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Statistics for Management and Economics, Fifth Edition, is an introductory statis-
tics text for students of management, business, and economics. It was written for a
one- or two-term course. Our major objective for the fifth edition has been to present
principles and practices of statistics in the context of substantive, engaging, and up-
to-date applications in management, business, and economics. As we made changes
in the text, we emphasized three themes: clarity, accuracy, and applicability.

CHANGES IN THE FIFTH EDITION

The fifth edition of Statistics for Management and Economics includes many im-
provements in organization, content, and design.

—— Expanded Coverage of Statistical Process Control. We expanded and im-
proved our discussion of statistical process control, which we now cover in
Chapter 15. In this chapter, we discuss quality improvement, we present a complete
and accurate discussion of process control, we discuss control charts and process ca-
pability, and we introduce Pareto charts.

—— Supplemental Sections. We reorganized most of the chapters so that supple-
mental sections are now placed at the ends of chapters. Instructors can omit the sup-
plemental sections to streamline their courses, or they can include the supplemental
sections to concentrate on the additional topics at their discretion.

== Enhanced Content. Chapter 1 now includes important applications of statistics
in management, business, and economics, along with pictorial graphics and more
emphasis on time series or sequence plots for data generated by a process. Chapter 2
discusses data distributions, including histograms and stem-and-leaf diagrams.
Chapter 6, on continuous probability distributions, emphasizes normal distributions;
in addition, we have added a supplemental section on exponential probability distri-
butions. For this edition, we have reintroduced a supplemental section on type II er-
rors and power of hypothesis tests in Chapter 9. Analysis of residuals from regression
analysis has been reorganized in Chapters 12 and 13. Chapter 14 includes a section on
autocorrelation and autoregressive models for stationary series. In the nonparametric
methods chapter (Chapter 18), we have included new sections on the runs test for
randomness and the Kruskal-Wallis test, including multiple pairwise comparisons.
We moved the discussion of index numbers to Chapter 19.
The fifth edition has been edited throughout to improve readability, to enhance
clarity, and to improve our conversational and narrative style. Readers will find
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many new, color-enhanced graphics that contribute to the visual attractiveness of the
book. Examples, problems, graphics, cases, data analyses, tables, data files, and ref-
erences have been added, updated, and enhanced with color in every chapter.

Some material has been omitted or de-emphasized to keep the length of the book
more manageable and to reflect increased emphasis on contemporary practices of
statistics. For example, summaries are now shorter because they do not include mate-
rial from the supplemental sections.

==== FEATURES

The fifth edition of Statistics for Management and Economics contains a wealth of
special features.

== Topics. The core topics that we included in the fifth edition reflect contempo-
rary trends and widely applicable practices of statistics in management, business, and
economics—from exploratory data analysis and statistical process control to estima-
tion and hypothesis testing, and from analysis of variance and multiple regression to
time series analysis.

— Genuine Management and Business Examples and Cases. Throughout the
text, we have used management and business examples and cases that are practical,
relevant, and widely applicable. Students become involved as they think about and
solve problems related to stock returns, yields of treasury bills, bankruptcy, predicting
the catastrophic failure of the space shuttle Challenger, reducing risk with portfolio
theory, and much more.

—= Abundant Assignment Problems. The fifth edition is unexcelled for the qual-
ity, abundance, and variety of its problems. Plentiful assignment problems, many
with multiple parts, are located at the ends of sections and at the ends of chapters.
Up-to-date problems are taken from all of the functional areas of management, busi-
ness, and economics.

== Unique Statistical Graphics. Well-designed, colorful graphics are used to pre-
sent concepts, functions, and data. Graphics make statistical concepts physically per-
ceptible, objectively real, and easier to comprehend. For graphical excellence in
statistics, this text is unrivaled.

—— Actual Data. To enhance the realism of problems and cases, we have taken data
from practical management and business sources such as Business Statistics, Busi-
ness Week, Forbes, Fortune, Statistical Abstract of the United States, and The Sport-
ing News. We have also used data from the COMPUSTAT files, business transactions,
consulting engagements, surveys, experiments, processes, original research, and aca-
demic journals. A data disk containing files for larger data sets taken from the prob-
lems and cases is available to the instructor, and to the student in the student software
workbooks.

== Computer Integration. We have used computer applications to demonstrate data
analysis throughout the book. Data analyses using MINITAB, SAS, and MYSTAT
are presented in most of the chapters. We have annotated the computer exhibits with
unique boxes that explain commands, program statement listings, and outputs.

