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PREFACE

Introductory Statistics is written for a first course in applied statistics. The book is intended
for students who do not have a strong background in mathematics. The only prerequisite for
this text is a knowledge of elementary algebra.

Today, college students from almost all fields of study are required to take at least one
course in statistics. Consequently, the study of statistical methods has taken on a prominent
role in the education of students majoring in all fields of study. The goal of this text is to
make the subject of statistics both interesting and accessible to such a wide and varied au-
dience. Three major characteristics of this text support this goal: the realistic content of its
examples and exercises that draw on a comprehensive range of applications from all facets
of life, the clarity and brevity of its presentation, and the soundness of its pedagogical ap-
proach. These characteristics are exhibited through the interplay of a variety of significant
text features.

The feedback received from the users of the third edition of Introductory Statistics has
been very encouraging. This feedback serves as evidence of the success of the text in mak-
ing statistics interesting and accessible—a goal of the author from the very first edition. The
author has pursued the same goal through the refinements and updates in this fourth edition
so that Introductory Statistics will continue to provide a successful experience in statistics to
growing numbers of students and professors.

NEW TO THE FOURTH EDITION . ..

The following are some of the many significant changes made in the fourth edition of the
text without changing its main features.

« A large number of exercises of greater difficulty have been added to all chapters except
Chapter 1. These exercises appear under the heading Advanced Exercises as part of the
supplementary exercises.

« All problems containing real data have been updated or replaced by new problems with
real data,

« A large number of examples and case studies have been changed and updated to capture
the interest of students and maintain relevancy.

« New chapter-ending Mini-Projects are data oriented, and can be given as group assign-
ments during class or as homework.

« The MINITAB sections have been updated to the 13t Version. These sections now ap-
pear in Appendix B and include both the MINITAB PULL-DOWN MENUS and the
MINITAB COMMAND LANGUAGE instructions.

« New Excel Adventures have been added to the text and they appear in Appendix C.
These adventures show how to use Excel to solve statistics problems.
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For those who wish to have the option of using a graphing calculator in solving statisti-
cal exercises, a few exercises from each chapter that are suitable for this purpose have
been identified with an icon. Graphing Calculator solutions for the odd-numbered prob-
lems are given as part of the answer section at the back of the book. However, these ex-
ercises can also be solved without using the graphing calculator.

+ All data sets that appeared in Appendix B in the third edition have been updated. These
data sets now appear in the Instructor’s Solution Manual, Student’s Solution Manual, on
the Instructor’s Resource CD that accompanies the text, and on the Web site for the text,
www.wiley.com/college/mann.

+ A new section on the test for correlation coefficient has been added to Chapter 13.
* A new Chapter 14 on Nonparametric Methods has been added to the text.
» Presentation of concepts has been refined at many places to enhance clarity.

HALLMARK FEATURES OF THIS TEXT

]
Style and Pedagogy

Abundant Examples

Realistic Settings

Guideposts

Clear and Concise Exposition The explanation of statistical methods and concepts is clear
and concise. Moreover, the style is user-friendly and easy to understand. In chapter intro-
ductions and in transitions from section to section, new ideas are related to those discussed
earlier.

Examples The text contains a wealth of examples, a total of 211 in 14 chapters and Ap-
pendix A, The examples are usually given in a format showing a problem and its solution.
They are well-sequenced and thorough, displaying all facets of concepts. Furthermore, the
examples capture students’ interest because they cover a wide variety of relevant topics. They
are based on situations practicing statisticians encounter every day. Finally, a large number
of examples are based on real data that are taken from sources such as books, government
and private data sources and reports, magazines, newspapers, and professional journals.

Solutions A clear, concise solution follows each problem presented in an example. When
the solution to an example involves many steps, it is presented in a step-by-step format. For
instance, examples related to tests of hypotheses contain five steps that are consistently used
to solve such examples in all chapters. Thus, procedures are presented in the concrete set-
tings of applications rather than as isolated abstractions. Frequently, solutions contain high-
lighted remarks that recall and reinforce ideas critical to the solution of the problem. Such
remarks add to the clarity of presentation.

Margin Notes for Examples A margin note appears beside each example that briefly de-
scribes what is being done in that example. Students can use these margin notes to assist
them as they read through sections and to quickly locate appropriate model problems as they
work through exercises.

