Statistics

for Management and Economics

e

GERALD KELLER

»~ o CENGAGE
i~ learning

Australia ¢ Brazil  Japan ¢ Korea ® Mexico ® Singapore ® Spain ¢ United Kingdom e United States

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



BRIEF CONTENTS

1  What Is Statistics? 1
2 Graphical Descriptive Techniques | 12
3  Graphical Descriptive Techniques Il 45
4 Numerical Descriptive Techniques 86
5 Data Collection and Sampling 140
6  Probability 154
7  Random Variables and Discrete Probability Distributions
8  Continuous Probability Distributions 244
9  Sampling Distributions 286
10 Introduction to Estimation 310
11  Introduction to Hypothesis Testing 333
12 Inference about a Population 371
13 Inference about Comparing Two Populations 427
14  Analysis of Variance 517
15  Chi-Squared Tests 591
16  Simple Linear Regression and Correlation 631
17  Multiple Regression 692
18 Model Building 733
19  Nonparametric Statistics 762

Time-Series Analysis and Forecasting 831

N
o

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

197

111



iV BRIEF CONTENTS
21 Statistical Process Control 857
22  Decision Analysis 884
23  Conclusion 904
Appendix A Data File Sample Statistics A-1
Appendix B Tables B-1

Appendix C  Answers to Selected Even-Numbered Exercises C-1

Index  I-1

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



1 What Is Statistics? 1

1-1
1-2
1-3
1-4
Appendix 1

Introduction 1

Key Statistical Concepts 5

Statistical Applications in Business 6
Large Real Data Sets 6

Statistics and the Computer 7
Material to Download 11

2 Graphical Descriptive Techniques 1 12

2-1
2-2
2-3

Introduction 13
Types of Data and Information 14
Describing a Set of Nominal Data 19

Describing the Relationship between Two Nominal
Variables and Comparing Two or More Nominal Data Sets 34

3 Graphical Descriptive Techniques Il 45

3-1
3-2
3-3
3-4

Introduction 46

Graphical Techniques to Describe a Set of Interval Data 46
Describing Time-Series Data 60

Describing the Relationship between Two Interval Variables 66
Art and Science of Graphical Presentations 73

4 Numerical Descriptive Techniques 86

4-1
4.2
4-3
4-4

Introduction 87

Sample Statistic or Population Parameter 87

Measures of Central Location 87

Measures of Variability 96

Measures of Relative Standing 105

Measures of Linear Relationship 110

(Optional) Applications in Finance: Market Model 125

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



Vi CONTENTS

4-6  Comparing Graphical and Numerical Techniques 129
4-7  General Guidelines for Exploring Data 132

Appendix 4  Review of Descriptive Techniques 138

5

9

Data Collection And Sampling 140

Introduction 141
5-1  Methods of Collecting Data 141
5-2  Sampling 144
5-3  Sampling Plans 146
5-4  Sampling and Nonsampling Errors 151

Probability 154

Introduction 155
6-1  Assigning Probability to Events 155
6-2  Joint, Marginal, and Conditional Probability 160
6-3  Probability Rules and Trees 172
6-4 Bayes’s Law 180
6-5 Identifying the Correct Method 191

Random Variables and Discrete Probability Distributions 197

Introduction 198
7-1  Random Variables and Probability Distributions 198
7-2  Bivariate Distributions 209

7-3  (Optional) Applications in Finance: Portfolio Diversification and Asset
Allocation 218

7-4  Binomial Distribution 225
7-5  Poisson Distribution 232

Continuous Probability Distributions 244

Introduction 245
8-1  Probability Density Functions 245
8-2 Normal Distribution 251
8-3  (Optional) Exponential Distribution 268
8-4  Other Continuous Distributions 273

Sampling Distributions 286

Introduction 287

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



9-1
9-2
9-3
9-4

CONTENTS

Sampling Distribution of the Mean 287

Sampling Distribution of a Proportion 299

Sampling Distribution of the Difference between Two Means 305
From Here to Inference 307

]O Introduction to Estimation 310

10-1
10-2

10-3

Introduction 3711
Concepts of Estimation 311

vii

Estimating the Population Mean When the Population Standard Deviation Is

Known 315
Selecting the Sample Size 328

]] Introduction to Hypothesis Testing 333

11-1
11-2

11-3
11-4

Introduction 334
Concepts of Hypothesis Testing 334

Testing the Population Mean When the Population Standard Deviation Is

Known 338
Calculating the Probability of a Type Il Error 359
The Road Ahead 367

12 Inference About a Population 371

12-1

12-2
12-3
12-4

Introduction 372

Inference about a Population Mean When the Standard Deviation Is
Unknown 372

Inference about a Population Variance 389
Inference about a Population Proportion 397
(Optional) Applications in Marketing: Market Segmentation 412