=== ANCILLARIES FOR STUDENTS

Ancillaries available for students include the following items.
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—— Student Solutions Manual to Accompany Statistics for Management and Eco-
nomics, Fifth Edition. The student’s Solutions Manual includes complete solutions
for all odd-numbered problems in the text.

=—— Business MYSTAT with QC Tools Software. Business MYSTAT is the edu-
cational version of SYSTAT, a highly rated, nationally recognized statistics package

for personal computers. It is available packaged with the text on either 5 1/4” or
3 1/2" disks.

—— Study Guide for Statistics for Management and Economics, Fifth Edition (by
Edward Mansfield). The study guide contains review tests and problems with
worked out solutions corresponding to each chapter in the text.

=——= MINITAB Workbook for Statistics for Management and Economics, Fifth
Edition (by Leonard Presby). The workbook contains examples of data analysis
with MINITAB using problems from the text. It is packaged with a data disk with
over 50 files of data from the text, including the credit and ratio data sets.

—— Business MYSTAT Workbook with QC Tools for Statistics for Management
and Economics, Fifth Edition. The workbook contains examples of data analyses
from Business MYSTAT with QC Tools, using problems from the text. It is pack-
aged with a data disk with over 50 files of data from the text, including the credit and
ratio data sets.

% INSTRUCTOR’S ANCILLARIES
Available for the instructor are the following materials:

Instructor’s Annotated Edition
Instructor’s Solutions Manual
Transparency masters

Data disk

Test bank

Computerized test bank
Video tapes

Detailed information about these ancillaries are available in the Instructor’s Anno-
tated Edition.
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Seaver, University of Tennessee; James Sullivan, Bowling Green State University;
Willbann Terpening, University of Notre Dame; Chipei Tseng, Northern Illinois
University; and Thomas Yancey, University of Illinois, Urbana. We acknowledge
contributions of the officers and staff of the publisher; the text’s editor, Rich Wohl;
Sylvia Dovner, and the officers and staff of the editorial and production services.
We credit Edward Mansfield for preparing the Study Guide, Clark Kristensen for
the test bank, and Leonard Presby for the Minitab Workbook.

For checking the solutions of the examples, problems, and case assignments, we
thank Clark E. Kristensen, Indiana University and Purdue University at Indianapo-
lis; Darlene Lanier, Louisiana State University; Peter Royce, University of New
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REWARD

One theme for our text is accuracy. We work hard to be sure that our discussion of
principles and practices of statistics, and our graphics, are completely accurate. We
try to correct, in reprints, any misspelled words or mathematical errors that crop up
in the text. To reward those willing to help correct any possible spelling or mathe-
matical mistakes, we hereby offer $3 per misspelled word or mathematical error (not
rounding differences, follow-through errors, and the like) in Statistics for Manage-
ment and Economics, Fifth Edition, to the first instructor or student using our text
who reports the mistake to us. Please submit reports of mistakes directly to the lead
author’s mail box or to the publisher.

We invite readers to send us comments or suggestions about how we should con-
tinue to improve the book. Please send us your ideas.



tents

Preface  xix
Introduction to Statistics 1 CHAPTER 1
1.1 What Is Statistics? 2
1.2 Types of Problems in Statistics 4
Problems 5
1.3 Data, Data Types, and Data Sources 5
Problems 9
1.4 Introduction to Statistical Graphics 9
Problems 13
1.5 Summary 14
Review Problems 15
Ratio Data Set Questions 17
Credit Data Set Questions 17
Case 1.1: Using Statistical Graphics in Corporate Annual
Reports 18
Case 1.2: Evaluating the Effectiveness of Teaching Aids 19
Case 1.3: Making the Decision to Launch the Space Shuttle
Challenger 20
References 21
Chapter Supplement 23
1.6 Misuses of Statistics 23
Problems 25
Data Distributions 27 CHAPTER 2

21

2.2

23

24

Frequency Distributions 28

Problems 34

Cumulative Frequency Distributions 35
Problems 36

Graphic Presentation: Histogram 37
Problems 45

Graphic Presentation: Ogive 46
Problems 47

vii



viii

25

2.6

Contents

Exploratory Data Analysis: Stem-and-Leaf Graphic Display 48

Problems 51

Summary 51

Review Problems 52

Ratio Data Set Questions 65

Credit Data Set Questions 66

Case 2.1: Using Histograms to Depict Investment Risks of Stocks
and Bonds 67

Case 2.2: Summarizing Age Distributions at Diagnosis for Diseases
of the Breast 67

Case 2.3: Evaluating the Distribution of Additional Collections After
a Tax Audit 69

