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A ROADMAP FOR SELECTING

A STATISTICAL METHOD

Data Analysis Task

For Numerical Variables

For Categorical Variables

Describing a group or
several groups

Ordered array, stem-and-leaf display, frequency
distribution, relative frequency distribution,
percentage distribution, cumulative percentage

distribution, histogram, polygon, cumulative percentage

polygon (Sections 2.2, 2.4)

Mean, median, mode, geometric mean, quartiles, range,

interquartile range, standard deviation,
variance, coefficient of variation, skewness,
kurtosis, boxplot, normal probability plot
(Sections 3.1, 3.2, 3.3, 6.3)

Index numbers (online Section 16.7)

Dashboards (Section 17.2)

Summary table, bar chart, pie chart,
doughnut chart, Pareto chart
(Sections 2.1 and 2.3)

Inference about one
group

Confidence interval estimate of the mean
(Sections 8.1 and 8.2)

t test for the mean (Section 9.2)

Chi-square test for a variance or standard deviation
(online Section 12.7)

Confidence interval estimate of the
proportion (Section 8.3)

Z test for the proportion

(Section 9.4)

Comparing two groups

Tests for the difference in the means of two
independent populations (Section 10.1)

Wilcoxon rank sum test (Section 12.4)
Paired 1 test (Section 10.2)

F test for the difference between two variances
(Section 10.4)

Wilcoxon signed ranks test (online Section 12.8)

Z test for the difference between two
proportions (Section 10.3)

Chi-square test for the difference between
two proportions (Section 12.1)

McNemar test for two related
samples (online Section 12.6)

.Comparing more than

One-way analysis of variance for comparing

.Chi-square test for differences

two groups several means (Section 11.1) among more than two proportions
Kruskal-Wallis test (Section 12.5) (Section 12.2)
Randomized block design (online Section 11.3)
Two-way analysis of variance (Section 11.2)

Analyzing the Scatter plot, time series plot (Section 2.5) Contingency table, side-by-side bar

relationship between
two variables

Covariance, coefficient of correlation (Section 3.5)
Simple linear regression (Chapter 13)

t test of correlation (Section 13.7)

Time-series forecasting (Chapter 16)

Sparklines (Section 2.7)

chart, PivotTables
(Sections 2.1, 2.3, 2.6)

Chi-square test of independence
(Section 12.3)

Analyzing the
relationship between
two or more variables

Colored scatter plots, bubble chart, treemap
(Section 2.7)

Multiple regression (Chapters 14 and 15)
Dynamic bubble charts (Section 17.2)
Regression trees (Section 17.3)

Cluster analysis (Section 17.4)

Multidimensional contingency tables
{Section 2.6)

Drilldown and slicers (Section 2.7)
Logistic regression (Section 14.7)
Classification trees (Section 17.3)

Multiple correspondence analysis
(Section 17.5)




This page intentionally left blank



Statistics for Managers
Using Microsoft® Excel®

David M. Levine

Department of Information Systems and Statistics

Zicklin School of Business, Baruch College, City University of New York

David F. Stephan

Two Bridges Instructional Technology

Kathryn A. Szabat

Department of Business Systems and Analytics

School of Business, La Salle University




Please contact https://support.pearson.com/getsupport/sfcontactsupport with any queries on this content.

Microsoft and/or its respective suppliers make no representations about the suitability of the information contained in the documents and related graphics
published as part of the services for any purpose. All such documents and related graphics are provided “as is” without warranty of any kind. Microsoft and/or
its respective suppliers hereby disclaim all warranties and conditions with regard to this information, including all warranties and conditions of merchantability,
whether express, implied or statutory, fitness for a particular purpose. title and non-infringement. In no event shall Microsoft and/or its respective suppliers be
liable for any special, indirect or consequential damages or any damages whatsoever resulting from loss of use, data or profits, whether in an action of contract,
negligence or other tortious action, arising oul of or in connection with the use or performance of information available from the services.

The documents and related graphics contained herein could include technical inaccuracies or ypographical errors, Changes are periodically added 1o the
information herein. Microsoft and/or its respective suppliers may make improvements and/or changes in the product(s) and/or the program(s) described herein at
any time. Partial screen shots may be viewed in full within the software version specified.

