the 23575R15 tires can
be categorized into ATX models and Wilderness models.
The type of incident leading to a warranty claim, by model
type, is summarized in the following table:

ATX Model Wilderness
Warranty Warranty
Incident Claims Claims
Tread separation 1,365 59
Blowout 77 41
Other/unknown 422 66
Total 1,864 166

Source: Extracted fom Robert L. Simison, “Ford Steps U p Recall
Without Firestone,” The Wall Street Journal, August 14, 2000, p. A3.

a. Construct a Pareto diagram for the number of warranty
claims by tire size. What tire size accounts for most of
the claims?

b. Construct a pie chart to display the percentage of the
total number of warranty claims for the 23575R15 tires
that come from the ATX model and Wilderness model.
Interpret the chart.

c¢. Construct a Pareto diagram for the type of incident caus-
ing the warranty claim for the ATX model. Does a cer-
tain type of incident account for most of the claims?

d. Construct a Pareto diagram for the type of incident caus-
ing the warranty claim for the Wilderness model. Does a
certain type of incident account for most of the claims?

2.71 One of the major measures of the quality of service
provided by any organization is the speed with which the
organization responds to customer complaints. A large
family-held department store selling furniture and flooring,
including carpet, had undergone a major expansion in the
past several years. In particular, the flooring department
had expanded from 2 installation crews to an installation
supervisor, a measurer, and 15 installation crews. During a

recent year, the company got 50 complaints concerning
carpet installation. The following data (contained in the
file [MIATIEE ) represent the number of days between
the receipt of the complaint and the resolution of the
complaint:

54 5 35137 31 27152 2123 81 74 27
11 19 126 110 110 29 61 35 94 31 26 5
12 4165 32 2928 2926 25 11413
1310 5 27 452 3022 36 26 20 23
33 68

a. Construct a frequency distribution and a percentage

distribution.

b. Construct a histogram and a percentage polygon.

. Form a cumulative percentage distribution and plot a
cumulative percentage polygon (ogive).

. On the basis of the results of (a) through (c), if you had
to tell the president of the company how long a customer
should expect to wait to have a complaint resolved, what
would you say? Explain.

(]

(=9

2.72 Data concerning 58 of the best-selling domes-
tic beers in the United States are located in the file
FENTTY e ® . The values for three variables are
included: percentage alcohol, number of calories per 12
ounces, and number of carbohydrates (in grams) per 12
ounces.

Source: Extracted fom www.Beer100.com, March 31, 2006.

a. Construct a histogram for each of the three variables.

b. Construct three scatter plots: percentage alcohol versus
calories, percentage alcohol versus carbohydrates, and
calories versus carbohydrates.

c. Discuss the information you learned from studying the
graphs in (a) and (b).

2.73 The data in the file are the per-capita

spending, in thousands of dollars, for each state in 2004.

a. Develop an ordered array.

b. Construct a frequency distribution and a percentage
distribution.

c. Plot a percentage histogram.

d. What conclusions can you reach about the differences in
federal per-capita spending between the states?

2.74 The data in the file VIR are the yields for a

money market account, a one-year certificate of deposit

(CD), and a five-year CD for 40 banks in south Florida, as

of December 20, 2005 (extracted from Bankrate.com,

December 20, 2005).

a. Construct a histogram for each of the three variables.

b. Construct three scatter plots: money market account
versus one-year CD, money market account versus five-
year CD, and one-year CD versus five-year CD.
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c. Discuss the information you learned from studying the
graphs in (a) and (b).

2.75 The data in the file B represent the total com-

pensation (in $millions) of CEOs of the 100 largest com-

panies, by revenue (extracted from “Special Report:

Executive Compensation,” US4 Today, April 10, 2006,

pp- 3B, 4B).

a. Construct a frequency distribution and a percentage dis-
tribution.

b. Construct a histogram and a percentage polygon.

c. Construct a cumulative percentage distribution and plot
a cumulative percentage polygon (ogive).

d. Based on (a) through (c), what conclusions can you
reach concerning CEO compensation in 2005?

2.76 Studies conducted by a manufacturer of “Boston”
and “Vermont” asphalt shingles have shown product
weight to be a major factor in customers’ perception of
quality. Moreover, the weight represents the amount of raw
materials being used and is therefore very important to the
company from a cost standpoint. The last stage of the
assembly line packages the shingles before the packages
are placed on wooden pallets. When a pallet is full (a pallet
for most brands holds 16 squares of shingles), it is weighed,
and the measurement is recorded. The company expects
pallets of its “Boston” brand-name shingles to weigh at
least 3,050 pounds but less than 3,260 pounds. For the
company’ “Vermont” brand-name shingles, pallets should
weigh at least 3,600 pounds but less than 3,800. The data
file FEIE®H contains the weights (in pounds) from a sam-
ple of 368 pallets of “Boston” shingles and 330 pallets of

“Vermont” shingles.

a. For the “Boston” shingles, construct a frequency distrib-
ution and a percentage distribution having eight class
intervals, using 3,015, 3,050, 3,085, 3,120, 3,155, 3,190,
3,225, 3,260, and 3,295 as the class boundaries.

b. For the “Vermont” shingles, construct a frequency dis-
tribution and a percentage distribution having seven
class intervals, using 3,550, 3,600, 3,650, 3,700, 3,750,
3,800, 3,850, and 3,900 as the class boundaries.

c. Construct histograms for the “Boston” shingles and for
the “Vermont” shingles.

d. Comment on the distribution of pallet weights for the
“Boston” and “Vermont” shingles. Be sure to identify
the percentage of pallets that are underweight and
overweight.

2.77 Do marketing promotions, such as bobble-head give-
aways, increase attendance at Major League Baseball
games? An article in Sport Marketing Quarterly reported
on the effectiveness of marketing promotions (extracted
from T. C. Boyd and T. C. Krehbiel, “An Analysis of
the Effects of Specific Promotion Types on Attendance
at Major League Baseball Games,” Mid-American Journal

Chapter Review Problems 71

o f Business, Vol. 21, 2006, pp. 21-32). The data file
includes the following variables for the Kansas
City Royals during the 2002 baseball season:
GAME = Home games in the order they were played
ATTENDANCE = Paid attendance for the game
PROMOTION 1 = If a promotion was held; 0 = if no
promotion was held

a. Construct a percentage histogram for the attendance
variable. Interpret the histogram.

b. Construct a percentage polygon for the attendance vari-
able. Interpret the polygon.

¢. Which graphical display do you prefer, the one in (a) or
(b)? Explain.

d. Construct a graphical display containing two percent-
age polygons for attendance—one for the 43 games
with promotions and the second for the 37 games
without promotions. Compare the two attendance
distributions.

2.78 The data in the file e indicate fat and choles-
terol information concerning popular protein foods (fresh
red meats, poultry, and fish).

Source: U.S. De partment o fAgriculture.

For the data relating to the number of calories and the

amount of cholesterol for the popular protein foods:

a. Construct a frequency distribution and a percentage
distribution.

b. Construct a histogram and a percentage polygon.

¢. Form a cumulative percentage distribution and plot a
cumulative percentage polygon.

d. What conclusions can you draw from these analyses?

2.79 The data in the file EEr8 1 represent the results of

the American Community Survey, a sampling of house-

holds taken in all states during the 2000 U.S. Census. For

each of the variables average travel-to-work time in min-

utes, percentage of homes with eight or more rooms,

median household income, and percentage of mortgage-

paying homeowners whose housing costs exceed 30% of

income:

a. Construct a frequency distribution and a percentage
distribution.

b. Construct a histogram and a percentage polygon.

¢. Construct a cumulative percentage distribution and plot
a cumulative percentage polygon.

d. What conclusions about these four variables can you
make based on the results of (a) through (c¢)?

2.80 The economics of baseball has caused a great deal of
controversy, with owners arguing that they are losing
money, players arguing that owners are making money, and
fans complaining about how expensive it is to attend a
game and watch games on cable television. In addition to
data related to team statistics for the 2001 season, the file
[FLLEE contains team-by-team statistics on ticket prices;
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the fan cost index; regular-season gate receipts; local tele-

vision, radio, and cable receipts; all other operating rev-

enue; player compensation and benefits; national and other
local expenses; and income from baseball operations. For
each of these variables,

a. Construct a frequency distribution and a percentage
distribution.

b. Construct a histogram and a percentage polygon.

c. Construct a cumulative percentage distribution and plot
a cumulative percentage polygon.

d. Construct a scatter plot to predict the number of wins on
the Y axis from the player compensation and benefits on
the X axis. What conclusions can you reach based on
this scatter plot?

e. What conclusions about these variables can you reach
based on the results of (a) through (d)?

2.81 InSection 2.5 on page 59, a scatter plot of the rela-
tionship between the cost of a fast-food hamburger meal
and the cost of movie tickets in 10 different cities was
constructed. The data file also includes
the overall cost index, the monthly rent for a two-bed-
room apartment, the cost of a cup of coffee with service,
the cost of dry cleaning a men’s blazer, and the cost of
toothpaste.

a. Construct six separate scatter plots. For each, use the
overall cost index as the Y axis. Use the monthly rent
for a two-bedroom apartment, the costs of a cup of cof-
fee with service, a fast-food hamburger meal, dry
cleaning a men’s blazer, toothpaste, and movie tickets
as the Xaxis.

b. What conclusions can you reach about the relationship
of the overall cost index to these six variables?

2.82 In Problem 2.39 on page 60, using the data set

ETERH, you constructed a scatter plot of calories with

the total fat content of chicken sandwiches.

a. Construct a scatter plot of calories on the Y axis and car-
bohydrates on the X axis.

b. Construct a scatter plot of calories on the Y axis and
sodium on the Xaxis.

¢. Which variable (total fat, carbohydrates, or sodium)
seems to be most closely related to calories? Explain.

2.83 The data file FEIE Y contains the weekly average
price of gasoline in the United States from March 1, 2004,
to March 6, 2006. Prices are in dollars per gallon.

Source: U.S. De partment o fEnergy, www.eia.doe.gov.

a. Construct a time-series plot.

b. What pattern, if any, is present in the data?

2.84 The data contained in the file ¥ represent the
amount of soft drink filled in a sample of 50 consecutive
2-liter bottles. The results are listed horizontally in the
order of being filled:

2.109 2.086 2.066 2.075 2.065 2.057 2.052 2.044 2.036 2.038
2.031 2.029 2.025 2.029 2.023 2.020 2.015 2.014 2.013 2.014
2.0122.012 2.012 2.010 2.005 2.003 1.999 1.996 1.997 1.992
1.9941.986 1.984 1.981 1.973 1.9751.971 1.969 1.966 1.967
1.9631.9571.951 1.951 1.9471.941 1.941 1.938 1.908 1.894

a. Construct a time-series plot for the amount of soft drink
on the Y axis and the bottle number (going consecutively
from1 to 50) on the Xaxis.

b. What pattern, if any, is present in these data?

c. If you had to make a prediction of the amount of soft
drink filled in the next bottle, what would you predict?

d. Based on the results of (a) through (c), explain why it is
important to construct a time-series plot and not just a
histogram, as was done in Problem 2.27 on page 54.

2.85 The S&P 500 Index tracks the overall movement of
the stock market by considering the stock prices of 500
large corporations. The data file contains
weekly data for this index as well as the weekly closing
stock price for three companies during 2005. The variables
included are:

WEEK —Week ending on date given

S&P —Weekly closing value for the S&P 500 Index

SEARS —Weekly closing stock price for Sears

TARGET —Weekly closing stock price for the Target

SARA LEE —Weekly closing stock price for the Sara Lee

Source: Extracted fom finance.yahoo.com.

a. Construct a time-series plot for the weekly closing val-
ues of the S&P 500 Index, Sears, Target, and Sara Lee.

b. Explain any patterns present in the plots.

¢. Write a short summary of your findings.

2.86 (Class Project) Let each student in the class respond

to the question “Which carbonated soft drink do you most

prefer?” so that the teacher can tally the results into a sum-

mary table.

a. Convert the data to percentages and construct a Pareto
diagram.

b. Analyze the findings.

2.87 (Class Project) Let each student in the class be

cross-classified on the basis of gender (male, female) and

current employment status (yes, no) so that the teacher can

tally the results.

a. Construct a table with either row or column percentages,
depending on which you think is more informative.

b. What would you conclude from this study?

¢. What other variables would you want to know regarding
employment in order to enhance your findings?

Report Writing E xercises

2.88 Referring to the results from Problem 2.76 on page 71
concerning the weight of “Boston” and “Vermont” shingles,
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write a report that evaluates whether the weight of the pallets
of the two types of shingles are what the company expects.
Be sure to incorporate tables and charts into the report.

2.89 Referring to the results from Problem 2.70 on page
69 concerning the warranty claims on Firestone tires, write
a report that evaluates warranty claims on Firestone tires
sold on Ford SUVs. Be sure to incorporate tables and
charts into the report.

Team Project

The data file contains information regard-
ing nine variables from a sample of 838 mutual funds. The
variables are:
Category—Type of stocks comprising the mutual fund
(small cap, mid cap, large cap)
Objective—Objective of stocks comprising the mutual
fund (growth or value)
Assets—In millions of dollars
Fees—Sales charges (no or yes)
Expense ratio—Ratio of expenses to net assets in
percentage
2005 return—Twelve-month return in 2005
Three-year return—Annualized return, 2003—-2005
Five-year return—Annualized return, 20012005
Risk—Risk-of-loss factor of the mutual fund (low,
average, or high)

2.90 For the expense ratio:

a. Construct a histogram.

b. Plot percentage polygons of the expense ratio for mutual
funds that have fees and mutual funds that do not have
fees on the same graph.

c. What conclusions about the expense ratio can you reach
based on the results of (a) and (b)?

2.91 For the five-year annualized return from 2001 to

2005:

a. Construct a histogram.

b. Plot percentage polygons of the five-year annualized
return from 2001 to 2005 for growth mutual funds and
value mutual funds on the same graph.

Managing the Springville Herald 73

c. What conclusions about the five-year annualized return
from 2001 to 2005 can you reach based on the results of
(a) and (b)?

2.92 For the return in 2005:

a. Construct a histogram.

b. Plot percentage polygons of the return in 2005 for
growth mutual funds and value mutual funds on the
same graph.

c¢. What conclusions about the return in 2005 can you
reach based on the results of (a) and (b)?

Student Survey Database

2.93 Problem 1.27 on page 15 describes a survey of
50 undergraduate students (see the file [ EIEEENaE A ).
For these data, construct all the appropriate tables and
charts and write a report summarizing your conclusions.

2.94 Problem 1.27 on page 15 describes a survey of

50 undergraduate students (see the file MEET CE A B0)-

a. Select a sample of 50 undergraduate students at your
school and conduct a similar survey for those students.

b. For the data collected in (a), construct all the appropriate
tables and charts and write a report summarizing your
conclusions.

c¢. Compare the results of (b) to those of Problem 2.93.

2.95 Problem 1.28 on page 15 describes a survey of 50
MBA students (see the file FIEEETIEEH). For these data,
construct all appropriate tables and charts and write a
report summarizing your conclusions.

2.96 Problem 1.28 on page 15 describes a survey of 50

MBA students (see the file FIEEENAAL).

a. Select a sample of 50 MBA students in your MBA pro-
gram and conduct a similar survey for those students.

b. For the data collected in (a), construct all the appropriate
tables and charts and write a report summarizing your
conclusions.

c¢. Compare the results of (b) to those of Problem 2.93.

Managing the Springville Herald

Advertising fees are an important source of revenue for any
newspaper. In an attempt to boost these revenues and to min-
imize costly errors, the management of the Herald has estab-
lished a task force charged with improving customer service
in the advertising department. Open a Web browser and link
to www.prenhall.com/HeraldCase/Ad_Errors.htm (or
open the Ad_Errors.htm file in the Student CD-ROM’
HeraldCase folder) to review the task force’s data collec-

tion. Identify the data that are important in describing the
customer service problems. For each set of data you identify,
construct the graphical presentation you think is most appro-
priate for the data and explain your choice. Also, suggest
what other information concerning the different types of
errors would be useful to examine. Offer possible courses of
action for either the task force or management to take that
would support the goal of improving customer service.
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Web Case

In the Using Statistics scenario, you were asked to gather
in prmation to hel p make wise investment choices. Sources
pr such in prmation include brokerage frms and invest-
ment counselors. Apply your knowledge about the pro per
use o ftables and charts in this Web Case about the claims
o f presight and excellence by a Springville fnancial ser-
vices frm.

Visit the EndRun Financial Services Web site at www.
prenhall.com/Springville/EndRun.htm (or open the
EndRun.htm file in the Student CD-ROM* WebCase
folder). Review the company’ investment claims and sup-
porting data and then answer the following.

1. How does the presentation of the general information
about EndRun on its home page affect your perception of
the business?

2. Is EndRun% claim about having more winners than
losers a fair and accurate reflection of the quality of its
investment service? If you do not think that the claim is a
fair and accurate one, provide an alternate presentation
that you think is fair and accurate.

3. EndRun% “Big Eight” mutual funds are part of the sam-
ple found in the [[TENFTERH workbook. Is there any
other relevant data from that file that could have been
included in the Big Eight table? How would that new
data alter your perception of EndRun’ claims?

4. EndRun is proud that all Big Eight funds have gained in
value over the past five years. Do you agree that EndRun
should be proud of its selections? Why or why not?
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E xcel Companion

to Chapter 2

Introduction

From this point forward, the Excel Companions discuss
Excel techniques that support specific statistical methods.
For most statistical methods, you will be able to choose
between two ways of using Excel—Basic Excel, which
uses Excel without any outside enhancements, and
PHStat2, which uses the free PHStat2 add-in that is
included on this Student CD-ROM. If you haven’t already
reviewed the From the Authors’ Desktop: Using and
Learning Microso f Excel feature on page 5, you should do
so now in order to decide whether the Basic Excel or
PHStat2 approach better suits your learning goals.

Many of the Excel techniques discussed are illustrated
with examples based on worksheets you see in the chapter.
For most examples, you will have your choice of step-by-
step Basic Excel or PHStat2 instructions for creating a
solution. An added complication in this Excel Companion
is that many of the Excel features you would use to present
data in tables and charts have been greatly altered in
Microsoft Excel 2007. These changes, in turn, necessitate
having a special set of Basic Excel instructions for Excel
2007. When this occurs, you will see two labels, (97-2003)
and (2007), to distinguish material appropriate for either
Excel 97, 2000, 2002, or 2003 (97-2003), from material
appropriate only for Excel 2007. (PHStat2 instructions are
the same for all versions of Microsoft Excel, other than
having to click the Add-Ins tab in Excel 2007 in order to
see the PHStat2 menu.)

Because the Excel 2007 changes do not affect most of
the statistical methods discussed in later chapters, you will
not see the (97-2003) and (2007) labels as frequently in
later Companions. However, when you do see these labels,
you should read only the passages that apply to the Excel
version you use.

E2.1 CREATING SUMMARY TABLES

You create a summary table from unsummarized data by
creating PivotTables. (If your data are already summa-
rized in table form, you can simply type that table into a
blank worksheet and skip creating a PivotTable.)
PivotTables are worksheet areas that act as if you had
entered formulas to summarize data. PivotTables have
many uses beyond those discussed in this book, includ-
ing giving Excel users the capability to drill down, or

look at the unsummarized, detailed data from which the
summarized data are derived.

You create a PivotTable by dragging variable names
into a form or template. Because the exact process is differ-
ent for Excel 2007, this section includes passages specific
to Excel 97-2003 and Excel 2007.

Using the PHStat2 One-Way Tables & Charts proce-
dure, you can create a PivotTable, and fnish the summary
table, and o ptionally add the entries needed pr a bar chart,
pie chart, or Pareto diagram, using the instructions dis-
cussed later in this section.

Starting a PivotTable (97-2003)

To start a PivotTable in Excel 97-2003, open to the work-
sheet that contains your unsummarized data and select
Data = PivotTable Report (Excel 97) or select Data =
PivotTable and PivotChart Report (Excel 2000-2003).
Selecting these commands begins the PivotTable Wizard,
a sequence of three dialog boxes (four in Excel 97) that
step you through the process of creating a PivotTable.
Figure E2.1 shows the dialog boxes for Excel 2003.
(Other versions have similar dialog boxes; Excel 97 uses
four dialog boxes, breaking the third box into two.)

FIGURE E2.1 PivotTable Wizard steps (Excel 2003)
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You step through these dialog boxes by clicking Next
to advance to the next dialog box or Back to move back to
a previous one. At any point, you can click Cancel to stop
creating a PivotTable or click Finish to end the wizard and
create a PivotTable. To create a summary table, you make
the following entries in the dialog boxes:

Step1 Click Microsoft Excel list or database as the
source and PivotTable as the report type. (You do not
select a report type in Microsoft Excel 97; PivotTable is
assumed.)

Step 2 Enter the cell range of the data to be summarized
in the PivotTable. This cell range must contain variable
labels (column headings) in the first row of the range
because the wizard, in Step 3, will use the cells in the first
row as the names for your variables.

Step 3 First click the New worksheet option as the location
for your PivotTable. Then click Layout to display the Layout
dialog box (see Figure E2.2).! Design your table using the
instructions in the next paragraph and then click OK to return
to the Step 3 box. Then click Options to display the
PivotTable Options dialog box (see Figure E2.2). Enter 0 as
the For empty cells, show value and click OK to return to the
Step 3 dialog box. Then click Finish to create the PivotTable.

TIf you use Excel 97, the Layout dialog box appears as the Step
3 dialog box. When you click Next in this box, you then see a
Step 4 dialog box that contains location options. There is no
Options button in either the Step 3 or Step 4 dialog boxes in
Excel 97.

In the Layout dialog box of Step 3, drag the label of the
variable to be summarized and drop it in the ROW area.
Drag a second copy of this same label and drop it in the
DATA area. (This second label changes to Count of
variable name to indicate that the PivotTable will be
counting, or tallying, the occurrences of each category of
the variable.)

Starting a PivotTable (2007)

To start a PivotTable in Excel 2007, open to the work-
sheet that contains your unsummarized data and select
Insert = PivotTable. In the Create PivotTable dialog
box (see Figure E2.3), leave selected the Select a table
or range option and verify and change, if necessary,
the Table/Range cell range. (In Figure E2.3, the cell
range of the mutual funds data of the Data worksheet of
(IMTOENGETEESTE is shown.) Select the New Worksheet
option and click OK.

In the PivotTable Field List task pane, drag the label of
the variable to be summarized and drop it in the Row
Labels area. Drag a second copy of this same label and
drop it in the X Values area. (This second label changes to
Count of variable name to indicate that the PivotTable
will be counting, or tallying, the occurrences of each cate-
gory of the variable.)

Right-click the PivotTable and click Table Options in
the shortcut menu that appears. In the PivotTable Options
dialog box (a reorganized version of the older one shown in
Figure E2.2), click the Layout & Format tab, check For
empty cells show, enter 0 as its value, and click OK.

FIGURE E2.2 PivotTable Layout and Options dialog boxes
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FIGURE E2.3 Create PivotTable dialog box and
PivotTable Field List task pane (Excel 2007)

EXAMPLE Table 2.2 Summary Table

To start a PivotTable version of the Table 2.2 summary
table on page 33, similar to the PivotTable shown below,
open the workbook to the Data worksheet
and use the appropriate set of instructions.

Basic Excel 97-2003 Begin the PivotTable Wizard and
follow the instructions for “Starting a PivotTable 97-2003”
in Section E2.1. In Step 2, enter F1: F839 as the Range.
In the Layout dialog box of Step 3, drag the Risk variable
label twice, once to the ROW area and a second time to
the DATA area. (This second label changes to Count of
Risk when you drop it in the DATA area.) After you click
Finish to create the PivotTable, continue with “Finish the

E2.1: Creating Summary Tables 77

PivotTable” instructions that follow this example to com-
plete a PivotTable version of Table 2.2.

Basic Excel 2007 Select Insert =» PivotTable. In the
PivotTable Field List task pane, drag the Risk variable
label twice, once to the Row Labels area and a second
time to the X Values area. (This second label changes to
Count of Risk when you drop it in the X Values area.)
Continue with “Finish the PivotTable” instructions that
follow this example to complete a PivotTable version of
Table 2.2.

PHStat2 Select PHStat = Descriptive Statistics = One-
Way Tables & Charts. In the dialog box for this procedure
(shown below), click the Raw Categorical Data option
and enter F1: F839 as the Raw Data Cell Range. Click
First cell contains label and enter a Title. Click
Percentage Column and Pareto Diagram and click OK.
The worksheet PHStat2 creates columns for percentage
frequency and cumulative percentage. (You can safely
delete the chart sheet that contains the Pareto diagram if
you do not want this chart.) If you want to create charts
from the summary table that PHStat2 creates, you can also
click Bar Chart and/or Pie Chart before you click OK.

Finish the PivotTable

After Excel creates the PivotTable, close any floating
PivotTable toolbar windows (97-2003) or the PivotTable
Field List task pane (2007). Enter a title in cell Al of the
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new worksheet that contains your PivotTable. Also, rename
the new worksheet, using a descriptive name. Then in cell
C4, enter Percentage and in cell C5, enter the formula in
the form =B5/B$n, in which n is the row that contains the
Grand Total. For example, if the Grand Total row is row &,
enter =B5/B$8. (If you do not know the significance of the
$ (dollar sign) symbol, review Section E1.5.) Copy this for-
mula down through all the category rows of the summary
table. Format the cell range that contains these formulas for
percentage display. Adjust the number of decimals dis-
played and the width of column C, as necessary, and add
borders around the percentage column cells. (If necessary,
review the instructions for doing these things presented in
the Excel Companion to Chapter 1.)

Ifyou use PHStat2, these fnishing touches are done
pr you i fyou select the Percentage Column out put o ption.

Cell Entries for a Pareto Diagram

If you plan to create a Pareto diagram, enter the heading
Cumulative Pctage in cell D4 and enter the formula =C5
in cell D5. Enter the formula =C6+DS5 in cell D6 and copy
this formula down through all the category rows of the sum-
mary table. Format the column D cell range that contains
formulas for percentage display. Adjust the number of deci-
mals displayed and the width of column D as necessary.

If you use Excel 2007, click cell BS (the first fre-
quency) and select Home = Sort & Filter (in the Editing
group) => Sort Largest to Smallest. If you are not using
Excel 2007, right-click cell A4 and click Field Settings in
the shortcut menu (Field, if using Microsoft Excel 97). In
the PivotTable Field dialog box that appears (see Figure
E2.4), click Advanced. In the PivotTable Field Advanced

FIGURE E2.4 PivotTable Field and PivotTable Field
Advanced Options dialog boxes (Excel 97-2003)

Options dialog box that appears (also see Figure E2.4),
select the Descending option and Count of variable from
the Using field drop-down list. Click OK to return to the
PivotTable Field dialog box and then click OK in that dia-
log box to return to the worksheet. (These last steps reorder
the category rows in the table in descending order.)

Ifyou use PHStat2, these additional entries are done
pr you i fyou select the Pareto Diagram out put o ption.

Forum Click the ALTERNATE TECHNIQUES link to learn
how the COUNTIF function can also be used to
selectively count occurrences of individual categories.

E2.2 CREATING CHARTS

You create charts by associating worksheet data with a chart
type, which you then customize. To create a chart, you must
specify the cell range of the worksheet data, choose the chart
type and its subtype, set formatting details such as titles and
axis legends, and choose whether to put the chart on its own
chart sheet or to embed the chart on a worksheet. Because
the process is different for Excel 2007, this section includes
passages specific to Excel 972003 and Excel 2007.

Many PHStat2 procedures, including One-Way Tables
& Charts, include out put o ptions that create charts pr you.

Creating Charts (97-2003)

To create a chart in Excel versions other than 2007, open to
the worksheet containing your unsummarized data and
select Insert = Chart. This begins the Chart Wizard, a
sequence of four dialog boxes that step you through the
process of creating a chart. Figure E2.5 shows these dialog
boxes for Excel 2003. (Other versions have similar dialog
boxes.) To create a chart, make the following entries and
choices in the Step dialog boxes.

Step1 Choose the chart type from either the Standard
Types or Custom Types tab. Most of the charts you create
in this text are chart types found in the Standard Types tab.

Step 2 Enter the cell range of the data to be graphed in the
Data Range tab.2 For some types of charts, you also enter
the cell range or ranges that contain chart labeling informa-
tion in the Series tab. Cell ranges in the Series tab must
always be entered with their worksheet names as a formula,
in the form =Sheet Name! Cell Range.

?In some rare situations, with older versions of Excel, if you type
a simple cell range, you get an error. In those cases, either retype
the range using the SheetName/CellRange form discussed in
Section E1.3 or point to the cell range.
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FIGURE E2.5 Chart Wizard dialog boxes (Excel 2003)

Step 3 Enter titles and select customizing options for your
chart. Unless overridden specifically in later instructions, use
the following settings (for a given chart type, some of these
tabs may not be available).

In the Titles tab, enter a title and enter axis labels, if appro-
priate.

In the Axes tab, check both the (X) axis and (Y) axis check
boxes and select the Automatic option under the (X) axis
check box.

In the Gridlines tab, clear all the check boxes.
In the Legend tab, clear the Show legend check box.

In the Data Labels tab, click the None option under the
Data labels heading.

In the Data Table tab, clear the Show data table check box.

Step 4 Click the As new sheet option to place the chart
on its own chart sheet. (This choice creates a better-scaled
and better-looking chart that can be more easily printed
separately.) Then click Finish to create the chart.?

3Because the Step 4 dialog box instructions never vary, they are
not explicitly listed in the later charting instructions. You should,
of course, always click As New Sheet and Finish in the Step 4
dialog box for every chart you create in Excel 97-2003.

If you discover a mistake in your chart after your chart
is created, right-click the chart and select Chart Type,
Source Data, Chart Options, or Location to return to ver-
sions of the Step 1, Step 2, Step 3, or Step 4 dialog boxes,
respectively.

Creating Charts (2007)

To create a chart in Excel 2007, open to the worksheet that
contains your unsummarized data. Select the cell range of
the data to be charted.* If your cell range contains two non-
adjacent areas, hold down the Ctrl key as you drag and
select each area. Select Insert and in the Charts group,
click the chart type. From the drop-down gallery that
appears, click the chart sub-type you want. To help distin-
guish sub-types, move the mouse pointer over a sub-type
and wait for the sub-type description to appear. In Figure
E2.6, the description for the bar chart “clustered bar” sub-
type has appeared.

41 you fail to select a cell range, Excel may try to construct a

chart using all the data in your worksheet. For a worksheet such

as Data in [[MTENFIMEERTH, not selecting a range would lead

to a very complex—and worthless—chart that could slow down
or even disrupt the operation of your computer.
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FIGURE E2.6 Selecting a chart sub-type (Excel 2007)

Customize your chart by clicking the chart and select-
ing the Layout tab of the Chart Tools ribbon group (or
PivotChart Tools, if the chart is based on a PivotTable).
Review the settings for the members of the Labels and
Axes groups in this tab. Unless overridden specifically in
later instructions, use the following settings for these items
(for a given chart type, some of these items may be dis-
abled and not available):

Chart Title Choose either Centered Overlay Title or
Above Chart.

Axes Titles For the Primary Horizontal Axis Title, select
Title Below Axis. For the Primary Vertical Axis Title,
select Rotated Title. Some charts have secondary axes; for
such charts, select Title Below Axis as the Secondary
Horizontal Axis Title and None as the Secondary Vertical
Axis Title.

Data Labels Select None.
Data Table Select None.

Axes For the Primary Horizontal Axis Title, select Show
Left to Right Axis. For the Primary Vertical Axis Title,
select Show Default Axis. Some charts have secondary
axes; for such charts, select None as the Secondary
Horizontal Axis Title and Show Default Axis as the
Secondary Vertical Axis Title.

Gridlines Select None for both the Primary Horizontal
Gridlines and Primary Vertical Gridlines. Also select
None for secondary gridlines, if the chart contains those as
well.

Excel 2007 creates charts on worksheets. To move a newly
created chart to its own chart sheet (recommended), right-
click the chart frame and click Move Chart in the shortcut
menu that appears. In the Move Chart dialog box that
appears, select the New sheet option and click OK.

Additional Chart Tips

Many charts, especially those created in Excel 97-2003,
contain colored backgrounds (typically gray) that you may
want to remove if you plan either to print charts or display
them through a video projector or on an LCD-type device.
To remove the background in an Excel 97-2003 chart,
right-click the background and click Format Plot Area in
the shortcut menu. In the dialog box that appears, click the
None option of the Area group and click OK. (This was
done for all the charts shown in this book.) To remove the
background in Excel 2007, right-click the chart back-
ground and select Layout = Plot Area and select None in
the Plot Area gallery.