References 70

CHAPTER 3 Descriptive Measures n

3.1
3.2
3.3
34
3.5
3.6

3.7
3.8
3.9
3.10
3.11
3.12

3.13
3.14

3.15

3.16

Symbols 72

Measures of Location 72

Mean 72

Weighted Mean 74

Median 76

Mode 77

Problems 78

Measures of Variation 79

Range 80

Deviations from the Mean 81

Population Variance and Standard Deviation 82

Sample Variance and Standard Deviation 87

Problems 91

What the Standard Deviation Tells Us 92

Problems 95

Selecting Measures of Location and Dispersion 96

Coefficient of Variation 98

Problems 99

Exploratory Data Analysis with Computers: Descriptive Measures and
Box Plots 100

Problems 105

Summary 107

Review Problems 108

Ratio Data Set Questions 117

Credit Data Set Questions 118

Case 3.1: Analyzing the Fairness of the 1970 Draft Lottery . 119

Case 3.2: Exploring COMPUSTAT Data Files 121

References 122

Chapter Supplement 123

3.17

Descriptive Statistics for Grouped Data 123

CHAPTER 4 Probability 131

4.1

Probability Concepts 132
Problems 136



Contents

4.2 Properties of Probabilities 137
4.3 Computing Probabilities 138
Problems 152
4.4 Probability Tree Diagrams 155
Problems 159
4.5 Bayes’ Theorem 160
Problems 164
4.6 Summary 165
Review Problems 166
Ratio Data Set Questions 174
Credit Data Set Questions 174
Case 4.1: Evaluating Cancer Screening Tests 175
Case 4.2: Determining The Risk of AIDS from Donor Blood
Transfusions 177
Case 4.3: Misusing Probability in a Court of Law 179
References 180
Chapter Supplement 181
4.7 Counting Principles 181
Problems 187

Discrete Probability Distributions 189 CHAPTER 5

5.1 Random Variables 190
5.2 General Probability Distributions for Discrete Random
Variables 191

Problems 194

5.3 Expected Values and Variances of Random Variables 195
Problems 198

5.4 Binomial Probability Distributions 199
Problems 210

5.5 Poisson Probability Distributions 211
Problems 214

5.6 Summary 216
Review Problems 217
Ratio Data Set Questions 222
Credit Data Set Questions 223
Case 5.1: Substantiating Employment Discrimination 223
Case 5.2: Winning the Oil Lease Lottery 224
References 226

Chapter Supplement 227

5.7 Hypergeometric Probability Distributions 227
Problems 230

5.8 Expected Values and Variances of Linear Functions and Sets of

Random Variables 231

Problems 234

Continuous Probability Distributions 237 CHAPTER 6

6.1 General Probability Distributions for Continuous Random
Variables 238
Problems 241



6.2

6.3

6.4

6.5

Uniform Probability Distributions 242
Problems 243

Normal Probability Distributions 244
Problems 254

Normal Approximation of Binomial Distributions
Problems 266

Summary 268

Review Problems 270

Ratio Data Set Questions 274

Credit Data Set Questions 274

Case 6.1: Investing in Common Stocks 274
Case 6.2: Allocating Natural Gas 275
References 277

Chapter Supplement 279

6.6

Exponential Probability Distributions 279
Problems 281

255

Contents

CHAPTER 7

Sampling Distributions 283

7.1
7.2

7.3
7.4

7.5

7.6

Sampling and Inference 284

Expected Values and Variances of Statistics 287

Problems 292

Sampling from Normal Populations 292
Standardized Sample Mean 294
Problems 297

Central Limit Theorem 297

Problems 305

Summary 307

Review Problems 308

Ratio Data Set Questions 313

Credit Data Set Questions 313

Case 7.1: Sampling Inventory for Last-In—First-Out

Valuation 314

Case 7.2: Determining the Probability of Overpayments to Health

Care Providers 316
References 318

Chapter Supplement 319

7.7

7.8

Sampling Distributions of X, — X, 319
Problems 325
Sampling Distributions of p, — p» 325
Problems 328

CHAPTER 8

Estimation 331

8.1

Estimators 332
Problems 335

8.2 Confidence Intervals for Normal Means: Known Standard

Deviation 336
Problems 342



Contents

8.3

8.4

8.5

8.6

8.7

xi

t Distributions 343

Problems 345

Confidence Intervals for Normal Means: Unknown Standard
Deviation 345

Problems 350

Estimating Binomial p 353

Problems 355

Sample Size 356

Problems 362

Summary 363

Review Problems 364

Ratio Data Set Questions 368

Credit Data Set Questions 369

Case 8.1: Estimating Lifetimes of Consumer Products 369

Case 8.2: Estimating Overpayments on Losses Incurred with
Federally Insured Mortgages 370