Microsoft™, Windows®, and Excel® are registered trademarks of the Microsoft Corporation in the U.S.A. and other countries. This book is not sponsored or
endorsed by or affiliated with the Microsoft Corporation.

Copyright @ 2021, 2017, 2014 by Pearson Education, Inc. or its affiliates, 221 River Street, Hoboken, NI 0703(). All Rights Reserved. Manufactured in the United
States of America. This publication is protected by copyright, and permission should be obtained from the publisher prior to any prohibited reproduction, storage
in a retrieval system, or transmission in any form or by any means. electronic. mechanical, photocopying, recording, or otherwise. For information regarding
permissions, request forms, and the appropriate contacts within the Pearson Education Global Rights and Permissions department. please visit www.pearsoned.
com/permissions/.

Acknowledgments of third-parly content appear on page 720, which constitutes an extension of this copyright page.
PEARSON, ALWAYS LEARNING, and MYLAB are exclusive trademarks owned by Pearson Education, Inc. orits alliliates in the U.S. and/for other countries.

Unless otherwise indicated herein, any third-party trademarks, logos, or icons that may appear in this work are the property of their respective owners, and any
references to third-party trademarks, logos, icons, or other trade dress are for demonstrative or descriptive purposes only. Such references are not intended to imply
any sponsorship, endorsement, authorization, or promotion of Pearson’s products by the owners of such marks, or any relationship between the owner and Pearson
Education, Inc., or its affiliates, authors, licensees, or distributors.

Library of Congress Cataloging-in-Publication Data

Names: Levine, David M., author. | Stephan, David, author. | Szabat, Kathryn A., author.
Title: Statistics for Managers using Microsoft Excel / David M. Levine, Depuartment of
Information Systems and Statistics, Zicklin School of Business, Baruch
College, City University of New York, David E Stephan, Two Bridges
Instructional Technology, Kathryn A, Szabat, Department of Business Systems
and Analytics, School of Business, La Salle University.
Deseription: Ninth edition. | [Hoboken] : Pearson, [2019] | Includes index.
| Summary: Statistics for Managers Using Microsoft Excel features a
more concise style for understanding statistical concepts.-- Provided by publisher.
Identifiers: LCCN 2019043379 | ISBN 9780135969854 (paperback)
Subjects: LCSH: Microsoft Excel (Computer file) | Management--Statistical
methods. | Commercial statistics. | Electronic spreadsheets. |
Management--Statistical methods--Computer programs. | Commercial
statistics--Computer programs.
Classification: LCC HD30.215 .873 2020 | DDC 519.50285/554--dc23
LC record available at https://lcen.loc.gov/2019043379

ScoutAutomatedPrintCode Instructor’s Review Copy
ISBN 10:  0-13-662494-4

ISBN 13: 978-0-13-662494-3
Rental

Pe arS On ISBN 10: 0-13-596985-9
ISBN 13: 978-0-13-596985-4



To our spouses and children,
Marilyn, Mary, Sharyn, and Mark

and to our parents, in loving memory,
Lee, Reuben, Ruth, Francis J., Mary, and William



This page intentionally left blank



About the Authors

David M. Levine, David F. Stephan, and Kathryn A. Szabat
are all experienced business school educators committed to inno-
vation and improving instruction in business statistics and related
subjects.

David Levine, Professor Emeritus of Statistics and CIS at Baruch
College, CUNY, is a nationally recognized innovator in statistics
education for more than three decades. Levine has coauthored
14 books, including several business statistics textbooks: textbooks
and professional titles that explain and explore quality management
and the Six Sigma approach; and. with David Stephan, a trade paper-
back that explains statistical concepts to a general audience. Levine
has presented or chaired numerous sessions about business edu-
cation at leading conferences conducted by the Decision Sciences
Institute (DSI) and the American Statistical Association, and he
and his coauthors have been active participants in the annual DSI Data, Analytics, and Statistics
Instruction (DASI) mini-conference. During his many years teaching at Baruch College, Levine
was recognized for his contributions to teaching and curriculum development with the College’s
highest distinguished teaching honor. He earned B.B.A. and M.B.A. degrees from CCNY. and a
Ph.D. in industrial engineering and operations research from New York University.