Occasionally, you may open to a chart sheet and see
only part of a (too-large) chart or see a (too-small) chart
surrounded by a too-large frame mat. To display an opti-
mally sized chart in Excel 97-2003, open to the chart sheet
and press Esc. Select View = Zoom and then, in the Zoom
dialog box, select the Fit selection option and click OK. To
display an optimally sized chart in Excel 2007, use the
Zoom slider on the lower right of the Excel window frame
or click the chart and then select Format and use the items
in the Size group.
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Finally, if the symbols, captions, and/or legends and
titles prove too big or too small for you, you can usually
change these elements by right-clicking over them and
clicking the shortcut menu choice that contains the word
Format. For labeling elements, you can use a simpler pro-
cedure: Click the element and use the formatting
features described in Section El.4 to change such things as
the type size and style. (Most of the charts shown in this
text have such elements set to 12 point, boldfaced type.)

E2.3 CREATING BAR AND PIE CHARTS
FROM SUMMARY TABLES

You create bar and pie charts from summary tables (not
unsummarized data), using Excel charting features.
Because this process is different for Excel 2007, this sec-
tion includes passages specific to Excel 97-2003 and
Excel 2007, as well as passages that apply to all versions.

The PHStat2 One-Way Tables & Charts procedure can
create bar and pie charts pr you and can use either a sum-
mary table or unsummarized data.

Creating Bar and Pie Charts (97-2003)

Open to the worksheet that contains your summary table. If
your summary table is a PivotTable (like the ones created in
Section E2.2), click a cell that is outside your PivotTable.’
Begin the Chart Wizard and make these entries:

SIf you forget to click outside the PivotTable, the Chart Wizard
will instantly create a (wrong type of) chart. If this occurs, you can
press Ctrl+Z to undo the chart.

E2.3: Creating Bar and Pie Charts from Summary Tables 81

Step1 Click the Standard Types tab. For a bar chart,
click Bar as the Chart type and then click the first Chart
sub-type choice, labeled Clustered Bar when selected.
For a pie chart, click Pie as the Chart type and then click
the first Chart sub-type choice, labeled Pie when selected.

Step 2 Click the Data Range tab and enter the cell range
of the category labels and the frequency counts as the Data
range. If you used the instructions in Section E2.2 to create
your summary table, this range will always start with cell
A4 and end with a cell in column B. (You do not include
the column C cells that contain the percentages.) Click the
Columns option if it is visible. In some versions of Excel,
the model chart shown in the dialog box contains additional
boxed labels that you can ignore for now.

Step 3 Click the Titles tab. Enter a title as the Chart title
and, if you are creating a bar chart, enter appropriate values
for the Category (X) axis and Value (Y) axis titles. For a
bar chart, click, in turn, the Axes, Gridlines, Legend, Data
Labels, and Data Table tabs and adjust the settings, as dis-
cussed in the “Creating Charts (97-2003)” part of Section
E2.2 on page 78. For a pie chart, click the Legend tab and
clear Show legend and then click the Data Labels tab. If
you are using Excel 97 or Excel 2000, click the Show label
and percent option; otherwise, click Category name and
Percentage.

If the chart created contains the additional boxed labels,
such as “Drop Page Fields Here,” that you ignored in the
Step 2 dialog box, right-click the category drop-down list
on the chart sheet (Risk in Figure E2.7) and click Hide
PivotChart Field Buttons. This eliminates the clutter and
makes your chart look more like the one shown in Figure
2.4 on page 35.

FIGURE E2.7 Selecting Hide PivotChart Field buttons (Excel 97-2003)
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EXAMPLE Figure 2.4 Pie Chart for Levels of Risk

To create your own Figure 2.4 pie chart for levels of risk
(see page 35), open the [EIEFET workbook to the Table
2.2 worksheet, click cell D1 (a cell outside the PivotTable),
and use the appropriate set of instructions.

Basic Excel 97-2003 Follow the “Creating Bar & Pie
Charts (97-2003)” instructions. In Step 1, click Pie as the
Chart Type and then click the first chart sub-type choice,
labeled as Pie when selected. In Step 2, enter the cell range
A4:B7 as the Data Range in the Step 2 dialog box.

Basic Excel 2007 Follow the “Creating Bar & Pie Charts
20077 instructions, clicking cell AS before you select
Insert.

PHStat2 Select PHStat = Descriptive Statistics = One-
Way Tables & Charts. Click the Table of Frequencies
option, enter A4:B7 as the Freq. Table Cell Range, and
click First row of table contains labels. Enter a Title and
click Pie Chart. (You can also click Bar Chart and Pareto
Diagram to create those charts at the same time.)

Creating Bar & Pie Charts (2007)

Open to the worksheet that contains your summary table.
Click a cell inside your table and then select Insert. For a
bar chart, click Column in the Charts group, and then click
Clustered Column in the chart gallery. For a pie chart,
click Pie in the Charts group, and then click Pie in the chart

gallery. Adjust chart settings as discussed in the “Creating
Charts (2007)” part of Section E2.2 on page 79.

E2.4 CREATING PARETO DIAGRAMS
FROM SUMMARY TABLES

You create a Pareto diagram from a summary table by using
Excel charting features. To begin, open to the worksheet
that contains your summary table. Enter, if necessary, the
entries discussed in the “Cell Entries for a Pareto Diagram”
part of Section E2.1 (see page 78). Because creating charts
differs for Excel 2007, this section includes passages spe-
cific to Excel 97-2003 and Excel 2007.

The PHStat2 One-Way Tables & Charts procedure can
create a Pareto diagram pr you when you select the One-
WayTables & Charts procedure.

Creating a Pareto Diagram (97-2003)

If your worksheet contains a PivotTable summary table
(like the ones created in Section E2.2), click a cell that is
outside your PivotTable.® Begin the Chart Wizard (by
selecting Insert = Chart) and make these entries:

Step 1 Click the Custom Types tab. Click the Built-in
option and then select Line - Column on 2 Axes as the
Chart type.

Step 2 Click the Data Range tab. Enter the cell range of
the percentage and cumulative percentage frequencies,
without their column headings, in the Data range edit box.
This range will always start with cell C4 and end with a cell
in column D. Click the Columns option in the Series in
group and then click the Series tab. Enter as a formula the
column A cell range that contains the category labels as the
Category (X) axis labels. Leave the Second category (X)
axis labels box blank, if it appears.

Step 3 Click the Titles tab. Enter a title as the Chart
title, the name of the variable in the Category (X) axis
edit box, and Percentage in the Value (Y) axis edit box.
Leave the other two boxes blank. Click, in turn, the
Gridlines, Legend, Data Labels, and Data Table tabs
and use the formatting settings given in the “Creating
Charts (97-2003)” part of Section E2.2 on page 78.

The wizard creates a Pareto diagram that contains a
secondary (right) y-axis scale that improperly extends past
100%. To correct this error, right-click that axis (you will
see the ToolTip’ Secondary Value Axis when your mouse
is properly positioned) and click Format Axis in the short-

SIf you forget to click outside the PivotTable, the Chart Wizard
instantly creates a chart of the wrong type. If this occurs, you can
press Ctrl+Z to undo the chart.

7Tool Tips are pop-up balloons that display informational
messages about onscreen objects.
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cut menu. In the Scale tab of the Format Axis dialog box,
change the Maximum value to 1 and click OK.

The Pareto Diagram output option o fthe PHStat2
One-WayTables & Charts procedure makes this correction

pr you.

Creating a Pareto Diagram (2007)

Select the cell range of the data to be charted. (This range
will begin with cell C4, if you used the “Cell Entries for a
Pareto Diagram” instructions in Section E2.1.) Select
Insert = Column (in the Charts group) and select the first
sub-type, identified as Clustered Column when you move
the mouse pointer over that sub-type and pause. Select
Format and select the cumulative percentage series from
the drop-down in the Current Selection group. Then select
Format Selection (from the same group) and in the Format
Data Series dialog box select the Secondary Axis in the
Series Options panel and click Close. With the cumulative
percentage series still selected in the Current Selection
group, select Design & Change Chart Type, and in the
Change Chart Type gallery, select the line chart identified
as Line with Markers and click OK.

If your chart contains extraneous plots—for example, a
plot of percentage frequencies—delete this plot one series at
a time by doing the following: Select Format and then select
an extraneous series from the drop-down in the Current
Selection group. Select Design = Select Data. In the Select
Data Source dialog box (see Figure E2.8), select the extrane-
ous Legend Entries series (Percentage in Figure E2.8) and
click Remove and then OK.

FIGURE E2.8 The Select Data Source dialog box
(Excel 2007)

Relocate your chart to a chart sheet and customize your
chart, using the instructions in “Creating a Chart (Excel
2007)” in Section E.2.2. If your chart has a secondary (right)
y-axis scale that improperly extends past 100%, right-click
the axis and click Format Axis in the shortcut menu. In the
Scale tab of the Format Axis dialog box, change the value in
the Maximum edit box to 1 and click Close.
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EXAMPLE Figure 2.5 Pareto Diagram

To create your own Figure 2.5 Pareto diagram (see page 37)
from the Table 2.4 keyboard defects summary table on page
36, first open the workbook to the Table 2.4
worksheet, a PivotTable version of Table 2.4. Click cell D2
(a cell outside the PivotTable) and use the appropriate set of
instructions.

Basic Excel 97-2003 Use the instructions of the preced-
ing “Creating a Pareto Diagram (97-2003)” section. In
Step 2 of the Chart Wizard, enter C4:D14 as the Data
Range in the Data Range tab and enter the formula
=ParetoData! AS: A14 in the Category (X) axis labels box
in the Series tab.

Basic Excel 2007 Select the cell range C4:F14. (Although
this range includes columns you do not need, this helps
Excel make a good guess about the type of chart you want.)
Follow the instructions of the preceding “Creating a Pareto
Diagram (2007)” section. Because your chart range includes
the percentage frequency column, you will have to delete
this series using the process discussed in those instructions.

PHStat2 Select PHStat = Descriptive Statistics = One-
Way Tables & Charts. Click the Table of Frequencies
option, enter A4:B14 as the Freq. Table Cell Range, and
click First row of table contains labels. Enter a Title and
click Pareto Diagram. (You can also click Bar Chart
and Pie Chart to create those charts at the same time.)
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E2.5 CREATING AN ORDERED ARRAY

You create an ordered array by using Excel sorting fea-
tures. Because this process differs for Excel 2007, this sec-
tion includes passages specific to Excel 97-2003 and
Excel 2007.

Creating an Ordered Array (97-2003)

Select the data to be sorted and then select Data = Sort.
(In the Sort dialog box (shown below, similar for all ver-
sions, but enhanced in Excel 2007), select the column by
which to sort from the Sort by drop-down list and click
either the first Ascending or Descending option button.
(In the dialog box, a column named Price has been selected
as an example.) You then click the Header row option and
OK button to complete the sort.

Creating an Ordered Array (2007)

Select the data to be sorted and then select Home = Sort
& Filter (in the Editing group) => Sort Smallest to
Largest.

E2.6 CREATING STEM-AND-LEAF
DISPLAYS

You create stem-and-leaf displays by using the PHStat2
Stem-and-Leaf Display procedure or by manually creat-
ing the stems and leaves in worksheet cells. If you choose
to manually create a stem-and-leaf display, you will find
that sorting your data to create an ordered array (see pre-
vious section) will simplify your task.

Using PHStat2 Stem-and-Leaf Display

Open to the worksheet containing the data to be plotted.
Select PHStat = Descriptive Statistics = Stem-and-
Leaf Display. Enter the cell range of the data to be plotted
as the Variable Cell Range. Click Select the First cell
contains label. Always select the Autocalculate stem unit
option, enter a Title, and click OK. (Summary Statistics
is automatically checked for you.)

Manually Creating Stems and Leaves

Apply the discussion of Section 2.2 (see page 41) that
describes the manual process of creating stems and leaves.
Use a new worksheet and use two columns, one for the stems
and one for the leaves. You need to enter each leaf as a label
value. To do this, begin your cell entry with an apostrophe (¢)
and follow that apostrophe with the digits that form the leaf.
As you enter each digit, you may also want to add a space
after each digit for greater readability. For example, to enter
a leaf that contains 2, 2, 3, and 7, enter '22 3 7.

E2.7 CREATING FREQUENCY
DISTRIBUTIONS AND
HISTOGRAMS

You create frequency distributions and histograms from
unsummarized data by using the ToolPak Histogram proce-
dure or the PHStat2 Histogram & Polygons procedure.
Both procedures require that you first translate your class
groupings into what Excel calls bins (explained later in this
section).

Unlike the frequency distribution discussion in
Chapter 2, you typically include frequency, percentage fre-
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quency, and cumulative percentage frequencies as
columns of one table and not as separate tables, as shown
in Tables 2.8, 2.10, and 2.13 on pages 45, 47, and 48. Also,
unlike what is done in Chapter 2, in Excel, you create fre-
quency distributions for individual categories, one at a
time (growth funds or value funds, for example) and not
frequency distributions that contain two categories (for
example, growth and value funds). To create multiple cat-
egory tables, such as Tables 2.8, 2.10, and 2.13, you must
combine columns from the individual tables using copy
and paste operations.

If you use the ToolPak procedure, you face a final
complication of having to correct several errors that the
procedure makes in the frequency distribution and his-
togram. If you have data already summarized in a fre-
quency distribution, you should skip ahead to Section E2.8,
which explains how to create a histogram from that fre-
quency distribution, using Excel charting features.

Translating Class Grouping into Bins

When summarizing numerical data in Microsoft Excel, you
use bins which have implied ranges of values, and not class
groupings, which have well-defined boundary values. A
bin is the set of values that are less than or equal to the cur-
rent bin value and that are greater than the previous bin
value, which must be a lesser value. To create a frequency
distribution, you must translate your class groupings into a
set of bin values and enter those bin values on the same
worksheet as your unsummarized data.

In Chapter 2, Table 2.7 (and Tables 2.8 through 2.11)
uses class groupings in a form that enables you to make the
translation from class to bin. When you express class group-
ings in the Table 2.7 form value A but less than valueB, you
can create nearly equivalent bins, as Table E2.1 illustrates.

TABLE E2.1 Class Grouping and Bins

Table 2.7 Classes The Nearly Equivalent Bins
0 but less than 5 4.99
5 but less than 10 9.99

10 but less than 15 14.99

15 but less than 20 19.99

20 but less than 25 24.99

25 but less than 30 29.99

30 but less than 35 34.99

35 but less than 40 39.99

40 but less than 45 44.99

The first bin value always represents a grouping with
no explicit lower boundary (other than negative infinity).
Thus, the first bin can never have a midpoint. (You may
have noticed in this chapter that in the charts in which mid-
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points are used as labels, the first bin is labeled with — and
not with a midpoint.)

Sometimes you work with class groupings in the form
“all values from valueA to valueB,” as in this set of classes:
0.0 through 4.9, 5.0 through 9.9, 10.0 through 14.9, and 15.0
through 19.9. In such cases, you can approximate each class
grouping by choosing a bin value just above the valueB
value for the class groupings. For example, the numbers 4.99,
9.99, 14.99, and 19.99 would create bins that approximate
the four class groupings, assuming that all data values were
measured in units no smaller than tenths. (While the last
digit of the bin values could be any digit other than zero,
using 9 as the last digit is a standard practice.)

When you have defined your set of bin values, enter
them into a new column of the worksheet that contains
your unsummarized data. Make sure the first cell in that
column contains the column heading “Bins.”

Using the ToolPak Histogram Procedure

To create a frequency distribution and histogram, open
to the worksheet that contains the unsummarized data
and verify that bin values have been placed in their own
column. Begin the Analysis ToolPak add-in and select
Histogram from the Analysis Tools list and then click OK.
In the Histogram dialog box (see Figure E2.9), enter the
cell range of the data to be summarized as the Input
Range. Enter the cell range of the bin values (including the
cell containing the heading “Bins”) as the Bin Range.®
Click Labels to indicate that the first cells of the Input
Range and Bin Range contain a label. Select the New
Worksheet Ply option, click Cumulative Percentage, and
click Chart Output to create a histogram and click OK.

FIGURE E2.9 The Data Analysis Histogram
dialog box

8/f you leave the Bin Range blank, the procedure creates a set of
bin values for you. However, the better practice is to supply your
set of bin values as these instructions require you to do.
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The procedure creates a frequency distribution and his-
togram together on a new worksheet.

Editing and Enhancing the Frequency
Distribution

The frequency distribution you create will improperly con-
tain an open-ended bin labeled “More” and contain some
errors in column heading formatting. To eliminate the
“More” class, first manually add the More frequency count
to the count of the preceding class and set the cumulative
percentage of the preceding class to 100%. Then, select the
entire row containing the “More” row, select Edit =
Delete, and in the Delete dialog box, select the Shift cells
up option and click OK.

Next, enhance your frequency distribution. Select a
cell in row 1 and then select Insert = Rows. In the “new”
row 1, enter a title for the frequency distribution. Then add
a column for the percentage frequency by selecting column
C and then selecting Insert & Columns. In the new col-
umn C, enter the heading Percentage in cell C2. Enter the
formula =B3/SUM(B:B) in cell C3 and copy the formula
down the column through the rest of the frequency distrib-
ution. Format column C for percentage display to complete
the column. Finally, add a column for midpoints. Select
cell E2 and enter the heading Midpoints. Then use the
cells in column E, starting with cell E3, to enter your mid-
points. If your cell E3 entry is --- (as it typically will be),
enter the value '--- (with a leading apostrophe) to avoid an
error.

Ifyou use the PHStat2 Histogram & Polygons proce-
dure, these edits and enhancements are done pr you i fyou
click the a ppro priate out put o ptions.

Correcting the Histogram

As you correct your frequency distribution, your histogram
also changes, and the bar representing the in-error “More”
group disappears. At this point, the histogram still contains
the errors shown in Figure E2.10: Gaps between the bars
correspond to the class intervals in the histogram, the bins
are labeled with their maximum bin values and not with
their midpoint values, and the secondary y-axis scale
exceeds 100%.

To correct these errors, you need to first relocate your
histogram to its own chart sheet in order to more easily
work with the histogram. Right-click the background area
of the histogram and click Location (97-2003) or Move
Chart (2007) in the shortcut menu. In the dialog box that
appears, select the As new sheet option (97-2003) or New
sheet (2007) and click OK. The histogram now appears
(much larger) in its own chart sheet, and you can continue
with the following instructions to correct the histogram.

To eliminate the gaps between bars, right-click
inside one of the histogram bars. (You will see a ToolTip
that begins with Series ‘Frequency’ when your mouse is
properly positioned.) Click Format Data Series in the
shortcut menu to display the Format Data Series dialog
box. If you use Excel 97-2003, click the Options tab,
change the value of Gap width to 0, and click OK. If you

FIGURE E2.10 Histogram before applying corrections (Figure 2.8 on page 49 shows

the corrected histogram.)
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use Excel 2007, move the Gap Width slider to No Gap in
the Series Options panel of this dialog box.

To change the labels for the bins, enter midpoint
values in column E. Right-click the tinted background of
the chart. (You will see the ToolTip Plot Area when
your mouse is properly positioned.) Click Source Data
(Excel 97-2003) or Select Data (Excel 2007) in
the shortcut menu. If you use Excel 97-2003, select the
Series tab in the Source Data dialog box and enter the
cell range of the midpoints as a formula, in the form
=SheetName! CellRange, in the Category (X) axis labels
box. Then delete the entry for the Second category(X) axis
labels and click OK. If you use Excel 2007, click the Edit
button under the Horizontal (Categories) Axis Labels
heading in the Select Data Source dialog box. In the Axis
Labels dialog box, enter the cell range of the midpoints as a
formula, in the form =SheetName! CellRange, and click
OK. (This range should start with the first midpoint value
and not with the midpoint column heading). Click OK a
second time (in the original dialog box) to complete the
task.

To rescale the secondary Y-axis, right-click on the
secondary (right) Y-axis. (You will see a ToolTip that
includes the words Secondary and Axis when your mouse
is properly positioned.) Click Format Axis in the shortcut
menu. If you use Excel 97-2003, change the Maximum in
the Scale tab of the Format Axis dialog box to 1 and click
OK. If you use Excel 2007, select the Fixed option for
Maximum and enter 1 as the maximum value in the Axis
Options panel of the Format Axis dialog box, and then
click OK.

Ifyou use the PHStat2 Histogram & Polygons proce-
dure, these corrections are done pr you, although PHStat2
keeps the histogram on the same worksheet as the fe-
quency distribution.

EXAMPLE Three-Year Annualized Return
for Growth Funds

To create a frequency distribution that combines the best of
Tables 2.8, 2.10, and 2.13, and your own Figure 2.9 Panel A
histogram (see page 49) for the three-year annualized
return for growth funds, first open the [MTENFTEEET
workbook to the Growth worksheet. Column J of this
worksheet contains bin values that translate the class
groupings used throughout Chapter 2, thereby eliminating
the need for you to do this translation yourself. (Column K
contains midpoint values, used by the PHStat2 procedure.)
Continue with the appropriate set of instructions.

Basic Excel Use the ToolPak Histogram procedure. Enter
H1:H839 as the Input Range and J1:J10 as the Bin
Range in the Histogram dialog box. Click Labels, select
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the New Worksheet Ply option, click Cumulative
Percentage, and click Chart Output. Click OK to create a
frequency distribution and histogram together on a new
worksheet. Apply the changes discussed in “Editing and
Enhancing the Frequency Distribution” and “Correcting
the Histogram,” starting on page 86. (If you successfully
make these changes, the last row of the frequency distribu-
tion will be row 11.)

PHStat2 Sclect PHStat = Descriptive Statistics >
Histogram & Polygons. Enter H1: H839 as the Variable
Cell Range, J1:J10 as the Bins Cell Range and K1:K9 as
the Midpoints Cell Range. Click First cell in each range
contains label and select the Single Group Variable
option. Enter a Title and click OK. (Histogram is already
checked for you.)

Enhancing the Histogram

You can enhance the histogram created by the ToolPak and
PHStat2 procedures in several ways to improve the presenta-
tion quality of the histogram. You can change the generic
title and axis labels and/or delete the cumulative percentage
plot that is superimposed over the histogram. To change the
generic title, click the title to make a halo appear around
the title. In the formula bar, enter a better title and press the
Enter key. Then follow a similar process to change each of
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the axis legends. To delete the cumulative percentage plot,
click the cumulative percentage plot to highlight the plot and
then press the Delete key. Then click the (now unnecessary)
chart legend box to the right of the histogram (a halo appears
around the box) and press Delete to eliminate this, too. Also
consider removing the chart background and making other
changes, if appropriate, as described in the “Additional Chart
Tips” part of Section E2.2 on page 80.

Forum Click the ALTERNATIVE METHODS link to learn
the Excel technique you can use to create a frequency
distribution that updates itself automatically when the
underlying data are changed.

E2.8 CREATING A HISTOGRAM
FROM SUMMARIZED DATA

Sometimes you work with data that are already summa-
rized in a frequency distribution. In such cases, you cannot
use the ToolPak Histogram or PHStat2 Histogram &
Polygons procedures because those procedures require
unsummarized data. Instead, you first enter the frequency
distribution into a worksheet and then use the Chart Wizard
to create a histogram.

Entering the Frequency Distribution

Open to a new worksheet and enter a title in cell Al and
column headings for your classes and frequencies in cells
A2 and B2. Enter your classes and frequency counts under
these headings. Add columns for percentage frequency,
cumulative percentage frequency, and midpoints, using the
following instructions.

Enter the heading Percentage in cell C2. Enter the for-
mula =B3/SUM(B:B) in cell C3 and copy the formula
down the column through the rest of the frequency distrib-
ution. Format column C for percentage display to complete
the column. Enter the heading Cumulative Percentage in
cell D2. Enter the formula =C3 in cell D3. Enter the for-
mula =D3+C4 in cell D4 and copy the formula down the
column through the rest of the frequency distribution.
Enter the heading Midpoints in cell E2. Then use the cells
in column E, starting with cell E3, to enter your midpoints.
If your cell E3 entry is --- (as it typically will be), enter that
value '--- (with a leading apostrophe) to avoid an error.

Creating the Histogram (97-2003)

Open to the worksheet that contains your frequency distri-
bution and use the Chart Wizard. Make these entries in the
Chart Wizard dialog boxes:

Step1 Click the Standard Types tab. Click Column as
the Chart type and then click the first Chart sub-type
icon, captioned Clustered Column when selected.

Step 2 Click the Data Range tab. Enter the cell range of
the frequencies as the Data range and click the Columns
option in the Series in group. Click the Series tab. Enter
the cell range of the midpoints (as a formula in the form
=SheetName! CellRange) in the Category (X) axis labels
box.

Step 3 Click the Titles tab. Enter a title as the Chart title,
Midpoints as the Category (X) axis title, and Frequency
as the Value (Y) axis title. Use the formatting settings for
Axes, Gridlines, Legend, Data Labels, and Data Table
tabs that are given in the “Creating Charts (97-2003)” part
of Section E2.2 on page 78.

To eliminate the gaps between the bars of the his-
togram the wizard created, right-click one of the histogram
bars. (You will see a ToolTip that begins with Series
‘Frequency’ when your mouse is properly positioned.)
Click Format Data Series in the shortcut menu. In the
Format Data Series dialog box, click the Options tab,
change the value of Gap width to 0, and click OK.

Creating the Histogram (2007)

Select the cell range that is the column that contains your fre-
quencies. Then select Insert & Column and click the
Clustered Column gallery choice. Right-click the chart that
appears and click Select Data in the shortcut menu. In the
Select Data Source dialog box, click the Edit button under
the Horizontal (Categories) Axis Labels heading, enter the
cell range of the midpoints as a formula in the form
=Sheet Name! Cell Range, and click OK. Click OK in the
Select Data Source dialog box to complete this task. (This
range should start with the first midpoint value and not with
the midpoint column heading). Relocate your chart to a chart
sheet and customize your chart, using the instructions in
“Creating Charts (2007)” in Section E.2.2 on page 79.

E2.9 CREATING POLYGONS

You create polygons by modifying a frequency distri-
bution previously created using the instructions from
Section E2.7 or Section E2.8, and then using Excel chart-
ing features. (Because charting is different in Excel 2007,
this section includes passages specific to Excel 97-2003
and Excel 2007.)

The PHStat2 Histogram & Polygons procedure can
create polygons pr you fom either an unmodi fied fe-
quency distribution or unsummarized data.
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Modifying the Frequency Distribution

To modify a frequency distribution for creating a polygon,
open to the worksheet containing the frequency distribu-
tion. Right-click row 3 (that is, right-click the 3 row num-
ber legend at the left of the worksheet) and click Insert in
the shortcut menu. Enter 0 in the new cells B3, C3, and D3.
Then enter 0 in the column B and C cells that are in the
first empty row under your frequency distribution.

EXAMPLE Figure 2.12 Cumulative Percentage
Polygons (Part 1)

To start the process of creating your own Figure 2.12
cumulative percentage polygons for the cost of restaurant
meals at city and suburban restaurants (page 52), open the
workbook and use the appropriate set of
instructions.

Basic Excel Open to the CityFrequencies worksheet.
Right-click row 3 (that is, right-click the 3 row number leg-
end at the left of the worksheet) and click Insert in the short-
cut menu. Enter 0 in the new cells B3, C3, and D3 as well as
in cells B16 and C16. Open to the SuburbanFrequencies
worksheet and make the same modifications.

PHStat2 You do not need to make any modifications to
your frequency distribution if you are using the PHStat2
Histogram & Polygons procedure. (The procedure makes
these modifications for you.)

Creating Polygons (97-2003)

With your workbook opened to the modified frequency
distribution, begin the Chart Wizard and make these entries
in the Chart Wizard dialog boxes:

Step 1 Click the Standard Types tab and then click Line
as the Chart type. Click the first choice in the second row
of Chart sub-type choices, labeled Line with markers
displayed at each data value when selected.

Step 2 Click the Data Range tab. As the Data range,
enter a cell range that contains both the leading and trailing
zero entries added to the worksheet earlier. (This cell range
will begin in row 3.) For a frequency polygon, enter the col-
umn B cell range that contains the zeros. For a percentage
polygon, enter the column C cell range that contains the
zeros. For a cumulative percentage polygon, enter the col-
umn D cell range that contains the initial zero. Click the
Columns option in the Series in group. Click the Series
tab. Enter a column E cell range that begins with cell E3 (as
a formula in the form =SheetName! CellRange) in the
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Category (X) axis labels box. For either a frequency or
percentage polygon, enter the column E cell range that
ends with the row that contains the trailing zero (the ending
cell will be blank in column E). For a cumulative percent-
age polygon, enter the column E cell range that ends with
the last entry in column E. Then enter a self-descriptive
legend value to replace the default Series 1 in the Name
box.

Step 3 Click the Titles tab. Enter a title as the Chart
title and appropriate values for the Category (X) axis
and Value (Y) axis titles. Use the formatting settings for
Axes, Gridlines, Data Labels, and Data Table tabs that
are given in the “Creating Charts (97-2003)” part of
Section E2.2 (see page 78). Click the Legend tab and
click Show legend.

Additional data series can be added to the polygon to
produce several polygons on one chart, similar to Figures
2.10 through Figures 2.13 on pages 50-52. With your
workbook opened to your chart, select Chart = Add Data.
In the Add Data dialog box, enter the cell range of the new
data series as a formula in the form =Sheetname! Cell Range
and click OK. If the Paste Special dialog box appears,
select the New series and Columns options and click OK.

Creating Polygons (2007)

With your workbook opened to the modified frequency
distribution, select Insert = Line and click the Line with
markers gallery choice. Right-click the chart that appears
and click Select Data in the shortcut menu. In the Select
Data Source dialog box, click the Edit button under the
Horizontal (Categories) Axis Labels heading. In the Axis
Labels dialog box, enter the cell range of the midpoints
(not including the midpoints column heading) as a for-
mula in the form =Sheet Name! CellRange and click OK.
Click OK a second time (in the original dialog box) to
complete the task.

Relocate your chart to a chart sheet and customize
your chart using the instructions in “Creating Charts
(2007)” in Section E.2.2 on page 79. If you plan to have
more than one data series, select Show Legend at Right
and not None (as Section E2.2 states) for Legend.

Additional data series can be added to the polygon to
produce several polygons on one chart, similar to Figures
2.10 through Figures 2.13. With your workbook opened to
your chart, right-click the chart and click Select Data in
the shortcut menu. In the Edit Data Source dialog box,
click Add and enter the cell range of the new data series as
a formula in the form =Sheetname! Cell Range and click
OK. (This cell range should exclude the column heading
cell.) Click OK a second time in the original dialog box to
complete the task.
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EXAMPLE Figure 2.12 Cumulative Percentage
Polygons (Part Il)

Having completed the appropriate Part I instructions (see
page 89), continue with the appropriate set of instructions.

Basic Excel (97-2003) Begin the Chart Wizard. Enter
D3:D15 as the Data Range and click the Columns option
in the Series in group in the Data Range tab of the Step 2
dialog box. In the Series tab of the same dialog box, enter
=CityFrequencies! E3: E15 as in the Category (X) axis
labels.

After you complete the wizard, select Chart =
Add Data. In the Add Data dialog box, enter
=SuburbanFrequencies! E3: E15 as the Range and click
OK. (If the Paste Special dialog box appears, select the
New series and Columns options and click OK.)

Basic Excel 2007 Select cell range D3: D15 and use the
preceding “Creating Polygons (2007)” instructions.
Enter =CityFrequencies! E3: E15 as the cell range for
the midpoints.

PHStat2 Open to the Data worksheet. Because PHStat2
creates frequency distributions, histograms, and polygons
in one step, you will be using a procedure similar to the one

in the example for Section E2.7. Select PHStat =
Descriptive Statistics = Histogram & Polygons. Enter
G1:G101 as the Variable Cell Range, H1: H13 as the Bins
Cell Range, and I1:112 as the Midpoints Cell Range.
Click First cell in each range contains label, click
Multiple Groups - Stacked, and enter A1: A101 as the
Grouping Variable Cell Range. Enter a Title and click
Percentage Polygon and Cumulative Percentage Polygon
(Ogive). (Histogram is already checked for you.) Click
OK to create the worksheets and chart sheets.

E2.10 CREATING CONTINGENCY
TABLES

You use Excel PivotTable features to create a contin-
gency table from the unsummarized data of two categori-
cal variables. You create a contingency table by using a
process almost identical to the process of creating a
PivotTable summary table discussed in Section E2.1 on
page 76. Because this process differs for Excel 2007, this
section includes passages specific to Excel 97-2003 and
Excel 2007.

The PHStat2 Two-Way Tables & Charts procedure can
create a contingency table pr you, and, optionally, a side-
by-side chart (see Section E2.11)

Creating a Contingency Table (97-2003)

Begin with the instructions in “Starting a PivotTable
(97-2003)” in Section E2.1. When you get to the Step 3
instructions, modify them as follows. In the Layout dialog
box in Step 3, first drag the label of the first variable to be
summarized and drop it in the ROW area. Drag a second
copy of this same label and drop it in the DATA area. (The
label changes to Count of variable name.) Then drag the
label of the second variable and drop it in the COLUMN
area. In the PivotTable Options dialog box, also in Step 3,
verify that both Grand total for columns and Grand
totals for rows are checked (they should be) and that you
have entered 0 as the For empty cells, show value. (Excel
97 does not contain this options dialog box.)

