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In Business Statistics in Practice, Fourth Edition, we provide a modern, practical, and unique
framework for teaching the first course in business statistics. This framework features case study
and example driven discussions of all basic business statistics topics. In addition, we have en-
deavored to make this book the most clearly written, motivating, and easy to use business statistics
text available. We have taken great pains to explain concepts simply from first principles. There-
fore, the only prerequisite for this book is high school algebra.

Business Statistics in Practice has five attributes that make it an effective learning tool:

A consistent theme of business improvement through statistical analysis.
A unique use of “continuing” case studies that integrates different statistical areas.

A real emphasis on the study of variation that stresses that the analysis of individual popula-
tion observations is as important as the analysis of population means.

Aflexible topic flow that facilitates different topic choices and encourages different teaching ap-
proaches. In particular, since many courses give different emphases to probability, hypothesis
testing, regression and statistical modeling, nonparametric statistics, and quality control, this
book provides great flexibility with respect to how, when, and whether to cover these topics.
A modern use of the statistical capabilities of the software packages MINITAB, Excel, and
MegaStat (an Excel add-in package included on the text’s student CD-ROM) that stresses sta-
tistical interpretation and reflects the use of these packages in the real world.

New to the fourth edition are

®

The cell phone case, which is the first continuing case in Chapter 1 and discusses how a bank
uses a random sample to estimate its cell phone costs. Using this estimate, the bank decides
whether to outsource management of its wireless resources. This case should be particu-
larly motivating to students because it addresses a real problem faced by both students and
businesses—unpleasantly high cell phone bills.

Continuing cases with no need to refer back to previously given computer outputs. Each time a
continuing case is revisited, any needed computer output is included with the current case dis-
cussion. In addition, whenever possible the background information needed to understand the
current analysis is provided, so the student does not need to refer back to previous material.

Business improvement icons @—placed in the page margins—that identify when an impor-
tant business conclusion has been reached using statistical analysis. Each conclusion is also
highlighted for additional emphasis.

Confidence intervals for and hypothesis tests about a population mean presented by using
the o known/o unknown approach. This approach simplifies the choice of z or t-based proce-
dures and is consistent with computerized procedures provided by MINITAB, Excel, and
MegaStat. A ¢ distribution table with up to 100 degrees of freedom is given in Table A.4 of
Appendix A. Confidence intervals for and hypothesis tests about the difference between two
population means are also presented using the o known/o- unknown approach.

Completely updated end of chapter computer appendices that clearly show how to perform
statistical analysis using MINITAB (Version 14), Microsoft Excel 2003, and the latest version
of MegaStat.

Expanded coverage of sampling in Chapter 1. We now discuss using both a random number
table and computer generated random numbers to select a random sample. We also have
added an optional section that introduces stratified, cluster, and systematic sampling and dis-
cusses the problems of undercoverage, nonresponse, and response bias.

A substantial number of new, real world data sets in the exercises, particularly in the exercises
of Chapter 1 (An Introduction to Business Statistics) and Chapter 2 (Descriptive Statistics).
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* Anoptional appendix on covariance and correlation. This end of book appendix (Appendix B)
can be covered either after covering scatter plots in Chapter 2 or before covering simple linear
regression analysis in Chapter 11. Or, it can be omitted entirely without loss of continuity.

¢ An optional appendix on normal probability plots. This end of book appendix (Appendix D,
Part 1) supplements the normal distribution discussion in Chapter 5.

* A simpler and easier to understand example introducing sampling distributions. This stock
return example motivates the discussion of the sampling distribution of the sample mean in
Chapter 6.

* Increased emphasis on the concept of the margin of error to better motivate the discussion of
confidence intervals in Chapter 7.

* A step-by-step hypothesis testing approach that is used in almost all hypothesis testing exam-
ples in Chapter 8 (Hypothesis Testing) and Chapter 9 (Statistical Inferences Based on Two
Samples). This approach consists of a seven-step procedure that is designed to break hypoth-
esis testing down into small, easy to understand steps and to also clearly show how to use the
book’s hypothesis testing summary boxes. Although the seven-step procedure is not formally
used after Chapter 9, the students’ familiarity with the steps and summary boxes should
enable them to successfully carry out hypothesis tests in later chapters.

¢ Increased emphasis in Chapter 9 on the “unequal variances” t-based procedure for compar-
ing two population means. This procedure is becoming increasingly popular because it is
available in most statistical software packages and is a very accurate approximation that does
not require assuming equal population variances.

¢ A simplified and improved discussion of simple and multiple regression analysis. In simple
regression (Chapter 11), we give more concise explanations of the simple linear regression
model, least squares, and confidence and prediction intervals. In addition to using improved
graphics, the chapter also provides the flexibility to cover simple coefficients of determination
and correlation (Section 11.6) early or later in the chapter. In multiple regression (Chapter 12),
we have refined the innovative, modular organization of the third edition. This will make it
easier to selectively cover whatever multiple regression (and model building) topics are de-
sired. We have also simplified the presentation of dummy variables and added a short section
on logistic regression. In both the simple and multiple regression chapters, we have improved
our explanations and use of MINITAB, Excel, and MegaStat regression outputs. Key outputs
are more clearly annotated to help the beginner find needed regression quantities.