Kathryn Szabat, David Levine, and David Stephan

Advances in computing have always shaped David Stephan’s professional life. As an undergradu-
ate, he helped professors use statistics software that was considered advanced even though it could
compute only several things discussed in Chapter 3, thereby gaining an early appreciation for the
benefits of using software to solve problems (and perhaps positively influencing his grades). An
early advocate of using computers to support instruction, he developed a prototype of a main-
frame-based system that anticipated features found today in Pearson’s MathXL and served as spe-
cial assistant for computing to the Dean and Provost at Baruch College. In his many years teaching
at Baruch, Stephan implemented the first computer-based classroom, helped redevelop the CIS
curriculum, and, as part of a FIPSE project team, designed and implemented a multimedia learning
environment. He was also nominated for teaching honors. Stephan has presented at SEDSI and DSI
DASI mini-conferences, sometimes with his coauthors. Stephan earned a B.A. from Franklin &
Marshall College and an M.S. from Baruch College, CUNY, and completed the instructional tech-
nology graduate program at Teachers College, Columbia University.

As Associate Professor of Business Systems and Analytics at La Salle University, Kathryn Szabat
has transformed several business school majors into one interdisciplinary major that better sup-
ports careers in new and emerging disciplines of data analysis including analytics. Szabat strives to
inspire, stimulate, challenge, and motivate students through innovation and curricular enhancements
and shares her coauthors’” commitment to teaching excellence and the continual improvement of
statistics presentations. Beyond the classroom she has provided statistical advice to numerous busi-
ness, nonbusiness, and academic communities, with particular interest in the areas of education,
medicine. and nonprofit capacity building. Her research activities have led to journal publications,
chapters in scholarly books. and conference presentations. Szabat is a member of the American
Statistical Association (ASA), DSI. Institute for Operation Research and Management Sciences
(INFORMS), and DSI DASI. She received a B.S. from SUNY-Albany, an M.S. in statistics from
the Wharton School of the University of Pennsylvania, and a Ph.D. in statistics, with a cognate in
operations research, from the Wharton School of the University of Pennsylvania.

For all three coauthors, continuous improvement is a natural outcome of their curiosity about the
world. Their varied backgrounds and many years of teaching experience have come together to
shape this book in ways discussed in the Preface.

vii



This page intentionally left blank



Brief Contents

Preface xxi

First Things First 1

1

0 ~N O OO &2 OWN

10
11
12
13
14
15
16
17
18
19
20

Defining and Collecting Data 16

Organizing and Visualizing Variables 38

Numerical Descriptive Measures 108

Basic Probability 152

Discrete Probability Distributions 176

The Normal Distribution and Other Continuous Distributions 198
Sampling Distributions 224

Confidence Interval Estimation 244

Fundamentals of Hypothesis Testing: One-Sample Tests 275
Two-Sample Tests 311

Analysis of Variance 352

Chi-Square and Nonparametric Tests 389

Simple Linear Regression 430

Introduction to Multiple Regression 478

Multiple Regression Model Building 526

Time-Series Forecasting 556

Business Analytics 600

Getting Ready to Analyze Data in the Future 618

Statistical Applications in Quality Management (online) 19-1

Decision Making (online) 20-1

Appendices 625

Self-Test Solutions and Answers to Selected Even-Numbered
Problems 673

Index 713
Credits 720



This page intentionally left blank



Contents

Preface xxi 1.2 Collecting Data 19
Populations and Samples 19

- o = Data Sources 20
First Things First - 1.3 Types of Sampling Methods 21

Simple Random Sample 21

USING STATISTICS: “The Price of Admission” 1 Systematic Sample 22
FTF.1 Think Differently About Statistics 2 Stratified Sample 22
Statistics: A Way of Thinking 3 Cluster Sample 22
Statistics: An Important Part of Your Business Education 4 1.4 DataCleaning 24
FTF.2 Business Analytics: The Changing Face of Statistics 4 Invalid Variable Values 24
“Big Data” 4 Coding Errors 24
FTF.3 Starting Point for Learning Statistics 5 Data Integration Errors 24
Statistic 5 Missing Values 25
Can Statistics (pl., statistic) Lie? 5 Algorithmic Cleaning of Extreme Numerical Values 25
FTF.4 Starting Point for Using Software 6 1.5 Other Data Preprocessing Tasks 25