Creating a Contingency Table (2007)

Begin with the instructions in “Starting a PivotTable
(97-2003)” in Section E2.1. When you get to the instruc-
tions for using the PivotTable Field List task pane, modify
them as follows. In the PivotTable Field List task pane,
drag the label of the variable to be summarized and drop it
in the Row Labels area. Drag a second copy of this same
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label and drop it in the X Values area. (This second label
changes to Count of variable name.) Then drag the label
of the second variable and drop it in the Column Labels
area. When you later right-click the PivotTable, click Table
Options in the shortcut menu. In the Total & Filters tab of
the PivotTable Options dialog box, verify that both Show
grand total for columns and Show grand totals for rows
are checked. (Remember to also click the Layout &
Format tab, check For empty cells show, and enter 0 as its
value, as stated in the Section E2.1 instructions.)

EXAMPLE Table 2.14 Contingency Table

To create a PivotTable version of Table 2.14 on page 55 for
fund objective and risk from your PivotTable, open the
workbook to the Data worksheet and use
the appropriate set of instructions.

Basic Excel 97-2003 Follow the instructions in “Creating
a Contingency Table (97-2003).” In the Chart Wizard Step
2 dialog box, enter A1:F839 as the Range. In the Layout
dialog box of Step 3, drag the Objective variable label and
drop it in the ROW area. Drag a second copy of this same
label and drop it in the DATA area. (The second label
changes to Count of Objective when you drop it in the
DATA area.) Drag the Risk variable label and drop it in the
COLUMN area.

When you complete the PivotTable Wizard, open to the
worksheet that contains the PivotTable and click a cell out-
side the PivotTable. Begin the Chart Wizard and use the
“Creating a Side-by-Side Chart (97-2003)” instructions of
Section E2.11.

Basic Excel 2007 Follow the instructions in “Creating a
Contingency Table (2007).” In the PivotTable Field List
task pane, drag the Objective variable label and drop it in
the Row Labels area. Drag a second copy of this same
label and drop it in the £ Values area. (This second label
changes to Count of variable name.) Then drag the Risk
variable label and drop it in the Column Labels area.
When you complete your PivotTable, use the “Creating a
Side-by-Side Chart (2007)” instructions of Section E2.11.

PHStat2 Select PHStat = Descriptive Statistics >
Two-Way Tables & Charts. In the Two-Way Tables &
Charts dialog box (see the top of the next column), enter
B1:B839 as the Row Variable Cell Range and enter
F1:F839 as the Column Variable Cell Range. Click First
cell in each range contains label, enter a Title, and
optionally click Side-by-Side Bar Chart. Click OK to
produce the PivotTable and chart.
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E2.11 CREATING SIDE-BY-SIDE CHARTS

You use Excel charting features to create a side-by-side
chart from a contingency table of two categorical variables.
Because Excel charting is different in Excel 2007, this sec-
tion includes passages specific to Excel 97-2003 and
Excel 2007

PHStat2 Two-WayTables & Charts procedure creates a
side-by-side chart pr you when you click the Side-by-Side
Chart out put o ption.

Creating a Side-by-Side Chart (97-2003)

To create a side-by-side chart, open to the worksheet con-
taining the contingency table. If you created a contingency
table that is a PivotTable, first click a cell that is outside the
PivotTable.® Begin the Chart Wizard and make these entries:

Step 1 Click Bar from the Standard Types Chart type
box and leave the first Chart sub-type selected.

Step 2 If you are using a PivotTable, click the PivotTable
when the Data range box is selected, to have Excel fill in
the proper cell range. If you are using a manually entered
contingency table, enter the rectangular range that excludes
the total row and the total column but that includes the row
and column headings.

Step 3 Click the Titles tab. Enter a title as the Chart title
and appropriate values for the Category (X) axis and
Value (Y) axis titles. (Unlike other charts, Excel considers
the horizontal axis to be the Value (Y) axis and the vertical

?If you forget to click outside the PivotTable, the Chart Wizard

instantly creates a (wrong) chart. If this occurs, you can press
Ctrl+Z to undo the chart.
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axis of this chart to be the Category (X) axis, which is dif-
ferent from what you might otherwise expect.) Click the
Legend tab and click Show legend. Use the formatting set-
tings for Axes, Gridlines, Data Labels, and Data Table
tabs that are given in the “Creating Charts (97-2003)” part
of Section E2.2 on page 78.

If field buttons appear on the chart, right-click any
button and click Hide PivotChart Field Buttons in the
shortcut menu.

Creating a Side-by-Side Chart (2007)

To create a side-by-side chart, open to the worksheet that
contains the contingency table. If you created a contin-
gency table that is a PivotTable, click a cell inside the
PivotTable; otherwise, select the cell range of the contin-
gency table, including row and column headings, but
excluding the total row and total column.

Select Insert = Bar and click the Clustered Bar
gallery choice. If your chart contains reversed row and col-
umn variables and is not based on a PivotTable, right-click
the chart and click Select Data in the shortcut menu. In the
Select Data Source dialog box, click Switch Row/Column
and then click OK. If your chart has reversed variables and
is based on a PivotTable, you have to reorder your variables
in the PivotTable in order to get the correct chart. Finish by
relocating your chart to a chart sheet and customizing your
chart, using the instructions in “Creating Charts (Excel
2007)” in Section E.2.2 on page 79, with this exception:
After you click Legend, select Show Legend at Right.

EXAMPLE Figure 2.14 Side-by-Side Chart

If you are using PHStat2 to create your own Figure 2.14
side-by-side bar chart for fund objective and risk (page 56),
first open to the Data worksheet of the [IMIENFTER T
workbook. Otherwise, first create a PivotTable version of
Table 2.14, as is done in the example in Section E2.10, and
open your workbook to that PivotTable. Continue by using
the appropriate set of instructions.

Basic Excel 97-2003 Follow the “Creating a Side-by-
Side Chart (97-2003)” instructions from this section.

Basic Excel 2007 Follow the “Creating a Side-by-Side
Chart (2007)” instructions from this section.

PHStat2 Use the PHStat2 instructions for the example in
Section 2.10. Click the Side-by-Side Chart output option
before clicking OK.

E2.12 CREATING SCATTER PLOTS

You use Excel charting features to create scatter plots. To
create a scatter plot, open to the worksheet that contains the
columns for the two numerical variables you wish to ana-
lyze. Your variables should be arranged X variable first,
then Y variable, reading left-to-right. (If your data are
arranged first ¥ and then X, cut and paste the Y variable
column so it appears to the right of the X variable column.)
Because charting has been changed in Excel 2007, con-
tinue with the appropriate set of instructions.

You can use the Scatter Diagram out put o ption o fthe
PHStat2 Simple Linear Regression procedure (see the
Excel Companion to Chapter 13)i fyou want PHStat2 to
create a scatter plot pr you.

Creating a Scatter Plot (97-2003)

Continue by beginning the Chart Wizard and make these
entries:

Step1 Click XY (Scatter) from the Standard Types
Chart type box and leave the first Chart sub-type
selected.

Step 2 Enter the cell range of the two variables in the
Data range box and select the Columns option. If the two
variables are in non-ad jacent columns, first type or point to
the cell range of the first variable, then type a comma, then
type or point to the cell range of the second variable, and
then press Enter. Do not make any entries in the Series tab
of this dialog box.

Step 3 Click the Titles tab. Enter a title as the Chart title
and enter appropriate values for the Value (X) axis and Value
(Y) axis ftitles. Click, in turn, the Axes, Gridlines, Legend,
and Data Labels tabs and use the formatting settings given in
the “Creating Charts (97-2003)” part of Section E2.2 on
page 78.

Creating a Scatter Plot (2007)

Continue by selecting the cell range of the Xand Y variables.
Then select Insert = Scatter and click the Scatter with
only Markers gallery choice. Finish by relocating your
chart to a chart sheet and customizing your chart using the
instructions in “Creating Charts (2007)” in Section E.2.2.

EXAMPLE Figure 2.15 Scatter Plot

To create your own Figure 2.15 scatter plot of the cost of
a fast-food hamburger meal and the cost of two movie

tickets (page 59), first open the work-
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book to the Data worksheet and then use the following
instructions.

Basic Excel 97-2003 Use the preceding “Creating a
Scatter Plot (97-2003)” instructions. In the Chart Wizard
Step 2 dialog box, enter E1: E11,H1:H11 as the Data
Range and click the Columns option in the Series in
group in the Data Range tab.

Basic Excel 2007 Copy the cell ranges E1:E11 and
H1:H11 to consecutive columns of a blank worksheet. (If
you need to insert a new worksheet, right-click the Data
sheet tab and select Insert. In the gallery that appears,
click Worksheet.) Select the copied columns and then use
the preceding “Creating a Scatter Plot (2007)” instructions.

PHStat2 Sclect PHStat = Regression = Simple Linear
Regression. Enter H1: H11 as the Y Variable Cell Range
and E1:E11 as the X Variable Cell Range . Enter a title as
the Title, click Scatter Diagram, and then click OK. (For
more information about this procedure, see the Excel
Companion to Chapter 13).

E2.13 CREATING TIME-SERIES PLOTS

You use Excel charting features to create time-series plots.
To create a time-series plot, open to the worksheet that con-
tains the time variable and the numerical variable to plot.
The column for your time variable should appear first,
reading left-to-right. (If the column that contains the time
variable appears after the column that contains the numeri-
cal variable, cut and paste the numerical variable column so
it appears to the right of the time variable column.)
Because charting is different in Excel 2007, continue with
the appropriate set of instructions.

Creating a Time Series Plot (97-2003)
Begin the Chart Wizard and make these entries:

Step1 Click Line from the Standard Types Chart type
box and select the first Chart sub-type in the second row,
identified as Line with markers displayed at each data
value.

Step 2 Enter the cell range of the two variables in the
Data range box and select the Columns option. If the vari-
ables are in non-adjacent columns, first type or point to the
cell range of the first variable, then type a comma, then
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type or point to the cell range of the second variable, and
then press Enter. Do not make any entries in the Series tab
of this dialog box.

Step 3 Click the Titles tab. Enter a title as the Chart title
and enter appropriate values for the Value (X) axis and
Value (Y) axis titles. Click, in turn, the Axes, Gridlines,
Legend, Data Labels, and Data Table tabs and adjust the
formatting settings given in the “Creating Charts
(97-2003)” part of Section E2.2 on page 78.

Creating a Time Series Plot (2007)

Continue by selecting the cell range of the numerical vari-
able. Then select Insert = Line and click the Line with
Markers gallery choice. Right-click the new chart and
click Select Data. Click the Edit button under the
Horizontal (Categories) Axis Labels heading in the
Select Data Source dialog box. In the Axis Labels dialog
box, enter the cell range of the time variable as a formula in
the form =SheetName!CellRange and click OK. (This
range should start with the first time value and not with the
column heading for the time variable). Click OK a second
time (in the original dialog box) to complete the task.

Finish by relocating your chart to a chart sheet and
customizing your chart using the instructions in “Creating
Charts (2007)” in Section E.2.2 on page 79.

PHStat2 does not contain a time-series plot command.
PHStat2 users should use the instructions given above to
create time-series plots.

EXAMPLE Figure 2.16 Time-Series Plot

To create your own Figure 2.16 time-series plot of the
movie attendance (in billions) from 1999 to 2005 (page
60), first open the IR workbook to the Data work-
sheet and then use the appropriate set of instructions.

Basic Excel 97-2003 Use the preceding “Creating a
Time-Series Plot (97-2003)” instructions. In the Chart
Wizard Step 2 dialog box, enter A1:B8 as the Data Range
and click the Columns option in the Series in group in the
Data Range tab.

Basic Excel 2007 Select B1:B11 and then use the pre-
ceding “Creating a Time-Series Plot (2007)” instructions.
Use =Data! A2: Al11 as the formula to enter in the Axis
Labels dialog box.
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CHAPTER 3

Numerical Descriptive Measures

USING STATISTICS @ Choice Is Yours, Part II

3.1 MEASURES OF CENTRAL TENDENCY 3.4 EXPLORATORY DATA ANALYSIS
The Mean The Five-Number Summary
The Median The Box-and-Whisker Plot
The Mode

3.5 THE COVARIANCE AND THE
COEFFICIENT OF CORRELATION
The Covariance

3.2 VARIATION AND SHAPE The Coefficient of Correlation

The Range 3.6 PITFALLS IN NUMERICAL DESCRIPTIVE
The Interquartile Range MEASURES AND ETHICAL ISSUES
Ethical Issues

Quartiles
The Geometric Mean

The Variance and the Standard Deviation
The Coefficient of Variation

Z Scores EXCEL COMPANION TO CHAPTER 3

Shape E3.1 Computing Measures of Central Tendency,
Visual Explorations: Exploring Descriptive Statistics Variation, and Shape

Microsoft Excel Descriptive Statistics Results E3.2 Creating Dot Scale Diagrams

E3.3 Computing Measures for a Population
E3.4 Creating Box-and-Whisker Plots

E3.5 Computing the Covariance

E3.6 Computing the Correlation Coefficient

3.3 NUMERICAL DESCRIPTIVE MEASURES
FOR A POPULATION
The Population Mean
The Population Variance and Standard Deviation
The Empirical Rule
The Chebychev Rule

LEARNING OBJECTIVES

In this chapter, you learn:
B To describe the properties of central tendency, variation, and shape in numerical data

To calculate descriptive summary measures for a population

To construct and interpret a box-and-whisker plot

To describe the covariance and the coefficient of correlation
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96 CHAPTER THREE Numerical Descriptive Measures

USING STATISTICS @ Choice Is Yours, Partll

The tables and charts you prepared for the sample of 838 mutual funds
has proved useful to the customers of the Choice Is Yours service.
However, customers have become frustrated trying to evaluate mutual
fund performance. While they know how the 838 three-year rates of
return are distributed, they have no idea what a typical three-year rate of
return would be for a particular category of mutual funds, such as low-
risk funds, nor do they know how that typical value compares to the typ-
ical values of other categories. They also have no idea of the extent of the
variability in the three-year rate of return. Are all the values relatively
similar, or do they include very small and very large values? Are there a
lot of small values and a few large ones, or vice versa, or are there a sim-
ilar number of small and large values?

How could you help the customers get answers to these questions so
that they could better evaluate the mutual funds?

3.1

he customers in the Using Statistics scenario are asking questions about numerical vari-

ables. When summarizing and describing numerical variables, you need to do more than
just prepare the tables and charts discussed in Chapter 2. You need to consider the central ten-
dency, variation, and shape of each numerical variable.

CENTRAL TENDENCY

The central tendency is the extent to which all the data values group around a typical or
central value.

VARIATION

The variation is the amount of dispersion, or scattering, of values away from a central
value.

SHAPE

The shape is the pattern of the distribution of values from the lowest value to the highest
value.

This chapter discusses ways you can measure the central tendency, variation, and shape
of a variable. You will also learn about the covariance and the coefficient of correlation,
which help measure the strength of the association between two numerical variables. Using
these measures would give the customers of the Choice Is Yours service the answers they
seek.

MEASURES OF CENTRAL TENDENCY

Most sets of data show a distinct tendency to group around a central point. When people talk
about an “average value” or the “middle value” or the “most frequent value,” they are talking
informally about the mean, median, and mode—three measures of central tendency.
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3.1: Measures of Central Tendency 97

The Mean

The arithmetic mean (typically referred to as the mean) is the most common measure of cen-
tral tendency. The mean is the only common measure in which all the values play an equal role.
The mean serves as a “balance point” in a set of data (like the fulcrum on a seesaw). You calcu-
late the mean by adding together all the values in a data set and then dividing that sum by the
number of values in the data set.

The symbol X, called X-bar, is used to represent the mean of a sample. For a sample con-
taining n values, the equation for the mean of a sample is written as

¥ Sum of the values

Number of values

Using the series X, X,, ..., X to represent the set of n values and n to represent the number of
values, the equation becomes:

By using summation notation (discussed fully in Appendix B), you replace the numerator

n
X +X,+---+ X bythe term 2 X;, which means sum all the X’ values from the first X'value,
i=1
X, to the last X'value, X , to form Equation (3.1), a formal definition of the sample mean.

SAMPLE MEAN

The sample mean is the sum of the values divided by the number of values.

i X, @3.1)

X = .=l
n

where

X = sample mean
n = number of values or sample size
X = ith value of the variable X

n
Z X; = summation of all X; values in the sample
i=l

Because all the values play an equal role, a mean is greatly affected by any value that is
greatly different from the others in the data set. When you have such extreme values, you
should avoid using the mean.

The mean can suggest a typical or central value for a data set. For example, if you knew the
typical time it takes you to get ready in the morning, you might be able to better plan your
morning and minimize any excessive lateness (or earliness) going to your destination. Suppose
you define the time to get ready as the time (rounded to the nearest minute) from when you get
out of bed to when you leave your home. You collect the times shown below for 10 consecutive
work days (stored in the data file [TRlTR0):
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98 CHAPTER THREE Numerical Descriptive Measures

Day: 1 2 3 4 5 6 7 8 9 10
Time (minutes): 39 29 43 52 39 44 40 31 44 35
The mean time is 39.6 minutes, computed as follows:

Sum of the values

X =
Number of values
n
> X
X =izl
n
)—(_39 +29 +43 +52 +39 + 44 + 40 + 31 + 44 + 35
B 10
¥ =32 _ 3956
10

Even though no one day in the sample actually had the value 39.6 minutes, allotting about
40 minutes to get ready would be a good rule for planning your mornings. The mean is a good
measure of central tendency in this case because the data set does not contain any exceptionally
small or large values.

Consider a case in which the value on Day 4 is 102 minutes instead of 52 minutes. This
extreme value causes the mean to rise to 44.6 minutes, as follows:

Sum of the values

X =
Number of values
n
D X
X =izl
n
¥ =2 _ 446
10

The one extreme value has increased the mean by more than 10%, from 39.6 to 44.6 min-
utes. In contrast to the original mean that was in the “middle” (that is, greater than 5 of the
getting-ready times and less than the 5 other times), the new mean is greater than 9 of the
10 getting-ready times. Because of the extreme value, the mean is now a poor measure of cen-
tral tendency.

EXAMPLE 3.1

THE MEAN THREE-YEAR ANNUALIZED RETURN FOR SMALL-CAP GROWTH
MUTUAL FUNDS WITH LOW RISK

The 838 mutual funds ((IFTEIFEEEE ) that are part of the Using Statistics scenario (see page 96)
are classified according to the category (small cap, mid cap, and large cap), the type (growth or
value), and the risk level of the mutual funds (low, average, and high). You are particularly
interested in small companies with a lot of growth potential. Moreover, you want to investigate
only those funds with low risk. Thus, you sort the mutual fund data and locate those funds that
are classified as specializing in small-cap companies, have a growth objective, and are per-
ceived to be low risk. The following seven companies meet all these criteria:
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3.1: Measures of Central Tendency 99

Fund Three-Year
Category  Objective  Risk Return
Baron Growth Small Cap Growth Low 20.8
Columbia Acorn Z Small Cap Growth Low 26.0
FBR Small Cap Small Cap Growth Low 24.9
Perritt Micro Cap Opportunities Small Cap Growth Low 29.9
Schroder Capital US Opportunities Inv Small Cap Growth Low 22.3
Value Line Emerging Opportunities Small Cap Growth Low 19.0
Wells Fargo Advtg Small Cap Opp Adm  Small Cap Growth Low 22.4

Compute the mean three-year annualized return for the small-cap growth funds with low risk.
SOLUTION The mean three-year annualized return for the small-cap growth funds with low
risk is 23.61, calculated as follows:

7= Sum of the values

Number of values
n
2.
_i=l

=@ = 23.6143

The ordered array for the seven small-cap growth funds with low risk is:
19.0 20.8 223 224 249 260 29.9

Four of these returns are below the mean of 23.61, and three of them are above the mean.

The Median

The median is the middle value in a set of data that has been ranked from smallest to largest.
Half the values are smaller than or equal to the median, and half the values are larger than or
equal to the median. The median is not affected by extreme values, so you can use the median
when extreme values are present.

To calculate the median for a set of data, you first rank the values from smallest to largest
and then use Equation (3.2) to compute the rank of the value that is the median.

MEDIAN

Median = il

ranked value 3.2)

You compute the median value by following one of two rules:

®  Rule 1 If there are an odd number of values in the data set, the median is the middle-ranked
value.

®  Rule 2 If there are an even number of values in the data set, then the median is the average
of the two middle ranked values.

To compute the median for the sample of 10 times to get ready in the morning, you rank the
daily times as follows:
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100 CHAPTER THREE Numerical Descriptive Measures

Ranked values:

29 31 35 39 39 40 43 44 44 52
Ranks:

Median = 39.5

Because the result of dividing n +1 by 2 is (10 +1)/2 =5.5 for this sample of 1 0, you must use
Rule 2 and average the fifth and sixth ranked values, 39 and 40. Therefore, the median is 39.5.
The median of 39.5 means that for half the days, the time to get ready is less than or equal to
39.5 minutes, and for half the days, the time to get ready is greater than or equal to 39.5 min-
utes. In this case, the median time to get ready of 39.5 minutes is very close to the mean time
to get ready of 39.6 minutes.

EXAMPLE 3.2

COMPUTING THE MEDIAN FROM AN ODD-SIZED SAMPLE

The 838 mutual funds (JITTEIETEEER) that are part of the Using Statistics scenario (see page
96) are classified according to the category (small cap, mid cap, and large cap), the type
(growth or value), and the risk level of the mutual funds (low, average, and high). Compute the
median three-year annualized return for the small-cap growth funds with low risk.

SOLUTION Because the result of dividing n + 1 by 2 is (7 + 1)/2 = 4 for this sample of seven,
using Rule 1, the median is the fourth ranked value. The three-year annualized returns for the seven
small-cap growth funds with low risk (see page 99) are ranked from the smallest to the largest:

Ranked values:

19.0 20.8 223 224 249 260 299
Ranks:

1 2 3 4 5 6 7

T
Median

The median three-year annualized return is 22.4. Half the three-year annualized returns are
equal to or below 22.4, and half the returns are equal to or above 22.4.

The Mode

The mode is the value in a set of data that appears most frequently. Like the median and unlike
the mean, extreme values do not affect the mode. Often, there is no mode or there are several
modes in a set of data. For example, consider the time-to-get-ready data shown below:

29 31 35 39 39 40 43 44 44 52

There are two modes, 39 minutes and 44 minutes, because each of these values occurs twice.
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EXAMPLE 3.3

COMPUTING THE MODE

A systems manager in charge of a company’s network keeps track of the number of server fail-
ures that occur in a day. Compute the mode for the following data, which represents the num-
ber of server failures in a day for the past two weeks:

1 3 0 3 202 7 4 0 2 3 3 6 3
SOLUTION The ordered array for these data is

001 2233 3 3 3 46 7 26

Because 3 appears five times, more times than any other value, the mode is 3. Thus, the systems
manager can say that the most common occurrence is having three server failures in a day. For this
data set, the median is also equal to 3, and the mean is equal to 4.5. The extreme value 26 is an out-
lier. For these data, the median and the mode better measure central tendency than the mean.

A set of data has no mode if none of the values is “most typical.” Example 3.4 presents a data
set with no mode.

EXAMPLE 3.4

DATA WITH NO MODE

Compute the mode for the three-year annualized return for the small-cap growth funds
((IMTTENETEEETE) with low risk (see page 99).
SOLUTION The ordered array for these data is

19.0 20.8 223 224 249 260 299

These data have no mode. None of the values is most typical because each value appears once.

The Q;, median, and Q,
are also the 25th, 50th,
and 75th percentiles,
respectively. Equations
(3.2), (3.3), and (3.4) can
be expressed generally in

terms of finding percentiles:

(o x 100)th percentile =
p % (n + 1) ranked value.

Quartiles

Quartiles split a set of data into four equal parts—the first quartile, Q,, divides the smallest
25.0% of the values from the other 75.0% that are larger. The second quartile, Q,, is the
median—50.0% of the values are smaller than the median and 50.0% are larger. The third
quartile, Q,, divides the smallest 75.0% of the values from the largest 25.0%. Equations (3.3)
and (3.4) define the first and third quartiles.!

FIRST QUARTILE, Q,

25.0% of the values are smaller than or equal to Q,, the first quartile, and 75.0% are larger
than or equal to the first quartile, Q,.
n+1
9=

ranked value 3.3)

THIRD QUARTILE, Q4

75.0% of the values are smaller than or equal to the third quartile, Q,, and 25.0% are larger
than or equal to the third quartile, Q5.

_ 3(n+1)

0; ranked value 3.4)
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Use the following rules to calculate the quartiles:

®  Rule I If the result is a whole number, then the quartile is equal to that ranked value. For
example, if the sample size n = 7, the first quartile, Q,, is equal to the (7 +1)/4 = second
ranked value.

®  Rule 2 If the result is a fractional half (2.5, 4.5, etc.), then the quartile is equal to the aver-
age of the corresponding ranked values. For example, if the sample size n = 9, the first
quartile, Q,, is equal to the (9 +1)/4 = 2.5 ranked value, halfway between the second
ranked value and the third ranked value.

®  Rule 3 If the result is neither a whole number nor a fractional half, you round the result to
the nearest integer and select that ranked value. For example, if the sample size n =10, the
first quartile, Q,, is equal to the (10 +1)/4 = 2.75 ranked value. Round 2.75 to 3 and use
the third ranked value.

To illustrate the computation of the quartiles for the time-to-get-ready data, rank the fol-
lowing data from smallest to largest:

Ranked values:
29 31 35 39 39 40 43 44 44 52
Ranks:

1 2 3 4 5 6 7 8 9 10

The first quartile is the (n +1)/4 = (10 +1)/4 =2.75 ranked value. Using Rule 3, you round up
to the third ranked value. The third ranked value for the time-to-get-ready data is 35 minutes.
You interpret the first quartile of 35 to mean that on 25% of the days, the time to get ready is
less than or equal to 35 minutes, and on 75% of the days, the time to get ready is greater than
or equal to 35 minutes.

The third quartile is the 3(n +1)/4 = 3(10 + 1)/4 = 8.25 ranked value. Using Rule 3 for
quartiles, you round this down to the eighth ranked value. The eighth ranked value is 44 min-
utes. Thus, on 75% of the days, the time to get ready is less than or equal to 44 minutes, and on
25% of the days, the time to get ready is greater than or equal to 44 minutes.

EXAMPLE 3.5

COMPUTING THE QUARTILES

The 838 mutual funds (JITTEELEEE ) that are part of the Using Statistics scenario (see page
96) are classified according to the category (small cap, mid cap, and large cap), the type
(growth or value), and the risk level of the mutual funds (low, average, and high). Compute the
first quartile (Q,) and third quartile (Q,) three-year annualized return for the small-cap growth
funds with low risk.

SOLUTION Ranked from smallest to largest, the three-year annualized returns for the seven
small-cap growth funds with low risk (see page 99) are:

Ranked value:
19.0 20.8 223 224 249 260 299

Ranks:
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For these data

= Mranked value

O

= 7 Il ranked value = 2nd ranked value

Therefore, using Rule 1, Q, is the second ranked value. Because the second ranked value is
20.8, the first quartile, Q,, is 20.8.
To find the third quartile, O

= 3(’14—+1)ranked value

(0

= 30 +D ranked value = 6th ranked value

Therefore, using Rule 1, O is the sixth ranked value. Because the sixth ranked value is 26.0,
Q5 is 26.

The first quartile of 20.8 indicates that 25% of the returns are below or equal to 20.8 and
75% are greater than or equal to 20.8. The third quartile of 26.0 indicates that 75% of the
returns are below or equal to 26.0 and 25% are greater than or equal to 26.0.

The Geometric Mean

The geometric mean measures the rate of change of a variable over time. Equation (3.5)
defines the geometric mean.

GEOMETRIC MEAN
The geometric mean is the nth root of the product of » values.

Xo = (X X Xy X x X, )" (3.5)

The geometric mean rate of return measures the average percentage return of an invest-
ment over time. Equation (3.6) defines the geometric mean rate of return.

GEOMETRIC MEAN RATE OF RETURN

Re =00 +R) X1+ Ry x--- x(1+R)I" -1 (3.6)
where

R, is the rate of return in time period i

To illustrate these measures, consider an investment of $100,000 that declined to a value of
$50,000 at the end of Year 1 and then rebounded back to its original $100,000 value at the end
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of Year 2. The rate of return for this investment for the two-year period is 0 because the starting
and ending value of the investment is unchanged. However, the arithmetic mean of the yearly
rates of return of this investment is

7 _ (£0.50) +(1.00)

5 = 0.25, or 25%

because the rate of return for Year 1 is

R = [50,000 —100,000J =—0.50, or —50%

100,000

and the rate of return for Year 2 is

(1 00,000 — 50,000
R2 =

=1.00, or100%
50,000

Using Equation (3.6), the geometric mean rate of return for the two years is

Ry =[(1+R) x (1 + Ryl -1
=[(1 +(=0.50)) x (1 +(1.0))]""% -1
=[(0.50) x (2.0)]"% -1
=[1.01"% -1
=1-1=0

Thus, the geometric mean rate of return more accurately reflects the (zero) change in the value
of the investment for the two-year period than does the arithmetic mean.

EXAMPLE 3.6

COMPUTING THE GEOMETRIC MEAN RATE OF RETURN

The percentage change in the Russell 2000 Index of the stock prices of 2,000 small companies
was +18.33% in 2004 and +4.55% in 2005. Compute the geometric rate of return.

SOLUTION Using Equation (3.6), the geometric mean rate of return in the Russell 2000
Index for the two years is

Rg =[(1+R)x(1+ R)"" —1
=[( +(0.1833)) x (I + (0.0455))]'> -1
=[(1.1833) x (1.0455)]'2 -1

=[1.23714]""2 -1
=1.1123-1=0.1123

The geometric mean rate of return in the Russell 2000 Index for the two years is 11.23%.
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VARIATION AND SHAPE

In addition to central tendency, every data set can be characterized by its variation and shape.
Variation measures the spread, or dispersion, of values in a data set. One simple measure of
variation is the range, the difference between the largest and smallest values. More commonly
used in statistics are the standard deviation and variance, two measures explained later in this
section. The shape of a data set represents a pattern of all the values, from the lowest to highest
value. As you will learn later in this section, many data sets have a pattern that looks approxi-
mately like a bell, with a peak of values somewhere in the middle.

The Range

The range is the simplest numerical descriptive measure of variation in a set of data.

RANGE
The range is equal to the largest value minus the smallest value.

Range = X (3.7)

argest X;mallest

To determine the range of the times to get ready in the morning, you rank the data from small-
est to largest:

29 31 35 39 39 40 43 44 44 52
Using Equation (3.7), the range is 52 — 29 = 23 minutes. The range of 23 minutes indicates

that the largest difference between any two days in the time to get ready in the morning is
23 minutes.

EXAMPLE 3.7

COMPUTING THE RANGE IN THE THREE-YEAR ANNUALIZED RETURNS
FOR SMALL-CAP GROWTH MUTUAL FUNDS WITH LOW RISK

The 838 mutual funds ([ITTENINEEE ) that are part of the Using Statistics scenario (see page
96) are classified according to the category (small cap, mid cap, and large cap), the type
(growth or value), and the risk level of the mutual funds (low, average, and high). Compute the
range of the three-year annualized returns for the small-cap growth funds with low risk (see
page 99).

SOLUTION Ranked from smallest to largest, the three-year annualized returns for the seven
small-cap growth funds with low risk are

19.0 20.8 223 224 249 26.0 299

Therefore, using Equation (3.7), the range =29.9 —19.0 =10.9.
The largest difference between any two returns is 10.9.

The range measures the total s pread in the set of data. Although the range is a simple mea-
sure of the total variation in the data, it does not take into account sow the data are distributed
between the smallest and largest values. In other words, the range does not indicate whether the
values are evenly distributed throughout the data set, clustered near the middle, or clustered
near one or both extremes. Thus, using the range as a measure of variation when at least one
value is an extreme value is misleading.
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The Interquartile Range

The interquartile range (also called midspread) is the difference between the third and frst
quartiles in a set of data.

INTERQUARTILE RANGE
The interquartile range is the difference between the third quartile and the first quartile.

Interquartile range = 0, — 0, 3.8)

The interquartile range measures the spread in the middle 50% of the data. Therefore, it is not
influenced by extreme values. To determine the interquartile range of the times to get ready

29 31 35 39 39 40 43 44 44 52
you use Equation (3.8) and the earlier results on page 102, O, =35 and 0, = 44
Interquartile range = 44 — 35 = 9 minutes

Therefore, the interquartile range in the time to get ready is 9 minutes. The interval 35 to 44 is
often referred to as the middle f fy.