* Anoptional appendix on Holt—Winters’ exponential smoothing models. This appendix (Appen-
dix E) is now included in the book (and on the book’s CD-ROM).

In addition, as in the third edition, there is an optional section in Chapter 5 that covers use of
the cumulative normal table. Although (because of reviewer input) we use the standard normal
table to explain confidence intervals and hypothesis tests based on the normal distribution, we
have explicitly designed the figures illustrating normal curve areas so that the intervals and tests
can also be explained using the cumulative normal table.

We now discuss in more detail the attributes that make Business Statistics in Practice an
effective learning tool.

Business improvement through statistical analysis The ultimate goal of statistical
analysis in business is business improvement. This theme is the foundation for the case studies
and examples in this text, many of which are based on actual, real world situations. For example,
consider the following synopses of three case studies.

¢ The Cheese Spread Case: The marketer of a soft cheese spread wishes to replace the spout
on its plastic dispenser with a less expensive spout. The company uses confidence intervals to
conclude that demand for the spread will remain sufficiently high when the change is made to
make replacing the spout profitable.

¢ The Trash Bag Case: A leading producer of trash bags uses hypothesis testing to convince
the standards and practices division of a major television network that advertising claims
about its newest trash bag are valid.

* The Fuel Consumption Case: A natural gas company uses regression analysis to predict its
city’s natural gas needs accurately enough to avoid paying fines to a pipeline transmission system.
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In each of these cases, statistical analysis leads to an informed action (replace the spout,
advertise the claim, use the regression prediction procedure) that results in business improvement.
Furthermore, we continue this theme throughout the presentation of all statistical techniques in
this book. For instance, we use descriptive and inferential statistics to compare the risk and return
characteristics of different investment choices in order to improve the way we manage an invest-
ment portfolio; we use statistical process control to improve manufacturing and service processes;
and we use design of experiments to study the effects of several different advertising campaigns
in order to improve how a product is marketed.

A unique continuity of presentation and use of case studies Business Statistics in
Practice features a unique continuity of presentation that integrates different statistical areas.
This integration is achieved by an early emphasis (in Chapters 1 and 2) on the difference between
the population and the sample and by a continuing use of practical, realistic case studies that span
not only individual chapters but also groups of chapters. Specifically, Chapter 1 shows how to
select random (or approximately random) samples from populations and processes by introduc-
ing four case studies as examples and by presenting additional case studies as exercises. Then in
Chapter 2 we show how to use descriptive statistics to estimate the important aspects of these
populations and processes. We continue to employ these case studies through the probability and
sampling distribution chapters until we use confidence intervals and hypothesis testing to make
statistical inferences. Furthermore, we introduce new case studies in each and every chapter. For
example, we introduce several case studies in our presentation of simple linear regression and
then extend these case studies when we discuss multiple regression and model building to show
how regression is used in the description, prediction, and control of business variables.

A real emphasis on the importance of variation Business Statistics in Practice empha-
sizes that since businesses must satisfy individual customers, the analysis of individual population
observations—which is achieved by analyzing population variation—is as important as analyzing
the population mean. Our discussion of variation begins in Chapter 1, where we intuitively examine
the variation of sample data and use simple runs plots to evaluate statistical control. This discussion
continues in Chapter 2, where we use the empirical rule to estimate tolerance intervals containing
different percentages of population observations. For example, we use the empirical rule in the

» Payment Time Case to describe the variation of individual bill payment times around the
estimated mean bill payment time for a new electronic billing system.

e Marketing Research Case to describe the variation of individual customer ratings of a new
soft drink bottle design around the estimated mean rating of the new design.

» Car Mileage Case to describe the variation of individual gas mileages around the estimated
mean mileage obtained by a new midsize car.

In addition, in the coffee temperature case we introduce the idea of process capability—
determining whether almost all process observations fall within customer requirements—and in
other case studies we consider the problems involved with describing the variation of highly
skewed populations.

Our emphasis on variation continues throughout the book. For example, in Chapter 7 we
clearly distinguish between a confidence interval for a population mean and a tolerance interval
for a given percentage of individual population measurements. In Chapter 8 we discuss the effect
of variation on the interpretation of a hypothesis test about the population mean. In Chapters 11
through 13 we show how prediction intervals can be used to evaluate the predictive capabilities
of different regression and time series forecasting models. In addition, we demonstrate how pre-
diction intervals are used to assess whether any individual population observations are “unusual”
enough to suggest the need for process improvement. Finally, in Chapter 14 we present a com-
plete discussion of statistical process control and improvement (including the six sigma philoso-
phy adopted by Motorola, Inc., and a number of other prominent U.S. companies). Furthermore,
in all of these chapters we use practical case studies to illustrate the ideas being presented.