Data Formatting 25
Stacking and Unstacking Data 26
Recoding Variables 26

Using Software Properly 7

FTF.5 Starting Point for Using Microsoft Excel 8
More About the Excel Guide Workbooks 9
Excel Skills That Readers Need 9 1.6 Types of Survey Errors 27

REFERENCES 10 Coverage Error 27
Nonresponse Error 27
KEY TERMS 10

Sampling Error 28
EXCEL GUIDE 11 Measurement Error 28

EG.1 Getting Started with Excel 11 Ethical Issues About Surveys 28

EG:2 Entaring Data 11 CONSIDER THIS: New Media Surveys/Old Survey Errors 29
EG.3 Open or Save a Workbook 11

EG.4 Working with a Workbook 12 USING STATISTICS: Defining Moments, Revisited 30
EG.5 Print a Worksheet 12 SUMMARY 30
EG.6 Reviewing Worksheets 12 REFERENCES 30
EG.7 If You use the Workbook Instructions 12 KEY TERMS 31
TABLEAU GUIDE 13 CHECKING YOUR UNDERSTANDING 31
TG.1 Getting Started with Tableau 13 CHAPTER REVIEW PROBLEMS 31
TG.2 Entering Data 14 CASES FOR CHAPTER 1 32
TG.3 Open or Save a Workbook 14 Managing Ashland MultiComm Services 32
TG.4 Working with Data 15 CardioGood Fitness 33
TG.5 Print a Workbook 15 Clear Mountain State Student Survey 33

Learning With the Digital Cases 33
CHAPTER 1 EXCEL GUIDE 35

1| Defining and Collecting EG1.1 Defining Variables 35
Data 16 EG1.3 Types of Sampling Methods 35
' EG1.4 Data Cleaning 36
USING STATISTICS: Defining Moments 16 EG1.5 Other Data Preprocessing 36
1.1 Defining Variables 17 CHAPTER 1 TABLEAU GUIDE 37
Classifying Variables by Type 17 TG1.1 Defining Variables 37
Measurement Scales 18 TG1.4 Data Cleaning 37

Xi



Xii CONTENTS

2 Organ izing and Visua"zi ng EG2.3 Visualizing Categorical Variables 92
EG2.4 Visualizing Numerical Variables 94

EG2.5 Visualizing Two Numerical Variables 97

EG2.6 Organizing a Mix of Variables 98
USING STATISTICS: “The Choice Is Yours” 38 EG2.7 Visualizing a Mix of Variables 99

~ Variables s

2.1 Organizing Categorical Variables 39 EG2.8 Filtering and Querying Data 101

1:8 gumt{“aw Tab;ebfgm CHAPTER 2 TABLEAU GUIDE 101
e. fm Ingency .a * i TG2.1 Organizing Categorical Variables 101
2.2 Organizing Numerical Variables 43 TG2.2 Organizing Numerical Variables 102

e Frequ.fency Dlstnbut:o? ‘.14 . TG2.3 Visualizing Categorical Variables 102
The Relative Frequency Distribution and the Percentage

Distribution 46 TG2.4 Visualizing Numerical Variables 104
The Cumulative Distribution 48 TG2.5 Visualizing Two Numerical Variables 105
TG2.6 Organizing a Mix of Variables 105

2.3 \Visualizing Categorical Variables 51
The Bar Chart 51 TG2.7 Visualizing a Mix of Variables 106
The Pie Chart and the Doughnut Chart 52
The Pareto Chart 53
Visualizing Two Categorical Variables 55 3 | Numerical Descriptive
2.4 Visualizing Numerical Variables 58
The Stem-and-Leaf Display 58
The Histogram 59

" Measures 108

The Percentage Polygon 60 USING STATISTICS: More Descriptive Choices 108
The Cumulative Percentage Polygon (Ogive) 61 3.1 Measures of Central Tendency 109
2.5 Visualizing Two Numerical Variables 65 The Mean 109
The Scatter Plot 65 The Median 111
The Time-Series Plot 66 The Mode 112
2.6 Organizing a Mix of Variables 68 The Geometric Mean 113
Drill-down 69 3.2 Measures of Variation and Shape 114
2.7 Visualizing a Mix of Variables 70 The Range 114
Colored Scatter Plot (Tableau) 70 The Variance and the Standard Deviation 115
Bubble Chart 71 The Coefficient of Variation 117
PivotChart 71 Z Scores 118
Treemap 71 Shape: Skewness 120
Sparklines 72 Shape: Kurtosis 120
2.8 Filtering and Querying Data 73 3.3 Exploring Numerical Variables 125
Excel Slicers 73 Quartiles 125