EXAMPLE 3.8

COMPUTING THE INTERQUARTILE RANGE FOR THE THREE-YEAR
ANNUALIZED RETURNS FOR SMALL-CAP GROWTH MUTUAL FUNDS
WITH LOW RISK

The 838 mutual funds ((ITENENEEER) that are part of the Using Statistics scenario (see page 96)
are classified according to the category (small cap, mid cap, and large cap), the type (growth or
value), and the risk level of the mutual funds (low, average, and high). Compute the interquartile
range of the three-year annualized returns for the small-cap growth funds with low risk (see page 99).

SOLUTION Ranked from smallest to largest, the three-year annualized returns for the seven
small-cap growth funds with low risk are

19.0 208 223 224 249 260 29.9
Using Equation (3.8) and the earlier results on page 103, O, = 20.8 and Q, = 26.0:
Interquartile range = 26.0 — 20.8 = 5.2

Therefore, the interquartile range in the three-year annualized return is 5.2.

Because the interquartile range does not consider any value smaller than Q, or larger than Q,,
it cannot be affected by extreme values. Summary measures such as the median, Q,, O, and the
interquartile range, which cannot be influenced by extreme values, are called resistant measures.

The Variance and the Standard Deviation

Although the range and the interquartile range are measures of variation, they do not take into
consideration sow the values distribute or cluster between the extremes. Two commonly used
measures of variation that take into account how all the values in the data are distributed are the
variance and the standard deviation. These statistics measure the “average” scatter around
the mean—how larger values fluctuate above it and how smaller values distribute below it.
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A simple measure of variation around the mean might take the difference between each
value and the mean and then sum these differences. However, if you did that, you would find
that because the mean is the balance point in a set of data, for every set of data, these differ-
ences would sum to zero. One measure of variation that differs from data set to data set squares
the difference between each value and the mean and then sums these squared differences. In
statistics, this quantity is called a sum of squares (or S). This sum is then divided by the num-
ber of values minus 1 (for sample data) to get the sample variance (S2). The square root of the
sample variance is the sample standard deviation (S).

Because the sum of squares is a sum of squared differences that by the rules of arithmetic
will always be nonnegative, neither the variance nor the standard deviation can ever be nega-
tive. For virtually all sets of data, the variance and standard deviation will be a positive value,
although both of these statistics will be zero if there is no variation at all in a set of data and
each value in the sample is the same.

For a sample containing n values, X, X,, X;,..., X, the sample variance (given by the
symbol S?) is

@2 (K- X)X - X+ + (X, - X

n-—1

Equation (3.9) expresses the sample variance using summation notation, and Equation (3.10)
expresses the sample standard deviation.

SAMPLE VARIANCE

The sample variance is the sum of the squared differences around the mean divided by the
sample size minus one.

i(X,- - X)?
= —‘:1

§2 =1 (3.9)

n-—1

where

X = mean
n = sample size
X = ith value of the variable X

n
Z(Xi — )2 = summation of all the squared differences between the X,
i=1 values and X

SAMPLE STANDARD DEVIATION

The sample standard deviation is the square root of the sum of the squared differences
around the mean divided by the sample size minus one.

(3.10)

If the denominator were n instead of n — 1, Equation (3.9) [and the inner term in Equation
(3.10)] would calculate the average of the squared differences around the mean. However, n —1
is used because of certain desirable mathematical properties possessed by the statistic S? that
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TABLE 3.1

Computing the Variance
of the Getting-Ready
Times

make it appropriate for statistical inference (which is discussed in Chapter 7). As the sample
size increases, the difference between dividing by » and by n —1 becomes smaller and smaller.

You will most likely use the sample standard deviation as your measure of variation [defined
in Equation (3.10)]. Unlike the sample variance, which is a squared quantity, the standard devia-
tion is always a number that is in the same units as the original sample data. The standard devia-
tion helps you to know how a set of data clusters or distributes around its mean. For almost all sets
of data, the majority of the observed values lie within an interval of plus and minus one standard
deviation above and below the mean. Therefore, knowledge of the mean and the standard devia-
tion usually helps define where at least the majority of the data values are clustering.

To hand-calculate the sample variance, S 2 and the sample standard deviation, S

Step 1. Compute the difference between each value and the mean.

Step 2. Square each difference.

Step 3. Add the squared differences.

Step 4. Divide this total by n —1 to get the sample variance.

Step 5. Take the square root of the sample variance to get the sample standard deviation.

Table 3.1 shows the first four steps for calculating the variance and standard deviation for
the getting-ready-times data with a mean ( X ) equal to 39.6. (See page 98 for the calculation of
the mean.) The second column of Table 3.1 shows step 1. The third column of Table 3.1 shows
step 2. The sum of the squared differences (step 3) is shown at the bottom of Table 3.1. This
total is then divided by 10 —1 =9 to compute the variance (step 4).

X =39.6
Time Step1: Step2:
X X-X (X; - X
39 —0.60 0.36
29 —-10.60 112.36
43 3.40 11.56
52 12.40 153.76
39 —0.60 0.36
44 4.40 19.36
40 0.40 0.16
31 —8.60 73.96
44 4.40 19.36
35 —4.60 21.16
Step 3: Step4:
Sum: Divide by (n —1):
412.40 45.82

You can also calculate the variance by substituting values for the terms in Equation (3.9):

n

DX - X

§2 =l
n-—1
(39 -39.6)% + (29 —39.6)% +--- + (35 —39.6)°
B 10 -1
4124
T 9
=45.82
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Because the variance is in squared units (in squared minutes, for these data), to compute
the standard deviation, you take the square root of the variance. Using Equation (3.10) on page
107, the sample standard deviation, S, is

n
DX - X7
i=l

n-—1

= +/45.82 =6.77

S =482 =

This indicates that the getting-ready times in this sample are clustering within 6.77 minutes
around the mean of 39.6 minutes (i.e., clustering between X —15§=32.83 and X +1§5=
46.37). In fact, 7 out of 10 getting-ready times lie within this interval.

Using the second column of Table 3.1, you can also calculate the sum of the differences
between each value and the mean to be zero. For any set of data, this sum will always be zero:

n
Z(X,- — X) = 0 for all sets of data

i=l

This property is one of the reasons that the mean is used as the most common measure of cen-
tral tendency.

EXAMPLE 3.9

TABLE 3.2

Computing the
Variance of the Three-
Year Annualized Returns
for the Small-Cap
Growth Mutual Funds
with Low Risk

COMPUTING THE VARIANCE AND STANDARD DEVIATION OF THE
THREE-YEAR ANNUALIZED RETURNS FOR SMALL-CAP GROWTH MUTUAL
FUNDS WITH LOW RISK

The 838 mutual funds (ITTEIETEEE ) that are part of the Using Statistics scenario (see page
96) are classified according to the category (small cap, mid cap, and large cap), the type
(growth or value), and the risk level of the mutual funds (low, average, and high). Compute the
variance and standard deviation of the three-year annualized returns for the small-cap growth
funds with low risk (see page 99).

SOLUTION Table 3.2 illustrates the computation of the variance and standard deviation for
the three-year annualized returns for the small-cap growth funds with low risk.

X =23.6143
Three-Year
Annualized Step1: Step 2:
Return (X; - X) (X; - X\
20.8 —2.8143 7.9202
26.0 2.3857 5.6916
24.9 1.2857 1.6531
29.9 6.2857 39.5102
22.3 —-1.3143 1.7273
19.0 —4.6143 21.2916
22.4 —-1.2143 1.4745
Step 3: Step4:
Sum: Divide by (n —1):
79.2686 13.2114
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Using Equation (3.9) on page 107:

n
(X - X
n-—1
(20.8 —23.6143)% +(26.0 — 23.6143)% +--- +(22.4 — 23.6143)*
7-1
~79.2686
6
=13.2114

Using Equation (3.10) on page 107, the sample standard deviation, S, is

i(xl- - X)

i=l

= +13.2114 =3.635

n-—1

The standard deviation of 3.635 indicates that the returns are clustering within 3.635 around
the mean of 23.61 (i.e., clustering between X —15=19.975 and X + 18§ = 27.245). In fact,
71.4% (5 out of 7) of the three-year annualized returns lie within this interval.

The following summarizes the characteristics of the range, interquartile range, variance,
and standard deviation:

=  The more the data are spread out or dispersed, the larger the range, interquartile range,
variance, and standard deviation.

= The more the data are concentrated or homogeneous, the smaller the range, interquartile
range, variance, and standard deviation.

= [f the values are all the same (so that there is no variation in the data), the range, interquar-
tile range, variance, and standard deviation will all equal zero.

=  None of the measures of variation (the range, interquartile range, standard deviation, and
variance) can ever be negative.

The Coefficient of Variation

Unlike the previous measures of variation presented, the coefficient of variation is a relative
measure of variation that is always expressed as a percentage rather than in terms of the units of
the particular data. The coefficient of variation, denoted by the symbol CV, measures the scat-
ter in the data relative to the mean.

COEFFICIENT OF VARIATION

The coefficient of variation is equal to the standard deviation divided by the mean,
multiplied by 100%.

v = (i_} 00% @3.11)
X

where

S = sample standard deviation

X= sample mean
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For the sample of 10 getting-ready times, because X = 39.6 and S = 6.77, the coefficient of
variation is
v = i 00% = 677 00% =17.10%
X 39.6

For the getting-ready times, the standard deviation is 17.1% of the size of the mean.
The coefficient of variation is very useful when comparing two or more sets of data that
are measured in different units, as Example 3.10 illustrates.

EXAMPLE 3.10

COMPARING TWO COEFFICIENTS OF VARIATION WHEN TWO VARIABLES
HAVE DIFFERENT UNITS OF MEASUREMENT

The operations manager of a package delivery service is deciding whether to purchase a new fleet
of trucks. When packages are stored in the trucks in preparation for delivery, you need to consider
two major constraints—the weight (in pounds) and the volume (in cubic feet) for each item.

The operations manager samples 200 packages and finds that the mean weight is 26.0
pounds, with a standard deviation of 3.9 pounds, and the mean volume is 8.8 cubic feet, with a
standard deviation of 2.2 cubic feet. How can the operations manager compare the variation of
the weight and the volume?

SOLUTION Because the measurement units differ for the weight and volume constraints, the
operations manager should compare the relative variability in the two types of measurements.
For weight, the coefficient of variation is

Chy = 39 00% =15.0%
26.0

For volume, the coefficient of variation is

Cry = (%)1 00% = 25.0%

Thus, relative to the mean, the package volume is much more variable than the package weight.

Z Scores

An extreme value or outlier is a value located far away from the mean. Z scores are useful in
identifying outliers. The larger the Z score, the greater the distance from the value to the mean.
The Zscore is the difference between the value and the mean, divided by the standard deviation.

Z SCORES

(3.12)

For the time-to-get-ready data, the mean is 39.6 minutes, and the standard deviation is 6.77
minutes. The time to get ready on the first day is 39.0 minutes. You compute the Z score for Day
1 by using Equation (3.12):

X-X

s

~39.0-39.6

677

=-0.09

Z
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TABLE 3.3

Z Scores for the
10 Getting-Ready
Times

Table 3.3 shows the Zscores for all 1 0 days. The largest Z score is 1.83 for Day 4, on which the
time to get ready was 52 minutes. The lowest Z score was —1.57 for Day 2, on which the time to
get ready was 29 minutes. As a general rule, a Z score is considered an outlier if it is less than
—3.0 or greater than +3.0. None of the times met that criterion to be considered outliers.

Time (X) Z Score

39 -0.09
29 —1.57
43 0.50
52 1.83
39 —0.09
44 0.65
40 0.06
31 —-1.27
44 0.65
35 —0.68

Mean 39.6

Standard deviation 6.77

EXAMPLE 3.11

TABLE 3.4

Z Scores of the
Three-Year Annualized
Returns for the Small-
Cap Growth Mutual
Funds with Low Risk

COMPUTING THE Z SCORES OF THE THREE-YEAR ANNUALIZED RETURNS
FOR SMALL-CAP GROWTH MUTUAL FUNDS WITH LOW RISK

The 838 mutual funds ([TENEEEEE D) that are part of the Using Statistics scenario (see page
96) are classified according to the category (small cap, mid cap, and large cap), the type (growth
or value), and the risk level of the mutual funds (low, average, and high).Compute the Z scores
of the three-year annualized returns for the small-cap growth funds with low risk (see page 99).

SOLUTION Table 3.4 illustrates the Z scores of the three-year annualized returns for the
small-cap growth funds with low risk. The largest Z score is 1.73, for an annualized return of
29.9. The lowest Z score is —1.27, for an annualized return of 19.0. There are no apparent out-
liers in these data because none of the Z scores are less than —3 or greater than +3.

Three-Year Z
Return Scores

20.8 —0.77
26.0 0.66
24.9 0.35
29.9 1.73
22.3 —0.36
19.0 —-1.27
22.4 -0.33

Mean 23.61

Standard Deviation 3.63

Shape

Shape is the pattern of the distribution of data values throughout the entire range of all the val-
ues. A distribution is either symmetrical or skewed. In a symmetrical distribution, the values
below the mean are distributed exactly as the values above the mean. In this case, the low and
high values balance each other out. In a skewed distribution, the values are not symmetrical
around the mean. This skewness results in an imbalance of low values or high values.
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Shape influences the relationship of the mean to the median in the following ways:

= Mean < median: negative, or left-skewed
=  Mean = median: symmetric, or zero skewness
=  Mean > median: positive, or right-skewed

Figure 3.1 depicts three data sets, each with a different shape.
FIGURE 3.1

A comparison of three
data sets differing in
shape

Panel A
Negative, or left-skewed

Panel C
Positive, or right-skewed

Panel B
Symmetrical

The data in Panel A are negative, or left-skewed. In this panel, most of the values are in the
upper portion of the distribution. A long tail and distortion to the left is caused by some
extremely small values. These extremely small values pull the mean downward so that the
mean is less than the median.

The data in Panel B are symmetrical. Each half of the curve is a mirror image of the other
half of the curve. The low and high values on the scale balance, and the mean equals the median.

The data in Panel C are positive, or right-skewed. In this panel, most of the values are in the
lower portion of the distribution. A long tail on the right is caused by some extremely large values.
These extremely large values pull the mean upward so that the mean is greater than the median.

VISUAL EXPLORATIONS Exploring Descriptive Statistics

You can use the Visual Explorations Descriptive
Statistics procedure to see the effect of changing data values
on measures of central tendency, variation, and shape. Open
the RIS Tl add-in workbook (see Appendix D)
and select VisualExplorations = Descriptive Statistics
(Excel 97-2003) or Add-ins = Visual Explorations -
Descriptive Statistics (Excel 2007) from the Microsoft
Excel menu bar. Read the instructions in the pop-up box
(see illustration below) and click OK to examine a dot-scale

diagram for the sample of 10 getting-ready times used
throughout this chapter.

Experiment by entering an extreme value such as
10 minutes into one of the tinted cells of column A. Which
measures are affected by this change? Which ones are not?
You can flip between the “before” and “after” diagrams by
repeatedly pressing Crtl + Z (undo) followed by Crtl +Y
(redo) to help see the changes the extreme value caused in
the diagram.
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Microsoft Excel Descriptive Statistics Results

The Descriptive Statistics procedure of the ToolPak add-in (see Section E3.1) computes the
mean, median, mode, standard deviation, variance, range, minimum, maximum, and count
(sample size) and displays these statistics on a new worksheet. In addition, the procedure cal-
culates and displays the standard error, the kurtosis, and skewness, three statistics not discussed
previously in this section. The standard error, discussed in Chapter 7, is the standard deviation
divided by the square root of the sample size. Skewness measures the lack of symmetry in the
data. A skewness value of zero indicates a symmetrical distribution. A positive value indicates
right skewness while a negative value indicates left skewness. Kurtosis measures the relative
concentration of values in the center of the distribution, as compared with the tails. A kurtosis
value of zero indicates a bell-shaped distribution. A negative value indicates a distribution that
is flatter than a bell-shaped distribution. A positive value indicates a distribution with a sharper
peak than a bell-shaped distribution.

Figure 3.2 shows the results of using the Descriptive Statistics procedure to calculate sepa-
rate results for low-risk, average-risk, and high-risk mutual funds. (The procedure was used
three times, and the results that appeared on three separate worksheets were consolidated on
one sheet.)

FIGURE 3.2

Microsoft Excel
descriptive statistics
of the three-year
annualized returns
based on risk level

See Section E3.1 to create
this.

In examining the results, there appear to be slight differences in the three-year annual-
ized return for the three risk levels. Low-risk and high-risk funds had a slightly higher mean
and median than did average-risk funds. There was very little difference in the standard
deviations of the three groups. Each of the risk levels showed some evidence of positive
skewness.
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PROBLEMS FOR SECTIONS 3.1 AND 3.2

Learning the Basics

alee 3.1 The following is a set of data from a sample

[ASSIST | of n=5:
7 4 9 8 2

a. Compute the mean, median, and mode.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c¢. Compute the Z scores. Are there any outliers?

d. Describe the shape of the data set.

Elee 3.2 The following is a set of data from a sample

[ASSIST| of n = 6:
7 4 9 7 3 12

a. Compute the mean, median, and mode.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

¢. Compute the Z scores. Are there any outliers?

d. Describe the shape of the data set.

Rleen 3.3 The following set of data is from a sample

[ASSIST| of n="7:
12 7 4 9 0 7 3

a. Compute the mean, median, and mode.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c¢. Compute the Z scores. Are there any outliers?

d. Describe the shape of the data set.

Rlee 3.4 The following is a set of data from a sample

ASSIST | of n=235:

7 5 8 7 9

a. Compute the mean, median, and mode.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c¢. Compute the Z scores. Are there any outliers?

d. Describe the shape of the data set.

e 3.5 Suppose the rate of return for a particular
stock during the past two years was 10% and

30%. Compute the geometric mean rate of return.
(Note: A rate of return of 10% is recorded as 0.10, and a
rate of return of 30% is recorded as 0.30.)

Applying the Concepts

e 3.6 The operations manager of a plant that
manufactures tires wants to compare the actual

inner diameters of two grades of tires, each of
which is expected to be 575 millimeters. A sample of five

tires of each grade was selected, and the results represent-
ing the inner diameters of the tires, ranked from smallest
to largest, are as follows:

Grade X |
568 570 575 578 584

Grade Y
573 574 575 577 578

a. For each of the two grades of tires, compute the mean,
median, and standard deviation.

b. Which grade of tire is providing better quality? Explain.

¢. What would be the effect on your answers in (a) and (b)
if the last value for grade ¥ were 588 instead of 578?
Explain.

3.7 The data in the file contain the price
for two tickets with online service charges, large popcorn,
and two medium soft drinks at a sample of six theatre
chains:

$36.15 $31.00 $35.05 $40.25 $33.75 $43.00

Source: Extracted fom K. Kelly, “The Multi plex Under Siege,” The

Wall Street Journal, December 24-25, 2005, pp. PI, P5.

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the variance, standard deviation, range,
interquartile range, and coefficient of variation.

¢. Are the data skewed? If so, how?

d. Based on the results of (a) through (c), what conclusions
can you reach concerning the cost of going to the movies?

3.8 A total of 92,000 new single-family homes were sold
in the United States during February 2006. The median
price of the homes was $230,400, a decrease of 2.9% from
February 2005 (U.S. Census Bureau, www.census.gov).
Why do you think the Census Bureau refers to the median
price instead of the mean price?

3.9 The data in the file contain the bounced
check fees, in dollars, for a sample of 23 banks for direct-
deposit customers who maintain a $100 balance:

26 28 20 20 21 22 25 25 18 25 15 20
18 20 25 25 22 30 30 30 15 20 29

Source: Extracted fom “The New Face o fBanking,” June 2000.

Copyright © 2000 by Consumers Union o fU.S., Inc., Yonkers, NY

10703-1057.

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the variance, standard deviation, range,
interquartile range, coefficient of variation, and Z scores.

¢. Are the data skewed? If so, how?

d. Based on the results of (a) through (c), what conclusions
can you reach concerning the bounced check fees?
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116 CHAPTER THREE Numerical Descriptive Measures

3.10 The data in the file T ELIS0 repre-
Test

sent the calories and fat (in grams) of 1 6-ounce
iced coffee drinks at Dunkin’ Donuts and
Starbucks:

Product Calories Fat
Dunkin’ Donuts Iced Mocha Swirl latte

(whole milk) 240 8.0
Starbucks Coffee Frappuccino blended

coffee 260 3.5

Dunkin’ Donuts Coffee Coolatta (cream) 350 22.0
Starbucks Iced Coffee Mocha Expresso

(whole milk and whipped cream) 350 20.0
Starbucks Mocha Frappuccino blended

coffee (whipped cream) 420 16.0
Starbucks Chocolate Brownie Frappuccino

blended coffee (whipped cream) 510 22.0
Starbucks Chocolate Frappuccino

Blended Créme (whipped cream) 530 19.0

Source: Extracted fom “Co fee as Candy at Dunkin’ Donuts and
Starbucks,” Consumer Reports, June 2004, p. 9.

a. For each variable (calories and fat), compute the mean,
median, first quartile, and third quartile.

b. For each variable (calories and fat), compute the variance,
standard deviation, range, interquartile range, coefficient
of variation, and Z scores. Are there any outliers? Explain.

¢. Are the data skewed? If so, how?

d. Based on the results of (a) through (c), what conclusions
can you reach concerning the calories and fat in iced
coffee drinks at Dunkin’ Donuts and Starbucks?

3.11 The data in the file R contain the total fat, in
grams per serving, for a sample of 20 chicken sandwiches
from fast-food chains. The data is as follows:

7 8 4 5 16 20 20 24 19 30
23 30 25 19 29 29 30 30 40 56

Source: Extracted fom “Fast Food: Adding Health to the Menu,”

Consumer Reports, Se prember 2004, pp. 28-31.

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the variance, standard deviation, range,
interquartile range, coefficient of variation, and Z scores.
Are there any outliers? Explain.

¢. Are the data skewed? If so, how?

d. Based on the results of (a) through (c), what conclusions
can you reach concerning the total fat of chicken sand-
wiches?

3.12 The data in the file represents the bat-
tery life (in shots) for three pixel digital cameras:

300 180 85 170 380 460

260 35 380 120 110 240

Source: Extracted fom “Cameras: More Features in the Mix,”
Consumer Reports, July 2005, pp. 14-18.

a. Compute the mean, median, first quartile, and third

quartile.

b. Compute the variance, standard deviation, range,
interquartile range, coefficient of variation, and Z scores.
Are there any outliers? Explain.

. Are the data skewed? If so, how?

d. Based on the results of (a) through (c), what conclusions

can you reach concerning the battery life (in shots) for
three pixel digital cameras?

d

3.13 Is there a difference in the variation of the yields of
different types of investments between banks? The data in
the file represents the nationwide highest
yields for money market accounts and one-year CDs as of
January 24, 2006:

Money Market Accounts | One-Year CD

4.55 4.50 4.40 4.38 4.38 ‘ 4.94 490 4.85 4.85 4.85

Source: Extracted fom Bankrate.com, January 24, 2006.

a. For money market accounts and one-year CDs, sepa-
rately compute the variance, standard deviation, range,
interquartile range, and coefficient of variation.

b. Based on the results of (a), do money market accounts
or one-year CDs have more variation in the highest
yields offered? Explain.

3.14 The data in the file contain the start-
ing admission price (in $) for one-day tickets to 10 theme
parks in the United States:

58 63 41 42 29 50 62 43 40 40

Source: Extracted fom C. Jackson and E. Gamerman, “Rethinking

the Thrill Factor,” The Wall Street Journal, April 15-16, 2006,

pp. P1, P4.

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, variance, and standard deviation.

¢. Based on the results of (a) and (b), what conclusions can
you reach concerning the starting admission price for
one-day tickets.

d. Suppose that the first value was 98 instead of 58. Repeat
(a) through (c), using this value. Comment on the differ-
ence in the results.

3.15 A bank branch located in a commercial district of a
city has developed an improved process for serving cus-
tomers during the noon-to-1:00 p.m. lunch period. The
waiting time, in minutes (defined as the time the customer
enters the line to when he or she reaches the teller window),
of a sample of 15 customers during this hour is recorded
over a period of one week. The results are contained in the
data file [EEEH and are listed below:

421 555 3.02 513 477 234 3.54 3.20
450 610 038 512 646 619 3.79
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a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the variance, standard deviation, range,
interquartile range, coefficient of variation, and Z
scores. Are there any outliers? Explain.

¢. Are the data skewed? If so, how?

d. As a customer walks into the branch office during the
lunch hour, she asks the branch manager how long she
can expect to wait. The branch manager replies, “Almost
certainly less than five minutes.” On the basis of the
results of (a) through (c), evaluate the accuracy of this
statement.

3.16 Suppose that another branch, located in a residen-
tial area, is also concerned with the noon-to-1 p.m. lunch
hour. The waiting time, in minutes (defined as the time
the customer enters the line to when he or she reaches the
teller window), of a sample of 15 customers during this
hour is recorded over a period of one week. The results
are contained in the data file [ERIZE and are listed
below:

9.66 590 8.02 579 873 3.82 8.0 835
10.49 6.68 5.64 408 6.17 991 5.47

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the variance, standard deviation, range,
interquartile range, and coefficient of variation. Are
there any outliers? Explain.

c. Are the data skewed? If so, how?

d. As a customer walks into the branch office during the
lunch hour, he asks the branch manager how long he can
expect to wait. The branch manager replies, “Almost
certainly less than five minutes.” On the basis of the
results of (a) through (c), evaluate the accuracy of this
statement.

3.17 General Electric (GE) is one of the world’ largest
companies; it develops, manufactures, and markets a wide
range of products, including medical diagnostic imaging
devices, jet engines, lighting products, and chemicals.
Through its affiliate, NBC Universal, GE produces and deliv-
ers network television and motion pictures. In 2004, GE%
stock price rose 20.6%, but in 2005, the price dropped 1.4%
(Source: Extracted fom finance.yahoo.com, April 17, 2006 ).

a. Compute the geometric mean rate of increase for the
two-year period 2004-2005. (Hint: Denote an increase
of 20.6% as R, = 0.206.)

b. If you purchased $1,000 of GE stock at the start of 2004,
what was its value at the end of 2005?

¢. Compare the result of (b) to that of Problem 3.18 (D).

3.18 TASER International, Inc., develops, manufac-
tures, and sells nonlethal self-defense devices known as
tasers. Marketing primarily to law enforcement, correc-

3.2: Variation and Shape 117

tions institutions, and the military, TASER’s popularity
has enjoyed a roller-coaster ride. The stock price in 2004
increased 361.4%, but in 2005, it decreased 78.0%

(Source: Extracted fom finance.yahoo.com, April 17, 2006 ).

a. Compute the geometric mean rate of increase for the
two-year period 2004-2005. (Hint: Denote an increase
of 361.4% as R, =3.614.)

b. If you purchased $1,000 of TASER stock at the start of
2004, what was its value at the end of 2005?

c¢. Compare the result of (b) to that of Problem 3.17 (D).

3.19 In 2002, all the major stock market indexes
decreased dramatically as the attacks on 9/11 drove stock
prices spiraling downward. Stocks soon rebounded, but
what type of mean return did investors experience over the
four-year period from 2002 to 2005? The data in the fol-
lowing table (contained in the data file IR ) repre-
sent the total rate of return (in percentage) for the Dow
Jones Industrial Average (DJIA), the Standard & Poor’s
500 (S&P 500), and the technology-heavy NASDAQ
Composite (Nasdaq).

Year DJIA S&P 500 NASDAQ
2005 0.6 2.9 1.4
2004 3.4 9.1 8.6
2003 30.0 26.4 50.0
2002 -16.8 -24.2 =31.5

Source: Extracted fom finance.yahoo.com, April 14, 2006.

a. Calculate the geometric mean rate of return for the DJIA,
S&P 500, and Nasdagq.

b. What conclusions can you reach concerning the geomet-
ric rates of return of the three market indexes?

c¢. Compare the results of (b) to those of Problem 3.20 (b).

3.20 In 2002-2005 precious metals changed rapidly in
value. The data in the following table (contained in the data
file [IEFEH) represent the total rate of return (in percent-
age) for platinum, gold, and silver:

Year Platinum Gold Silver
2005 12.3 17.8 29.5
2004 5.7 4.6 14.2
2003 36.0 19.9 27.8
2002 24.6 25.6 3.3

Source: Extracted fom www.Kkitco.com, April 14, 2006.

a. Calculate the geometric mean rate of return for platinum,
gold, and silver.

b. What conclusions can you reach concerning the geomet-
ric rates of return of the three precious metals?

¢. Compare the results of (b) to those of Problem 3.19 (b).
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118 CHAPTER THREE Numerical Descriptive Measures

3.3 NUMERICAL DESCRIPTIVE MEASURES FOR A POPULATION

Sections 3.1 and 3.2 present various statistics that described the properties of central tendency
and variation for a sam ple. If your data set represents numerical measurements for an entire
po pulation, you need to calculate and interpret parameters, summary measures for a popula-
tion. In this section, you will learn about three descriptive population parameters: the popula-
tion mean, population variance, and population standard deviation.

To help illustrate these parameters, first review Table 3.5, which contains the one-year
return for the five largest bond funds (in terms of total assets) as of January 31, 2006. (The data

are contained in the file BRI LB )

TABLE 3.5 Bond Fund One-Year Return

One-Year Return for the Pimco: Total Rtn;Inst 2.74

Population Consisting Vanguard Tot Bd;Inv 1.62

of the Five Largest American Funds Bond; A 2.25

Bond Funds Vanguard GNMA;Inv 2.88
Franklin CA TF Inc;A 3.66

Source: Extracted fom The Wall Street Journal, February 6, 2006, p. R6.

The Population Mean

The population mean is represented by the symbol , the Greek lowercase letter mu. Equation
(3.13) defines the population mean.

POPULATION MEAN
The population mean is the sum of the values in the population divided by the population

size N.
N
2%
i=1
== 3.13
u N (3.13)
where

[ = population mean
v X = ith value of the variable X

2 X; = summation of all X; values in the population
i=l

To compute the mean one-year return for the population of bond funds given in Table 3.5, use
Equation (3.13):

N
_Zx,-

i 274 +1.62+2.25+288 +3.66 13.15
N 5

=2.63

u:

Thus, the mean percentage return for these bond funds is 2.63.
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3.3: Numerical Descriptive Measures for a Population 119

The Population Variance and Standard Deviation

The population variance and the population standard deviation measure variation in a popu-
lation. Like the related sample statistics, the population standard deviation is the square root of
the population variance. The symbol 62, the Greek lowercase letter sigma squared, represents the
population variance, and the symbol o, the Greek lowercase letter sigma, represents the popula-
tion standard deviation. Equations (3.14) and (3.15) define these parameters. The denominators
for the right-side terms in these equations use N and not the (n —1) term that is used in the equa-
tions for the sample variance and standard deviation [see Equations (3.9) and (3.10) on page 107].

POPULATION VARIANCE

The population variance is the sum of the squared differences around the population mean
divided by the population size N.

N
DX -’
— =l

o2 =4 (3.14)

N
where
W= population mean

X = ith value of the variable X

N
Z(X,- = u)z = summation of all the squared differences between the
i=l X values and p

POPULATION STANDARD DEVIATION

(3.15)

To compute the population variance for the data of Table 3.5, you use Equation (3.14):

N
DX —w)’
G2 = il
N
(274 - 2.63)% +(1.62 — 2.63)? +(2.25 — 2.63)* + (2.88 — 2.63)* + (3.66 — 2.63)*
B 5
~0.0121 +1.0201 +0.1444 +0.0625 +1.0609
- 5
=230 _ 46
5

Thus, the variance of the one-year returns is 0.46 squared percentage return. The squared
units make the variance hard to interpret. You should use the standard deviation that is
expressed in the original units of the data (percentage return). From Equation (3.15),

N
D (X -w)?
=t~ \J0.46 = 0.68

N

o = \/02 =
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120 CHAPTER THREE Numerical Descriptive Measures

Therefore, the typical percentage return differs from the mean of 2.63 by approximately 0.68.
This small amount of variation suggests that these large bond funds produce results that do not
differ greatly.

The Empirical Rule

In most data sets, a large portion of the values tend to cluster somewhat near the median. In
right-skewed data sets, this clustering occurs to the left of the mean—that is, at a value less
than the mean. In left-skewed data sets, the values tend to cluster to the right of the mean—that
is, at a value greater than the mean. In symmetrical data sets, where the median and mean are
the same, the values often tend to cluster around the median and mean, producing a bell-
shaped distribution. You can use the empirical rule to examine the variability in bell-shaped
distributions:

= Approximately 68% of the values are within a distance of +1 standard deviation from
the mean.

= Approximately 95% of the values are within a distance of +2 standard deviations from
the mean.

= Approximately 99.7% are within a distance of +3 standard deviations from the mean.