References 371

Chapter Supplement 373

8.8

8.9

Confidence Intervals for w, — w, 373
Problems 378
Confidence Intervals for p, — p» 381
Problems 382

Tests of Hypotheses 383 CHAPTER 9

9.1

9.2
9.3

9.4
9.5

9.6
9.7

9.8

9.9

9.10

9.11

Establishing Hypotheses 384

Problems 386

Testing Hypotheses 386

Type I and Type II Errors 388

Problems 390

Steps of Hypothesis Testing 390

Hypotheses on a Normal Mean 394

Problems 403

P-Values and Hypothesis Testing 406

Hypotheses on a Binomial p 408

Problems 411

Testing the Hypothesis w, = u» 412

Problems 424

Testing the Hypothesis p; = p» 427

Problems 431

Testing the Hypothesis i = o3 and F Distributions 432

Problems 437

Summary 438

Review Problems 441

Ratio Data Set Questions 447

Credit Data Set Questions 448

Case 9.1: Comparing Hypothesis Testing and Court
Procedures 448

Case 9.2: Testing the Effectiveness of a Cattle Feeding
Program 449



xii Contents

References 450
Chapter Supplement 451

9.12 Type II Error Probabilities and Power of a Hypothesis Test 451
Problems 456

9.13 Testing the Hypothesis w, = u, with Paired Data 457
Problems 463

9.14 Groups Versus Pairs 465
Problems 466

CHAPTER 10 Analysis of Variance 469

10.1 Analysis of Variance Concepts and Computations 470
10.2 Testing the Hypothesis of Several Equal Means 474
Problems 478
10.3  Analysis of Variance Computations for Unequal Sample Sizes 480
Problems 482
10.4 Analysis of Variance by Partitioning the Sum of Squares 484
Problems 494
10.5 Multiple Comparisons of Means 497
Problems 502
10.6 Summary 503
Review Problems 504
Ratio Data Set Questions 511
Credit Data Set Questions 511
Case 10.1: Testing the Effectiveness of Contribution-Soliciting
Methods 511
References 512
Chapter Supplement 513
10.7 Analysis of Variance and Two-Sample Tests 513
Problems 515
10.8 Introduction to Experimental Designs 516
10.9 Two-Factor Analysis of Variance and a Randomized Complete Block
Design 517
Problems 529
10.10 Two-Factor Analysis of Variance and a Factorial Design 533
Problems 550

CHAPTER 11 Tests Using Categorical Data 555

11.1 Multinomial Distributions 556
11.2 Hypotheses About the Multinomial Parameters 557
Problems 561
11.3 Contingency Tables 563
Problems 572
11.4 Summary 574
Review Problems 375
Ratio Data Set Questions 579
Credit Data Set Questions 580
Case 11.1: Evaluating the Maldistribution of Health Care
Providers 580



Contents

xiii

References 583

Chapter Supplement 585

11.5

11.6

Testing a Binomial Proportion with Chi-Square 585
Problems 586

Test for Goodness of Fit 586

Problems 589

Regression and Correlation 591 CHAPTER 12

12.1
12.2

12.3

12.4

12.5

12.6

12.7

Simple Linear Regression 592

Finding the Slope and the Intercept of a Regression Line 595

Problems 604

Partitioning the Sum of Squares in Simple Regression 605

Problems 609

Standard Error of the Estimate sy,y and Coefficient of
Determination r> 609

Problems 613

Inference and Prediction in Regression Analysis 613

Problems 623

Correlation 624

Problems 631

Summary 632

Review Problems 635

Ratio Data Set Questions 647

Credit Data Set Questions 647

Case 12.1: Predicting Catastrophic Failure of the Space Shuttle
Challenger 648

Case 12.2: Predicting the Value of Real Estate 650

Case 12.3: Reducing Investment Risk with Portfolio Theory 651

References 653

Chapter Supplement 655

12.8 Residual Analysis 655
Problems 660
Multiple Regression 661 CHAPTER 13
13.1 Multiple Linear Regression 662
13.2 Finding the Coefficients for a Multiple Regression Equation by Using a
Computer 663
Problems 668
13.3  Partitioning the Sum of Squares in Multiple Regression 669
Problems 672
13.4 Standard Error of the Estimate and Coefficient of Multiple
Determination R’ 672
Problems 675
13.5 Statistical Inference and Prediction in Multiple Regression
Analysis 675
Problems 683
13.6 Indicator Variables 683