2.9 Pitfalls in Organizing and Visualizing Variables 75 The Interquartile Range 127

Obscuring Data 75 The Five-Number Summary 128

Creating False Impressions 76 The Boxplot 129
Chartjunk 77 3.4 Numerical Descriptive Measures for

N ; " ;o a Population 132
USING STATISTICS: “The Choice Is Yours,” Revisited 79 The Population Mean 132

SUMMARY 79 The Population Variance and Standard Deviation 133
REFERENCES 80 The Empirical Rule 134
KEY EQUATIONS 80 Chebyshev’s Theorem 134
KEY TERMS 81 3.5 The Covariance and the Coefficient of Correlation 136
CHECKING YOUR UNDERSTANDING 81 The Covariance 136
CHAPTER REVIEW PROBLEMS 81 The Coefficient of Correlation 137
CASES EOR CHAPTER 2 86 3.6 Descriptive Statistics: Pitfalls and Ethical Issues 141
Managing Ashland MultiComm Services 86 USING STATISTICS: More Descriptive Choices,
Digital Case 86 Revisited 141
CardioGood Fitness 87 SUMMARY 142
The Choice /s Yours Follow-Up 87 REFERENCES 142
Clear Mountain State Student Survey 87 KEY EQUATIONS 142
CHAPTER 2 EXCEL GUIDE 88 KEY TERMS 143
EG2.1 Organizing Categorical Variables 88 CHECKING YOUR UNDERSTANDING 143

EG2.2 Organizing Numerical Variables 90 CHAPTER REVIEW PROBLEMS 144



CASES FOR CHAPTER 3 147
Managing Ashland MultiComm Services 147
Digital Case 147
CardioGood Fitness 147
More Descriptive Choices Follow-up 147
Clear Mountain State Student Survey 147
CHAPTER 3 EXCEL GUIDE 148
EG3.1 Measures of Central Tendency 148
EG3.2 Measures of Variation and Shape 149
EG3.3 Exploring Numerical Variables 149
EG3.4 Numerical Descriptive Measures for a Population 150
EG3.5 The Covariance and the Coefficient of Correlation 150

CHAPTER 3 TABLEAU GUIDE 151
TG3.3 Exploring Numerical Variables 151

4 Basic Probability 1s2 _

USING STATISTICS: Probable Outcomes at Fredco
Warehouse Club 152
4.1 Basic Probability Concepts 153
Events and Sample Spaces 153
Types of Probability 154
Summarizing Sample Spaces 155
Simple Probability 155
Joint Probability 157
Marginal Probability 157
General Addition Rule 158
4.2 Conditional Probability 161
Calculating Conditional Probabilities 161
Decision Trees 163
Independence 164
Multiplication Rules 165

Marginal Probability Using the General
Multiplication Rule 166

4.3 Ethical Issues and Probability 169
4.4 Bayes' Theorem 169

CONSIDER THIS: Divine Providence and Spam 170
4.5 Counting Rules 171
USING STATISTICS: Probable Outcomes at Fredco
Warehouse Club, Revisited 171
SUMMARY 171
REFERENCES 172
KEY EQUATIONS 172
KEY TERMS 172
CHECKING YOUR UNDERSTANDING 172
CHAPTER REVIEW PROBLEMS 173
CASES FOR CHAPTER 4 174
Digital Case 174
CardioGood Fitness 174
The Choice Is Yours Follow-Up 174
Clear Mountain State Student Survey 174
CHAPTER 4 EXCEL GUIDE 175
EG4.1 Basic Probability Concepts 175
EG4.4 Bayes' Theorem 175