A flexible topic flow Although the table of contents of this book reveals a rather standard
topic organization, the book utilizes a flexible topic flow that facilitates different topic choices and
encourages different teaching approaches. In particular, since different courses place different
amounts of emphasis on probability, hypothesis testing, regression and statistical modeling,
nonparametric statistics, and quality control, this book provides great flexibility with respect to
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how, when, and whether to cover these topics. Furthermore, in optional sections, appendices, and
self-learning exercises, the book gives the student the opportunity to study more advanced topics
in a concise and practical way. Thus, as we now discuss, courses with a wide variety of topic cov-
erages and emphases can be taught using this book.

Probability The most minimal approach to probability would cover Section 3.1 (the concept of
probability), Section 4.1 (random variables), Section 5.1 (continuous probability distributions),
and Section 5.3 (the normal distribution, including an intuitive example of the addition rule for
mutually exclusive events). These sections are the only prerequisites for Chapters 6 through 14
(sampling distributions, confidence intervals, hypothesis testing, experimental design, regression,
time series forecasting, and quality control).

Instructors who wish to also cover discrete probability distributions (Chapter 4) have the
option of doing this either with a fairly minimal probability background or with a complete
probability background. The fairly minimal probability background consists of Section 3.1
(the concept of probability) and Section 3.2 (using sample spaces to find probabilities). Note that
this background is sufficient because, since Example 4.2 of Chapter 4 intuitively illustrates the
multiplication rule for independent events and the addition rule for mutually exclusive events in
the context of finding a discrete probability distribution, it is not necessary to cover the complete
discussion of probability rules given in Sections 3.3 and 3.4. Of course, this complete discussion
is necessary background for covering chi-square tests of independence (Chapter 16) and Bayes’
Theorem and decision theory (Chapter 17). Also, the complete discussion features the
AccuRatings Case, which is a very motivating data driven application of the probability rules.

Hypothesis testing In the fourth edition we have used a seven-step procedure to break
hypothesis testing down into small, easy-to-understand steps and to clearly show how to use the
book’s hypothesis testing summary boxes. In addition, we have fully and concisely integrated
the discussion of using rejection points and p-values. The seven-step procedure shows how to use
both approaches, and the hypothesis testing boxes summarize both rejection points and p-values
for each test. We have also motivated the link between the approaches by considering how major
television networks sometimes use different a values when evaluating advertising claims. We are
aware of several courses that introduce hypothesis testing in the context of using p-values to test
the significance of regression coefficients. This can be done in our book by totally skipping
Chapter 8 and by noting that every section throughout the rest of the book includes self-contained
summary boxes (and examples) that fully cover any needed confidence intervals and hypothesis
tests. Also, Chapter 6 (sampling distributions) intuitively illustrates the use of p-values in the
context of evaluating a claim about a population mean and in the context of evaluating a claim
about a population proportion. Therefore, Chapter 6 can be used as an extremely short, intuitive
introduction to p-values.

Regression and statistical modeling The fourth edition features an innovative organiza-
tion of regression analysis that simplifies the flow of the overall discussion and makes it very easy
to cover whatever regression topics are desired. As in the third edition, we have included an
optional section on residual analysis at the end of the simple linear regression chapter (Chap-
ter 11). In Chapter 12: Multiple Regression and Model Building, we have refined the modular
organization of the third edition and have made it easier to cover whatever portions of multiple
regression and model building are desired. As shown in a diagram on its opening page, Chapter 12
consists of four parts. Part 1: Basic Multiple Regression discusses the basic descriptive and infer-
ential techniques of multiple regression analysis and would be a sufficient introduction to this
topic for many introductory business statistics courses. After completing Part 1, the reader can
study optional Part 2: Using Squared and Interaction Terms, optional Part 3: Dummy Variables
and Advanced Statistical Inferences, and any section of optional Part 4: Model Building and
Model Diagnostics. These optional parts can be covered in any order and without loss of conti-
nuity (note that Part 4 consists of four self-contained sections: model building and the effects of
multicollinearity; residual analysis in multiple regression; diagnostics for detecting outlying and
influential observations; and logistic regression). Furthermore, optional material covering model
diagnostics and topics in some of the supplementary exercises tie key portions of the four parts
together. This approach allows instructors to easily cover what they consider most important in
courses with limited time devoted to regression analysis. Similarly, since many business statistics
courses do not have substantial time to devote to experimental design (Chapter 10) and time series
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forecasting (Chapter 13), we have put great effort into making our presentation of these topics
both complete and easy to get through.

Nonparametric statistics We have placed all of the nonparametric techniques covered in the
book in Chapter 15. Furthermore, at the end of the discussion of each parametric technique in
Chapters 8 through 11 we refer readers to the section in Chapter 15 that discusses the nonpara-
metric technique that would be used if the assumptions for the parametric technique fail to hold.
Therefore, the instructor has the option of integrating the discussion of nonparametric statistics
into the main flow of Chapters 8 through 11.