]3 Inference about Comparing Two Populations 427

13-1

13-2
13-3

13-4
13-5
Appendix 13

Introduction 428

Inference about the Difference between Two Means: Independent
Samples 428

Observational and Experimental Data 455

Inference about the Difference between Two Means: Matched Pairs
Experiment 459

Inference about the Ratio of Two Variances 472
Inference about the Difference between Two Population Proportions
Review of Chapters 12 and 13 510

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

479



an CONTENTS

]4 Analysis of Variance 517

Introduction 518
14-1  One-Way Analysis of Variance 518
14-2  Multiple Comparisons 537
14-3  Analysis of Variance Experimental Designs 546
14-4  Randomized Block (Two-Way) Analysis of Variance 548
14-5 Two-Factor Analysis of Variance 557

14-6  (Optional) Applications in Operations Management: Finding and Reducing
Variation 570

Appendix 14 Review of Chapters 12 to 14 584

]5 Chi-Squared Tests 591

Introduction 592
15-1  Chi-Squared Goodness-of-Fit Test 592
15-2  Chi-Squared Test of a Contingency Table 600
15-3  Summary of Tests on Nominal Data 613
15-4  (Optional) Chi-Squared Test for Normality 615
Appendix 15  Review of Chapters 12 to 15 623

16 Simple Linear Regression and Correlation 631

Introduction 632

16-1  Model 633

16-2  Estimating the Coefficients 635

16-3  Error Variable: Required Conditions 645

16-4  Assessing the Model 647

16-5  Using the Regression Equation 665

16-6  Regression Diagnostics—I| 670
Appendix 16 Review of Chapter 12 to 16 684

17 Multiple Regression 692

Introduction 693
17-1  Model and Required Conditions 693
17-2  Estimating the Coefficients and Assessing the Model 695
17-3  Regression Diagnostics—II 712
17-4  Regression Diagnostics—III (Time Series) 715
Appendix 17 Review of Chapters 12to 17 726

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



CONTENTS iX

18 Model Building 733

18-1
18-2
18-3

18-4
18-5

Introduction 734
Polynomial Models 734
Nominal Independent Variables 743

(Optional) Applications in Human Resources Management:
Pay Equity 751

(Optional) Stepwise Regression 756

Model Building 758

19 Nonparametric Statistics 762

19-1
19-2
19-3
19-4
Appendix 19

Introduction 763

Wilcoxon Rank Sum Test 765

Sign Test and Wilcoxon Signed Rank Sum Test 779
Kruskal-Wallis Test and Friedman Test 793

Spearman Rank Correlation Coefficient 805

Review of Statistical Inference (Chapters 12 to 19) 818

20 Time-Series Analysis and Forecasting 831

20-1
20-2
20-3
20-4
20-5

Introduction 832

Time-Series Components 833
Smoothing Techniques 834
Trend and Seasonal Effects 843
Introduction to Forecasting 848
Forecasting Models 850

21 Statistical Process Control 857

21-1
21-2
21-3
21-4

Introduction 858

Process Variation 858

Control Charts 860

Control Charts for Variables: X and S Charts 866
Control Charts for Attributes: P Chart 879

22 Decision Analysis 884

22-1
22-2

Introduction 885
Decision Problem 885
Acquiring, Using, and Evaluating Additional Information 891

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



CONTENTS

23 Conclusion 904

23-1  Twelve Statistical Concepts You Need for Life after the Statistics Final
Exam 905

Appendix A Data File Sample Statistics A-1

Appendix B Tables B-1

Binomial Probabilities B-1

Poisson Probabilities B-6

Cumulative Standardized Normal Probabilities B-8

Critical Values of the Student t Distribution B-10

Critical Values of the x2 Distribution B-11

Critical Values of the F-Distribution: A = .05 B-12

Critical Values of the Studentized Range, @ = .05 B-20
Critical Values for the Durbin-Watson Statistic, « = .05 B-22
Critical Values for the Wilcoxon Rank Sum Test B-24

Critical Values for the Wilcoxon Signed Rank Sum Test B-25
Critical Values for the Spearman Rank Correlation Coefficient B-26
Control Chart Constants B-27

O N O U W N =

—_ .
N = O ©

Appendix C  Answers to Selected Even-Numbered Exercises C-1

Index I-1

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