The empirical rule helps you measure how the values distribute above and below the
mean and can help you identify outliers. The empirical rule implies that for bell-shaped distri-
butions, only about 1 out of 20 values will be beyond two standard deviations from the mean
in either direction. As a general rule, you can consider values not found in the interval p £+ 26
as potential outliers. The rule also implies that only about 3 in 1,000 will be beyond three stan-
dard deviations from the mean. Therefore, values not found in the interval p + 36 are almost
always considered outliers. For heavily skewed data sets, or those not appearing bell shaped
for any other reason, the Chebyshev rule discussed below should be applied instead of the
empirical rule.

EXAMPLE 3.12

USING THE EMPIRICAL RULE

A population of 1 2-ounce cans of cola is known to have a mean fill-weight of 12.06 ounces and
a standard deviation of 0.02. The population is known to be bell shaped. Describe the distribu-
tion of fill-weights. Is it very likely that a can will contain less than 12 ounces of cola?

SOLUTION p£Ec=12.06+0.02=(12.04,12.08)

n+20=12.06 +2(0.02) =(12.02,12.10)

p+30=12.06 +3(0.02) =(12.00,12.12)
Using the empirical rule, approximately 68% of the cans will contain between 12.04 and 12.08
ounces, approximately 95% will contain between 12.02 and 12.10 ounces, and approximately

99.7% will contain between 12.00 and 12.12 ounces. Therefore, it is highly unlikely that a can
will contain less than 12 ounces.

The Chebyshev Rule

The Chebyshev rule (reference 1) states that for any data set, regardless of shape, the per-
centage of values that are found within distances of & standard deviations from the mean must
be at least

(1 —1/k%) x 100%
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You can use this rule for any value of k greater than 1. Consider £ = 2. The Chebyshev rule
states that at least [1 — (1/2)%] x 100% = 75% of the values must be found within £2 standard
deviations of the mean.

The Chebyshev rule is very general and applies to any type of distribution. The rule indi-
cates at least what percentage of the values fall within a given distance from the mean.
However, if the data set is approximately bell shaped, the empirical rule will more accurately
reflect the greater concentration of data close to the mean. Table 3.6 compares the Chebyshev
and empirical rules.

TABLE 3.6 % of Values Found in Intervals Around the Mean

How Data Vary Around Chebyshev Empirical Rule

the Mean Interval (any distribution) (bell-shaped distribution)
(u—0, u+o) At least 0% Approximately 68%
(L—20, n+20) At least 75% Approximately 95%
(un—30, nt+30) At least 88.89% Approximately 99.7%

EXAMPLE 3.13 USING THE CHEBYSHEV RULE

As in Example 3.12, a population of 1 2-ounce cans of cola is known to have a mean fill-weight
of 12.06 ounces and a standard deviation of 0.02. However, the shape of the population is
unknown, and you cannot assume that it is bell shaped. Describe the distribution of fill-
weights. Is it very likely that a can will contain less than 12 ounces of cola?

SOLUTION L+0=12.06+0.02 = (12.04, 12.08)
w+26 =12.06 +2(0.02) = (12.02, 12.10)
w+30=12.06 +3(0.02) = (12.00, 12.12)

Because the distribution may be skewed, you cannot use the empirical rule. Using the
Chebyshev rule, you cannot say anything about the percentage of cans containing between
12.04 and 12.08 ounces. You can state that at least 75% of the cans will contain between 12.02
and 12.10 ounces and at least 88.89% will contain between 12.00 and 12.12 ounces. Therefore,
between 0 and 11.11% of the cans will contain less than 12 ounces.

You can use these two rules for understanding how data are distributed around the mean
when you have sample data. In each case, you use the value you calculated for X in place of p
and the value you calculated for S in place of 6. The results you compute using the sample sta-
tistics are a pproximations because you used sample statistics ( X, S) and not population param-
eters (W, ©).

PROBLEMS FOR SECTION 3.3

Learning the Basics

et 3.22 The following is a set of data for a popula-

e 3.21 The following is a set of data for a popula- fon with N =10:

tion with N=10:

751 8 3 6 21 9 8 75666486093
a. Compute the population mean. a. Compute the population mean.
b. Compute the population standard deviation. b. Compute the population standard deviation.
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Applying the Concepts

3.23 The data in the file [EE8 represent the quarterly
sales tax receipts (in thousands of dollars) submitted to the
comptroller of the Village of Fair Lake for the period end-
ing March 2006 by all 50 business establishments in that
locale:

103 11.1 9.6 9.0 145
13.0 6.7 11.0 &84 103
13.0 11.2 73 53 125
80 11.8 87 106 95
11.1 102 11.1 99 98
11.6 151 125 65 75
10.0 129 9.2 100 128
125 93 104 127 105
93 11.5 107 11.6 7.8
105 7.6 101 89 8.6

a. Compute the mean, variance, and standard deviation for
this population.

b. What proportion of these businesses have quarterly
sales tax receipts within £1, £2, or £3 standard devia-
tions of the mean?

¢. Compare and contrast your findings with what would be
expected on the basis of the empirical rule. Are you sur-
prised at the results in (b)?

i€ 3.24 Consider a population of 1,024 mutual
funds that primarily invested in large companies.
You have determined that p, the mean one-year

total percentage return achieved by all the funds, is 8.20

and that o, the standard deviation, is 2.75. In addition, sup-

pose you have determined that the range in the one-year

total returns is from —2.0 to 17.1 and that the quartiles are

5.5(Q,)and 10.5 (Q5). According to the empirical rule, what

percentage of these funds is expected to be

a. within £l standard deviation of the mean?

b. within £2 standard deviations of the mean?

¢. According to the Chebyshev rule, what percentage of
these funds are expected to be within 1, +2, or £3 stan-
dard deviations of the mean?

d. According to the Chebyshev rule, at least 93.75% of
these funds are expected to have one-year total returns
between what two amounts?

3.25 The data in the file represent the
assets, in billions of dollars, of the five largest stock
funds.

Fund Assets
American Funds Gro; A 73.6
Vanguard 500 Index; Inv 69.4
American Funds ICA; A 67.0
American Funds Wsh; A 62.4
Fidelity Contrafund 60.1

a. Compute the mean for this population of the five largest
stock funds. Interpret this parameter.

b. Compute the variance and standard deviation for this
population. Interpret these parameters.

c. Is there a lot of variability in the assets of these stock
funds? Explain.

3.26 The data in the file contains the per capita
energy consumption, in kilowatt hours, for each of the 50
states and the District of Columbia during a recent year.

a. Compute the mean, variance, and standard deviation for
the population.

b. What proportion of these states has average per capita
energy consumption within +1 standard deviation of the
mean, within £2 standard deviations of the mean, and
within 43 standard deviations of the mean?

¢. Compare and contrast your findings versus what would
be expected based on the empirical rule. Are you sur-
prised at the results in (b)?

d. Repeat (a) through (c) with the District of Columbia
removed. How have the results changed?

3.27 Thirty companies comprise the DJIA. Just how big
are these companies? One common method to measure the
size of a company is to use its market capitalization, which
is computed by taking the number of stock shares multi-
plied by the price of a share of stock. On April 4, 2006, the
market capitalization of these companies ranged from
Hewlett-Packard’s $3.55 billion to Exxon-Mobils $376.64
billion. The entire population of market capitalization val-
ues is recorded in the file FETITS

Source: Extracted fom money.cnn.com, April 4, 2006.
a. Calculate the mean and standard deviation of the market

capitalization for this population of 30 companies.
b. Interpret the parameters calculated in (a).

3.4 EXPLORATORY DATA ANALYSIS

Sections 3.1-3.3 discuss measures of central tendency, variation, and shape. Another way of
describing numerical data is through exploratory data analysis that includes the five-number
summary and the box-and-whisker plot (references 3 and 4).
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The Five-Number Summary

A five-number summary that consists of

‘X;mallest Q 1

provides a way to determine the shape of a distribution. Table 3.7 explains how the relation-
ships among the “five numbers” allows you to recognize the shape of a data set.

X

Median Q5 Jargest

TABLE 3.7 Relationships Among the Five-Number Summary and the Type of Distribution

Type of Distribution
Comparison Left-Skewed Symmetric Right-Skewed
The distance from X mallest The distance from Both distances The distance from

to the median versus
the distance from the

median to Xlargest.

X, mallest o the median is
greater than the distance
from the median to

X

largest’

X mallest to the median
is less than the
distance from the

median to Xlargest.

are the same.

The distance from X\
to O, versus the
distance from Q5 to

‘Xlargest‘

The distance from
X to O, is less

smallest .
than the distance from
O;t0 X

largest’

Both distances
are the same.

The distance from

Xmaliest 10 Oy I8 greater
than the distance from
05 to X

largest’

The distance from @, to
the median versus the
distance from the
median to Q5.

Both distances
are the same.

The distance from Q, to
the median is greater
than the distance from
the median to Q5.

The distance from Q,
to the median is less
than the distance from
the median to Q5.

For the sample of 10 getting-ready times, the smallest value is 29 minutes and the largest
value is 52 minutes (see page 100). Calculations done in Section 3.1 show that the median =
39.5, Q, =35, and Q4 = 44. Therefore, the five-number summary is

29 35 395 44 52

The distance from X, . to the median (39.5 — 29 =10.5) is slightly less than the distance
from the median to Xlargest (52 —39.5 =12.5). The distance from X, . t0 O, (35 -29=6)is
slightly less than the distance from Q5 to Kargest (52 — 44 =8). Therefore, the getting-ready times

are slightly right-skewed.

EXAMPLE 3.14

COMPUTING THE FIVE-NUMBER SUMMARY OF THE THREE-YEAR ANNUALIZED
RETURNS FOR SMALL-CAP GROWTH MUTUAL FUNDS WITH LOW RISK

The 838 mutual funds (JMTEIETEEE ) that are part of the Using Statistics scenario (see page
96) are classified according to the category (small cap, mid cap, and large cap), the type
(growth or value), and the risk level of the mutual funds (low, average, and high). Compute the
five-number summary of the three-year annualized returns for the small-cap growth funds with
low risk (see page 99).

SOLUTION From previous computations for the three-year annualized returns for the small-
cap growth funds with low risk (see pages 100, 102, and 103), the median = 22.4, O, = 20.8,
and Q5 = 26.0. In addition, the smallest value in the data set is 19.0, and the largest value is
29.9. Therefore, the five-number summary is

19.0 20.8 224 26.0 29.9
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The three comparisons listed in Table 3.7 are used to evaluate skewness. The distance from
X atlest t0 the median (22.4 —19.0 = 3.4) is less than the distance (29.9 —22.4 = 7.5) from the
median to X,_ . The distance from X, to 0, (20.8 —19.0 =1.8) is less than the distance

largest smallest

from Q5 to X}, .. (29.9 —26.0 = 3.9). The distance from Q, to the median (22.4 —20.8 =1.6)

larges

is less than the distance from the median to Q5 (26.0 —22.4 = 3.6). All three comparisons indi-
cate a right-skewed distribution.

FIGURE 3.3

Box-and-whisker plot
of the time to get ready

The Box-and-Whisker Plot

A box-and-whisker plot provides a graphical representation of the data based on the five-
number summary. Figure 3.3 illustrates the box-and-whisker plot for the getting-ready
times.

1
Xsméllest 01 Median 03 Xlar.gest

| | | | | | | |
20 25 30 35 40 45 50 55
Time (minutes)

The vertical line drawn within the box represents the median. The vertical line at the left
side of the box represents the location of Q,, and the vertical line at the right side of the box
represents the location of Q. Thus, the box contains the middle 50% of the values. The lower
25% of the data are represented by a line (i.e., a whisker) connecting the left side of the box to
the location of the smallest value, X ... Similarly, the upper 25% of the data are represented
by a whisker connecting the right side of the box to KXargest

The box-and-whisker plot of the getting-ready times in Figure 3.3 indicates very slight
right-skewness because the distance between the median and the highest value is slightly
greater than the distance between the lowest value and the median. Also, the right whisker is

slightly longer than the left whisker.

EXAMPLE 3.15

THE BOX-AND-WHISKER PLOTS OF THE THREE-YEAR ANNUALIZED RETURNS
OF LOW-, AVERAGE-, AND HIGH-RISK MUTUAL FUNDS

The 838 mutual funds ([ITENENEEER) that are part of the Using Statistics scenario (see page
96) are classified according to the risk level of the mutual funds (low, average, and high).
Construct the box-and-whisker plot of the three-year annualized returns for low-risk, average-
risk, and high-risk mutual funds.

SOLUTION Figure 3.4 is a Microsoft Excel box-and-whisker plot of the three-year annual-
ized return for low-risk, average-risk, and high-risk mutual funds. The median return and the
quartiles are slightly higher for the low-risk and high-risk funds than for the average-risk funds.
All three types of funds are right-skewed due to the long upper whisker.
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FIGURE 3.4

Microsoft Excel box-
and-whisker plots of the
three-year annualized
return for low-risk,
average-risk, and high-
risk mutual funds

See Section E3.4 to create
this.
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FIGURE 3.5

Box-and-whisker plots
and corresponding
polygons for four
distributions

Figure 3.5 demonstrates the relationship between the box-and-whisker plot and the poly-
gon for four different types of distributions. (Note: The area under each polygon is split into
quartiles corresponding to the five-number summary for the box-and-whisker plot.)

| |
| |

Panel B
Left-skewed distribution

Panel A
Bell-shaped distribution

——

l |
| |
Panel C Panel D

Right-skewed distribution Rectangular distribution

Panels A and D of Figure 3.5 are symmetrical. In these distributions, the mean and median
are equal. In addition, the length of the left whisker is equal to the length of the right whisker,
and the median line divides the box in half.

Panel B of Figure 3.5 is left-skewed. The few small values distort the mean toward the left tail.
For this left-skewed distribution, the skewness indicates that there is a heavy clustering of values at
the high end of the scale (i.e., the right side); 75% of all values are found between the left edge of
the box (Q, ) and the end of the right whisker (Xlargest). Therefore, the long left whisker contains the
smallest 25% of the values, demonstrating the distortion from symmetry in this data set.

Panel C of Figure 3.5 is right-skewed. The concentration of values is on the low end of the
scale (i.e., the left side of the box-and-whisker plot). Here, 75% of all data values are found
between the beginning of the left whisker (X, ;,..) @nd the right edge of the box (Q5), and the
remaining 25% of the values are dispersed along the long right whisker at the upper end of the
scale.
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PROBLEMS FOR SECTION 3.4

Learning the Basics

e 3.28 The following is a set of data from a sam-

[ASSIST| ple of n = 6:
7 4 9 7 3 12

a. List the five-number summary.

b. Construct a box-and-whisker plot and describe the
shape.

c¢. Compare your answer in (b) with that from Problem 3.2
(d) on page 115. Discuss.

Faere] 3.29 The following is a set of data from a sam-

[ASSIST | ple of n =7:
127 49 0 7 3

a. List the five-number summary.

b. Construct a box-and-whisker plot and describe the
shape.

¢. Compare your answer in (b) with that from Problem 3.3
(d) on page 115. Discuss.

3.30 The following is a set of data from a sample of n=>5:
7 5 8 7 9

a. List the five-number summary.

b. Construct a box-and-whisker plot and describe the
shape.

¢. Compare your answer in (b) with that from Problem 3.4
(d) on page 115. Discuss.

Applying the Concepts

3.31 The data file [ICHE] contains the total fat, in
grams per serving, for a sample of 20 chicken sandwiches
from fast-food chains. The data are as follows:

7 8 4 5 16 20 20 24 19 30

23 30 25 19 29 29 30 30 40 56

Source: Extracted fom “Fast Food: Adding Health to the Menu,”
Consumer Reports, Seprember 2004, pp. 28-31.

a. List the five-number summary.
b. Construct a box-and-whisker plot and describe the
shape.

3.32 The data in the file represent the bat-
tery life (in shots) for three pixel digital cameras:

300 180 85 170 380 460

260 35 380 120 110 240

Source: Extracted fom “Cameras: More Features in the Mix,”

Consumer Reports, July 2005, pp. 14-18.

a. List the five-number summary.

b. Construct a box-and-whisker plot and describe the
shape.

3.33 The data file contains data on the
starting admission price (in §) for one-day tickets to 10

theme parks in the United States:

58 63 41 42 29 50 62 43 40 40
Source: Extracted fom C. Jackson and E. Gamerman, “Rethinking
the Thrill Factor,” The Wall Street Journal, April 15-16, 2006,
pp. P1, P4.

a. List the five-number summary.
b. Construct a box-and-whisker plot and describe the
shape of the data.

iSELF 3.34 The data in the file repre-

sent the calories and fat (in grams) of 1 6-ounce
iced coffee drinks at Dunkin’ Donuts and
Starbucks:

Product Calories Fat
Dunkin’ Donuts Iced Mocha Swirl latte

(whole milk) 240 8.0
Starbucks Coffee Frappuccino blended

coffee 260 3.5

Dunkin’ Donuts Coffee Coolatta (cream) 350 22.0
Starbucks Iced Coffee Mocha Expresso

(whole milk and whipped cream) 350 20.0
Starbucks Mocha Frappuccino blended

coffee (whipped cream) 420 16.0
Starbucks Chocolate Brownie Frappuccino

blended coffee (whipped cream) 510 22.0
Starbucks Chocolate Frappuccino

Blended Créme (whipped cream) 530 19.0

Source: Extracted fom “Co fpe as Candy at Dunkin’ Donuts and
Starbucks,” Consumer Reports, June 2004, p. 9.

a. For each variable (calories and fat), list the five-number
summary.

b. Construct a box-and-whisker plot for calories and for fat.

¢. What similarities and differences are there in the distri-
butions for calories and for fat?

3.35 The data in the file IR are the yields for a

money market account, a one-year certificate of deposit

(CD), and a five-year CD for 40 banks in South Florida as

of December 20, 2005 (extracted from Bankrate.com,

December 20, 2005).

a. List the five-number summary for the yield of the money
market account, one-year CD, and a five-year CD.

b. Construct a box-and-whisker plot for the yield of the
money market account, one-year CD, and a five-year
CD.

c. What similarities and differences are there in the distribu-
tions for the yield of the money market account, one-year
CD, and a five-year CD?
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3.36 A bank branch located in a commercial district of a
city has developed an improved process for serving cus-
tomers during the noon-to-1:00 p.m. lunch period. The
waiting time, in minutes (defined as the time the customer
enters the line to when he or she reaches the teller window),
of a sample of 15 customers during this hour is recorded
over a period of one week. The results are contained in the
data file [EEREH and are listed below:

421 555 3.02 513 477 234 3.54 3.20
450 610 038 512 6.46 619 3.79

Another branch, located in a residential area, is also con-
cerned with the noon-to-1 p.m. lunch hour. The waiting

3.5: The Covariance and the Coefficient of Correlation 127

time, in minutes (defined as the time the customer enters
the line to when he or she reaches the teller window), of a
sample of 15 customers during this hour is recorded over a
period of one week. The results are contained in the data
file (EREE A and are listed below:

9.66 590 8.02 579 873 3.82 8.01 835
10.49 6.68 5.64 408 617 991 5.47

a. List the five-number summaries of the waiting times at
the two bank branches.

b. Construct box-and-whisker plots and describe the shape
of the distribution of each for the two bank branches.

¢. What similarities and differences are there in the distrib-
utions of the waiting time at the two bank branches?

3.5 THE COVARIANCE AND THE COEFFICIENT OF CORRELATION

In Section 2.5, you used scatter plots to visually examine the relationship between two numeri-
cal variables. This section presents two numerical measures that examine the relationship
between two numerical variables: the covariance and the coefficient of correlation.

The Covariance

The covariance measures the strength of the linear relationship between two numerical variables
(Xand Y). Equation (3.16) defines the sample covariance, and Example 3.16 illustrates its use.

THE SAMPLE COVARIANCE

cov( X,Y) = 42

n

> (X, - XXY, -7)

(3.16)

n—1

EXAMPLE 3.16

COMPUTING THE SAMPLE COVARIANCE

In Section 2.5 on page 58, you examined the relationship between the cost of a fast-food ham-
burger meal and the cost of two movie tickets in 10 cities around the world (extracted from K.
Spors, “Keeping Up with.. . . Yourself,” The Wall Street Journal, April 11, 2005, p. R4). The data
file [FETIIMTE A contains the complete data set. Compute the sample covariance.

SOLUTION Table 3.8 provides the cost of a fast-food hamburger meal and the cost of two
movie tickets in 1 0 cities around the world.

TABLE 3.8 City Hamburger Movie Tickets
Cost of a Fast-Food Tokyo 5.99 32.66
Hamburger Meal and London 7.62 28.41
Cost of Two Movie New York 5.75 20.00
Tickets in 10 Cities Sydney 4.45 20.71
Chicago 4.99 18.00
San Francisco 5.29 19.50
Boston 4.39 18.00
Atlanta 3.70 16.00
Toronto 4.62 18.05
Rio de Janeiro 2.99 9.90

Statistics for Managers Using Microsoft Excel, Fifth Edition, by David M. Levine, Mark L. Berenson, and Timothy C. Krehbiel. Published by Prentice Hall.

Copyright © 2008 by Pearson Education, Inc.



128 CHAPTER THREE Numerical Descriptive Measures

FIGURE 3.6

Microsoft Excel
worksheet for the
covariance between
cost of a fast-food

hamburger meal and

cost of two movie
tickets in 10 cities

Figure 3.6 contains a Microsoft Excel worksheet that calculates the covariance for these data.
The Calculations area of Figure 3.6 breaks down Equation (3.16) into a set of smaller calculations.
From cell C20, or by using Equation (3.1 6) directly, you find that the covariance is 6.83777:

61.53993
10 -1
=6.83777

cov( X,Y) =

FIGURE 3.7

Types of association
between variables

The covariance has a major flaw as a measure of the linear relationship between two numerical
variables. Because the covariance can have any value, you are unable to determine the relative
strength of the relationship. In other words, you cannot tell whether the value 6.83777 is an
indication of a strong relationship or a weak relationship. To better determine the relative
strength of the relationship, you need to compute the coefficient of correlation.

The Coefficient of Correlation

The coefficient of correlation measures the relative strength of a linear relationship between two
numerical variables. The values of the coefficient of correlation range from —1 for a perfect nega-
tive correlation to +1 for a perfect positive correlation. Per fct means that if the points were plotted
in a scatter plot, all the points could be connected with a straight line. When dealing with popula-
tion data for two numerical variables, the Greek letter p is used as the symbol for the coefficient of
correlation. Figure 3.7 illustrates three different types of association between two variables.

X X X
Panel A Panel B Panel C
Perfect negative No correlation Perfect positive
correlation (p=-1) (p=10) correlation (p = +1)
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In Panel A of Figure 3.7, there is a perfect negative linear relationship between X and Y.
Thus, the coefficient of correlation, p, equals —1, and when Xincreases, Y decreases in a per-
fectly predictable manner. Panel B shows a situation in which there is no relationship between
Xand Y. In this case, the coefficient of correlation, p, equals 0, and as Xincreases, there is no
tendency for Y to increase or decrease. Panel C illustrates a perfect positive relationship where
p equals +1. In this case, Y increases in a perfectly predictable manner when X increases.

When you have sample data, the sample coefficient of correlation, 7, is calculated. When
using sample data, you are unlikely to have a sample coefficient of exactly +1, 0, or —1. Figure 3.8
presents scatter plots along with their respective sample coefficients of correlation, r, for six data
sets, each of which contains 100 values of Xand Y.

Panel A (r=-0.9) Panel B (r= -0.6)
Panel C (r=-0.3) Panel D (r= 0.3)
Panel E (r= 0.6) Panel F (r=0.9)
FIGURE 3.8

Six scatter plots created from Microsoft Excel and their sample coefficients of correlation, r
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130 CHAPTER THREE Numerical Descriptive Measures

In Panel A, the coefficient of correlation, 7, is —0.9. You can see that for small values of
X, there is a very strong tendency for Y to be large. Likewise, the large values of X'tend to be
paired with small values of Y. The data do not all fall on a straight line, so the association
between X and Y cannot be described as per gct. The data in Panel B have a coefficient of
correlation equal to —0.6, and the small values of X tend to be paired with large values of Y.
The linear relationship between Xand Y in Panel B is not as strong as that in Panel A. Thus,
the coefficient of correlation in Panel B is not as negative as that in Panel A. In Panel C, the
linear relationship between Xand Y is very weak, » = —0.3, and there is only a slight tendency
for the small values of X to be paired with the larger values of Y. Panels D through F depict
data sets that have positive coefficients of correlation because small values of X tend to be
paired with small values of Y, and the large values of Xtend to be associated with large val-
ues of Y.

In the discussion of Figure 3.8, the relationships were deliberately described as
tendencies and not as causes and e fects. This wording was used on purpose. Correlation
alone cannot prove that there is a causation effect—that is, that the change in the value of
one variable caused the change in the other variable. A strong correlation can be produced
simply by chance, by the effect of a third variable not considered in the calculation of the
correlation, or by a cause-and-effect relationship. You would need to perform additional
analysis to determine which of these three situations actually produced the correlation.
Therefore, you can say that causation implies correlation, but correlation alone does not
imply causation.

Equation (3.17) defines the sample coefficient of correlation, », and Example 3.17 illus-
trates its use.

THE SAMPLE COEFFICIENT OF CORRELATION
.= cov( X,Y)

3.17
S .Sy (3.17)

where

D (X, - X)¥; -7)
cov(X,Y) = =

n—1
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EXAMPLE 3.17

FIGURE 3.9

Microsoft Excel
worksheet for the
sample coefficient of
correlation, r, between
the cost of a fast-food
hamburger meal and
two movie tickets

See Sections E3.5 and E3.6
to create this.

COMPUTING THE SAMPLE COEFFICIENT OF CORRELATION

Consider the cost of a fast-food hamburger meal and the cost of two movie tickets in 10 cities
around the world (see Table 3.8 on page 127). From Figure 3.9 and Equation (3.17), compute
the sample coefficient of correlation.

SOLUTION
.= cov(X,Y)
S xSy
_ 6.83777
(1.2925)(6.337)

=0.8348

The cost of a fast-food hamburger meal and the cost of two movie tickets are positively
correlated. Those cities with the lowest cost of a fast-food hamburger meal tend to be associ-
ated with the lowest cost of two movie tickets. Those cities with the highest cost of a fast-food
hamburger meal tend to be associated with the highest cost of two movie tickets. This relation-
ship is fairly strong, as indicated by a coefficient of correlation, » = 0.8348.

You cannot assume that having a low cost of a fast-food hamburger meal caused the
low cost of two movie tickets. You can only say that this is what tended to happen in the
sample.

In summary, the coefficient of correlation indicates the linear relationship, or association,
between two numerical variables. When the coefficient of correlation gets closer to +1 or -1,
the linear relationship between the two variables is stronger. When the coefficient of correla-
tion is near 0, little or no linear relationship exists. The sign of the coefficient of correlation
indicates whether the data are positively correlated (i.e., the larger values of X are typically
paired with the larger values of Y) or negatively correlated (i.e., the larger values of Xare typi-
cally paired with the smaller values of Y). The existence of a strong correlation does not imply
a causation effect. It only indicates the tendencies present in the data.
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PROBLEMS FOR SECTION 3.5

Learning the Basics

3.37 The following is a set of data from a sample of n =
11 items:

X 7 5 8 3 6 10 12 4 9 15 18
Y 21 15 24 9 18 30 36 12 27 45 54

a. Compute the covariance.

b. Compute the coefficient of correlation.

c¢. How strong is the relationship between X and Y?
Explain.

Applying the Concepts

3.38 An article (J. Clements, “Why Investors Should

Put up to 30% of Their Stock Portfolio in Foreign

Funds,” The Wall Street Journal, November 26, 2003,

p. D1) that discussed investment in foreign stocks stated

that the coefficient of correlation between the return on

investment of U.S. stocks and international large cap
stocks was 0.80, U.S. stocks and international small cap
stocks was 0.53, U.S. stocks and international bonds was

0.03, USS. stocks and emerging markets stocks was 0.71,

and U.S. stocks and emerging markets debt was 0.58.

a. What conclusions can you make about the strength
of the relationship between the return on investment
of U. S. stocks and each of these five other types of
investments?

b. Compare the results of (a) to those of Problem
3.39 (a).

3.39 An article (J. Clements, “Why Investors Should

Put up to 30% of Their Stock Portfolio in Foreign

Funds,” The Wall Street Journal, November 26, 2003,

p. D1) that discussed investment in foreign bonds stated

that the coefficient of correlation between the return on

investment of U.S. bonds and international large cap
stocks was —0.13, U.S. bonds and international small cap
stocks was —0.18, U.S. bonds and international bonds was

0.48, U.S. bonds and emerging markets stocks was —0.20,

and U.S. bonds and emerging markets debt was 0.10.

a. What conclusions can you make about the strength
of the relationship between the return on investment
of U.S. bonds and each of these five other types of
investments?

b. Compare the results of (a) to those of Problem
3.38 (a).

3.40 The data in the file repre-
Test

sent the calories and fat, in grams, of 1 6-ounce
iced coffee drinks at Dunkin’ Donuts and
Starbucks:

Product Calories Fat
Dunkin’ Donuts Iced Mocha Swirl latte

(whole milk) 240 8.0
Starbucks Coffee Frappuccino blended

coffee 260 3.5

Dunkin’ Donuts Coffee Coolatta (cream) 350 22.0
Starbucks Iced Coffee Mocha Expresso

(whole milk and whipped cream) 350 20.0
Starbucks Mocha Frappuccino blended

coffee (whipped cream) 420 16.0
Starbucks Chocolate Brownie Frappuccino

blended coffee (whipped cream) 510 22.0
Starbucks Chocolate Frappuccino

Blended Créme (whipped cream) 530 19.0

Source: Extracted fom “Co ffe as Candy at Dunkin’ Donuts and
Starbucks,” Consumer Reports, June 2004, p. 9.

a. Compute the covariance.

b. Compute the coefficient of correlation.

¢. Which do you think is more valuable in expressing the
relationship between calories and fat—the covariance or
the coefficient of correlation? Explain.

d. What conclusions can you reach about the relationship
between calories and fat?

3.41 There are several methods for calculating fuel
economy. The following table (contained in the file
indicates the mileage, as calculated by owners
and by current government standards:

Car Owner Government
2005 Ford F-150 14.3 16.8
2005 Chevrolet Silverado 15.0 17.8
2002 Honda Accord LX 27.8 26.2
2002 Honda Civic 27.9 34.2
2004 Honda Civic Hybrid 48.8 47.6
2002 Ford Explorer 16.8 18.3
2005 Toyota Camry 23.7 28.5
2003 Toyota Corolla 32.8 33.1
2005 Toyota Prius 37.3 56.0

Source: Extracted fom J. Healey, “Fuel Economy Calculations to
be Altered,” USA Today, January 11, 2006, p. 1B.

a. Compute the covariance.

b. Compute the coefficient of correlation.

¢. Which do you think is more valuable in expressing the
relationship between owner and current government
standards mileage—the covariance or the coefficient of
correlation? Explain.

d. What conclusions can you reach about the relationship
between owner and current government standards mileage?
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3.42 College basketball is big business, with coaches’

salaries, revenues, and expenses in millions of dollars. The

data file contains the coaches’

salaries and revenue for college basketball at selected

schools in a recent year (extracted from R. Adams, “Pay

for Playoffs,” The Wall Street Journal, March 1112, 2006,

pp- P1, P8).

a. Compute the covariance.

b. Compute the coefficient of correlation.

¢. What conclusions can you reach about the relationship
between a coach’s salary and revenue?

3.43 College football players trying out for the NFL are

given the Wonderlic standardized intelligence test. The data

in the file [[ELEEI# 1 contains the average Wonderlic score

of football players trying out for the NFL and the gradua-

tion rate for football players at selected schools (extracted

from S. Walker, “The NFLs Smartest Team,” The Wall

Street Journal, September 30, 2005, pp. W1, W10).

a. Compute the covariance.

b. Compute the coefficient of correlation.

¢. What conclusions can you reach about the relationship
between the average Wonderlic score and graduation rate?

3.6 PITFALLS IN NUMERICAL DESCRIPTIVE MEASURES

AND ETHICAL ISSUES

In this chapter, you have studied how a set of numerical data can be characterized by various
statistics that measure the properties of central tendency, variation, and shape. Your next step is
analysis and interpretation of the calculated statistics. Your analysis is ob gctive; your interpre-
tation is sub pctive. You must avoid errors that may arise either in the objectivity of your analy-
sis or in the subjectivity of your interpretation.

The analysis of the mutual funds is ob jective and reveals several impartial findings.
Objectivity in data analysis means reporting the most appropriate numerical descriptive mea-
sures for a given data set. Now that you have read the chapter and have become familiar with
various numerical descriptive measures and their strengths and weaknesses, how should you
proceed with the objective analysis? Because the data distribute in a slightly asymmetrical
mannet, shouldn’t you report the median in addition to the mean? Doesn’t the standard devia-
tion provide more information about the property of variation than the range? Should you
describe the data set as right-skewed?