Quality control Process improvement through control charts is discussed in Chapter 14.
Thus, this topic is placed outside of the main flow of what might be regarded as classical statis-
tics. However, since Chapter 14 has as its only prerequisite Chapter 6 on sampling distributions,
the instructor has the option to cover Chapter 14 at any point after Chapter 6.

Optional Advanced Topics In optional sections, appendices, and self-learning exercises, the
book gives the student the opportunity to study more advanced topics ina concise and practical way.
Examination of the table of contents reveals that many of the more advanced topics—for example,
counting rules (Appendix C, Part 1), the hypergeometric distribution (Appendix C, Part 2), covari-
ance and correlation (Appendix B), normal probability plots (Appendix D, Part 1), the Poisson and
exponential distributions (Sections 4.4 and 5.5), calculating the probability of a Type Il error (Sec-
tion 8.6), and statistical inferences for a population variance (Section 8.8)—are included in many
other business statistics books. However, some of the more advanced topics, while not unique to
this book, are less frequently covered in other basic statistics texts. These topics (the most advanced
of which are discussed in CD-ROM Appendices F through L) are as follows:

s+ Properties of the Mean and Variance of a Random Variable, and the Covariance Between Two
Random Variables (Appendix D, Part 2).

o Derivations of the Mean and the Variance of the Sample Mean and of the Mean and the
Variance of the Sample Proportion (Appendix D, Part 3).

« Confidence Intervals for Parameters of Finite Populations (Section 7.5), including sample
size determination (Exercise 7.57).

+ An Introduction to Survey Sampling (Section 1.5); estimation formulas, optimal allocation, and
sample size determination in stratified random sampling (Appendix F, Part 1); and estimation
formulas in one- and two-stage cluster sampling and ratio estimation (Appendix F, Part 2).

» A Comparison of Confidence Intervals and Tolerance Intervals (Section 7.6).

» Using Matrix Algebra to Perform Regression Calculations (Appendix G).

« The regression approach to one-way analysis of variance (Exercise 12.45), and the regression
approach to two-way analysis of variance (Appendix H).

o Advanced Model Diagnostics (Exercises 12.76 and 12.77) and Model Building with Squared
and Interaction Terms (Exercise 12.74).

e Logistic Regression (Section 12.15) and Discriminant Analysis (Exercise 12.78).
« Factor Analysis, Cluster Analysis, and Multidimensional Scaling (Appendix I).

« The Box—Jenkins methodology, a fairly complete discussion featuring nonseasonal and sea-
sonal modeling, using autocorrelated error term models in regression analysis, intervention
analysis, and transfer function models (Appendix J).

e Individuals charts and ¢ charts (Appendix L).

Furthermore, we have put great effort into making the discussion of all of the more advanced
topics clear, concise, and easy to get through. This gives the instructor considerable flexibility in
designing different business statistics courses. For example, a professor teaching a second course
in business statistics can opt to either cover a variety of intermediate topics or present a more
in-depth treatment of regression analysis and forecasting.

MINITAB, Excel, and MegaStat Business Statistics in Practice, Fourth Edition, features a
modern use of the statistical capabilities of the software packages MINITAB, Excel, and the
Excel add-in MegaStat. Throughout the book we provide an abundant number of outputs from all
three packages in both examples and exercises that allow students to concentrate on statistical
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interpretations. This use of outputs is particularly prominent in statistical areas where hand cal-
culations are impossible or impractical and where having students run their own programs (while
theoretically optimal) would, because of time constraints, not allow them to see a wide variety of
applications. These areas include descriptive statistics, ANOVA, regression, and time series fore-
casting. In addition, appendices at the end of each chapter show in detail how to use MINITAB,
Excel, and MegaStat to implement the statistical techniques discussed in the chapter. For the
fourth edition, the developer of MegaStat, Professor J. B. Orris of Butler University, has worked
closely with us. We believe that MegaStat is the most comprehensive, accurate, and easy to use
Excel add-in package in existence. In addition to remedying most of the computational problems
associated with Excel Data Analysis Tools, MegaStat is also specifically designed to enhance the
use of Business Statistics in Practice. For example,

* Inaddition to giving the usual descriptive statistics, frequency distributions, and histograms,
MegaStat provides stem-and-leaf displays, box plots, dot plots, runs plots, normal plots, and
output for the Empirical Rule (as well as tolerance intervals estimated to contain any speci-
fied percentage of individual observations). MegaStat also gives the option to calculate toler-
ance intervals and confidence intervals using the same dialog box. Therefore, students can
better understand the crucial difference between these two types of intervals (as illustrated on
pages 293 and 294).

¢ The MegaStat dialog box for every one and two sample hypothesis testing procedure for
means and proportions allows the user to calculate a confidence interval for the population pa-
rameter being tested. Therefore, the student is encouraged to evaluate both statistical signifi-
cance and practical importance. Such evaluation is a consistent theme of Business Statistics
in Practice (in particular, see Chapters 8 and 9).