CONTENTS Xiii

5| Discrete Probability

Distributions 17

USING STATISTICS: Events of Interest at Ricknel Home
Centers 176

5.1 The Probability Distribution for a Discrete Variable 177
Expected Value of a Discrete Variable 177
Variance and Standard Deviation of a Discrete Variable 178
5.2 Binomial Distribution 181
Histograms for Discrete Variables 184
Summary Measures for the Binomial Distribution 185
5.3 Poisson Distribution 188
5.4 Covariance of a Probability Distribution and lts
Application in Finance 191
5.5 Hypergeometric Distribution 191

USING STATISTICS: Events of Interest ..., Revisited 191
SUMMARY 192
REFERENCES 192
KEY EQUATIONS 192
KEY TERMS 192
CHECKING YOUR UNDERSTANDING 192
CHAPTER REVIEW PROBLEMS 193
CASES FOR CHAPTER 5 195
Managing Ashland MultiComm Services 195
Digital Case 195
CHAPTER 5 EXCEL GUIDE 196
EGS5.1 The Probability Distribution for a Discrete Variable 196
EGS5.2 Binomial Distribution 196
EG5.3 Poisson Distribution 196

6 The Normal Distribution

and Other Continuous
Distributions 198

USING STATISTICS: Normal Load Times at MyTVLab 198
6.1 Continuous Probability Distributions 199

6.2 The Normal Distribution 200
Role of the Mean and the Standard Deviation 201
Calculating Normal Probabilities 202
Finding X Values 207

CONSIDER THIS: What Is Normal? 210

6.3 Evaluating Normality 212

Comparing Data Characteristics to Theoretical
Properties 212

Constructing the Normal Probability Plot 213
6.4 The Uniform Distribution 215
6.5 The Exponential Distribution 217
6.6 The Normal Approximation to the Binomial
Distribution 217
USING STATISTICS: Normal Load Times ..., Revisited 218
SUMMARY 218



Xiv CONTENTS

REFERENCES 218

KEY EQUATIONS 219

KEY TERMS 219

CHECKING YOUR UNDERSTANDING 219

CHAPTER REVIEW PROBLEMS 219

CASES FOR CHAPTER 6 221
Managing Ashland MultiComm Services 221
CardioGood Fitness 221
More Descriptive Choices Follow-up 221
Clear Mountain State Student Survey 221
Digital Case 221

CHAPTER 6 EXCEL GUIDE 222
EG6.2 The Normal Distribution 222
EGB.3 Evaluating Normality 222

7 Sampling Distributions 224

USING STATISTICS: Sampling Oxford Cereals 224

7.1 Sampling Distributions 225

7.2 Sampling Distribution of the Mean 225
The Unbiased Property of the Sample Mean 225
Standard Error of the Mean 227
Sampling from Normally Distributed
Populations 228
Sampling from Non-normally Distributed Populations—The
Central Limit Theorem 231

VISUAL EXPLORATIONS: Exploring Sampling
Distributions 235

7.3 Sampling Distribution of the Proportion 236
7.4 Sampling from Finite Populations 239
USING STATISTICS: Sampling Oxford Cereals,
Revisited 239
SUMMARY 240
REFERENCES 240
KEY EQUATIONS 240
KEY TERMS 240
CHECKING YOUR UNDERSTANDING 240
CHAPTER REVIEW PROBLEMS 241
CASES FOR CHAPTER 7 242
Managing Ashland MultiComm Services 242
Digital Case 242
CHAPTER 7 EXCEL GUIDE 243
EG7.2 Sampling Distribution of the Mean 243

8| Confidence Interval

- Estimation 244

USING STATISTICS: Getting Estimates at Ricknel Home
Centers 244
8.1 Confidence Interval Estimate for the Mean
(o Known) 245
Sampling Error 246
Can You Ever Know the Population Standard Deviation? 249