On the other hand, data interpretation is sub gctive. Difterent people form different conclu-
sions when interpreting the analytical findings. Everyone sees the world from different per-
spectives. Thus, because data interpretation is subjective, you must do it in a fair, neutral, and

clear manner.

Ethical Issues

Ethical issues are vitally important to all data analysis. As a daily consumer of information, you
need to question what you read in newspapers and magazines, what you hear on the radio or
television, and what you see while surfing the Internet. Over time, much skepticism has been
expressed about the purpose, the focus, and the objectivity of published studies. Perhaps no
comment on this topic is more telling than a quip often attributed to the famous nineteenth-
century British statesman Benjamin Disraeli: “There are three kinds of lies: lies, damned lies,

and statistics.”

Ethical considerations arise when you are deciding what results to include in a report.
You should document both good and bad results. In addition, when making oral presenta-
tions and presenting written reports, you need to give results in a fair, objective, and neutral
manner. Unethical behavior occurs when you willfully choose an inappropriate summary
measure (for example, the mean for a very skewed set of data) to distort the facts in order to
support a particular position. In addition, unethical behavior occurs when you selectively
fail to report pertinent findings because it would be detrimental to the support of a particular

position.
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SUMM ARY

In this and the previous chapter, you studied descriptive
statistics—how data are presented in tables and charts, and
then summarized, described, analyzed, and interpreted.
When dealing with the mutual fund data, you were able to
present useful information through the use of pie charts,
histograms, and other graphical methods. You explored
characteristics of past performance, such as central ten-
dency, variability, and shape, using numerical descriptive

TABLE 3.9 Type of Analysis

measures, such as the mean, median, quartiles, range, stan-
dard deviation, and coefficient of correlation. Table 3.9
provides a list of the numerical descriptive measures cov-
ered in this chapter.

In the next chapter, the basic principles of probability
are presented in order to bridge the gap between the sub-
ject of descriptive statistics and the subject of inferential
statistics.

Numerical Data

Summary of Numerical Describing central tendency,
Descriptive Measures

variable

variation, and shape of a numerical

Mean, median, mode, quartiles, geometric mean,
range, interquartile range, standard deviation,
variance, coefficient of variation, Z scores,
box-and-whisker plot (Sections 3.1-3.4)

Describing the relationship between

two numerical variables

Covariance, coefficient of correlation (Section 3.5)

KEY EQUATIONS

Sample Mean n
> X
X =iz 3.1)
n
Median
. n+l
Median = ranked value (3.2)
First Quartile, 0,
1
0 = n: ranked value 3.3)
Third Quartile, 0
0; = 3(n—-'_l)ranked value 3.4
Geometric Mean
X = (X x Xy xo x X, )" (3.5)

Geometric Mean Rate of Return

Ry =[A+R)x(1+ Ry x--x(l +Rn)]l/” -1 (3.6)

Range
Range = Xiargest - ‘X;mallest 3.7
Interquartile Range
Interquartile range = 05 — 0, 3.8)
Sample Variance n
D (X - X)?
§P=dt (3.9
n-1
Sample Standard Deviation
S =+8% = (3.10)
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Coefficient of Variation

v = (i_)] 00% 3.11)
X
Z Scores
X-X
Z = 3.12
3 (3.12)
Population Mean N
2%
i=1
== 3.13
u N (3.13)
Population Variance N
DX -w?
2 _ =l
o= 3.14
N (3.14)
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Population Standard Deviation

c= 3.15)
Sample Covariance n
D (X, - X)¥; -Y)
cov( X,Y) == (3.16)
n—1

Sample Coefficient of Correlation

XY
r = M (3.17)

S xSy

KEY TERMS

arithmetic mean 97 mean 97
box-and-whisker plot 124 median 99
central tendency 96 midspread 106
Chebyshev rule 120 mode 100

coefficient of correlation 128 outlier 111
coefficient of variation 110
covariance 127

dispersion 105

empirical rule 120

extreme value 111

five-number summary 123
geometric mean 103

geometric mean rate of return 103
interquartile range 106
left-skewed 113

Q,: first quartile

quartiles 101
range 105
resistant measure

population mean 118
population standard deviation 119
population variance

0,: second quartile
Qj: third quartile 101

right-skewed 113

sample coefficient of correlation 130
sample covariance 127

sample mean 97

sample standard deviation 107
sample variance 107

shape 96
skewed 112
119 spread 105
101 standard deviation 106
101 sum of squares (SS) 107

symmetrical 112
variance 106
variation 96

106 Zscore 111

CHAPTER REVIEW PROBLEMS

Checking Your Understanding

3.44 What are the properties of a set of numerical data?

Faeren] 3.45 What is meant by the property of central

tendency?

3.46 What are the differences among the mean,
median, and mode, and what are the advantages

and disadvantages of each?

3.47 How do you interpret the first quartile, median, and
third quartile?

FIEer| 3.48 What is meant by the property of variation?

3.49 What does the Z score measure?

e 3.50 What are the differences among the vari-
ous measures of variation, such as the range,
interquartile range, variance, standard deviation,
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136 CHAPTER THREE Numerical Descriptive Measures

and coefficient of variation, and what are the advantages
and disadvantages of each?

e 3.51 How does the empirical rule help explain
the ways in which the values in a set of numerical
data cluster and distribute?

3.52 How do the empirical rule and the Chebychev rule
differ?

3.53 What is meant by the property of shape?

3.54 How do the covariance and the coefficient of corre-
lation differ?

Applying the Concepts

3.55 The American Society for Quality (ASQ) conducted
a salary survey of all its members. ASQ members work in
all areas of manufacturing and service-related institutions,
with a common theme of an interest in quality. For the U.S.
survey, emails were sent to 38,599 members, and 5,642
valid responses were received. The two most common job
titles were manager and quality engineer. Descriptive sta-
tistics concerning salaries for these two titles are given
below (Extracted from Debbie Phillips-Donaldson, “Good
Year for Traditional Quality Professionals,” Quality
Progress, December, 2004, pp. 24-48). Compare the
salaries of managers and quality engineers.

Standard
Minimum Maximum Deviation Mean Median

Sample
Title Size

Manager 1,553

Quality
Engineer 899 9,200

11,000 142,000 21,421 71,130 70,000

125,000 16,571 61,739 60,000

3.56 In New York State, savings banks are permitted to
sell a form of life insurance called savings bank life insur-
ance (SBLI). The approval process consists of underwrit-
ing, which includes a review of the application, a medical
information bureau check, possible requests for additional
medical information and medical exams, and a policy com-
pilation stage during which the policy pages are generated
and sent to the bank for delivery. The ability to deliver
approved policies to customers in a timely manner is criti-
cal to the profitability of this service to the bank. During a
period of one month, a random sample of 27 approved poli-
cies was selected, and the following total processing times
in days, were recorded; the data are contained in the file

insurance.xis
73 19 16 64 28 28 31 90 60 56 31 56 22 18
45 48 17 17 17 91 92 63 50 51 69 16 17

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. What would you tell a customer who enters the bank to
purchase this type of insurance policy and asks how
long the approval process takes?

3.57 One of the major measures of the quality of service
provided by any organization is the speed with which it
responds to customer complaints. A large family-held
department store selling furniture and flooring, including
carpet, had undergone a major expansion in the past several
years. In particular, the flooring department had expanded
from 2 installation crews to an installation supervisor, a
measurer, and 15 installation crews. A sample of 50 com-
plaints concerning carpet installation was selected during a
recent year. The data in the file [N 0 represent the
number of days between the receipt of a complaint and the
resolution of the complaint:

54 5 35 137 31 27 152 2 123 81 74 27

11 19 126 110 110 29 61 35 94 31 26 5
12 4 165 32 29 28 29 26 25 1 14 13
13 10 5 27 4 52 30 22 36 26 20 23
33 68

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c¢. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. On the basis of the results of (a) through (c), if you had
to tell the president of the company how long a customer
should expect to wait to have a complaint resolved, what
would you say? Explain.

3.58 A manufacturing company produces steel housings
for electrical equipment. The main component part of the
housing is a steel trough that is made out of a 14-gauge
steel coil. It is produced using a 250-ton progressive punch
press with a wipe-down operation, putting two 90-degree
forms in the flat steel to make the trough. The distance
from one side of the form to the other is critical because of
weatherproofing in outdoor applications. The company
requires that the width of the trough be between 8.31 inches
and 8.61 inches. The data file [T % contains the widths
of the troughs, in inches, for a sample of n = 49:

8.312 8.343 8.317 8.383 8.348 8.410 8.351 8.373 8.481 8.422
8.476 8.382 8.484 8.403 8.414 8.419 8.385 8.465 8.498 8.447
8.436 8.413 8.489 8.414 8.481 8.415 8.479 8.429 8.458 8.462
8.460 8.444 8.429 8.460 8.412 8.420 8.410 8.405 8.323 8.420
8.396 8.447 8.405 8.439 8.411 8.427 8.420 8.498 8.409
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a. Calculate the mean, median, range, and standard devia-
tion for the width. Interpret these measures of central
tendency and variability.

b. List the five-number summary.

¢. Construct a box-and-whisker plot and describe its shape.

d. What can you conclude about the number of troughs
that will meet the company’s requirement of troughs
being between 8.31 and 8.61 inches wide?

3.59 The manufacturing company in Problem 3.58 also
produces electric insulators. If the insulators break when in
use, a short circuit is likely to occur. To test the strength of
the insulators, destructive testing is carried out to deter-
mine how much force is required to break the insulators.
Force is measured by observing how many pounds must be
applied to the insulator before it breaks. The data from 30
insulators from this experiment are contained in the file

1,870 1,728 1,656 1,610 1,634 1,784 1,522 1,696 1,592 1,662
1,866 1,764 1,734 1,662 1,734 1,774 1,550 1,756 1,762 1,866
1,820 1,744 1,788 1,688 1,810 1,752 1,680 1,810 1,652 1,736

a. Calculate the mean, median, range, and standard devia-
tion for the force variable.

b. Interpret the measures of central tendency and variabil-
ity in (a).

c. Construct a box-and-whisker plot and describe its shape.

d. What can you conclude about the strength of the insula-
tors if the company requires a force measurement of at
least 1,500 pounds before breakage?

3.60 Problems with a telephone line that prevent a cus-
tomer from receiving or making calls are disconcerting to
both the customer and the telephone company. The data
contained in the fildELENE® represent samples of
20 problems reported to two different offices of a tele-
phone company and the time to clear these problems, in
minutes, from the customers’ lines:

Central O fiice ITime to Clear Problems (minutes)

1.48 1.75 0.78 2.85 0.52 1.60 415 3.97 1.48 3.10
1.02 0.53 093 1.60 0.80 1.05 6.32 3.93 5.45 0.97

Central O fiice Il Time to Clear Problems (minutes)
7.55 3.75 0.10 1.10 0.60 0.52 3.30 2.10 0.58 4.02
3.75 0.65 1.92 0.60 1.53 4.23 0.08 1.48 1.65 0.72

For each of the two central office locations:

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.
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c. Construct side-by-side box-and-whisker plots. Are the
data skewed? If so, how?

d. On the basis of the results of (a) through (c), are there
any differences between the two central offices?
Explain.

3.61 In many manufacturing processes, the term work-
in-process (often abbreviated WIP) is used. In a book
manufacturing plant, the WIP represents the time it takes
for sheets from a press to be folded, gathered, sewn, tipped
on end sheets, and bound. The data contained in the file
[ITEH represent samples of 20 books at each of two pro-
duction plants and the processing time (operationally
defined as the time, in days, from when the books came
off the press to when they were packed in cartons) for
these jobs:

Plant A

5.62 529 16.25 10.92 11.46 21.62 8.45 8.58 541 11.42

11.62 7.29 7.50 796 4.42 1050 7.58 9.29 7.54 8.92

Plant B

9.54 11.46 16.62 12.62 25.75 15.41 14.29 13.13 13.71 10.04

575 1246 917 1321 6.00 233 1425 537 625 9.7

For each of the two plants:

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c. Construct side-by-side box-and-whisker plots. Are the
data skewed? If so, how?

d. On the basis of the results of (a) through (c), are there
any differences between the two plants? Explain.

3.62 The data contained in the file consist
of the in-state tuition and fees and the out-of-state tuition
and fees for four-year colleges with the highest percentage
of students graduating within six years.
Source: U.S. De partment o fEducation, 2006.

For each variable:

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. Compute the coefficient of correlation between the in-
state tuition and fees and the out-of-state tuition and
fees.

e. What conclusions can you reach concerning the in-state
tuition and fees and the out-of-state tuition and fees?

Statistics for Managers Using Microsoft Excel, Fifth Edition, by David M. Levine, Mark L. Berenson, and Timothy C. Krehbiel. Published by Prentice Hall.

Copyright © 2008 by Pearson Education, Inc.



138 CHAPTER THREE Numerical Descriptive Measures

3.63 A quality characteristic of interest for a tea-bag-
filling process is the weight of the tea in the individual
bags. If the bags are underfilled, two problems arise. First,
customers may not be able to brew the tea to be as strong
as they wish. Second, the company may be in violation of
the truth-in-labeling laws. For this product, the label
weight on the package indicates that, on average, there are
5.5 grams of tea in a bag. If the mean amount of tea in a
bag exceeds the label weight, the company is giving away
product. Getting an exact amount of tea in a bag is prob-
lematic because of variation in the temperature and
humidity inside the factory, differences in the density of
the tea, and the extremely fast filling operation of the
machine (approximately 1 70 bags per minute). The data in
the file shown below provide the weight, in
grams, of a sample of 50 tea bags produced in one hour by
a single machine:

5.65 5.44 5.42 540 5.53 534 5.54 545 5.52 5.41
5.57 5.40 5.53 5.54 5.55 5.62 5.56 5.46 5.44 5.51
5.47 5.40 5.47 5.61 5.53 532 5.67 529 549 5.55
5.77 5.57 5.42 5.58 5.58 5.50 5.32 5.50 5.53 5.58
5.61 5.45 5.44 5.25 5.56 5.63 5.50 5.57 5.67 5.36

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c. Interpret the measures of central tendency and variation
within the context of this problem. Why should the com-
pany producing the tea bags be concerned about the cen-
tral tendency and variation?

d. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

e. Is the company meeting the requirement set forth on the
label that, on average, there are 5.5 grams of tea in a
bag? If you were in charge of this process, what
changes, if any, would you try to make concerning the
distribution of weights in the individual bags?

3.64 Do marketing promotions, such as bobble-head give-
aways, increase attendance at Major League Baseball
games? An article in the Mid-American Journal o fBusiness
reported on the effectiveness of marketing promotions (T. C.
Boyd and T. C. Krehbiel, “An Analysis of the Effects of
Specific Promotion Types on Attendance at Major League
Baseball Games,” Mid-American Journal o f Business,
2006, 21, pp. 21-32). The data file IR includes the
following variables for the Kansas City Royals during the
2002 baseball season:

GAME —Home games in the order in which they were

played

ATTENDANCE —Paid attendance for the game

PROMOTION—Y = a promotion was held; N = no pro-
motion was held

a. Calculate the mean and standard deviation of attendance
for the 43 games where promotions were held and for
the 37 games without promotions.

b. Construct a five-number summary for the 43 games
where promotions were held and for the 37 games with-
out promotions.

c¢. Construct a graphical display containing two box-and-
whisker plots—one for the 43 games where promo-
tions were held and one for the 37 games without
promotions.

d. Discuss the results of (a) through (c¢) and comment on
the effectiveness of promotions at Royals’ games during
the 2002 season.

3.65 A study conducted by Zagat Survey concluded that
many first-rate restaurants are located in hotels across the
United States. Travelers can find quality food, service,
and décor without leaving their hotels. The top-rated hotel
restaurant is The French Room, located in The Adolphus
Hotel in Dallas, Texas. The estimated price for dinner,
including one drink and tip at The French Room, is $80.
The highest price reported is $179 at Alain Ducasse,
located in the Jumeirah Essex House in New York City
(Extracted from Gary Stoller, “Top Restaurants Check
into Luxury Hotels,” US4 Today, April 11, 2006, p. 5B).
The file [T % g contains the top 100 hotel restaurants
in the United States and the variables state, city, restau-
rant, hotel, cost (estimated price of dinner including one
drink and tip), and rating (1 to 100, with 1 the top-rated
restaurant).

a. Construct the five-number summary of dinner price.

b. Construct a box-and-whisker plot of dinner price and

interpret the distribution of dinner prices.
¢. Calculate and interpret the correlation coefficient of the
rating and dinner price.

3.66 The manufacturer of Boston and Vermont asphalt
shingles provides its customers with a 20-year warranty
on most of its products. To determine whether a shingle
will last as long as the warranty period, accelerated-life
testing is conducted at the manufacturing plant.
Accelerated-life testing exposes the shingle to the stresses
it would be subject to in a lifetime of normal use in a lab-
oratory setting via an experiment that takes only a few
minutes to conduct. In this test, a shingle is repeatedly
scraped with a brush for a short period of time, and the
shingle granules removed by the brushing are weighed (in
grams). Shingles that experience low amounts of granule
loss are expected to last longer in normal use than shin-
gles that experience high amounts of granule loss. In this
situation, a shingle should experience no more than 0.8
gram of granule loss if it is expected to last the length of
the warranty period. The data file E[ZLIERAH contains a
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sample of 170 measurements made on the company’s

Boston shingles and 140 measurements made on Vermont

shingles.

a. List the five-number summary for the Boston shingles
and for the Vermont shingles.

b. Construct side-by-side box-and-whisker plots for the
two brands of shingles and describe the shapes of the
distributions.

c¢. Comment on the shingles’ ability to achieve a granule
loss of 0.8 gram or less.

3.67 The data in the file FE#.H represent the results of

the American Community Survey, a sampling of 700,000

households taken in each state during the 2000 U.S. Census.

For each of the variables average travel-to-work time in

minutes, percentage of homes with eight or more rooms,

median household income, and percentage of mortgage-
paying homeowners whose housing costs exceed 30% of
income:

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

¢. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. What conclusions can you reach concerning the mean
travel-to-work time in minutes, percentage of homes
with eight or more rooms, median household income,
and percentage of mortgage-paying homeowners whose
housing costs exceed 30% of income?

3.68 The economics of baseball has caused a great deal of
controversy, with owners arguing that they are losing
money, players arguing that owners are making money, and
fans complaining about how expensive it is to attend a
game and watch games on cable television. In addition to
data related to team statistics for the 2001 season, the file
[¥ILEEH contains team-by-team statistics on ticket prices;
the fan cost index; regular season gate receipts; local televi-
sion, radio, and cable receipts; all other operating revenue;
player compensation and benefits; national and other local
expenses; and income from baseball operations. For each
of these variables,

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

¢. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. Compute the correlation between the number of wins
and player compensation and benefits. How strong is the
relationship between these two variables?

e. What conclusions can you reach concerning the regular
season gate receipts; local television, radio, and cable
receipts; all other operating revenue; player compensa-
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tion and benefits; national and other local expenses; and
income from baseball operations?

3.69 In Section 3.5 on page 131, the correlation coeffi-
cient between the cost of a fast-food hamburger meal and
the cost of movie tickets in 10 different cities was com-
puted. The data file FFETINTTEEHalso includes the overall
cost index, the monthly rent for a two bedroom apartment,
and the costs of a cup of coffee with service, dry cleaning
for a men’ blazer, and toothpaste.

a. Compute the correlation coefficient between the overall
cost index and the monthly rent for a two-bedroom
apartment, the cost of a cup of coffee with service, the
cost of a fast food hamburger meal, the cost of dry
cleaning a men% blazer, the cost of toothpaste, and the
cost of movie tickets. (There will be six separate corre-
lation coefficients.)

b. What conclusions can you reach about the relationship
of the overall cost index to each of these six variables?

3.70 The data in the file B0 contains the character-

istics for a sample of 20 chicken sandwiches from fast-food

chains.

a. Compute the correlation coefficient between calories
and carbohydrates.

b. Compute the correlation coefficient between calories
and sodium.

c¢. Compute the correlation coefficient between calories
and total fat.

d. Which variable (total fat, carbohydrates, or sodium)
seems to be most closely related to calories? Explain.

3.71 The data in the file [Z¥¥ represent the total com-

pensation (in $millions) of CEOs of the 1 00 largest compa-

nies, by revenue (extracted from ‘“Special Report:

Executive Compensation,” US4 Today, April 10, 2006,

pp- 3B, 4B).

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. What conclusions can you draw concerning the total
compensation (in $millions) of CEOs?

3.72 The data in the file is the per capita

spending, in thousands of dollars, for each state in 2004.

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c. Construct side-by-side box-and-whisker plots. Are the
data skewed? If so, how?

d. What conclusions can you reach concerning per capita
spending, in thousands of dollars, for each state in 2004?
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3.73 As an illustration of the misuse of statistics, an arti-
cle by Glenn Kramon (“Coaxing the Stanford Elephant to
Dance,” The New York Times Sunday Business Section,
November 11, 1990) implied that costs at Stanford Medical
Center had been driven up higher than at competing institu-
tions because the former was more likely than other organi-
zations to treat indigent, Medicare, Medicaid, sicker, and
more complex patients. The chart below was provided to
compare the average 1989 to 1990 hospital charges for
three medical procedures (coronary bypass, simple birth,
and hip replacement) at three competing institutions (EI
Camino, Sequoia, and Stanford).

Suppose you were working in a medical center. Your CEO
knows you are currently taking a course in statistics and calls
you in to discuss this. She tells you that the article was pre-
sented in a discussion group setting as part of a meeting of
regional area medical center CEOs last night and that one of
them mentioned that this chart was totally meaningless and
asked her opinion. She now requests that you prepare her
response. You smile, take a deep breath, and reply . . .

3.74 You are planning to study for your statistics exami-
nation with a group of classmates, one of whom you partic-
ularly want to impress. This individual has volunteered to
use Microsoft Excel to get the needed summary informa-
tion, tables, and charts for a data set containing several
numerical and categorical variables assigned by the

instructor for study purposes. This person comes over to
you with the printout and exclaims, “I’ve got it all—the
means, the medians, the standard deviations, the box-and-
whisker plots, the pie charts—for all our variables. The
problem is, some of the output looks weird—Iike the box-
and-whisker plots for gender and for major and the pie
charts for grade point index and for height. Also, I can’t
understand why Professor Krehbiel said we can’t get the
descriptive stats for some of the variables—I got them for
everything! See, the mean for height is 68.23, the mean for
grade point index is 2.76, the mean for gender is 1.50, the
mean for major is 4.33.” What is your reply?

Report Writing E xercises

3.75 Data concerning 58 of the best-selling domestic beers
in the U.S. are located in the file The values
for three variables are included: percentage alcohol, number
of calories per 12 ounces, and number of carbohydrates (in
grams) per 12 ounces.

Source: Extracted fom www.Beer100.com, March 31, 2006.

Your task is to write a report based on a complete
descriptive evaluation of each of the numerical variables—
percentage alcohol, number of calories per 12 ounces, and
number of carbohydrates (in grams) per 12 ounces.
Appended to your report should be all appropriate tables,
charts, and numerical descriptive measures.

What Health Care Costs

A comparison of average 1989-90 hospital charges in California
for various operations. Sequoia and El Camino Hospitals are
Stanford Medical Center’s main local competition.

50,000

40,000

30,000

Dollars

20,000

10,000 1~

N/A
0 |

- El Camino
D Sequoia
E Stanford

e e

Coronary bypass

Simple birth Hip replacement

- El Camino costs are the average of high and low charges for a simple
birth with a two-day stay and a hip replacement with a nine-day stay.

E Sequoia costs are averages of the middle 50% of all charges for each

operation.

[ stanford data are the average cost of all operations.

Source: Adapted fom Stan prd Medical Center, Sequoia Hos pital, and El Camino Hos pital.
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Team Projects

The data file contains information regard-
ing nine variables from a sample of 838 mutual funds:
Category—Type of stocks comprising the mutual fund
(small cap, mid cap, large cap)
Objective—Objective of stocks comprising the mutual
fund (growth or value)
Assets—In millions of dollars
Fees—Sales charges (no or yes)
Expense ratio—ratio of expenses to net assets in per-
centage
Risk—Risk-of-loss factor of the mutual fund (low,
average, high)
2005 return—Twelve-month return in 2005
Three-year return—Annualized return, 2003—2005
Five-year return—Annualized return, 2001 -2005

3.76 For expense ratio in percentage, 2005 return, three-

year return, and five-year return,

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

¢. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. What conclusions can you reach concerning these
variables?

3.77 You wish to compare mutual funds that have fees to

those that do not have fees. For each of these two groups,

for the variables expense ratio in percentage, 2005 return,

three-year return, and five-year return,

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c¢. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. What conclusions can you reach about differences
between mutual funds that have fees and those that do
not have fees?

3.78 You wish to compare mutual funds that have a

growth objective to those that have a value objective. For

each of these two groups, for the variables expense ratio in

percentage, 2005 return, three-year return, and five-year

return,

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

¢. Construct a box-and-whisker plot. Are the data skewed?
If so, how?
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d. What conclusions can you reach about differences
between mutual funds that have a growth objective and
those that have a value objective?

3.79 You wish to compare small cap, mid cap, and large

cap mutual funds. For each of these three groups, for the

variables expense ratio in percentage, 2005 return, three-

year return, and five-year return,

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. What conclusions can you reach about differences
between small cap, mid cap, and large cap mutual funds?

Student Survey Data Base

3.80 Problem 1.27 on page 15 describes a survey of 50

undergraduate students (see the file ML L ENAS A ).

For these data, for each numerical variable

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

¢. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. Write a report summarizing your conclusions.

3.81 Problem 1.27 on page 15 describes a survey of 50

undergraduate students (see the file M TIEr LA ).

a. Select a sample of 50 undergraduate students at your
school and conduct a similar survey for those students.

b. For the data collected in (a), repeat (a) through (d) of
Problem 3.80.

¢. Compare the results of (b) to those of Problem 3.80.

3.82 Problem 1.28 on page 15 describes a survey of 50

MBA students (see the file FEEATaaAH). For these data,

for each numerical variable,

a. Compute the mean, median, first quartile, and third
quartile.

b. Compute the range, interquartile range, variance, stan-
dard deviation, and coefficient of variation.

c¢. Construct a box-and-whisker plot. Are the data skewed?
If so, how?

d. Write a report summarizing your conclusions.

3.83 Problem 1.28 on page 15 describes a survey of 50

MBA students (see the file FIEEETA S B L)-

a. Select a sample of 50 graduate students from your MBA
program and conduct a similar survey for those students.

b. For the data collected in (a), repeat (a) through (d) of
Problem 3.82.

¢. Compare the results of (b) to those of Problem 3.82.
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Managing the Springville Herald

For what variable in the Chapter 2 “Managing the Springville
Herald” case (see page 73) are numerical descriptive mea-
sures needed? For the variable you identify:

1. Compute the appropriate numerical descriptive mea-
sures, and generate a box-and-whisker plot.

2. Identify another graphical display that might be use-
ful and construct it. What conclusions can you form

Web Case

Apply your knowledge about the proper use o fnumerical
descriptive measures in this continuing Web Case fom
Chapter 2.

Visit EndRun Investing Services, at www.prenhall.com/
Springyville/EndRun.htm (or open the EndRun.htm file
in the Student CD-ROM Web Case folder) a second time
and reexamine their supporting data and then answer the
following:

1. Can descriptive measures be computed for any variables?
How would such summary statistics support EndRun’s

from that plot that cannot be made from the box-and-
whisker plot?

3. Summarize your findings in a report that can be
included with the task force’s study.

claims? How would those summary statistics affect your
perception of EndRun’s record?

2. Evaluate the methods EndRun used to summarize the

results of its customer survey (see www.prenhall.com/
Springville/ER_Survey.htm or the ER_Survey.htm file
on the Student CD-ROM Web Case folder. Is there any-
thing you would do differently to summarize these results?

3. Note that the last question of the survey has fewer

responses than the other questions. What factors may
have limited the number of responses to that question?
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E xcel Companion

to Chapter 3

This companion discusses how to compute the descriptive
statistics discussed in Chapter 3. (Instructions presented in
this companion apply to all Excel versions.)

E3.1 COMPUTING MEASURES

OF CENTRAL TENDENCY,
VARIATION, AND SHAPE

You compute measures of central tendency, variation, and
shape by either using the ToolPak Descriptive Statistics
procedure or by using worksheet functions.

PHStat2 does not contain a descriptive statistics pro-
cedure, although some o fthe descri ptive statistics are com-
puted as out put o ptions to other procedures. PHStat2 users
should use one o fthe ways discussed below to com pute
descriptive statistics.

Using ToolPak Descriptive Statistics

Begin the Analysis ToolPak add-in and select Descriptive
Statistics from the Analysis Tools list and then click OK.
In the Descriptive Statistics dialog box (shown below),
enter the cell range of the data as the Input Range. Click
the Columns option and Labels in first row (for data orga-
nized according to the conventions in “Designing Effective
Worksheets” in Section 1.6). Finish by clicking New

Worksheet Ply, Summary statistics, Kth Largest, and
Kth Smallest, and then OK. A table of results that does not
contain any formulas appears on a new worksheet.

To compute descriptive statistics for a variable by sub-
groups, as was done in Figure 3.2 on page 114 for the low-
risk, average risk, and high-risk subgroups, first sort your
data by the categorical variable to which the subgroups
belong. Next, repeat the procedure for each subgroup,
using the cell range of the subgroup and the New
Worksheet Ply option each time. Then copy and paste the
results found in the second and subsequent worksheets to
this first sheet to create a multiple-column table similar to
the one shown in Figure 3.2.

When you use this procedure, consider formatting
the results to reduce the number of significant digits,
many of which may not be accurate. For example, the
procedure reported the mean for the low-risk group as
18.4101214574899, but that number has been reformat-
ted to a more manageable 18.4101 in Figure 3.2.

Using Worksheet Functions

You use the worksheet functions SUM, COUNT, AVERAGE
(for mean), MEDIAN, MODE, QUARTILE, or GEOMEAN
to compute measures of central tendency and STDEV, VAR,
MIN, MAX, LARGE, or SMALL to compute measures of
shape and variation. For all but QUARTILE, you enter a for-
mula in the form = Worksheet Function(cell range o fdata to
be summarized) For QUARTILE, you enter the formula in
the form =QUARTILE(cell range o fdata to be summa-
rized, quartile number). Use 1 as the quartile number to
compute the first quartile, 2 to compute the second quartile
(the median), or 3 to compute the third quartile. In many
Excel versions you may encounter some minor errors in
results when using the QUARTILE function.

E3.2 CREATING DOT SCALE
DIAGRAMS

You create dot scale diagrams by using the PHStat2 Dot
Scale Diagram procedure (recommended) or by manu-
ally adjusting the Dot Scale worksheet of the
workbook.
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Using PHStat2 Dot Scale Diagram

Open to the worksheet that contains the data to be plotted.
Select PHStat = Descriptive Statistics = Dot Scale
Diagram. In the Dot Scale Diagram dialog box (shown
below) enter the cell range of the data to be plotted as the
Variable Cell Range and click First cell contains label
Enter a title as the Title and click OK.

Adjusting the Dot Scale Worksheet

Open to the DotScale worksheet. Enter up to 20 values in
the tinted cell range A2: A21, starting with cell A2, and not
skipping any cells. As you enter each value, the dot scale
diagram changes to reflect each new value.

Forum Click the ALTERNATE TECHNIQUES link to learn
how to modify this worksheet for sets of data that
contain more than 20 values.

E3.3 COMPUTING MEASURES
FOR A POPULATION

You use the worksheet functions VARP and STDEVP to
compute the population variance and standard deviation.
To use either function, you enter a formula in the form
=WorksheetFunction(cell range o fdata to be summa-
rized), as shown below.

E3.4 CREATING BOX-AND-WHISKER
PLOTS

You create box-and-whisker plots by using the PHStat2
Box-and-Whisker Plot procedure (recommended) or by
entering a five-number summary into the Plot worksheet of

the [I LR B e 2 workbook.

Using PHStat2 Box-and-Whisker Plot

Open to the worksheet that contains the data to be plotted.
Select PHStat = Descriptive Statistics = Box-and-
Whisker Plot. In the Box-and-Whisker Plot dialog box
(shown below), enter the cell range of the data to be plotted
as the Raw Data Cell Range. Click the appropriate option
from Input Options and then enter a title as the Title and
click OK.

For the input option, click Single Group Variable if
your data represents a single group. Click Multiple
Groups-Unstacked if your cell range contains two or more
columns, with each column representing a group. Click
Multiple Groups-Stacked if you have stacked group data.
(You need to enter the cell range of the grouping variable if
you choose this option.)