* MegaStat’s one-way ANOVA, randomized block, and two-factor ANOVA procedures provide
graphical output helping students to better analyze experimental data. In addition, each pro-
cedure provides easy to understand pairwise comparisons of population means using both
Tukey procedures and individual t-tests. Such graphical analysis and pairwise comparisons
are emphasized in Chapter 10.

¢ In addition to providing confidence intervals and prediction intervals in simple and multiple
regression, MegaStat gives a full range of residual plots, normal plots, and outlying and influ-
ential observation diagnostics, as well as the variance inflation factors for the independent
variables in a regression model. In addition, MegaStat provides an all possible regressions out-
put that summarizes all well known model selection criteria, as well as the p-values for the in-
dependent variables. MegaStat also gives a stepwise selection procedure that provides more
information than given by classical stepwise regression or backward elimination. MegaStat’s
regression capabilities are designed to enhance the regression coverage in Chapters 11 and 12.
Furthermore, all of MegaStat’s regression capabilities can be accessed in one very easy to use
dialog box, allowing the student to carry out a wide range of regression procedures in a correct,
informative, and simple way.

In addition, MegaStat is fully capable of performing analysis related to discrete and continuous
probability distributions, time series forecasting, nonparametric statistics, chi-square tests, and
statistical quality control charts—virtually all topics covered by Business Statistics in Practice.
MegaStat is provided on the student CD-ROM.

Further Features The book’s CD-ROM, in addition to containing the previously discussed ad-
vanced topic appendices and MegaStat, also features Excel templates, data files, tutorials, web links,
self graded quizzes, PowerPoint presentations, and Visual Statistics 2.0 by Doane, Mathieson, and
Tracy. Visual Statistics is a Windows software program that helps students learn statistics through
interactive experimentation and visualization. Visual statistics icons in the text identify concepts
that are further explained by Visual Statistics. This edition also features Homework Manager. This
is an online electronic tutor customized to the text and available as an option to students.

In addition, the book has the following supplements: an instructor’s solutions manual devel-
oped by Patrick Schur, Miami University, and test bank developed by Denise Krallman, Miami
University (included on the instructor’s edition CD-ROM and available in print format); a stu-
dent study guide developed by Sandra Strassar, Valparaiso University (available in print format);
and PowerPoint transparency masters developed by Ronny Richardson, Southern Polytechnic
State University, with contributions by Harvey Singer, George Mason University.
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Guided Tour

Business Statistics in Practice, Fourth
Edition, has been written with students’
needs in mind. Its clear and understand-
able explanations and use of real world
case studies and examples present
content that business students can relate
to. Because today’s students learn in

a visual and interactive way, the text

is supplemented by a free student
CD-ROM, containing a host of updated
resources and helpful study aids. In
addition, both students and instructors
are provided with additional resources
on the text website. Thus, students are
given a number of statistical tools in a
variety of ways and shown how these
tools can be used to positively impact
business and other organizations.

Chapter
Introductions

Each chapter opens with a
preview showing how the
statistical topics to be discussed
apply to real business problems.
The continuing case examples
that run throughout the book are
briefly introduced along with the

Visual Statistics 2.0

Visual Statistics, described later in the
tour, helps students learn statistics
through interactive experimentation
and visualization. Concepts in the text
that are treated in the Visual Statistics
software program are identified by
icon, with chapter reference, in the
margin of the text next to the concept.

techniques that
will be used to g

n Chapter 1 we

population.

sometimes take a census of an entire

~-——-——- population, we often must randomly select
an a] y ze them < a sample from a population. When we have taken a
census or a sample, we typically wish to describe the
observed data set. In particular, we describe a sample
in order to make inferences about the sampled

that although we can might measure the spread of the bottle design ratings.
If the ratings are clustered closely together, consumers’
ratings are much the same (or are consistent). If the
ratings are spread far apart, then consumers have
widely varying opinions of the new bottle design. A
third important aspect of a data set is the shape of the.
population or sample. Looking at a data set's shape
tells us how the ion or sample is dis

In this chapter we learn about descriptive statistics,
which is the science of describing the important
ics of a ion or sample.
we look at several important aspects of a set of
measurements. One such aspect is the central tendency,

or middle, of the data set. For instance, we might

over various values (more about this later). Still another
important aspect is whether outliers exist. For instance,

if there are outlying bottle design ratings, then several
consumers have opinions about the design that are |
very different from the opinions of most of the 1
sampled consumers. Descriptive statistics also involves

estimate a typical bottle design rating in the marketing  using graphical methods to depict data sets and to
research case or a typical city driving mileage in the car  study relationships between different variables,
mileage case. Another important aspect of a data set is In this chapter we use a variety of methods to

the variability, or spread, of the data. For example, we  describe the cell phone usages, bottle design ratings,
might estimate the largest and smallest gas mileage coffee temperatures, and car mileages introduced in
that would likely be obtained when a new midsize car the cases of Chapter 1. In addition, we introduce three
is purchased. Or, in the marketing research case we new cases:

g,

The Payment Time Case: A management consult- " attitudes of false electronic article surveillance

ing firm assesses how effectively a new electronic alarms.

billing system reduces bill payment tirmes. The Marketing Ethics Case: A survey is conducted to
The Electronic Article Surveillance Case: A survey is study marketing researchers' attitudes toward violat-
used to study the unintended effects on consumer ing confidentiality in marketing research studies.

