STATISTIC

RICHARD A. JOHNSON | GOURI K. BHATTACHARYYA

¢ R i TR
. B :' 5 B 'I‘.i, - 3 _i_ Tet- “Pa '—“-lé (:'. L .
7 . - ot 2 X -
_ yi4 " 7~ " _6THEDITION ==
DY &  /
- & - .






WILEY \9 This online teaching and learning environment
integrates the entire digital textbook with the
P L U S most effective instructor and student resources

www.wileyplus.com o fit every learning style.

With WileyPLUS:

9 Students achieve concept ¢ Instructors personalize and manage
mastery in a rich, their course more effectively with
structured environment assessment, assignments, grade
that’s available 24/7 tracking, and more

T — * manage time better

 study smarter

* save money

L S .
From multiple study paths, to self-assessment, to a wealth of interactive
visual and audio resources, WileyPLUS gives you everything you need to

personalize the teaching and learning experience.

\—))Find out how to MAKE IT YOURS»

www.wileyplus.com



http://www.wileyplus.com

(™ ALL THE HELP, RESOURCES, AND PERSONAL SUPPORT
YOU AND YOUR STUDENTS NEED!

1St DAY OF

. aND SEVONY PLUS

Student Partner Program

2-Minute Tutorials and all Student support from an Collaborate with your colleagues,
of the resources you & your experienced student user find a mentor, attend virtual and live
students need to get started Ask your local representative events, and view resources
www.wileyplus.com/firstday for details! www.WhereFacultyConnect.com

PLUS

QuickStart

Pre-loaded, ready-to-use Technical Support 24/7 Your WileyPLUS
assignments and presentations FAQs, online chat, Account Manager
www.wiley.com/college/quickstart and phone support Training and implementation support
\ www.wileyplus.com/support www.wileyplus.com/accountmanager

e
PLUS MAKE IT YOURS!

www.wileyplus.com



http://www.wileyplus.com/support
http://www.WhereFacultyConnect.com
http://www.wileyplus.com/accountmanager
http://www.wileyplus.com/firstday
http://www.wiley.com/college/quickstart

Statistics

Principles and Methods

SIXTH EDITION

Richard A. Johnson

University of Wisconsin at Madison

Gouri K. Bhattacharyya

John Wiley & Sons, Inc.



Vice President & Executive Publisher
Project Editor

Senior Development Editor
Production Manager

Senior Production Editor
Marketing Manager

Creative Director

Design Director

Production Management Services
Photo Editor

Editorial Assistant

Media Editor

Cover Photo Credit

Cover Designer

Laurie Rosatone

Ellen Keohane

Anne Scanlan-Rohrer

Dorothy Sinclair

Valerie A. Vargas

Sarah Davis

Harry Nolan

Jeof Vita

mb editorial services

Sheena Goldstein

Beth Pearson

Melissa Edwards

Gallo Images-Hein von
Horsten/Getty Images, Inc.

Celia Wiley

This book was set in 10/12 Berling by Laserwords Private Limited, India and printed and bound by
RR Donnelley-Crawsfordville. The cover was printed by RR Donnelley-Crawsfordville.

Copyright © 2010, 2006 John Wiley & Sons, Inc. All rights reserved. No part of this publication
may be reproduced, stored in a retrieval system or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, scanning or otherwise, except as permitted
under Sections 107 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of the Publisher, or authorization through payment of the appropriate per-copy
fee to the Copyright Clearance Center, Inc. 222 Rosewood Drive, Danvers, MA 01923, website
www.copyright.com. Requests to the Publisher for permission should be addressed to the
Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030-5774,
(201)748-6011, fax (201)748-6008, website http://www.wiley.com/go/permissions.

Evaluation copies are provided to qualified academics and professionals for review purposes only,

for use in their courses during the next academic year. These copies are licensed and may not
be sold or transferred to a third party. Upon completion of the review period, please return the
evaluation copy to Wiley. Return instructions and a free of charge return shipping label are
available at www.wiley.com/go/returnlabel. Outside of the United States, please contact your

local representative.