Frequent Use of Diagrams Concepts can often be made more understandable by describ-
ing them visually, with the help of diagrams. This text uses diagrams frequently to help stu-
dents understand concepts and solve problems. For example, tree diagrams are used
extensively in Chapters 4 and 5 to assist in explaining probability concepts and in comput-
ing probabilities. Similarly, solutions to all examples about tests of hypotheses contain dia-
grams showing rejection regions, nonrejection regions, and critical values.
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Realistic Applications

Abundant Exercises

Summary and Review

v

Highlighting Definitions of important terms, formulas, and key concepts are enclosed in
color boxes so that students can easily locate them. A similar use of color is found in the
Using MINITAB sections where a color tint highlights MINITAB solutions. Important terms
appear in the text either in boldface or italic type.

Cautions Certain items need special attention. These may deal with potential trouble spots
that commonly cause errors. Or they may deal with ideas that students often overlook. Spe-
cial emphasis is placed on such items through the headings: Remember, An Observation, or
Warning. An icon is used to identify such items.

Case Studies Case studies, which appear in many chapters, provide additional illustrations
of the applications of statistics in research and statistical analysis. Most of these case stud-
ies are based on articles/snapshots published in journals, magazines, or newspapers. All case
studies are based on real data.

Exercises and Supplementary Exercises The text contains an abundance of exercises, a
total of 1486 in 14 chapters and Appendix A (excluding Computer Assignments). Moreover,
a large number of these exercises contain several parts. Exercise sets appearing at the end of
each section (or sometimes at the end of two or three sections) include problems on the top-
ics of that section. These exercises are divided into two parts: Concepts and Procedures that
emphasize key ideas and techniques, and Applications that use these ideas and techniques
in concrete settings. Supplementary exercises appear at the end of each chapter and contain
exercises on all sections and topics discussed in that chapter. A large number of these exer-
cises are based on real data taken from varied data sources such as books, government and
private data sources and reports, magazines, newspapers, and professional journals. Exercises
given in the text do not merely provide practice for students, but the real data contained in
exercises provide interesting information and insight into economic, political, social, psy-
chological, and other aspects of life. The exercise sets also contain many problems that de-
mand critical thinking skills. The answers to selected odd-numbered exercises appear in the
Answers Section at the back of the book. Optional exercises are indicated by an asterisk (*).

Advanced Exercises All chapters (except Chapter 1) now have a set of exercises that are
of greater difficulty. Such exercises appear under the heading Advanced Exercises as part of
the Supplementary Exercises.

Glossary Each chapter has a glossary that lists the key terms introduced in that chapter,
along with a brief explanation of each term. Almost all the terms that appear in boldface type
in the text are in the glossary.

Key Formulas Each chapter contains a list of key formulas used in that chapter. This list
appears before the Supplementary Exercises for each chapter.

Self-Review Tests Each chapter contains a Self-Review Test, which appears immediately
after the Supplementary Exercises. These problems can help students to test their grasp of the
concepts and skills presented in respective chapters and to monitor their understanding of sta-
tistical methods. The problems marked by an asterisk (*) in the Self-Review Tests are optional.
The answers to almost all problems of the Self-Review Tests appear in the Answer Section.

Formula Card A formula card that contains key formulas from all chapters is included at
the beginning of the book.
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Computer Usage Another feature of this text is the detailed instructions on the use of
MINITAB.! Using MINITAB sections for 13 of the 14 chapters and Appendix A appear in
Appendix B. Each of these Using MINITAB sections contains a detailed description of the
MINITAB commands that are used to perform the statistical analysis presented in the text.
These sections now include both the MINITAB PULL-DOWN MENUS step-by-step in-
structions and the MINITAB COMMAND LANGUAGE instructions to perform statistical
data analysis. In addition, each of these sections contains several illustrations that demon-
strate how MINITAB can be used to solve statistical problems. These MINITAB instructions
and illustrations are so complete that students do not need to purchase any other MINITAB
supplement. Computer assignments are also given at the end of each chapter so that students
can further practice MINITAB. A total of 80 computer assignments are contained in these
sections.

Excel Adventures Written by Jeff Mock of Diablo Valley College, Appendix C con-
tains worked examples, called Excel Adventures, which show the various uses of Excel in
performing statistical analysis. Three different methods are used depending on the con-
tent of the chapter—the student may be required to enter a formula or to utilize Excel’s
Data Analysis Command or Statistical Analysis ToolPak. Basic manipulative skills such
as entering data, copying, cut-paste, opening files, and saving files as well as more ex-
tensive statistical applications can be obtained in the supplemental Excel Manual ac-
companying this text.