2.1 Describing the Shape of a Distribution® @ ®

We begin looking at the characteristics of a population by describing the population’s overall pat
tern of variation. That is, we describe the shape of the of poy mes
We often employ a sample of measurements taken from a population in order to infer what the \g €
population looks like

Several graphical methods—th I-teaf display, (he hi and the dot plot—are
often used to portray shapes of distributions.
Stem-and-leaf displays  We illustrate how (o construet stem-and-leaf displays in the follow-

ing exanples,

| T P —— : [
|Example 2.1 The Car Mileage Case C
Table 2.1 presents the sample of 49 gas mileages that have been obtained by the new midsize
model in Example 1.4 (page 15 To g Iy portray the pattem of variation in these mileages,
we can construct a stem-and-leaf display. In order to do this, we first notice that the sample
mileages range from 29.8 to 33.3. For this data we will (somewhat arbitrarily) construct a display
having the first two digits of the mileages—the whole numbers 29, 30, 31, 32, and 33—as the
stems. These are placed in  column on the left side of the display as follows:
2
30
3
32
33

Case Studies

The text provides a unique use of case studies
that span individual chapters and groups of
chapters. Cases are used to introduce the
concepts, to demonstrate the methods, and to

Chapter Outline
2.1 Describing the Shape of a Distribution 2.

@

Using Scatter Plots to Study Relationships

2.2 Describing Central Tendency between Variables (Optional) . . . . .
23 Messures of Variation 2.7 Misleading Graphs and Charts (Optional) provide students with motivating exercises.
2.4 Percentiles, Quartiles, and Box-and-Whiskers 2.8 Weighted Means and Grouped Data ¥ .
Dispiays (Optionai These case studies help students see how
2.5 Describing Qualitative Data 2.9 The Geometric Mean (Optional)

statistics is used in business and can be used
to improve processes.




Student Friendly
Presentation

The authors have made improvements
throughout the text to make learning
easier for students. The following
examples highlight some of these
improvements.

Step-by-Step
Hypothesis Testing
Approach

Greater Accessibility of
Continuing Cases

Each time a continuing case is revisited, any needed
computer output and, whenever possible, relevant
background information is included with the current case
discussion. Consequently, students seldom need to refer
back to previously covered material in order to grasp the
content included in a given case segment.

This approach consists of a seven-
step procedure designed to break
hypothesis testing down into small,
easy to understand steps. This
procedure is used in almost all the
examples in Chapters 8 and 9 and
can be applied by students throughout
the remainder of the text where
hypothesis testing is done.

A 99 percent confidence interval for p is

R [ = b ___ Jwe3937)
£ zsa]———— | =] 063 £ 25754}
1:" N ] [ . N 1000

= [.063 = .0198]
= [.0432, .0828]

A

have very strong evidence that the true proportion p of all current purchasers who would stop buy-

The upper limits of both the 95 percent and 99 percent intervals are less than .10. Therefore, we @

ing the cheese spread is less than .10, Based on this result, it seems reasonable to use the new spout.

In the cheese spread example, a sample of 1,000 purchasers gives us a 95 percent confidence
interval for p—[.063 = .0151]—with a reasonably small margin of error of .0151. Generally
speaking, quite a large sample is needed in order to make the margin of error in a confidence in-
terval for p reasonably small. The next two examples demonstrate that a sample size of 200,

which most people would consider quite large. does not necessari e 495 percent confidence

interval for p with a small margin of error.

\
Testing a “greater than” alternative hypothesis by using a rejection point rule In
Section 8.1 we explained how to set up appropriate null and alternative hypotheses. We also dis-
cussed how to specify a value for a. the probability of a Type I error (also called the level of sig-
nificance) of the hypothesis test, and we introduced the idea of a test statistic. We can use these
concepts to begin developing a seven step hypothesis testing procedure. We will introduce these
steps in the context of the trash bag case and testing a “greater than™ alternative hypothesis.

Step 1: State the null hypothesis H, and the alternative hypothesis H,. In the trash bag case,
we will test H,: = 50 versus H,: . > 50. Here, p is the mean breaking strength of the new trash
bag.

Step 2: Specify the level of significance . The television network will run the commercial stat-

ing that the new trash bag is stronger than the former bag if we can reject Hy: i = 50 in favor of

H,: p > 50 by setting a equal to .05.