Problems 688



Xiv

Contents

13.7 Summary 689
Review Problems 691
Ratio Data Set Questions 700
Credit Data Set Questions 701
Case 13.1: Predicting the Margin of Victory in College Football
Games 701
Case 13.2: Predicting the Number of Bidders for the Oil Lease
Lottery 703
References 705
Chapter Supplement 707

13.8 Residual Analysis, Multicollinearity, and Special Problems in Multiple

Regression 707
Problems 710
13.9 Stepwise Multiple Regression 711
Problems 720
13.10 Curvilinear Regression 728
Problems 736
13.11 Testing Several Coefficients of a Multiple Regression Equation
Problems 742
13.12 Standardized Regression Coefficients 745
Problems 746

CHAPTER 14

Time Series Analysis 747

14.1 Time Series 748
Problems 749
14.2 Components of Time Series 750
Problems 752
14.3 Smoothing 752
Problems 756
14.4 Measuring the Components of a Time Series 756
14.5 Trend Analysis 759
Problems 762
14.6 Seasonal Indexes 762
Problems 766
14.7 Finding Seasonal Measures Using Multiple Regression 767
Problems 773
14.8 Cyclical Variation 773
Problems 776
14.9 Using Time Series Results and Forecasting 776
Problems 780
14.10 Summary 780
Review Problems 781
Ratio Data Set Questions 784
Credit Data Set Questions 784
Case 14.1: Adjusting Time Series Data at the Bureau of Labor
Statistics 784
References 786
Chapter Supplement 787
14.11 Autocorrelated Errors 787
Problems 791



Contents

14.12

Autocorrelation and Autoregressive Models 793
Problems 802

Xv

Statistical Process Control

805

CHAPTER 15

15.1
15.2

15.3

154

15.5

Quality Improvement 806
Process Control 807
Problems 813

Control Charts 814
Problems 830

Process Capability 833
Problems 838

Summary 838

Review Problems 840
Case 15.1: Controlling the Quality of Goods and Services
References 846

845

Decision Analysis

849

CHAPTER 16

16.1
16.2

16.3

16.4

16.5

16.6

16.7

16.8
16.9

Payoff Table 850

Prior Probabilities 853

Problems 855

Expected Monetary Value 856

Problems 858

Decision Trees 858

Problems 862

Opportunity Loss Table 863

Problems 867

Expected Value of Perfect Information 868

Problems 871

Decision Criteria 871

Problems 874

Utility 875

Summary 877

Review Problems 877

Credit Data Set Questions 883

Case 16.1: Making Decisions with the Aid of a Computer
Case 16.2: Making Capital Investment Decisions 884
References 885

883

Decision Analysis with Sample Information

887

CHAPTER 17

17.1

17.2

17.3

17.4

Subjective Probabilities 888

Problems 892

Decision Analysis with Sample Information 893
Problems 899

When to Sample 900

Problems 900

Summary 900



XVi Contents

Review Problems 901

Credit Data Set Questions 904

Case 17.1: Making the Decision to Drill for Oil 904
References 905

CHAPTER 18 Nonparametric Methods 907

18.1 Wilcoxon Signed Rank Test of a Median 908
Problems 913

18.2 Sign Test 915
Problems 918

18.3 Mann—Whitney Test of Two Medians 918
Problems 924

18.4 Spearman’s Rank Correlation 925
Problems 929

18.5 Summary 930
Review Problems 930
Ratio Data Set Questions 934
Credit Data Set Questions 934
Case 18.1: Comparing Temperature Rankings for The Space Shuttle

Challenger 935
Case 18.2: Comparing Consumer Rankings of Electronic
Calculators 938
References 940
Chapter Supplement 941

18.6 Wilcoxon Signed Rank Test with Paired Data 941
Problems 942

18.7 Runs Test for Randomness 944
Problems 950

18.8 Kruskal-Wallis Test of k£ Medians 952
Problems 956

CHAPTER 19 Index Numbers 959

19.1 Index Numbers 960

19.2 Simple Aggregate Index 961
Problems 963

19.3 Price Indexes with Quantity Weights 964
Problems 968

19.4 Base Period and Quality 969
Problems 970

19.5 Uses of Indexes 970
Problems 972

19.6 Summary 973
Review Problems 974
Credit Data Set Questions 976
Case 19.1: Indexing Consumer Prices 976
Case 19.2: Indexing Producer Prices 977
References 978