Using the Plot Worksheet

First, compute the five-number summary (see page 123)
for your data. Then open to the Plot worksheet of the
workbook and enter this table into the
tinted cell range B2:B6. The Plot worksheet can display
only one box-and-whisker plot at a time.
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EXAMPLE Figure 3.4 Box-and-Whisker Plot

To create your own Figure 3.4 box-and-whisker plot of the
three-year annualized return for low-risk, average-risk,
and high-risk mutual funds, use the appropriate set of
instructions.

Basic Excel You can create three separate plots that are
equivalent to Figure 3.4. Open the work-
book and create three copies of the Plot worksheet.
Compute the five-number summary for the low-risk, aver-
age-risk, and high-risk mutual funds (see the Data work-
sheet of the VMRS workbook). Enter each five-
number summary into a different copy of the Plot
worksheet.

PHStat2 Open to the Data sheet of the [[MTEIETTIRT
workbook. Select PHStat = Descriptive Statistics =
Box-and-Whisker Plot. Enter H1: H839 as the Raw Data
Cell Range and click the Multiple Groups—Stacked
option. This option activates the Grouping Variable
Range box. In that box enter F1: F839. Enter a title as the
Title and click OK.

E3.6: Computing the Correlation Coefficient 145

E3.5 COMPUTING THE COVARIANCE

Open to the Covariance worksheet of the
workbook, shown in Figure 3.6 on page 128. If you want to
use this worksheet with other pairs of variables, follow the
instructions in the worksheet for modifying the table area.
The worksheet gains its flexibility by the cell C18 formula
that uses the COUNT function to determine the sample
size n. This allows the worksheet to always use the proper
value of n — 1 for the covariance calculation when you
change the size of the table area.

E3.6 COMPUTING THE CORRELATION
COEFFICIENT

Open the Correlation worksheet of the
workbook, shown in Figure 3.9 on page 131. If you want
to use this worksheet with other pairs of variables, follow
the instructions in the worksheet for modifying the table
area. This worksheet shares some of the design of the
covariance worksheet discussed in the previous section.

This worksheet uses the CORREL function in the for-
mula =CORREL(A2:Al1, B2:Bl11) in cell E21 to compute
the correlation coefficient. Because the covariance, S, and
Sy are computed elsewhere in this worksheet, the formula
=EI8/(E19 * E20) could also be used to compute the corre-
lation coefficient statistic.
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CHAPTER 4
Basic Probability

USING STATISTICS @ The Consumer Electronics Company

4.1 BASIC PROBABILITY CONCEPTS Multiplication Rules
Events and Sample Spaces Marginal Probability Using the General
Contingency Tables Multiplication Rule
Simple (Marginal) Probability 4.3 BAYES' THEOREM
Joint Probability
General Addition Rule 4.4 ETHICAL ISSUES AND PROBABILITY
4.2 CONDITIONAL PROBABILITY 4.5 (CD-ROM TOPIC) COUNTING RULES
Computing Conditional Probabilities EXCEL COMPANION TO CHAPTER 4
Decision Trees E4.1 Computing Basic Probabilities
Statistical Independence E4.2 Using Bayes’ Theorem

LEARNING OBJECTIVES

In this chapter, you learn:
® Basic probability concepts
® Conditional probability

® To use Bayes’ theorem to revise probabilities
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148 CHAPTER FOUR Basic Probability

USING STATISTICS @ The Consumer Electronics Company

As the marketing manager for the Consumer Electronics Company, you
are analyzing the survey results of an intent-to-purchase study. This study
asked the heads of 1,000 households about their intentions to purchase a
big-screen television (defined as 36 inches or larger) sometime during the
next 1 2 months. Investigations of this type are known as intent-to- purchase
studies. As a follow-up, you plan to survey the same people 12 months
later to see whether such a television was purchased. In addition, for
households purchasing big-screen televisions, you would like to know
whether the television they purchased was a plasma screen, whether they
also purchased a digital video recorder (DVR) in the past 12 months, and
whether they were satisfied with their purchase of the big-screen televi-
sion.

You are expected to use the results of this survey to plan a new mar-
keting strategy that will enhance sales and better target those households
likely to purchase multiple or more expensive products. What questions can you ask in this sur-
vey? How can you express the relationships among the various intent-to-purchase responses of
individual households?

In previous chapters, you learned descriptive methods to summarize categorical and
numerical variables. In this chapter, you will learn about probability to answer questions such
as the following:

m What is the probability that a household is planning to purchase a big-screen television in
the next year?

m What is the probability that a household will actually purchase a big-screen television?

m What is the probability that a household is planning to purchase a big-screen television and
actually purchases the television?

m Given that the household is planning to purchase a big-screen television, what is the proba-
bility that the purchase is made?

m Does knowledge of whether a household plans to purchase the television change the likeli-
hood of predicting whether the household will purchase the television?

m What is the probability that a household that purchases a big-screen television will purchase
a plasma-screen television?

m What is the probability that a household that purchases a big-screen television will also pur-
chase a DVR?

m What is the probability that a household that purchases a big-screen television will be satis-
fied with the purchase?

With answers to questions such as these, you can begin to make decisions about your market-
ing strategy. Should your strategy for selling more big-screen televisions target those house-
holds that have indicated an intent to purchase? Should you concentrate on selling plasma
screens? Is it likely that households that purchase televisions with plasma screens can be easily
persuaded to also purchase DVRs?

he principles of probability help bridge the worlds of descriptive statistics and inferential

statistics. Reading this chapter will help you learn about different types of probabilities,
how to compute probability values, and then revise those values in light of new information.
Probability principles are the foundation for the probability distribution, the concept of mathe-
matical expectation, and the binomial, hypergeometric, and Poisson distributions, topics that
are discussed in Chapter 5.
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BASIC PROBABILITY CONCEPTS

What is meant by the word probability? A probability is the numeric value representing the
chance, likelihood, or possibility a particular event will occur, such as the price of a stock
increasing, a rainy day, a nonconforming unit of production, or the outcome five in a single toss
of a die. In all these instances, the probability involved is a proportion or fraction whose value
ranges between 0 and 1, inclusive. An event that has no chance of occurring (i.e., the
impossible event) has a probability of 0. An event that is sure to occur (i.e., the certain event)
has a probability of 1. There are three approaches to the subject of probability:

= A priori classical probability
=  Empirical classical probability
= Subjective probability

In a priori classical probability, the probability of success is based on prior knowledge of
the process involved. In the simplest case, where each outcome is equally likely, the chance of
occurrence of the event is defined in Equation (4.1).

PROBABILITY OF OCCURRENCE

Probability of occurrence = % “4.1)

where

X= number of ways in which the event occurs

T = total number of possible outcomes

Consider a standard deck of cards that has 26 red cards and 26 black cards. The probability
of selecting a black card is 26/52 = 0.50 because there are X'= 26 black cards and 7 = 52 total
cards. What does this probability mean? If each card is replaced after it is drawn, does it mean
that 1 out of the next 2 cards selected will be black? No, because you cannot say for certain
what will happen on the next several selections. However, you can say that in the long run, if
this selection process is continually repeated, the proportion of black cards selected will
approach 0.50.

EXAMPLE 4.1

FINDING A PRIORI PROBABILITIES

A standard six-sided die has six faces. Each face of the die contains either one, two, three, four,
five, or six dots. If you roll a die, what is the probability that you will get a face with five dots?

SOLUTION Each face is equally likely to occur. Because there are six faces, the probability
of getting a face with five dots is lg.

The preceding examples use the a priori classical probability approach because the num-
ber of ways the event occurs and the total number of possible outcomes are known from the
composition of the deck of cards or the faces of the die.

In the empirical classical probability approach, the outcomes are based on observed data,
not on prior knowledge of a process. Examples of this type of probability are the proportion of
individuals in the Using Statistics scenario who actually purchase a big-screen television, the
proportion of registered voters who prefer a certain political candidate, and the proportion of
students who have part-time jobs. For example, if you take a survey of students, and 60% state
that they have part-time jobs, then there is a 0.60 probability that an individual student has a
part-time job.
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The third approach to probability, subjective probability, differs from the other two
approaches because subjective probability differs from person to person. For example, the
development team for a new product may assign a probability of 0.6 to the chance of success
for the product, while the president of the company may be less optimistic and assign a proba-
bility of 0.3. The assignment of subjective probabilities to various outcomes is usually based on
a combination of an individual’s past experience, personal opinion, and analysis of a particular
situation. Subjective probability is especially useful in making decisions in situations in which
you cannot use a priori classical probability or empirical classical probability.

Events and Sample Spaces

The basic elements of probability theory are the individual outcomes of a variable under study.
You need the following definitions to understand probabilities.

EVENT

Each possible outcome of a variable is referred to as an event.
A simple event is described by a single characteristic.

For example, when you toss a coin, the two possible outcomes are heads and tails. Each of these
represents a simple event. When you roll a standard six-sided die in which the six faces of the
die contain either one, two, three, four, five, or six dots, there are six possible simple events. An
event can be any one of these simple events, a set of them, or a subset of all of them. For exam-

ple, the event of an even number o fdots consists of three simple events (i.e., two, four, or six
dots).

JOINTEVENT

A joint event is an event that has two or more characteristics.

Getting two heads on the toss of two coins is an example of a joint event because it consists of
heads on the toss of the first coin and heads on the toss of the second coin.

COMPLEMENT

The complement of event 4 (represented by the symbol A”) includes all events that are not
part of A.

The complement of a head is a tail because that is the only event that is not a head. The com-
plement of face five is not getting face five. Not getting face five consists of getting face one,
two, three, four, or six.

SAMPLE SPACE

The collection of all the possible events is called the sample space.

The sample space for tossing a coin consists of heads and tails. The sample space when
rolling a die consists of one, two, three, four, five, and six dots.
Example 4.2 demonstrates events and sample spaces.
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EXAMPLE 4.2

TABLE 4.1

Purchase Behavior for
Big-Screen Televisions

EVENTS AND SAMPLE SPACES

The Using Statistics scenario on page 148 concerns the Consumer Electronics Company. Table
4.1 presents the results of the sample of 1,000 households in terms of purchase behavior for
big-screen televisions.

PLANNED TO  .ACTUALLY PURCHASED
PURCHASE Yes No Total
Yes 200 50 250
No 100 650 750
Total 300 700 1,000

What is the sample space? Give examples of simple events and joint events.

SOLUTION The sample space consists of the 1,000 respondents. Simple events are “planned
to purchase,” “did not plan to purchase,” “purchased,” and “did not purchase.” The complement
of the event “planned to purchase” is “did not plan to purchase.” The event “planned to pur-
chase and actually purchased” is a joint event because the respondent must plan to purchase the
television and actually purchase it.

Contingency Tables

There are several ways to present a sample space. The method used in this text is called a con-
tingency table (see Section 2.4). You get the values in the cells of the table by subdividing the
sample space of 1,000 households according to whether someone planned to purchase and
actually purchased the big-screen television. For example, 200 of the respondents planned to
purchase a big-screen television and subsequently did purchase the big-screen television.

Simple (Marginal) Probability

Now you can answer some of the questions posed in the Using Statistics scenario. Because the
results are based on data collected in a survey (refer to Table 4.1 above), you can use the empirical
classical probability approach.

As stated previously, the most fundamental rule for probabilities is that they range in value
from 0 to 1. An impossible event has a probability of 0, and an event that is certain to occur has
a probability of 1.

Simple probability refers to the probability of occurrence of a simple event, P(A4). A sim-
ple probability in the Using Statistics scenario is the probability of planning to purchase a big-
screen television. How can you determine the probability of selecting a household that planned
to purchase a big-screen television? Using Equation (4.1) on page 149:

Probability of occurrence = %

Number who planned to purchase

P(Planned to purchase) =
Total number of households
= 20 _ 05
1,000
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Thus, there is a 0.25 (or 25%) chance that a household planned to purchase a big-screen
television.

Simple probability is also called marginal probability because it enables you to compute
the total number of successes (those who planned to purchase) from the appropriate margin of
the contingency table (see Table 4.1 on page 151). Example 4.3 illustrates another application
of simple probability.

EXAMPLE 4.3

TABLE 4.2

Purchase Behavior
Regarding Plasma-
Screen Televisions
and DVR

COMPUTING THE PROBABILITY THAT THE BIG-SCREEN TELEVISION
PURCHASED IS APLASMA SCREEN

In the Using Statistics follow-up survey, additional questions were asked of the 300 households
that actually purchased big-screen televisions. Table 4.2 indicates the consumers’ responses to
whether the television purchased was a plasma screen and whether they also purchased a DVR
in the past 12 months.

PURCHASED DVR
PURCHASED PLASMA SCREEN Yes No Total

Plasma screen 38 42 80
Not plasma screen 70 150 220
Total 108 192 300

Find the probability that if a household that purchased a big-screen television is randomly
selected, the television purchased is a plasma screen.

SOLUTION Using the following definitions:

A =purchased a plasma screen B =purchased a DVR
A'=did not purchase a plasma screen B'=did not purchase a DVR

Number of plasma screen televisions

P(Plasma screen) = —
Total number of televisions

_ 80 _ 0.267
300

There is a 26.7% chance that a randomly selected big-screen television purchase is a purchase
of a plasma-screen television.

Joint Probability

Whereas marginal probability refers to the probability of occurrence of simple events, joint
probability refers to the probability of an occurrence involving two or more events. An exam-
ple of joint probability is the probability that you will get heads on the first toss of a coin and
heads on the second toss of a coin.

Referring to Table 4.1 on page 151, those individuals who planned to purchase and actually
purchased a big-screen television consist only of the outcomes in the single cell “yes—planned
to purchase and yes—actually purchased.” Because this group consists of 200 households, the
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probability of picking a household that planned to purchase and actually purchased a big-
screen television is

P(Planned to purchase _ Planned to purchase and actually purchased
and actually purchased) Total number of respondents

_ 200 =0.20
1,000

Example 4.4 also demonstrates how to determine joint probability.

EXAMPLE 4.4

DETERMINING THE JOINT PROBABILITY THAT A BIG-SCREEN TELE VISION
CUSTOMER PURCHASED A PLASMA-SCREEN TELEVISION AND ADVR

In Table 4.2 on page 152, the purchases are cross-classified as plasma screen or not plasma
screen and whether or not the household purchased a DVR. Find the probability that a ran-
domly selected household that purchased a big-screen television also purchased a plasma-
screen television and a DVR.

SOLUTION Using Equation (4.1) on page 149,

P(Plasma screen and DVR) = Number that purchased a plasma screen and a DVR

Total number of big-screen television purchasers

= 38 =0.127
300

Therefore, there is a 12.7% chance that a randomly selected household that purchased a big-
screen television purchased a plasma-screen television and a DVR.

You can view the marginal probability of a particular event by using the concept of joint
probability just discussed. The marginal probability of an event consists of a set of joint proba-
bilities. For example, if B consists of two events, B, and B,, then P (A4), the probability of event
A, consists of the joint probability of event 4 occurring with event B, and the joint probability
of event 4 occurring with event B,. Use Equation (4.2) to compute marginal probabilities.

MARGINAL PROBABILITY
P(A)=P(Aand B))+ P(Aand B)) + ---+ P(Aand B) ~ (4.2)

where B, B,, ..., B; are k mutually exclusive and collectively exhaustive events.

Mutually exclusive events and collectively exhaustive events are defined as follows.

MUTUALLY EXCLUSIVE
Two events are mutually exclusive if both the events cannot occur simultaneously.

Heads and tails in a coin toss are mutually exclusive events. The result of a coin toss cannot
simultaneously be a head and a tail.

COLLECTIVELY EXHAUSTIVE

A set of events is collectively exhaustive if one of the events must occur.
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Heads and tails in a coin toss are collectively exhaustive events. One of them must occur. If
heads does not occur, tails must occur. If tails does not occur, heads must occur.

Being male and being female are mutually exclusive and collectively exhaustive events. No
one is both (the two are mutually exclusive), and everyone is one or the other (the two are col-
lectively exhaustive).

You can use Equation (4.2) to compute the marginal probability of “planned to purchase” a
big-screen television:

P(Planned to purchase) = P(Planned to purchase and purchased)
+ P(Planned to purchase and did not purchase)

~ 200 . 50
1,000 1,000

= 20 s
1,000

You get the same result if you add the number of outcomes that make up the simple event
“planned to purchase.”

General Addition Rule

The general addition rule allows you to find the probability of event “A or B.” This rule con-
siders the occurrence of either event 4 or event B or both 4 and B. How can you determine the
probability that a household planned to purchase or actually purchased a big-screen televi-
sion? The event “planned to purchase or actually purchased” includes all households that
planned to purchase and all households that actually purchased the big-screen television. You
examine each cell of the contingency table (Table 4.1 on page 151) to determine whether it is
part of this event. From Table 4.1, the cell “planned to purchase and did not actually pur-
chase” is part of the event because it includes respondents who planned to purchase. The cell
“did not plan to purchase and actually purchased” is included because it contains respondents
who actually purchased. Finally, the cell “planned to purchase and actually purchased” has
both characteristics of interest. Therefore, the probability of “planned to purchase or actually
purchased” is

P(Planned to purchase or actually purchased) = P(Planned to purchase and did not actually
purchase) + P(Did not plan to purchase and
actually purchased) + P(Planned to purchase
and actually purchased)

50 100 200 350

= + + = =0.35
1,000 1,000 1,000 1,000

Often, it is easier to determine P(A4 or B), the probability of the event A or B, by using the
general addition rule, defined in Equation (4.3).

GENERAL ADDITION RULE

The probability of 4 or B is equal to the probability of 4 plus the probability of B minus
the probability of 4 and B.

P(A or B)= P(A) + P(B) — P(A and B) (4.3)
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Applying Equation (4.3) to the previous example produces the following result:

P(Planned to purchase or actually purchased) = P(Planned to purchase) + P( Actually purchased)

— P(Planned to purchase and actually purchased)

_ 250 300 _ 200
1,000 " 1,000 1,000

_ 330 =0.35
1,000

The general addition rule consists of taking the probability of 4 and adding it to the prob-
ability of B and then subtracting the probability of the joint event 4 and B from this total
because the joint event has already been included in computing both the probability of 4 and
the probability of B. Referring to Table 4.1 on page 151, if the outcomes of the event “planned
to purchase” are added to those of the event “actually purchased,” the joint event “planned to
purchase and actually purchased” has been included in each of these simple events. Therefore,
because this joint event has been double-counted, you must subtract it to provide the correct
result. Example 4.5 illustrates another application of the general addition rule.

EXAMPLE 4.5

USING THE GENERAL ADDITION RULE FOR THE HOUSEHOLDS
THAT PURCHASED BIG-SCREEN TELEVISIONS

In Example 4.3 on page 152, the purchases were cross-classified as a plasma screen or not a
plasma screen and whether or not the household purchased a DVR. Find the probability that
among households that purchased a big-screen television, they purchased a plasma-screen tele-
vision or a DVR.

SOLUTION Using Equation (4.3),

P(Plasma screen or DVR) = P(Plasma screen) + P(DVR) — P(Plasma screen and DVR)

_ 80 10838
300 300 300
=10 _os0

300

Therefore, there is a 50.0% chance that a randomly selected household that purchased a big-
screen television purchased a plasma-screen television or a DVR.

PROBLEMS FOR SECTION 4.1

Learning the Basics

Fieres] 4.1 Two coins are tossed. 4.2 An urn contains 12 red balls and 8 white balls. One
a. Give an example of a simple event. ball is to be selected from the urn.

b. Give an example of a joint event. a. Give an example of a simple event.
¢. What is the complement of a head on the first toss? b. What is the complement of a red ball?
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ieren 4.3 Given the following contingency table:

B B
A 10 20
A 20 40

What is the probability of
a. event A?

b. event A?

c. event A and B?

d. event 4 or B?

e 4.4 Given the following contingency table:

B B
A 10 30
A 25 35

What is the probability of
a. event 4?

b. event 4 and B?

¢. event A and B?

d. event 4 or B"?

Applying the Concepts

e 4.5 For each of the following, indicate whether
the type of probability involved is an example of
a priori classical probability, empirical classical

probability, or subjective probability.

a. The next toss of a fair coin will land on heads.

b. Italy will win soccer’s World Cup the next time the com-
petition is held.

¢. The sum of the faces of two dice will be seven.

d. The train taking a commuter to work will be more than
10 minutes late.

4.6 For each of the following, state whether the events

created are mutually exclusive and collectively exhaustive.

If they are not mutually exclusive and collectively exhaus-

tive, either reword the categories to make them mutually

exclusive and collectively exhaustive or explain why that

would not be useful.

a. Registered voters in the United States were asked
whether they registered as Republicans or Democrats.

b. Each respondent was classified by the type of car he or
she drives: American, European, Japanese, or none.

¢. People were asked, “Do you currently live in (i) an
apartment or (ii) a house?”

d. A product was classified as defective or not defective.

4.7 The probability of each of the following events is

zero. For each, state why.

a. A voter in the United States who is registered as a
Republican and a Democrat

b. A product that is defective and not defective
¢. An automobile that is a Ford and a Toyota

4.8 According to an Ipsos poll, the perception of unfair-
ness in the U.S. tax code is spread fairly evenly across
income groups, age groups, and education levels. In an
April 2006 survey of 1,005 adults, Ipsos reported that
almost 60% of all people said the code is unfair, while
slightly more than 60% of those making more than $50,000
viewed the code as unfair (“People Cry Unfairness,” The
Cincinnati Enquirer, April 16, 2006, p. A8). Suppose that
the following contingency table represents the specific
breakdown of responses:

INCOME LEVEL

U.S. TAX Less Than More Than

CODE $50,000 $50,000 Total
Fair 225 180 405
Unfair 280 320 600
Total 505 500 1,005

a. Give an example of a simple event.

b. Give an example of a joint event.

c. What is the complement of “tax code is fair”?

d. Why is “tax code is fair and makes less than $50,000” a
joint event?

4.9 Referring to the contingency table in Problem 4.8, if a

respondent is selected at random, what is the probability

that he or she

a. thinks the tax code is unfair?

b. thinks the tax code is unfair and makes less than
$50,000?

c¢. thinks the tax code is unfair or makes less than $50,000?

d. Explain the difference in the results in (b) and (c).

seLF | 4.10 A yield improvement study at a semicon-
ductor manufacturing facility provided defect
data for a sample of 450 wafers. The following

table presents a summary of the responses to two questions:

“Was a particle found on the die that produced the wafer?”
and “Is the wafer good or bad?”

QUALITY OF CONDITION OF DIE

WAFER No Particles Particles Totals
Good 320 14 334
Totals 400 50 450

Source: Extracted fom S.W. Hall, “Analysis o fDe fctivity o f
Semiconductor Wa grs by ContingencyTable,” Proceedings Institute
of Environmental Sciences, Vol. 1, 1994, pp. 177-183.

a. Give an example of a simple event.
b. Give an example of a joint event.
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c. What is the complement of a good wafer?
d. Why is a “good wafer” and a die “with particles” a joint
event?

4.11 Referring to the contingency table in Problem 4.10,

if a wafer is selected at random, what is the probability that

a. it was produced from a die with no particles?

b. it is a bad wafer and was produced from a die with no
particles?

c. itis a bad wafer or was produced from a die with particles?

d. Explain the difference in the results in (b) and (c).

4.12 An experiment was conducted to study the choices
made in mutual fund selection. Undergraduate and MBA
students were presented with different S&P 500 Index
funds that were identical except for fees. Suppose 100
undergraduate students and 100 MBA students were
selected. Partial results are shown in the following table:

STUDENT GROUP
FUND Undergraduate MBA
Highest-cost fund 27 18
Not Highest-cost fund 73 82

Source: Extracted fom J. J Choi, D. Laibson, and B. C. Madrian,
Why Does the Law of One Price Fail? www.som. yale.edu/ficulty/

Ji83/fes.pd f

If a student is selected at random, what is the probability
that he or she

a. selected the highest-cost fund?

b. selected the highest-cost fund and is an undergraduate?
c. selected the highest-cost fund or is an undergraduate?
d. Explain the difference in the results in (b) and (c).

4.13 Where people turn to for news is different for vari-
ous age groups. Suppose that a study conducted on this
issue (extracted from P. Johnson, “Young People Turn to
the Web for News,” US4 Today, March 23, 2006, p. 9D)
was based on 200 respondents who were between the ages
of 36 and 50 and 200 respondents who were over age 50.
Of the 200 respondents who were between the ages of 36
and 50, 82 got their news primarily from newspapers. Of
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the 200 respondents who were over age 50, 104 got their

news primarily from newspapers. Construct a contingency

table to evaluate the probabilities. If a respondent is

selected at random, what is the probability that he or she

a. got news primarily from newspapers?

b. got news primarily from newspapers and is over 50
years old?

c. got news primarily from newspapers or is over 50
years old?

d. Explain the difference in the results in (b) and (c).

4.14 A sample of 500 respondents was selected in a large
metropolitan area to study consumer behavior. Among the
questions asked was “Do you enjoy shopping for cloth-
ing?”” Of 240 males, 136 answered yes. Of 260 females,
224 answered yes. Construct a contingency table to evalu-
ate the probabilities. What is the probability that a respon-
dent chosen at random

a. enjoys shopping for clothing?

b. is a female and enjoys shopping for clothing?

c. is a female or enjoys shopping for clothing?

d. is a male or a female?

4.15 Each year, ratings are compiled concerning the perfor-
mance of new cars during the first 90 days of use. Suppose
that the cars have been categorized according to whether the
car needs warranty-related repair (yes or no) and the country
in which the company manufacturing the car is based
(United States or not United States). Based on the data col-
lected, the probability that the new car needs warranty repair
is 0.04, the probability that the car was manufactured by a
U.S.-based company is 0.60, and the probability that the new
car needs a warranty repair and was manufactured by a U.S.-
based company is 0.025. Construct a contingency table to
evaluate the probabilities of a warranty-related repair. What
is the probability that a new car selected at random
a. needs a warranty repair?
b. needs a warranty repair and was manufactured by a
U.S.-based company?
c. needs a warranty repair or was manufactured by a
U.S.-based company?
d. needs a warranty repair or was not manufactured by
a US.-based company?

4.2 CONDITIONAL PROBABILITY

Each example in Section 4.1 involves finding the probability of an event when sampling from
the entire sample space. How do you determine the probability of an event if certain informa-
tion about the events involved is already known?

Computing Conditional Probabilities

Conditional probability refers to the probability of event 4, given information about the

occurrence of another event B.
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CONDITIONAL PROBABILITY
The probability of 4 given B is equal to the probability of 4 and B divided by the

probability of B.
P(Aand B
P(A| B) = ey (4.4a)
P(B)
The probability of B given 4 is equal to the probability of 4 and B divided by the proba-
bility of A.
P(B| A) = M (4.4b)
P(4)
where

P(A4 and B) = joint probability of 4 and B
P(A4) = marginal probability of 4
P(B) = marginal probability of B

Referring to the Using Statistics scenario involving the purchase of big-screen televisions, sup-
pose you were told that a household planned to purchase a big-screen television. Now, what is
the probability that the household actually purchased the television? In this example, the objec-
tive is to find P(Actual purchase | Planned to purchase). Here you are given the information that
the household planned to purchase the big-screen television. Therefore, the sample space does
not consist of all 1,000 households in the survey. It consists of only those households that
planned to purchase the big-screen television. Of 250 such households, 200 actually purchased
the big-screen television. Therefore, based on Table 4.1 on page 151, the probability that a house-
hold actually purchased the big-screen television given that he or she planned to purchase is

Planned to purchase and actually purchased

P(Actually purchased | Planned to purchase) =
Planned to purchase

= 200 =0.80
250

You can also use Equation (4.4b) to compute this result:

P(B| A) = P(Aand B)
P(A)
where
A = planned to purchase
B = actually purchased
then
P(Actually purchased | Planned to purchase) = 200/1,000
250/1,000
_ 200 _ 0.80
250

Example 4.6 further illustrates conditional probability.
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EXAMPLE 4.6

FINDING A CONDITIONAL PROBABILITY OF PURCHASING ADVR

Table 4.2 on page 152 is a contingency table for whether the household purchased a plasma-
screen television and whether the household purchased a DVR. Of the households that pur-
chased plasma-screen televisions, what is the probability that they also purchased DVRs?

SOLUTION Because you know that the household purchased a plasma-screen television, the
sample space is reduced to 80 households. Of these 80 households, 38 also purchased a DVR.
Therefore, the probability that a household purchased a DVR, given that the household pur-
chased a plasma-screen television, is:

hasing pl DVR
P(Purchased DVR | Purchased plasma screen) = Number purchasing plasma screen and DV

Number purchasing plasma screen
38

=— =0.475
80

If you use Equation (4.4a) on page 158:
A = Purchased DVR B = Purchased plasma-screen television
then

P(Aand B) _ 38/300

AL B) = =58 = 80/300

= 0.475

Therefore, given that the household purchased a plasma-screen television, there is a 47.5%
chance that the household also purchased a DVR. You can compare this conditional probability to
the marginal probability of purchasing a DVR, which is 108/300 = 0.36, or 36%. These results tell
you that households that purchased plasma-screen televisions are more likely to purchase DVRs
than are households that purchased big-screen televisions that are not plasma-screen televisions.

FIGURE 4.1

Decision tree for the

Consumer Electronics

Company example

Decision Trees

In Table 4.1 on page 151, households are classified according to whether they planned to pur-
chase and whether they actually purchased big-screen televisions. A decision tree is an alter-
native to the contingency table. Figure 4.1 represents the decision tree for this example.

200

P(Aand B) = 7,000

ed
(cn?®
P(A) = 220

P(Aand B)= —20_

Entire 1,000
Set of
Households
’ _ 100
P(A’ and B) =1,000
750
P(A) = —— D/
1,000 /d/vOtA
Prchactan, ™ P(A‘and 8 = 850
e ;
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160 CHAPTER FOUR Basic Probability

In Figure 4.1, beginning at the left with the entire set of households, there are two
“branches” for whether or not the household planned to purchase a big-screen television. Each
of these branches has two subbranches, corresponding to whether the household actually pur-
chased or did not actually purchase the big-screen television. The probabilities at the end of the
initial branches represent the marginal probabilities of 4 and 4". The probabilities at the end of
each of the four subbranches represent the joint probability for each combination of events 4
and B. You compute the conditional probability by dividing the joint probability by the appro-
priate marginal probability.

For example, to compute the probability that the household actually purchased, given that
the household planned to purchase the big-screen television, take P(Planned to purchase and
actually purchased) and divide by P(Planned to purchase). From Figure 4.1:

P(Actually purchased | Planned to purchase) = 20011,000
250/1,000
_ 290 0.80
250
Example 4.7 illustrates how to construct a decision tree.
EXAMPLE 4.7 FORMING THE DECISION TREE FOR THE HOUSEHOLDS THAT PURCHASED

BIG-SCREEN TELEVISIONS

Using the cross-classified data in Table 4.2 on page 152, construct the decision tree. Use the
decision tree to find the probability that a household purchased a DVR, given that the house-
hold purchased a plasma-screen television.

SOLUTION The decision tree for purchased a DVR and a plasma-screen television is dis-
played in Figure 4.2. Using Equation (4.4b) on page 158 and the following definitions,

A= Purchased plasma-screen television

B= Purchased DVR
P(Aand B) _ 38/300

P(B| )= - _ 0,475
P(A) 80/300
FIGURE 4.2
Decision tree for i
purchased a DVR and a 80 o\R P(Aand B) = o
plasma-screen television
Vs

(5132
Wrene ey P(Aand B) = 42
Entire ?Sc(ee“—‘ 300
Set of
Households
"asn, , 70
PAand B) = 25
Dtl/ reh g P(A and B) = 150
R 9% 300

Statistics for Managers Using Microsoft Excel, Fifth Edition, by David M. Levine, Mark L. Berenson, and Timothy C. Krehbiel. Published by Prentice Hall.
Copyright © 2008 by Pearson Education, Inc.



4.2: Conditional Probability 161

Statistical Independence

In the example concerning the purchase of big-screen televisions, the conditional probability is
200/250 = 0.80 that the selected household actually purchased the big-screen television, given
that the household planned to purchase. The simple probability of selecting a household that
actually purchased is 300/1,000 = 0.30. This result shows that the prior knowledge that the
household planned to purchase affected the probability that the household actually purchased
the television. In other words, the outcome of one event is de pendent on the outcome of a sec-
ond event.

When the outcome of one event does not affect the probability of occurrence of another
event, the events are said to be statistically independent. Statistical independence can be
determined by using Equation (4.5).

STATISTICAL INDEPENDENCE
Two events, 4 and B, are statistically independent if and only if

P(A| B)= P(4) (4.5)

where
P(A4| B) = conditional probability of 4 given B
P(A4) = marginal probability of 4

Example 4.8 demonstrates the use of Equation (4.5).

EXAMPLE 4.8

TABLE 4.3

Satisfaction with
Purchase of Big-
Screen Televisions

DETERMINING STATISTICAL INDEPENDENCE

In the follow-up survey of the 300 households that actually purchased big-screen televisions,
the households were asked if they were satisfied with their purchases. Table 4.3 cross-classifies
the responses to the satisfaction question with the responses to whether the television was a
plasma-screen television.