Step 3: Select the test statistic. In order to test Hy: o = 50 versus H,: u = 50, we will test the
modified null hypothesis Hy: g = 50 versus H,: p > 50. The idea here is that if there is suffi-
cient evidence to reject the hypothesis that 1 equals 50 in favor of w > 50, then there is certainly
also sufficient evidence to reject the hypothesis that  is less than or equal to 50. In order to test
Hy: =50 versus H,: pu > 50, we will randomly select a sample of n =40 new trash bags
and calculate the mean ¥ of the breaking strengths of these bags. We will then utilize the test
statistic

A positive value of this test statistic results from an X that is greater than 50 and thus provides
evidence against H,; u = 50 and in favor of H,: u > 50.

Step 4: Determine the rejection point rule for deciding whether to reject H. To decide how
large the test statistic must be to reject H, in favor of H, by setting the probability of a Type I error
equal to a, we do the following:

Place the probability of a Type I error. a, in the right-hand tail of the standard normal curve
and use the normal table (see Table A.3, page 824) to find the normal point z,,. Here 2. which
we call a rejection point (or critical point). is the point on the horizontal axis under the stan-
dard normal curve that gives a right-hand tail area equal to .

«  Reject Hy: o = 50 in favor of H,: . > 50 if and only if the test statistic z is greater than
the rejection point z,,. (This is the rejection point rule.)

Lo

Business Improvement

Business improvement applications
are identified by icons and are
highlighted—to indicate when
important business improvement
conclusions have been reached using
statistical analysis.



Simple r Regressiol

Appendix 11.3 il Simple Linear Regression Analysis Using MegaStat

The instructions in this section begin by describing the
entry of data into an Excel worksheet. Alternatively, the
data may be loaded directly from the data disk in-
cluded with the text. The appropriate data file name is
given at the top of each instruction block. Please refer

-

Excel/MINITAB/MegaStat
Tutorials

to Appendix 1.2 for further information about entering
data and saving and printing results in Excel. Please
refer to Appendix 1.3 for more information about using
MegaStat.

Simple linear regression for the service time
data in Figure 11.14 on page 476 (data file:
SrveTime.xls):

=
(B 58 Y bk foon e oy 1y
DSy

g
AT AR WA

Enter the service time data (page 456)
with the numbers of copiers serviced in
column A (with label Copiers) and the
service times in column B (with label
Minutes).

Select MegaStat : Correlation/Regression:
Regression Analysis. i

e In the Regression Analysis dialog box, "
click in the “Independent variables” box B
and use the AutoExpand feature to enter |
the range A1.A12 7
e Click in the “Dependent variable” box {4
and use the AutoExpand feature to enter 7. o
the range B1.B12 oy

Check the appropriate Options and
Residuals check boxes as follows:

1 Check “Test Intercept” to include a
y-intercept and to test its significance.
Check "Output Residuals” to obtain a
list of the model residuals.

N
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Check "Plot Residuals by Observa-
tion"and "Plot Residuals by Predicted
Y and X" to obtain residual plots
versus time, versus the predicted
values of y, and versus the values of
the independent variable.

Check “Normal Probability Plot of
Residuals” to obtain a normal plot.
Check “Durbin-Watson” to obtain
the Durbin-Watson statistic.
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To obtain a point prediction of y when four 4
computers will be serviced (as well as a %
confidence interval and prediction interval): Iﬁ
i

&

#

i

i

M

£

e Click on the drop-down menu above the
Predictor Values box and select “Type in
predictor values.”

Type the value of the independent 5
variable for which a prediction is desired H
(here equal to 4) into the “predictor s

s e Pb
Pogons e e e g Lo

ettty

values” box.

Select a desired level of confidence (here
95%) from the Confidence Level
drop-down menu or type in a value.

o Click OK in the Regression Analysis
dialog box.

.
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The end of chapter appendices contain
helpful tutorials that teach students how to
carry out statistical analysis using Excel,
MINITAB, and MegaStat. These tutorials
include step-by-step instructions for
performing almost every type of statistical
method presented in the book. For
additional help, video tutorials for Excel,
MINITAB, and MegaStat are provided on
the Student CD-ROM.

Excel, MINITAB, and
MegaStat Output

Throughout the text, Excel, MINITAB, and
MegaStat outputs illustrate how statistical
analysis is done electronically.

FiGuREe 2.4 MegaStat Output of a Relative Frequency Figure 2.5 MINITAB Output of a Relative Frequency o
Histogram of the 49 Mileages Histogram of the 100 Cell Phone Usages ]
Histogram Histogram of Cell Phone Usage
& &
O B H H o o
Pl R Ll
Mpg Class Boundary
Ficure 2.6  Excel Output of a Frequency Histogram of 60 Bottle Design Ratings -«
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[ 1| Rating Frequency
2] 225 2 =
[3] 255 3 Histogram
285 9
[5] 315 19 i
7] 315 1 2 20 19
More ] §
315
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Exercises...