ISBN-13  978-0-470-40927-5

Printed in the United States of America

10987654321


http://www.copyright.com
http://www.wiley.com/go/permissions
http://www.wiley.com/go/returnlabel

Preface

THE NATURE OF THE BOOK

ORIENTATION

Conclusions, decisions, and actions that are data driven predominate in today's
world. Statistics—the subject of data analysis and data-based reasoning—is neces-
sarily playing a vital role in virtually all professions. Some familiarity with this sub-
ject is now an essential component of any college education. Yet, pressures to ac-
commodate a growing list of academic requirements often necessitate that this
exposure be brief. Keeping these conditions in mind, we have written this book to
provide students with a first exposure to the powerful ideas of modern statistics. It
presents the key statistical concepts and the most commonly applied methods of
statistical analysis. Moreover, to keep it accessible to freshmen and sophomores
from a wide range of disciplines, we have avoided mathematical derivations. They
usually pose a stumbling block to learning the essentials in a short period of time.

This book is intended for students who do not have a strong background in
mathematics but seek to learn the basic ideas of statistics and their application
in a variety of practical settings. The core material of this book is common to al-
most all first courses in statistics and is designed to be covered well within a
one-semester course in introductory statistics for freshmen—seniors. It is supple-
mented with some additional special-topics chapters.

The topics treated in this text are, by and large, the ones typically covered in an
introductory statistics course. They span three major areas: (i) descriptive statis-
tics, which deals with summarization and description of data; (ii) ideas of proba-
bility and an understanding of the manner in which sample-to-sample variation
influences our conclusions; and (iii) a collection of statistical methods for analyz-
ing the types of data that are of common occurrence. However, it is the treatment
of these topics that makes the text distinctive. Throughout, we have endeavored
to give clear and concise explanations of the concepts and important statistical
terminology and methods. By means of good motivation, sound explanations, and
an abundance of illustrations given in a real-world context, it emphasizes more
than just a superficial understanding.
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Each statistical concept or method is motivated by setting out its goal and then
focusing on an example to further elaborate important aspects and to illustrate its
application. The subsequent discussion is not only limited to showing how a
method works but includes an explanation of the why. Even without recourse to
mathematics, we are able to make the reader aware of possible pitfalls in the statis-
tical analysis. Students can gain a proper appreciation of statistics only when they
are provided with a careful explanation of the underlying logic. Without this un-
derstanding, a learning of elementary statistics is bound to be rote and transient.

When describing the various methods of statistical analysis, the reader is
continually reminded that the validity of a statistical inference is contingent
upon certain model assumptions. Misleading conclusions may result when these
assumptions are violated. We feel that the teaching of statistics, even at an intro-
ductory level, should not be limited to the prescription of methods. Students
should be encouraged to develop a critical attitude in applying the methods and
to be cautious when interpreting the results. This attitude is especially impor-
tant in the study of relationship among variables, which is perhaps the most
widely used (and also abused) area of statistics. In addition to discussing infer-
ence procedures in this context, we have particularly stressed critical examina-
tion of the model assumptions and careful interpretation of the conclusions.

SPECIAL FEATURES

1. Crucial elements are boxed to highlight important concepts and meth-
ods. These boxes provide an ongoing summary of the important items
essential for learning statistics. At the end of each chapter, all of its key
ideas and formulas are summarized.

2. A rich collection of examples and exercises is included. These are
drawn from a large variety of real-life settings. In fact, many data sets
stem from genuine experiments, surveys, or reports.

3. Exercises are provided at the end of each major section. These provide the
reader with the opportunity to practice the ideas just learned. Occasion-
ally, they supplement some points raised in the text. A larger collection of
exercises appears at the end of a chapter. The starred problems are rela-
tively difficult and suited to the more mathematically competent student.

4. Using Statistics Wisely, a feature at the end of each chapter, provides
important guidelines for the appropriate use of the statistical proce-
dures presented in the chapter.

5. Statistics in Context sections, in four of the beginning chapters, each
describe an important statistical application where a statistical approach
to understanding variation is vital. These extended examples reveal, early
on in the course, the value of understanding the subject of statistics.

6. P-values are emphasized in examples concerning tests of hypotheses.
Graphs giving the relevant normal or ¢t density curve, rejection region,
and P-value are presented.
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7. Regression analysis is a primary statistical technique so we provide a
more thorough coverage of the topic than is usual at this level. The ba-
sics of regression are introduced in Chapter 11, whereas Chapter 12
stretches the discussion to several issues of practical importance. These
include methods of model checking, handling nonlinear relations, and
multiple regression analysis. Complex formulas and calculations are ju-
diciously replaced by computer output so the main ideas can be learned
and appreciated with a minimum of stress.

8. Integrated Technology, at the end of most chapters, details the steps for us-
ing MINITAB, EXCEL,! and TI-84 calculator. With this presentation avail-
able, with few exceptions, only computer output is needed in the text.
Software packages remove much of the drudgery of hand calculation
and they allow students to work with larger data sets where patterns are
more pronounced. Some computer exercises are included in all chap-
ters where relevant.

