ition

Third E

son

g
)
s
&
(@)
)
)]
| o
{1 O
| B
o
&
3
2
=
wn
o
g
&




THIRD EDITION

A First Course in
Business Statistics

James T. McClave P. George Benson
College of Business Administration School of Management
University of Florida University of Minnesota

Dellen Publishing Company

San Francisco

Collier Macmillan Publishers

London

divisions of Macmillan, Inc.



On the cover: Caspar is a monoprint executed by Los Angeles artist Peter Alexander in
1984. The work measures 30" X 40". Alexander’s work may be seen at the James Corcoran
Gallery in Los Angeles and the Charles Cowles Gallery in New York. His work is also in the
permanent collections of the Los Angeles County Museum, the Museum of Modern Art in
New York City, and the Metropolitan Museum.

© Copyright 1986 by Dellen Publishing Company,

a division of Macmillan, Inc.

Printed in the United States of America

All rights reserved. No part of this book may be reproduced or transmitted in any form or by

any means, electronic or mechanical, including photocopying, recording, or any information
storage and retrieval system, without permission in writing from the Publisher.

Permissions: Dellen Publishing Company
400 Pacific Avenue
San Francisco, California 94133

Orders: Dellen Publishing Company
c/o Macmillan Publishing Company
Front and Brown Streets
Riverside, New Jersey 08075

Collier Macmillan Canada, Inc.

Library of Congress Cataloging-in-Publication Data

McClave, James T.
A first course in business statistics.

Includes index.

1. Commercial statistics. 2. Statistics. 1. Benson,
P. George, 1946- . L Title.
HF1017.M358 1986 519.5 85-20731

Printingg 123456789 Year: 678901

ISBN 0-D2-379150-0



PREFACE

Mast business statistics texts contain sufficient material for a two-semester or two-quarter
sequence of courses — an introduction to the basic concepts of statistical inference followed
by a variety of topics (multiple regression analysis, sample survey design, analysis of var-
iance, decision theory, etc.) which are briefly introduced and covered in single chapters. As
such, they are suitable for a first introductory course (since most introductory courses cover
the same material) and for those *'second courses’ in which the instructor wishes to survey a
number of topics with limited depth.

This traditional format of a business statistics text possesses shortcomings for certain
types of courses. If the course is a one-quarter or one-semester course designed to cover
basic statistical concepts and methodology, then these texts cover far more materiai than is
needed for a single course. If the text is designed for a two-course sequence, then the
instructor is definitely restricted in the type of ‘second course’ that can be presented: the
nature of the material implies a survey treatment of a number of topics.

The third edition of A First Course in Business Statistics maintains the same objectives as
the earlier editions. It is constructed to provide greater flexibility in designing a one- or
two-course introductory sequence. This text contains the material that is usually presented in
a one-quarter or one-semester introductory course in statistics. It is intended for use in the
traditional one-quarter or one-semester business statistics course that is offered in many
two-year colleges. It may also be used in a single introductory business college course that
stresses the understanding and application of concepts atong with the ability to apply some
of the basic statistical methods for analyzing data.

Alternatively, this text is designed for a first course in a two-course sequence where the
instructor desires the freedom to devise a second course of his or her choosing. Since most
phenomena in business and economics are described by multivariable statistical models, a
prime candidate for a (nonsurvey) second course in business statistics is one that provides
coverage of model building and multiple regression analysis. Consequently, we are simulta-
neously publishing a second edition of A Second Course in Business Statistics: Regression
Analysis, by Wiliarn Mendenhall and Terry Sincich. This text provides in-depth coverage of
regression analysis and its applications and is intended for the second course in the se-
guence.

We have maintained the same level of presentation in the third edition, but provided greater
flexibility in topical coverage by reorganizing the material on comparing population means
and proportions and by adding optional sections that permit brief introductions to the analysis
of variance and the analysis of contingency tables. Major changes or additions are as follows:

1. Chapter 2: Graphical Descriptions of Data New Section 2.4 explains
how to construct stem and leaf displays as a means of describing quantitative data. This
section leads naturally to a discussion of relative frequency histograms in Section 2.5.

2. Chapter 3: Numerical Descriptive Measures New Section 3.10
explains how to use z-scores and box plots to identify outliers. Then this concept is used
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to introduce the notion of a rare event and to provide a brief introduction to statistical
inference in Section 3.11.

3. Chapter 6: Continuous Random Variables In the second edition, all

the examples in Section 6.2 were concerned with finding areas under the normal curve
between two values of the standard normal random variable z or between two values of a
normal random variable x. We have added an example that deais with the reverse
problem, finding a value 2, corresponding to an area under the normal curve.

4, Chapter 7: Sampling Distributions We have added the definition of a

point estimator in Section 7.2. The section also discusses the concepts of unbiasedness
and minimum variance.