0 hapter 1( Exper 2} Design
TasLe 10.3  Display Panel Study Data & Display TaeLe 104  Bottle Design Study Data & BottleDes -
Display Panel a0 Bottle Design 5 —_—
A B c u A B c Q
21 2 40 16 33 23 3
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Display Panel

METHODS AND APPLICATIONS

Bottle Design

ay panels for use by air traffic controllers. Each display
air traffic controllers ok

panel. The time (in

¢y condition was recorded. The results of the study are

given in Table 10.3. For this situation, identify the response variable, factor of interest. treatments

103 A siudy compared three different displ
part in the study. Four controllers were randomly ass
seconds) needed o stabilize the emerg
and experimental units, @ D)

10.4

A consumer preference study compares the effects of three different bottle designs (A, B, and €) on

sales of a popular fabric softencr. A completely randomized design is employed. Specifically, 15

supermarkets of equ
10 each bottle desi

data obtained are displ le

interest. treatments, and cxpet

ales potential are selected.
e number of bottles sold in 24 hours at each supermarket is recorded. The

ital units.

and § of these supermarkets are randomly assigned

10.4. For this situation identify the response variable. factor of

@ Boulel

Boxed Equations,

Fo

rmulas, and

There are over 1000 exercises in the text. Many
use real data from the current business literature.
Data sets on the Student CD-ROM are identified
by icon in the text. Within each chapter, exercises
are broken into two parts—“Concepts” and
“Methods and Applications.” The methods and
applications exercises vary in rigor from routine
calculations to fairly sophisticated case study
analysis. In addition, there are Internet exercises
to help students make use of the Internet for
gathering and using real data and supplementary
exercises at the ends of chapters.

...And More Exercises

are found on the student text’s website.

sumpling distribution of

} t Tests about a Population Mean (o Unknown) ® @ &

1f we do not know o (which is usually the case). we can base o hypothesis test ahout pu on the

1f the sampled population is normally distributed, then this sampl

T u

s/ Vi

s« distribution is at distribution
esults:

Definitions

Each chapter contains easy-to-find
boxes that will help students identify
and understand the key ideas in the
chapter.

havingn — 1 degrees of freedom. This leads (o the followin

when « Is Unkno

A t Test about a Population Mean: Testing Hy: 1 = p

Deline the test statistic

X~

s/Nn

and assume that the population sampled is normally distributed. We can test Hy: ju = jzq Versus a particular
alternative hypothesis at level of significance « by using the appropriate rejection point rule, or, equiva:
lently, the corresponding p-value.

Alternative Rejection Point Rule:

Hypothesis Reject H, if p-Value (reject H, if p-value < a)

M= g tot, The area under the t distribution curve to the right of ¢
Hip< g The area under the ¢ distribution curve to the left of t
Ho i # o Twice the area under the t distribution curve fo the

=00t right of [t

Here t,, t,.,, and the p-values are based on n — 1 degrees of freedom.

Chapter Summary

In this chapter we studied probability. We began by defining an  sample spaces and by using probability rules. We
les—addi

rules,

eral important p

event (o be an experimental outcome that may or n
and hy defining the probability of an event (o be
measures the likelihood that the event will occur. We learned that
4 probability is often interpreted as a long-run relative fre-
nd we saw that probabilities can be found by examining

y not occur

wmber that

quency, ¢

Glossary of Terms

complement (of an event): If A is an event, the complement of
A is the event that A will not occur. (page 136)

it I The | y that one cvent will
oceur en that we know that another event oceurs. (page 143)
dependent events: When the probability of one event is influ-

rules, and the rule of complements. We also studied a special
kind of probability called a conditional probability, which is the
probability that one event will oceur given that another event oc-

curs. and we used probabilities 10 define independent events.

ive events: Events that have no sample space

outcomes in common, and, therefore, cannot occur simultane:
e 139)

of an event): A number that measures the chance.
at an event will occur when an experiment is car-

probability
or likelihood.

ried out, (page 131)
sample space

(sample space outcomes). (page 129)

enced by whether another event oceurs, the events are said to be
dependent. (page 146)

event: A set of sample space outcomes. (pa
A process of observation that has an uncertain out-

sample space outcome: A distinet outcome of un
(that is, an clement in the sample space). (page 129)
subjective probability
on experience. intuitive judg

experimer
come. (page 127)

independent events: When the probability of one event is not
influenced by whether another event oceurs, the events are said ©

ent, or expertise. (page

be independent. (page 146)

Important Formulas

Conditional probability: page 144
The

Probabilities when all sample space outcomes are equally likely:

page 133 al multiplication rule: page 145

The rule of complements: page 136 doiioe: DAk 146

(e additior for two events: page 139 E
The addition rule for two events: page 139 The multiplica

i rule for two independent events: p

The addition rule for two mutually exclusive events: page 140 Thie wraliialcaIR AULE TR N EPERIERL EVERtE PA

The addition rule for ¥ mutually exclusive events: page 141

Supplementary Exercises

Exercises 3.34 through 3.37 are based on the following situation: An investor holds two stocks,
which can rise (R), remain unchanged (), or decline (D) on any particular day.

The set of all possible experimental outcomes

A probability assessment that is based

3 Chapter Ending Material
The end of each chapter includes a
chapter summary, a comprehensive
glossary of terms, and important formula
references. The examples shown here are
from Chapter 3, Probability.