9. Convenient Electronic Data Bank at the end of the book contains a sub-
stantial collection of data. These data sets, together with numerous oth-
ers throughout the book, allow for considerable flexibility in the choice
between concept-orientated and applications-orientated exercises. The
Data Bank and the other larger data sets are available for download on
the accompanying Web site located at www.wiley.com/college/johnson.

10. Technical Appendix A presents a few statistical facts of a mathematical
nature. These are separated from the main text so that they can be left
out if the instructor so desires.

ABOUT THE SIXTH EDITION

The sixth edition of STATISTICS— Principles and Methods maintains the objec-
tives and level of presentation of the earlier editions. The goals are the develop-
ing (i) of an understanding of the reasonings by which findings from sample
data can be extended to general conclusions and (ii) a familiarity with some
basic statistical methods. There are numerous data sets and computer outputs
which give an appreciation of the role of the computer in modern data analysis.

Clear and concise explanations introduce the concepts and important sta-
tistical terminology and methods. Real-life settings are used to motivate the
statistical ideas and well organized discussions proceed to cover statistical
methods with heavy emphasis on examples. The sixth edition enhances these
special features. The major improvements are:

Bayes’ Theorem. A new section is added to Chapter 4 to highlight the rea-
soning underlying Bayes’s theorem and to present applications.

Approximate . A new subsection is added to Chapter 7, which describes
the approximate two sample ¢ statistic that is now pervasive in statistical soft-
ware programs. For normal distributions, with unequal variances, this has be-
come the preferred approach.

1 Commands and the worksheets with data sets pertain to EXCEL 2003.
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ORGANIZATION

New Examples. A substantial number of new examples are included, espe-
cially in the core chapters, Chapter 11 on regression, and Chapter 13 on contin-
gency tables.

More Data-Based Exercises. Most of the new exercises are keyed to new
data-based examples in the text. New data are also presented in the exercises.
Other new exercises are based on the credit card use and opinion data that are

added to the data bank.

New Exercises. Numerous new exercises provide practice on understanding
the concepts and others address computations. These new exercises, which aug-
ment the already rich collection, are placed in real-life settings to help promote
a greater appreciation of the wide span of applicability of statistical methods.

SUPPLEMENTS

This book is organized into fifteen chapters, an optional technical appendix
(Appendix A), and a collection of tables (Appendix B). Although designed for a
one-semester or a two-quarter course, it is enriched with ample additional mate-
rial to allow the instructor some choices of topics. Beyond Chapter 1, which sets
the theme of statistics and distinguishes population and sample, the subject
matter could be classified as follows:

Topic Chapter
Descriptive study of data 2,3
Probability and distributions 4, 5, 6
Sampling variability 7

Core ideas and methods

of statistical inference 8,9,10

Special topics of
statistical inference 11,12,13,14,15

We regard Chapters 1 to 10 as constituting the core material of an introduc-
tory statistics course, with the exception of the starred sections in Chapter 6. Al-
though this material is just about enough for a one-semester course, many
instructors may wish to eliminate some sections in order to cover the basics of re-
gression analysis in Chapter 11. This is most conveniently done by initially skipping
Chapter 3 and then taking up only those portions that are linked to Chapter 11.
Also, instead of a thorough coverage of probability that is provided in Chapter 4,
the later sections of that chapter may receive a lighter coverage.

Instructor’s Solution Manual. (ISBN 978-0-470-53519-6) This manual con-
tains complete solutions to all exercises.



PREFACE  ix

Test Bank. (Available on the accompanying website: www.wiley.com/
college/johnson) Contains a large number of additional questions for each
chapter.

Student Solutions Manual. (ISBN 978-0-470-53521-9) This manual con-
tains complete solutions to all odd-numbered exercises.

Electronic Data Bank. (Available on the accompanying website: www.
wiley.com/college/johnson) Contains interesting data sets used in the text but that
can be used to perform additional analyses with statistical software packages.

WileyPLUS. This powerful online tool provides a completely integrated suite
of teaching and learning resources in one easy-to-use website. WileyPLUS offers
an online assessment system with full gradebook capabilities and algorithmically
generated skill building questions. This online teaching and learning environment
also integrates the entire digital textbook. To view a demo of WileyPLUS, contact
your local Wiley Sales Representative or visit: www.wiley.com/college/wileyplus.
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