5. Chapter 8: Estimation and Tests of Hypotheses \vchave expanded

our discussion of the role of the Type Il error in testing hypotheses by showing, in new
Example 8.3, how to calcutate 8. Since calculating £ hefps in understanding its meaning,
we have added two exercises at the end of the section. The values of § obtained in the
solutions are those shown in Figure 8.7.

Chapter 9: Comparing Two or More Population Means In the
second edition, Chapter 9 presented estimation methods and tests of hypotheses based
on two samples. This chapter has been split into two new chapters, Chapters 9 and 10.
New Chapter 9 presents methods for comparing two or more population means. Thus, it
includes all of the material for comparing two population means that appeared in the
second edition. To this we have added a new (Optional) Section 9.5 that explains how an
analysis of variance can be used to compare more than two population means. lts
addition provides a more complete coverage of the comparison of means and aliows the
instructor greater flexibility in topical coverage.

7. Chapter 10: Comparing Two or More Population Propor-

tions New Chapter 10 presents methods for comparing two or more population
proportions. As such, it contains all of the material on proportions from Chapter 9 of the
second edition. Two new optional sections have been added. Optional Section 10.3
explains how a chi square test can be used to compare two or more population propor-
tions. Opticnal Section 10.4 presents the chi square test for a two-way contingency table.
Similar to Optional Section 9.5, these two brief optional sections provide a more complete
coverage of the comparison of proportions. They also provide more options to the
instructor when choosing topics to cover.

In addition to the changes and additions listed above, the third edition of A First Course in

Business Statistics retains the features of the first two editions. These features, which assist
the student in achieving an overview of statistics and an understanding of its relevance in the

S0

lution of business problems, are as follows:

1. Case Studies (See the list of case studies on page xv.) Many important concepts

are emphasized by the inclusion of case studies, which consist of brief summaries of
actual business applications of the concepts and are often drawn directly from the
business literature. These case studies allow the student to see business applications of
important statistical concepts immediately after the introduction of the concepts. The



PREFACE X1

4.

case studies also help to answer by example the often asked questions, *“Why should |

study statistics? Of what relevance is statistics to business?” Finally, the case studies

constantly remind the student that each concept is related to the dominant theme —
statistical inference.

Where We've Been . . . Where We're Going . . . The first page of

each chapter is a "'unification’” page. Our purpose is to allow the student to see how the

chapter fits into the scheme of statistical inference. First, we briefly show how the material
presented in previous chapters helps us to achieve our goal (Where We've Been). Then,
we indicate what the next chapter (or chapters) contributes to the overall objective

{(Where We're Going). This feature allows us to point out that we are constructing the

foundation block by block, with each chapter an important component in the structure of

statistical inference. Furthermore, this feature provides a series of brief résumés of the
material covered as well as glimpses of future topics.

Many Examples and Exercises e believe that most students learn by

doing. The text contains many worked examples to demonstrate how to solve various

types of problems. We then provide the student with a large number (almost 900) of
exercises. The answers for most are included at the end of the text. The exercises are of
two types:

a. Learning the Mechanics These exercises are intended to be straightfor-
ward applications of the new concepts. They are introduced in a few words and are
unhampered by a barrage of background information designed to make them **prac-
tical," but which often detracts from instructional objectives. Thus, with a minimum of
labor, the student can recheck his or her ability to comprehend a concept or a
definition.

b. Applying the Concepts The mechanical exercises described above are
followed by realistic exercises that allow the student to see applications of statistics
to the solution of problems encountered in business and economics. Once the
mechanics are mastered, these exercises develop the student’s skills at compre-
hending realistic problems that describe situations to which the techniques may be
applied.

On Your Own . . . The chapters end with an exercise entitied “On Your

Own . . . ." Theintentof this exercise is to give the student some hands-on experience

with a business application of the statistical concepts introduced in the chapter. In most

cases, the student is required to collect, analyze, and interpret data relating to some
business phenomenon.

A Simple, Clear Style e have tried to achieve a simple and clear writing style.

Subjects that are tangential to our objective have been avoided, even though some may

be of academic interest to those well-versed in statistics. We have not taken an encyclo-

pedic approach in the presentation of material.

Footnotes and Appendix A Ajthough the text is designed for students with a

noncalculus background, footnotes explain the role of calculus in various derivations.

Footnotes are also used to inform the student about some of the theory underlying certain

results. Appendix A presents some useful counting rules for the instructor who wishes to
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place greater emphasis on probability. Consequently, we think the footnotes and Appen-
dix A provide an opportunity for flexibility in the mathematical and theoretical level at
which the material is presented.

7. Supplementary Material A solutions manual, a study guide, and a 3,000-
item test bank are available.
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Where We're Going . . .

Statistics? Is 't a field of study, a group of numbers that summarize some
business operation, or, as the title of a recent book (Tanur et al., 1978)
suggests, “a guide to the unknown’'? We attempt to answer this question in
Chapter 1. Throughout the remainder of the text, we will show you how
statistics can be used to aid in making business decisions.
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