Graphing Calculator More and more instructors are now using graphing calculators, such
as the TI-83 or the TI-83+, to teach statistics. A few exercises from each chapter in the text
have been identified and marked with a calculator icon as suitable exercises for graphing
calculators. The complete solutions to these exercises along with the TI-83 screen reproduc-
tions are provided in the Instrictor s Solutions Manual. Graphing Calculator answers are pro-
vided for such odd-numbered exercises as part of the answer section at the back of the book.
Note that these exercises can also be solved without using a graphing calculator.

Calculator Usage The text contains many footnotes that explain how a calculator can be
used to evaluate complex mathematical expressions.

Data Sets Four data sets appear in the Instructor’s Solutions Manual, Student Solutions
Manual, on CD, and on the Web site for the text. These data sets, collected from different
sources, contain information on many variables. They can be used to perform statistical analy-
sis with statistical computer software such as MINITAB or Excel. These data sets are avail-
able from the publisher on a diskette/CD in MINITAB format, Excel format, and in
ASCII format. These data sets can also be downloaded from the Web site for the text.

WEB SITE

http://www.wiley.com/college/mann
The Mann Statistics Web site provides resources for instructors and students. The graphing
calculator programs for running complex statistical tests on the TI-83 can be downloaded

IMINITAB is a registered trademark of Minitab, Inc., 3081 Enterprise Drive, State College, PA 16801. Phone: 814-
238-3280; fax: 814-238-4383; telex: 881612. The author would like to take this opportunity to thank Minitab, Inc.,
for their help.
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from this site. Other resources include four large data sets that accompany the text and links
to interesting statistical sites on the Web. Instructors can find information on changes in the
new edition and contact Wiley for examination copies and supplements.

OPTIONAL SECTIONS

Complete Learning
System

Because each instructor has different preferences, the text does not indicate optional sections.
This decision has been left to the instructor. Instructors may cover the sections or chapters
that they think are important. However, a few alternative one-semester syllabi are available
on the Web site for this text.

SUPPLEMENTS

The following supplements are available to accompany this text.

Instructor’s Solutions Manual This manual contains complete solutions to all exercises
and the Self-Review Test problems.

Instructor’s Resource CD  Contains the data sets, full solutions manual, as well as:

« Instructor’s Resource Guide Sample syllabi, discussion questions, sample exams and
suggested homework assignments, and transparency masters are included in this resource.
Written for both the experienced and inexperienced instructor, the manual offers a clear
overview of the course while outlining major topics and key points of each chapter.

« Test Bank The printed copy of the test bank contains a large number of multiple choice
questions, essay questions, and quantitative problems for each chapter.

» Computerized Test Bank All questions that are in the printed Tes Bank are available
on a diskette. This diskette can be obtained from the publisher.

Students’ Solutions Manual This manual contains complete solutions to all of the odd-
numbered exercises, a few even-numbered exercises, and all the Self-Review Test problems.

Student Study Guide This guide contains review material about studying and learning
patterns for a first course in statistics. Special attention is given to the critical material
of each chapter. Reviews of mathematical notation, formulas, and table reading are also
included.

Wiley E Grade for Statistics Practice quizzes and tests for students and instructors ap-
pear on the Web site.

Graphing Calculator Manual This manual is a basic guide for beginners on the TI-83
and TI-83+. The authors guide students through the important facets of using a graphing
calculator in statistics by presenting clear examples, pictures of actual calculator screens, and
programs specific to each calculator.

Excel Manual This manual is an extension of the Excel Adventures given in Appendix C.
In contains worked examples using current real data and Excel for the data analysis. The
manual gives step-by-step instructions, screen captures to guide the students, as well as nu-
merous applications of how to use Excel in statistics. The version of Excel used is Microsoft
Excel 2000. Earlier versions of Excel are similar, and exact keystrokes may differ slightly.
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PA'
P(4)

P4 and B)
P(A4 or B)

P(4|B)

q

(1) y-intercept in the population regression model; (2) event 4

v-intercept in the regression model estimated for sample data

Complement of event 4

(Greek letter alpha) Probability of Type 1 error or significance level
Confidence level

Slope of the population regression line

Slope of the regression model estimated for sample data

(Greek letter beta) Probability of Type I error

Number of columns in a contingency table

( y is Greek letter chi) Chi-square distribution

Difference between two paired values

Mean of the paired differences for a sample

Number of degrees of freedom

(1) Maximum error of estimate: (2) expected frequencies

Simple event i for an experiment

(1) Random error. v — 7. for a regression medel; (2) ¢ = 2.71828 in the Poisson probability distribution
Expected value of a random variable x

(Greek letter epsilon) Random error term in the population regression model
Frequency of a category or class