SATISFIED WITH PURCHASE?
TYPE OF TELEVISION Yes No Total

Plasma screen 04 16 80
Not plasma screen 176 44 220
Total 240 60 300

Determine whether being satisfied with the purchase and type of television purchased are
statistically independent.

SOLUTION For these data,

64/300 64

—— = —=10.80
80/300 80

P(Satisfied | Plasma screen) =
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which is equal to

P(Satisfied) = 240 =0.80
300

Thus, being satisfied with the purchase and type of television purchased are statistically inde-
pendent. Knowledge of one event does not affect the probability of the other event.

Multiplication Rules

By manipulating the formula for conditional probability, you can determine the joint probabil-
ity P(A and B) from the conditional probability of an event. The general multiplication rule is
derived using Equation (4.4a) on page 158:

P(A| B) = P(Aand B)
P(B)
and solving for the joint probability P(4 and B).

GENERAL MULTIPLICATION RULE
The probability of 4 and B is equal to the probability of A4 given B times the probability of B.

P(A and B) = P(A| B)P(B) (4.6)

Example 4.9 demonstrates the use of the general multiplication rule.

EXAMPLE 4.9

USING THE MULTIPLICATION RULE

Consider the 80 households that purchased plasma-screen televisions. In Table 4.3 on page 161
you see that 64 households are satisfied with their purchase and 16 households are dissatisfied.
Suppose two households are randomly selected from the 80 customers. Find the probability
that both households are satisfied with their purchase.

SOLUTION Here you can use the multiplication rule in the following way. If:

A = second household selected is satisfied

B = first household selected is satisfied
then, using Equation (4.6),
P(A and B)= P(A| B)P(B)

The probability that the first household is satisfied with the purchase is 64/80. However, the
probability that the second household is also satisfied with the purchase depends on the result
of the first selection. If the first household is not returned to the sample after the satisfaction
level is determined (that is, sampling without replacement), the number of households remain-
ing is 79. If the first household is satisfied, the probability that the second is also satisfied is
63/79 because 63 satisfied households remain in the sample. Therefore,

P(Aand B) = [%)(%] = 0.6380

There is a 63.80% chance that both of the households sampled will be satisfied with their purchase.
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The multiplication rule for independent events is derived by substituting P(A) for
P(A| B) in Equation (4.6).

MULTIPLICATION RULE FOR INDEPENDENT EVENTS

If 4 and B are statistically independent, the probability of 4 and B is equal to the
probability of 4 times the probability of B.

P(A and B) = P(4)P(B) 4.7)

If this rule holds for two events, 4 and B, then 4 and B are statistically independent.
Therefore, there are two ways to determine statistical independence:

1. Events A4 and B are statistically independent if, and only if, P(A4| B) = P(A).
2. Events 4 and B are statistically independent if, and only if, P(4 and B) = P(A)P(B).

Marginal Probability Using the General Multiplication Rule

In Section 4.1, marginal probability was defined using Equation (4.2) on page 153. You can
state the formula for marginal probability by using the general multiplication rule. If

P(A) = P(Aand B)) + (A and B,) + --- + P(4 and B,)

then, using the general multiplication rule, Equation (4.8) defines the marginal probability.

MARGINAL PROBABILITY USING THE GENERAL MULTIPLICATION RULE
P(A)= (4| B))P(B)) + P(A| B))P(B,) +--- + (4| BY)P(B,) (4.8)

where B|, B,, . . ., B, are k mutually exclusive and collectively exhaustive events.

To illustrate this equation, refer to Table 4.1 on page 151. Using Equation (4.8), the proba-
bility of planning to purchase is:

P(A) = P(A| B,)P(B)) + P(A| B,)P(B,)

where
P(A) = probability of “planned to purchase”

P(B,) = probability of “actually purchased”
P(B,) = probability of “did not actually purchase”

pray= (200) 300 ) (50 ) 700
300 1,000 ) | 700 ){ 1,000

200 50 250

= + = = 0.25
1,000 1,000 1,000
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PROBLEMS FOR SECTION 4.2

Learning the Basics

eres] 4.16 Given the following contingency table:

B B
A 10 20
A 20 40

What is the probability of

a. A| B?

b. 4| B?

c. 4| B?

d. Are events A and B statistically independent?

4.17 Given the following contingency table:

B B
A 10 30
A 25 35

What is the probability of

a. A| B?

b. 4’| B?

c. A| B?

d. Are events A and B statistically independent?

e 4.18 If P(A and B) = 0.4 and P(B) = 0.8, find
P(A| B).

Ferer 4.19 If P(A4) = 0.7, P(B) = 0.6, and 4 and B are
statistically independent, find P(A4 and B).

Fieres 4.20 If P(4) = 0.3, P(B) = 0.4, and if P(A4
and B)=0.2, are 4 and B statistically independent?

Applying the Concepts

4.21 Where people turn to for news is different for vari-

ous age groups. Suppose that a study conducted on this

issue (extracted from P. Johnson, “Young People Turn to
the Web for News,” US4 Today, March 23, 2006, p. 9D)
was based on 200 respondents who were between the ages

of 36 and 50 and 200 respondents who were over age 50.

Of the 200 respondents who were between the ages of 36

and 50, 82 got their news primarily from newspapers. Of

the 200 respondents who were over age 50, 104 got their
news primarily from newspapers.

a. Given that a respondent is over age 50, what then is the
probability that he or she gets news primarily from
newspapers?

b. Given that a respondent gets news primarily from
newspapers, what is the probability that he or she is
over age 50?7

c¢. Explain the difference in the results in (a) and (b).

d. Are the two events, whether the respondent is over age 50
and whether he or she gets news primarily from news-
papers, statistically independent?

4.22 A yield improvement study at a semicon-
ﬁl ductor manufacturing facility provided defect

data for a sample of 450 wafers. The following
table presents a summary of the responses to two questions:

“Were particles found on the die that produced the wafer?”
and “Is the wafer good or bad?”

CONDITION OF DIE

QUALITY OF

WAFER No Particles Particles Totals
Good 320 14 334
Bad _80 36 116
Totals 400 50 450

Source: Extracted fom S.W. Hall, “Analysis o fDe gctivityo f
Semiconductor Wa grs by ContingencyTable,” Proceedings Institute
of Environmental Sciences, Vol. 1, 1994, pp. 177-183.

a. Suppose you know that a wafer is bad. What is the prob-
ability that it was produced from a die that had particles?

b. Suppose you know that a wafer is good. What is the prob-
ability that it was produced from a die that had particles?

c. Are the two events, a good wafer and a die with no par-
ticles, statistically independent? Explain.

4.23 According to an Ipsos poll, the perception of unfair-
ness in the US. tax code is spread fairly evenly across
income groups, age groups, and education levels. In an April
2006 survey of 1,005 adults, Ipsos reported that almost 60%
of all people said the code is unfair, while slightly more than
60% of those making more than $50,000 viewed the code as
unfair (“People Cry Unfairness,” The Cincinnati Enquirer,
April 16, 2006, p. A8). Suppose that the following contin-
gency table represents the specific breakdown of responses:

INCOME LEVEL

Less Than More Than
$50,000 $50,000 Total
Fair 225 180 405
Unfair 280 320 600
Total 505 500 1,005

a. Given that a respondent earns less than $50,000, what is
the probability that he or she said that the tax code is fair?

b. Given that a respondent earns more than $50,000, what is
the probability that he or she said that the tax code is fair?

c. Is income level statistically independent of attitude
about whether the tax code is fair? Explain.

4.24 An experiment was conducted to study the choices
made in mutual fund selection. Undergraduate and MBA
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students were presented with different S&P 500 Index
funds that were identical except for fees. Suppose 100
undergraduate students and 100 MBA students were
selected. Partial results are shown in the following table:

STUDENT GROUP
FUND Undergraduate MBA
Highest-cost fund 27 18
Not Highest-cost fund 73 82

Source: Extracted fom J. J Choi, D. Laibson, and B. C. Madrian,
Why Does the Law of One Price Fail? www.som. yale.edu/ficulty/

JiE83/fes.pd f

a. Given that a student is an undergraduate, what is the
probability that he or she selected the highest-cost fund?

b. Given that a student selected the highest-cost fund, what
is the probability that he or she is an undergraduate?

c¢. Explain the difference in the results in (a) and (b).

d. Are the two events “student group” and “fund selected”
statistically independent? Explain.

4.25 A sample of 500 respondents was selected in a large
metropolitan area to study consumer behavior, with the fol-
lowing results:

ENJOYS SHOPPING GENDER

FOR CLOTHING Male Female Total
Yes 136 224 360
No 104 36 140
Total 240 260 500

a. Suppose the respondent chosen is a female. What is the
probability that she does not enjoy shopping for clothing?

b. Suppose the respondent chosen enjoys shopping for cloth-
ing. What is the probability that the individual is a male?

¢. Are enjoying shopping for clothing and the gender of
the individual statistically independent? Explain.

4.26 Each year, ratings are compiled concerning the per-

formance of new cars during the first 90 days of use.

Suppose that the cars have been categorized according to

whether the car needs warranty-related repair (yes or no)

and the country in which the company manufacturing the
car is based (United States or not United States). Based on

the data collected, the probability that the new car needs a

warranty repair is 0.04, the probability that the car is man-

ufactured by a U.S.-based company is 0.60, and the proba-
bility that the new car needs a warranty repair and was

manufactured by a U.S.-based company is 0.025.

a. Suppose you know that a company based in the United
States manufactured a particular car. What is the proba-
bility that the car needs warranty repair?

b. Suppose you know that a company based in the United
States did not manufacture a particular car. What is the
probability that the car needs warranty repair?

4.2: Conditional Probability 165

c. Are need for warranty repair and location of the com-
pany manufacturing the car statistically independent?

4.27 In 35 of the 56 years from 1950 through 2005, the
S&P 500 finished higher after the first 5 days of trading. In
30 of those 35 years, the S&P 500 finished higher for the
year. Is a good first week a good omen for the upcoming
year? The following table gives the first-week and annual
performance over this 56-year period:

S&P 500’s Annual Performance

First Week Higher Lower
Higher 30 5
Lower 11 10

a. If a year is selected at random, what is the probability
that the S&P 500 finished higher for the year?

b. Given that the S&P 500 finished higher after the first
five days of trading, what is the probability that it fin-
ished higher for the year?

¢. Are the two events “first-week performance” and “annual
performance” statistically independent? Explain.

d. Look up the performance after the first five days of
2006 and the 2006 annual performance of the S&P 500
at finance.yahoo.com. Comment on the results.

4.28 A standard deck of cards is being used to play a

game. There are four suits (hearts, diamonds, clubs, and

spades), each having 13 faces (ace, 2, 3,4, 5,6,7,8,9,10,

jack, queen, and king), making a total of 52 cards. This

complete deck is thoroughly mixed, and you will receive

the first 2 cards from the deck without replacement.

a. What is the probability that both cards are queens?

b. What is the probability that the first card is a 10 and the
second card is a 5 or 6?

c. If you were sampling with replacement, what would be
the answer in (a)?

d. In the game of blackjack, the picture cards (jack, queen,
king) count as 10 points, and the ace counts as either 1 or
11 points. All other cards are counted at their face value.
Blackjack is achieved if 2 cards total 21 points. What is
the probability of getting blackjack in this problem?

Theoee] 4.29 A box of nine gloves contains two left-

handed gloves and seven right-handed gloves.

a. If two gloves are randomly selected from the box with-
out replacement, what is the probability that both gloves
selected will be right-handed?

b. If two gloves are randomly selected from the box with-
out replacement, what is the probability there will be
one right-handed glove and one left-handed glove
selected?

c. Ifthree gloves are selected with replacement, what is the
probability that all three will be left-handed?

d. If you were sampling with replacement, what would be
the answers to (a) and (b)?
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166 CHAPTER FOUR Basic Probability

4.3

BAYES' THEOREM

Bayes’ theorem is used to revise previously calculated probabilities based on new information.
Developed by Thomas Bayes in the eighteenth century (see references 1, 2, and 5), Bayes’ the-
orem is an extension of what you previously learned about conditional probability.

You can apply Bayes’ theorem to the situation in which the Consumer Electronics
Company is considering marketing a new model of television. In the past, 40% of the televi-
sions introduced by the company have been successful, and 60% have been unsuccessful.
Before introducing the television to the marketplace, the marketing research department con-
ducts an extensive study and releases a report, either favorable or unfavorable. In the past, 80%
of the successful televisions had received favorable market research reports, and 30% of the
unsuccessful televisions had received favorable reports. For the new model of television under
consideration, the marketing research department has issued a favorable report. What is the
probability that the television will be successful?

Bayes’ theorem is developed from the definition of conditional probability. To find the
conditional probability of B given A4, consider Equation (4.4b) [originally presented on page
158 and given below]:

P(A and B) _ P(AB)P(B)
P4 P4

P(B A) =

Bayes’ theorem is derived by substituting Equation (4.8) on page 163 for P (A) in Equation (4.4b).

BAYES’ THEOREM
P(A4B)P(5)

P(B;|4) =
i P(AB)P(B) + P(4B,)P(By) +-+ + P(ABy)P(By)

4.9)

where B; is the ith event out of & mutually exclusive and collectively exhaustive events.

To use Equation (4.9) for the television marketing example, let

event S =successful television event F' =favorable report
event S' = unsuccessful television event F' = unfavorable report
and
P(S) =0.40 P(F| S)=0.80
P(S") =0.60 P(F| S")=0.30

Then, using Equation (4.9),

S| F) = P(F| S)P(S)

P(F| S)P(S)+ P(F| S")P(S")
_ (0.80)(0.40)
" (0.80)(0.40) + (0.30)(0.60)
032 032
© 0324018 0.50
=0.64
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TABLE 4.4

Bayes' Theorem
Calculations for the
Television Marketing
Example

FIGURE 4.3

Decision tree for
marketing a new
television
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The probability of a successful television, given that a favorable report was received, is
0.64. Thus, the probability of an unsuccessful television, given that a favorable report was
received, is 1 — 0.64 = 0.36. Table 4.4 summarizes the computation of the probabilities, and
Figure 4.3 presents the decision tree.

Prior Conditional Joint Revised
Probability  Probability Probability Probability
Event S, P(S;) P(F|S;)  P(F|S)PS;) P(S;| F)
S = successful 0.40 0.80 0.32 0.32/0.50 = 0.64
television =P(S| F)
§’ = unsuccessful 0.60 0.30 0.18 0.18/0.50 = 0.36
television 0.50 =P(S’| F)

P(S and F) = P(F|S) P(S)
=(0.80) (0.40) = 0.32

P(S) = 0.40

P(Sand F’) = P(F'|S) P(S)
=(0.20) (0.40) = 0.08

P(S’and F) = P(F|S’) P(S")
=(0.30) (0.60) = 0.18

P(S) = 0.60

P(S”and F’) = P(F'|S’) P(S’)
=(0.70) (0.60) = 0.42

Example 4.10 applies Bayes’ theorem to a medical diagnosis problem.

EXAMPLE 4.10

USING BAYES’' THEOREM IN A MEDICAL DIAGNOSIS PROBLEM

The probability that a person has a certain disease is 0.03. Medical diagnostic tests are avail-
able to determine whether the person actually has the disease. If the disease is actually present,
the probability that the medical diagnostic test will give a positive result (indicating that the
disease is present) is 0.90. If the disease is not actually present, the probability of a positive test
result (indicating that the disease is present) is 0.02. Suppose that the medical diagnostic test
has given a positive result (indicating that the disease is present). What is the probability that
the disease is actually present? What is the probability of a positive test result?

SOLUTION Let

event D = has disease event T =test is positive

event D' =does not have disease event 7' = test is negative
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168 CHAPTER FOUR Basic Probability

and
P(D) =0.03 P(T\D) =0.90
P(D") =0.97 P\ D) =0.02
Using Equation (4.9) on page 166,
Ao = PIDAD)
(T|D)P(D) + K(T|D")P(D")
(0.90)(0.03)

~ (0.90)(0.03) + (0.02)(0.97)

0.0270

~0.0270

T 0.0270 +0.0194  0.0464

= 0.582

The probability that the disease is actually present, given that a positive result has occurred
(indicating that the disease is present), is 0.582. Table 4.5 summarizes the computation of the
probabilities, and Figure 4.4 presents the decision tree.

The denominator in Bayes’ theorem represents P (7'), the probability of a positive test

result, which in this case is 0.0464, or 4.64%.

TABLE 4.5 Prior Conditional Joint Revised
Baves’ Theorem Probability Probability Probability Probability
Ca?/culations for the Wit 12, AD;) AT|D;) MT|D)PD;) PDi|T)
Medical Diagnosis .
Problem D = has disease 0.03 0.90 0.0270 0.0270/0.0464 = 0.582
=P(D| T)
D’ = does not 0.97 0.02 0.0194 0.0194/0.0464 = 0.418
have disease =P(D'|T)
0.0464
FIGURE 4.4
Decision tree for the
medical diagnosis P(D and T) = P(T]D) P(D)
problem =(0.90) (0.03) = 0.0270
P(D) = 0.03

P(D’) = 0.97

P(D and T') = P(T'|D) P(D)

(0.10) (0.03) = 0.0030

P(D"and T) = P(T|D’) P(D’)

(0.02) (0.97) = 0.0194

P(D’and T') = P(T'|D’) P(D’)

(0.98) (0.97) = 0.9506
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From the Authors’ Deskto p

<.

ne Providence and Spam

ou wouldn't normally think that

the author of Divine Benevolence:

Or, An Attempt to Prove That the

Principal End of the Divine Provi-
dence and Government Is the Happiness of His
Creatures would have anything to contribute
to the discussion of probability, would you?
But you might say that the author of An Essay
Towards Solving a Problem in the Doctrine of
Chances would, wouldn't you? As it turns out,
both essays were written by Thomas Bayes,
who was a minister and theologian by train-
ing. If you didn't guess that both essays were
written by the same person, don’t feel too
bad because your wrong guess helps illus-
trate a modern-day application of Bayesian
statistics—spam filters—about which you'll
learn more later.

An Essay Towards Solving . . . introduced
Bayes' theorem, discussed in Section 4.3.
After writing the essay, Bayes putit aside, and
we only know about the paper because a
friend, Richard Price, published itin 1763 after
Bayes' death. In Price’s view, the essay proved
the existence of God by showing that “the
frame of the world must be the effect of wis-
dom and power of an intelligent cause; and
thus to confirm ... the existence of the
Deity.” Bayes, himself, was more modest
about the essay, noting “so far as mathemat-
ics do not tend to make men more sober and
rational thinkers . . . they are only to be con-
sidered as an amusement, which ought not to
take us off from serious business.” (By the
way, Price deleted those words when he pub-
lished An Essay Towards Solving . . . )

In spite of Price’s enthusiasm, Bayes' the-
orem was soon dismissed by the majority of
statisticians, who felt, among other reasons,
that establishing the prior probabilities
needed by the theorem would ultimately be
nothing more than an example of setting sub-
jective probabilities. Others, who had a more
accepting view, noted that the prior probabili-
ties would need to be constantly updated and
therefore were concerned about the impossi-
bility of keeping track of all the results that
would be needed in order to constantly
update those probabilities (to better reflect
current experience).

While always championed by a minority
of statisticians, and notably, a number of non-
statisticians, Bayes' theorem remained at the
fringes of respectable statistics for more than
150 years. The theorem began its long return
from statistical exile when An Essay Towards
... was republished in 1940, with commen-
tary by W. Edwards Deming. (Ironically, like

Bayes' theorem, many of Deming’s own ideas
would also be ignored, only to be widely
accepted later on, as Chapter 18 explains.)
But it took the data processing power of
modern computer systems to bring Bayesian
statistics into the mainstream of research.

Today, applications of Bayesian statistics
are making computers more “artificially intel-
ligent.” Programs that “mine” large data-
bases, seeking to discover hidden patterns,
use Bayesian techniques. Your favorite
Internet search engine may use some
Bayesian techniques, as well, to deliver
Internet links most likely to be relevant to
your search. But of all the Bayesian applica-
tions in use, the one you've most likely expe-
rienced involves spam, the unwanted junk
mail that clogs your email inbox.

Return to the questions of the first para-
graph concerning the titles of two essays
authored by Thomas Bayes. Implicit in those
questions are expectations that word fre-
quencies vary by subject matter. A text about
statistics would very likely contain the word
statistics as well as words such as chance,
problem, and solving. An eighteenth-century
book about theology and religion would be
more likely to contain the uppercase forms of
Divine and Providence. Likewise, there are
words very unlikely to appear in either books,
such as the words sedimentary, igneous, and
metamorphic (types of rocks), and there are
words that are likely to appear in both types
of books—common words such as a, an, and
the.

The key words in these sentences are
likely and unlikely because they suggest that
we might be able to use probabilities. Of
course, likely and unlikely are fuzzy concepts,
and we could never be completely sure if we
had classified a book correctly. After all, a
book about the underground film director
John Waters (of Hairspray fame) might talk
about him traveling with the star of many of
his movies, Divine, to see Providence (as in
Rhode Island). Still, we would probably not
mistake such a book for an eighteenth-
century book on theology if we considered
other words, such as film and movie, which
are unlikely to be found in an eighteenth-
century publication.

Classifying books into one of several cat-
egories creates complications too difficult to
explain here, but what if we looked at the
simpler problem of trying to classify a newly
arrived email message as either spam or a
legitimate message (sometimes called “ham”
in this context)? More specifically, what if we
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focused on all the emails sent to one address?
And what if we added something to that per-
son’s email program that would track word
frequencies associated with spam and ham
messages in order to constantly update the
prior probabilities thatBayes' theorem needs?
When researchers realized all this was possi-
ble, Bayesian spam filters got their start.

These filters ask, “What is the probabili-
ties that an email is spam, given the presence
of a certain word? " Using Bayes' theorem, the
filters can calculate this probabilities by multi-
plying the probability of finding the word in a
spam email, P(A|B) in Equation 4.9, by the
probability that the email is spam, P(B), and
dividing by the probability of finding the word
in an email, the denominator in Equation 4.9.

Bayesian spam filters quickly proved
superior to simple keyword filters in both
identifying spam and avoiding labeling a ham
message as spam. Most Bayesian spam filters
ignore common words found in both ham and
spam emails. These filters also take shortcuts
by focusing on a small set of words that have
a high probability of being found in a spam
email and on words that have a low probabil-
ity of being found in a spam email.

As spammers (people who sent junk
email) learned of these new filters, they tried
to outfox them. Having learned that Bayesian
filters might be assigning a high P(4|B) value
to words like Viagra, commonly found in early
spam messages, spammers thought they
could fool the filter by misspelling the word as
Vi@gr@ or V1agra. What they failed to realize
was that the misspelled variants were even
more likely to be found in a spam message
than the original word. Thus the misspelled
variants made the job even easier for the
Bayesian filters. Of course, through all the
emails, the filters are constantly being
retrained—that is, updating probabilities and
noting when the user indicates a particular
email marked as ham is really spam. So, the
initial Vi@agr@ emails were mismarked as
ham, but the filter quickly learns to treat such
messages as spam. (Don’t worry about filters
marking a ham message as spam; most filters
are set up with a bias in their probabilities
that minimizes such occurrences.)

Other spammers, reading a little bit
about filters, decided to add “good” words,
words that would have a very low P(A|B)
value, or “rare” words, words not frequently
encountered in emails. This, they thought,
should change the result as the filter evalu-
ated the text of an email and led the filter to
enable their spam messages be viewed as

(Continued)
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170 CHAPTER FOUR Basic Probability

ham messages. But these spammers overlooked
the fact that the conditional probabilities are
constantly updated and that words once con-
sidered “good” would be discarded by the filter
as their A(A|B) value increased. They also failed
to realize that, as “rare” words started to show
up in spam messages (and yet still rarely in ham
messages), those words acted like the mis-
spelled variants they had tried earlier.

After these attacks were beaten back by
Bayesian filters, spammers apparently started
learning more about Bayesian statistics. Some
figured that they could “break” Bayesian fil-
ters by inserting random words in their mes-
sages. Those random words would affect the
filter by causing it to see many words whose
P(A|B) value would be low. The Bayesian filter
would begin to label many spam messages as
ham and end up being of no practical use.
Because the Internet still contains some Web
pages and posts that triumph this approach,

Divine Providence and Spam (continued)

we will leave it to you to figure out why this
method of attack cannot succeed in the long
run and why this method is not as initially
successful as some would claim.

Today, spammers are still trying to outwit
Bayesian filters. Some spammers have
decided to eliminate all or most of the words
in their messages and replace them with
graphics so that Bayesian filters will have
very few words with which to work. But this
approach will fail too, as Bayes’ filters are
rewritten to consider things other than words
in a message. After all, Bayes’ theorem is all
about events, and “graphics present with no
text” is as valid an event as “some word pres-
entin email.”

In truth, for a variety of reasons, includ-
ing expediency, most email filters today use a
combination of techniques that includes
applying Bayesian statistics. And while the
war against Bayesian filters escalates over

time, it's a war that statistics dooms spam-
mers to lose in the long run.

You can gain a number of insights from
knowing the story of Bayes' theorem and its
application to the problem of email spam. You
can understand better the nature of intellec-
tual discovery, especially how fringe knowl-
edge can become mainstream knowledge.
You can see that statisticians have disagreed
over important concepts as they have tried to
extend the boundaries of their field, and yes,
you can even reflect about the search for a
proof that would confirm a benevolent Deity.
If nothing else, perhaps you will begin to think
how applications of statistics can show up in
your life in very unexpected ways and how a
knowledge of statistics is an important com-
ponent of being a well-educated person.

Click the BAYES’ THEOREM
link to continue this discussion.

PROBLEMS FOR SECTION 4.3

Learning the Basics

TR 4.30 IfP(B)=0.05, P(A| B) = 0.80, P(B) =0.95,
and P(A| B') = 0.40, find P(B| A).

T 4.31 1f P(B)=0.30, P(4| B)=0.60, P(B")=0.70,
and P(4| B') =0.50, find P(B| A).

Applying the Concepts

4.32 Tn Example 4.10 on page 167, suppose that the prob-

ability that a medical diagnostic test will give a positive

result if the disease is not present is reduced from 0.02 to

0.01. Given this information,

a. if the medical diagnostic test has given a positive result
(indicating that the disease is present), what is the prob-
ability that the disease is actually present?

b. if the medical diagnostic test has given a negative result
(indicating that the disease is not present), what is the
probability that the disease is not present?

Jacces| 4.33 An advertising executive is studying tele-
vision viewing habits of married men and women

during prime-time hours. Based on past viewing
records, the executive has determined that during prime
time, husbands are watching television 60% of the time.
When the husband is watching television, 40% of the time
the wife is also watching. When the husband is not watch-

ing television, 30% of the time the wife is watching televi-

sion. Find the probability that

a. if the wife is watching television, the husband is also
watching television.

b. the wife is watching television in prime time.

SIeres 4.34 Olive Construction Company is determin-
ing whether it should submit a bid for a new
sELF | shopping center. In the past, Olive’s main com-
petitor, Base Construction Company, has submit-
ted bids 70% of the time. If Base Construction
Company does not bid on a job, the probability that Olive
Construction Company will get the job is 0.50. If Base
Construction Company bids on a job, the probability that
Olive Construction Company will get the job is 0.25.
a. If Olive Construction Company gets the job, what is the
probability that Base Construction Company did not bid?
b. What is the probability that Olive Construction
Company will get the job?

4.35 Laid-off workers who become entrepreneurs because
they cannot find meaningful employment with another
company are known as entre preneurs by necessity. The Wall
Street Journal reports that these entrepreneurs by necessity
are less likely to grow into large businesses than are entre-
preneurs by choice (J. Bailey, “Desire—More Than Need—
Builds a Business,” The Wall Street Journal, May 21, 2001,
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p. B4). This article states that 89% of the entrepreneurs in
the United States are entrepreneurs by choice and 11% are
entrepreneurs by necessity. Only 2% of entrepreneurs by
necessity expect their new business to employ 20 or more
people within five years, while 14% of entrepreneurs by
choice expect to employ at least 20 people within five years.
a. If an entrepreneur is selected at random, and that indi-
vidual expects that his or her new business will employ
20 or more people within five years, what is the proba-
bility that this individual is an entrepreneur by choice?
b. Discuss several possible reasons why entrepreneurs by
choice are more likely to believe that they will grow
their businesses.

4.36 The editor of a textbook publishing company is trying
to decide whether to publish a proposed business statistics
textbook. Information on previous textbooks published indi-
cates that 1 0% are huge successes, 20% are modest successes,
40% break even, and 30% are losers. However, before a pub-
lishing decision is made, the book will be reviewed. In the
past, 99% of the huge successes received favorable reviews,
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70% of the moderate successes received favorable reviews,
40% of the break-even books received favorable reviews,
and 20% of the losers received favorable reviews.

a. If the proposed text receives a favorable review, how
should the editor revise the probabilities of the various
outcomes to take this information into account?

b. What proportion of textbooks receives favorable reviews?

4.37 A municipal bond service has three rating categories
(4, B, and C). Suppose that in the past year, of the municipal
bonds issued throughout the United States, 70% were rated
A, 20% were rated B, and 10% were rated C. Of the munic-
ipal bonds rated 4, 50% were issued by cities, 40% by sub-
urbs, and 10% by rural areas. Of the municipal bonds rated
B, 60% were issued by cities, 20% by suburbs, and 20% by
rural areas. Of the municipal bonds rated C, 90% were
issued by cities, 5% by suburbs, and 5% by rural areas.

a. If a new municipal bond is to be issued by a city, what is

the probability that it will receive an 4 rating?

b. What proportion of municipal bonds is issued by cities?
¢. What proportion of municipal bonds is issued by suburbs?

4.4 ETHICAL ISSUES AND PROBABILITY

Ethical issues can arise when any statements related to probability are presented to the public,
particularly when these statements are part of an advertising campaign for a product or service.
Unfortunately, many people are not comfortable with numerical concepts (see reference 4) and
tend to misinterpret the meaning of the probability. In some instances, the misinterpretation is not
intentional, but in other cases, advertisements may unethically try to mislead potential customers.

One example of a potentially unethical application of probability relates to advertisements
for state lotteries. When purchasing a lottery ticket, the customer selects a set of numbers (such
as 6) from a larger list of numbers (such as 54). Although virtually all participants know that
they are unlikely to win the lottery, they also have very little idea of how unlikely it is for them
to select all 6 winning numbers from the list of 54 numbers. They have even less idea of the
probability of winning a consolation prize by selecting either 4 or 5 winning numbers.

Given this background, you might consider a recent commercial for a state lottery that
stated, “We won’t stop until we have made everyone a millionaire” to be deceptive and possibly
unethical. Given the fact that the lottery brings millions of dollars into the state treasury, the
state is never going to stop running it, although in our lifetime, no one can be sure of becoming
a millionaire by winning the lottery.

Another example of a potentially unethical application of probability relates to an invest-
ment newsletter promising a 90% probability of a 20% annual return on investment. To make
the claim in the newsletter an ethical one, the investment service needs to (a) explain the basis
on which this probability estimate rests, (b) provide the probability statement in another format,
such as 9 chances in 10, and (c) explain what happens to the investment in the 10% of the cases
in which a 20% return is not achieved (for example, is the entire investment lost?).

Applying the Concepts

4.38 Write an advertisement for the state lottery that ethi-
cally describes the probability of winning,

4.39 Write an advertisement for the investment newsletter
that ethically states the probability of a 20% return.
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4.5 (CD-ROM Topic) COUNTING RULES

In many instances, there are a large number of possible outcomes, and determining the exact
number can be difficult. In these circumstances, rules for counting the number of possible out-
comes have been developed. To study this topic, go to the file located on the
CD-ROM that accompanies this book.

SUMM ARY

This chapter develops concepts concerning basic probabil- the binomial, hypergeometric, and Poisson distributions are
ity, conditional probability, and Bayes’ theorem. In the next developed.
chapter, important discrete probability distributions such as

KEY EQUATIONS

Probability of Occurrence General Multiplication Rule
. X
Probability of occurrence = T “4.1) P(A and B)= P(A| B)P(B) (4.6)
Marginal Probability Multiplication Rule for Independent Events
P(A) = (A and B)) + P(Aand B,) + --- + (A and B)) (4.2) P(A and B) = P(A)P(B) 4.7)
General Addition Rule

Marginal Probability Using the General Multiplication Rule

P(Aor By= P(A) + P(B)— P(Aand B)  (4.3) Py~ P B YPB,) + PUA| BB,

+ .-+ P(4] B)P(B)) 4.8)
Conditional Probability
P(A]| B) = P(A and B) (4.42) Bayes’ Theorem
P(B)
P(B|A) = o)
P(Aand B P(AB)P(B, '
P(A) P(AB)P(B)+ P(ABy)P(By) +--- + P(ABy)P(By)
Statistical Independence
P(A4] B)= P(4) 4.5)
a priori classical probabilit