The F distribution

Test statistic for the Kruskal- Wallis test

Nuli hypothesis

Alternative hypothesis

Interquartile range

(1) Number of different samples or treatments in a one-way ANOVA; (2) number of categories in a multinomial experiment
(Greek letter lambda) Mean of the Poisson probability distribution

Midpoint of a class

(Greek letter mu) Population mean

Mean of the sampling distribution of

Mean of the paired differences for the population

Mean of the sampling distribution of d

Mean of the sampling distribution of x

Mean of the sampling distribution of p

Mean of the sampling distribution of R for the runs test

Mean of the sampling distribution of T in the Wilcoxon signed-rank test and the Wilcoxon rank sum test for large samples
Mean of 1 for a specific value of x using population regression model
Sample size

n factorial

Number of combinations of n clements selected x at a time

Population size

Observed frequency for a category or cell

(1) Population proportion; (2) probability of success for a binomial experiment
Sample proportion

Pooled sample proportion for two samples

kth percentile. where & is an integer from 1 to 99

Probability that event 4 will occur

Joint probability of events 4 and B

Probability of the union of ¢vents .4 and B

Probability that event 4 will occur given event B has occurred
1 — p. probability of failure for a binomial experiment
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| — p where p is the sample proportion

| — 5 where p is the pooled sample proportion for two samples

First. second, and third quartiles. respectively

(1) Number of rows in a contingency table: (2) number of runs for the runs test for randomness

Linear correlation coefficient for sample data

Cocfficient of determination

Spearman rio rank correlation coefficient for sample data
{Greek letter rho) Lincar correlation coefficient for population data

Spearman rho rank correlation coefficient for populatior. data

Sample space

Sample standard deviation

Sample variance
Estimator of o,
Standard deviation
Estimator of o3
Standard deviation
Pooled standard
Estimator of o,
Estimator of o,

Estimator of oy

Estimator of oy

Estimator of o,

Estimator of o;

(Greek letter

(Greek letter lowercase sigma) Population standard deviation

~,

of the paired differences for a sample

of errors for the sample regression model
deviation

capital sigma) summation notation

Population variance

Standard deviation
Standard deviation
Standard deviation
Standard deviation
Standard deviation
Standard deviation
Standard deviation
Standard deviation
samples

Standard deviation
Standard deviation
Standard deviation
Standard deviation

Test statistic for the Wilcoxon signed-rank test and the Wilcexon rank sum test for a small sample

The 1 distribution

Sum of the values included in sample 7 in one-way ANOVA
The upper critical value for the Wilcoxon rank sum test

The lower critical value tor the Wilcoxon rank sum test

of the sampling distribution of b

of the paired differences for the population

of the sampling distribution of ¢

of errors for the population regression model

of the sampling distribution of p

of the sampling distribution of p; — p»
of the sampling distribution of R for the runs test
of the sampling distribution of T in the Wilcoxan signed-rank test and the Wilcoxon rank sum test for large

of the sampling distribution of'x

of the sampling distribution of X, — Xz

of 1" when estimating g,

of 3 when predicting v,

Test statistic for the sign test for a small sample

(1) \ariable: (2) random variable: (3) independent variable in a regression model

Sample mean

{1y Variable: (2) dependent variable in a regression model
Estimated or predicted value of v using a regression model

Units of the standard normal distribution




TABLE VII

STANDARD NORMAL DISTRIBUTION TABLEt

The entries in this table give the areas under

the standard normal curve from 0 to z

e

0 z
: <l 00 .01 .02 .03 .04 .05 .06 .07 .08 09
0.0 {0000 0040 .0080 0120 .0160 .0199 .0239 0279 0319 .0359
0.1_ .0398 .0438 0478 .0517 .0557 .0596 0636 .0675 0714 0753
02 T* 0793 .0832 .0871 .0910 0948 0987 1026 .1064 1103 1141
03 . 1179 1217 1255 1293 1331 1368 .1406 .1443 .1480 517
04 1554 1591 1628 .1664 1700 1736 1772 1808 .1844 1879
0.5 1915 1950 .1985 2019 .2054 .2088 2123 2157 2190 2224
0.6 2257 2291 2324 2357 2389 2422 .2454 .2486 2517 .2549
0.7 2580 2611 2642 2673 2704 2734 2764 2794 2823 .2852
0.8 2881 2910 2939 .2967 .2995 3023 3051 3078 .3106 3133
0.9 3159 3186 3212 3238 3264 .3289 3315 3340 3365 3389
1.0 3413 3438 3461 3485 3508 .3531 3554 3577 .3599 3621
1.1 3643 .3665 3686 .3708 .3729 3749 3770 3790 3810 3830
1.2 .3849 .3869 .3888 .3907 3925 .3944 .3962 .3980 .3997 4015
1.3 4032 4049 4066 4082 4099 4115 4131 4147 4162 4177
1.4 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319
1.5 4332 4345 4357 4370 4382 4394 .4406 4418 4429 4441
1.6 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
1.7 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
1.8 4641 4649 4656 4664 4671 4678 4686 4693 4699 4706
1.9 4713 4719 4726 4732 4738 4744 4750 4756 4761 4767
2.0 4772 4778 4783 4788 4793 4798 4803 4808 4812 4817
2.1 4821 4826 4830 4834 4838 4842 4846 4850 4854 4857
2.2 4861 4864 4868 4871 4875 4878 4881 4884 4887 4890
23 4893 4896 4898 4901 4904 4906 4909 4911 4913 4916
24 4918 4920 4922 4925 4927 4929 14931 4932 4934 4936
25 4938 4940 4941 4943 4945 4946 4948 4949 4951 4952
26 4953 4955 4956 4957 4959 4960 4961 4962 4963 .4964
2.7 4965 4966 4967 4968 4969 4970 4971 4972 4973 4974
2.8 4974 4975 4976 4977 4977 4978 4979 4979 4980 .4981
29 4981 4982 4982 4983 4984 4984 4985 4985 4986 4986
3.0 14987 4987 4987 4988 4988 4989 .4989 4989 4990 4990

"This tabie is the same as Table VII of Appendix D.
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TABLE VIIl THE t DISTRIBUTION TABLEt :
S

The entries in the table give the critical values
of ¢ for the specified number of degrees
of freedom and areas in the right tail.

Area in the Right Tail under the ¢ Distribution Curve

daf .10 .05 025 01 005 001
1 3.078 6.314 12.706 31.821 63.657 318.309
2 1.886 2.920 4.303 6.965 9.925 22.327
3 1.638 2353 3.182 4.541 5.841 10.215
4 1.533 2,132 2.776 3.747 4.604 7.173
= 5 1.476 2.015 2.571 3.365 4.032 5.893
6 1.440 1.943 2.447 3.143 3.707 5208
7 1415 1.895 2.365 2.998 3.499 4.785
TR 8 1.397 1.860 2.306 2.896 3.355 4.501
. 9 1.383 1.833 2.262 2.821 3.250 4297
- 10 1372 1.812 2228 2.764 3.169 4.144
1 1.363 1.796 2.201 2718 3.106 4.025
12 1.356 1.782 2.179 2.681 3.055 3.930
13 1.350 1.771 2.160 2.650 3.012 3.852
14 1.345 1.761 2.145 2.624 2.977 3.787
15 1.341 1.753 2.131 2.602 2.947 3.733
16 1.337 1.746 2.120 2.583 2.921 3.686
17 1.333 1.740 2.110 2.567 2.898 3.646
18 1.330 1.734 2.101 2.552 2.878 3.610
19 1.328 1.729 2.093 2.539 2.861 3.579
20 1.325 1.725 2.086 2.528 2.845 3.552
21 1.323 1.721 2.080 2518 2.831 3.527
22 1.321 1.717 2.074 2.508 2.819 3.505
23 1.319 1.714 2.069 2.500 2.807 3.485
24 1318 1.711 2.064 2.492 2.797 3.467
25 1.316 1.708 2.060 2.485 2.787 3.450
26 1315 1.706 2.056 2.479 2.779 3.435
27 1314 1.703 2.052 2.473 2771 3.421
28 1.313 1.701 2.048 2.467 2.763 3.408
29 1.311 1.699 2.045 2.462 2.756 3.396
30 1.310 1.697 2.042 2.457 2.750 3.385
31 1.309 1.696 2.040 2.453 2.744 3.375
32 1.309 1.694 2.037 2.449 2.738 3.365
33 1.308 1.692 2.035 2.445 2.733 3.356
34 1.307 1.691 2.032 2.441 2.728 3.348
35 1.306 1.690 2.030 2.438 2.724 3.340
36 1.306 1.688 2.028 2.434 2,719 3.333
37 1.305 1.687 2.026 2.431 2.715 3.326
38 1.304 1.686 2.024 2.429 2.712 3.319
39 1.304 1.685 2.023 2.426 2.708 3.313
40 1.303 1.684 2.021 2,423 2.704 3.307
x 1.282 1.645 1.960 2.326 2.576 3.090

*This table is an abbreviated version of Table VIII that appears in Appendix D. This table goes up to 40 degrees
of freedom. For degrees of freedom from 41 to 70. use Tabte VIII of Appendix D.
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