8.2 Confidence Interval Estimate for the Mean
(o Unknown) 250
Student’s ¢ Distribution 250
The Concept of Degrees of Freedom 251
Properties of the t Distribution 251
The Confidence Interval Statement 253
8.3 Confidence Interval Estimate for the Proportion 258
8.4 Determining Sample Size 261
Sample Size Determination for the Mean 261
Sample Size Determination for the Proportion 263
8.5 Confidence Interval Estimation and Ethical Issues 266
8.6 Application of Confidence Interval Estimation in
Auditing 266
8.7 Estimation and Sample Size Determination for Finite
Populations 266
8.8 Bootstrapping 266
USING STATISTICS: Getting Estimates at Ricknel Home
Centers, Revisited 267
SUMMARY 267
REFERENCES 267
KEY EQUATIONS 268
KEY TERMS 268
CHECKING YOUR UNDERSTANDING 268
CHAPTER REVIEW PROBLEMS 268
CASES FOR CHAPTER 8 271
Managing Ashland MultiComm Services 271
Digital Case 272
Sure Value Convenience Stores 272
CardioGood Fitness 272
Mare Descriptive Choices Follow-Up 272
Clear Mountain State Student Survey 272
CHAPTER 8 EXCEL GUIDE 273
EGB8.1 Confidence Interval Estimate for the Mean (o Known) 273
EGB8.2 Confidence Interval Estimate for the Mean (o Unknown) 273
EGB8.3 Confidence Interval Estimate for the Proportion 274
EG8.4 Determining Sample Size 274

9 Fundamentals of Hypothesis

Testing: One-Sample Tests 275

USING STATISTICS: Significant Testing at Oxford
Cereals 275

9.1 Fundamentals of Hypothesis Testing 276
The Critical Value of the Test Statistic 277
Regions of Rejection and Nonrejection 278
Risks in Decision Making Using Hypothesis Testing 278
Z Test for the Mean (g Known) 280
Hypothesis Testing Using the Critical Value Approach 280
Hypothesis Testing Using the p-Value Approach 284

A Connection Between Confidence Interval Estimation and
Hypothesis Testing 286

Can You Ever Know the Population Standard Deviation? 287
9.2 tTest of Hypothesis for the Mean (o Unknown) 288

Using the Critical Value Approach 289

Using the p-Value Approach 290



Checking the Normality Assumption 291

9.3 One-Tail Tests 294
Using the Critical Value Approach 294
Using the p-Value Approach 296

9.4 Z Test of Hypothesis for the Proportion 298
Using the Critical Value Approach 299
Using the p-Value Approach 300

9.5 Potential Hypothesis-Testing Pitfalls and Ethical

Issues 302

Important Planning Stage Questions 302
Statistical Significance Versus Practical Significance 303
Statistical Insignificance Versus Importance 303
Reporting of Findings 303
Ethical Issues 303

9.6 Power of the Test 303

USING STATISTICS: Significant Testing..., Revisited 304
SUMMARY 304
REFERENCES 304
KEY EQUATIONS 305
KEY TERMS 305
CHECKING YOUR UNDERSTANDING 305
CHAPTER REVIEW PROBLEMS 305
CASES FOR CHAPTER 9 307
Managing Ashland MultiComm Services 307
Digital Case 307
Sure Value Convenience Stores 308
CHAPTER 9 EXCEL GUIDE 309
EG9.1 Fundamentals of Hypothesis Testing 309
EG9.2 t Test of Hypothesis for the Mean (¢ Unknown) 309
EG9.3 One-Tail Tests 310
EG9.4 Z Test of Hypothesis for the Proportion 310

Y Two-Sample Tests 311

USING STATISTICS: Differing Means for Selling Streaming
Media Players at Arlingtons? 311
10.1 Comparing the Means of Two Independent
Populations 312
Pooled-Variance t Test for the Difference Between Two
Means Assuming Equal Variances 312
Evaluating the Normality Assumption 315

Caonfidence Interval Estimate for the Difference Between Two
Means 317

Separate-Variance t Test for the Difference Between Two
Means, Assuming Unequal Variances 318

CONSIDER THIS: Do People Really Do This? 319

10.2 Comparing the Means of Two Related Populations 321
Paired t Test 322
Confidence Interval Estimate for the Mean Difference 327

10.3 Comparing the Proportions of Two Independent

Populations 329

Z Test for the Difference Between Two Proportions 329
Confidence Interval Estimate for the Difference Between
Two Proportions 333

10.4 F Test for the Ratio of Two Variances 336

10.5 Effect Size 340

CONTENTS xXv

USING STATISTICS: Differing Means for Selling ...,
Revisited 340
SUMMARY 341
REFERENCES 342
KEY EQUATIONS 342
KEY TERMS 342
CHECKING YOUR UNDERSTANDING 343
CHAPTER REVIEW PROBLEMS 343
CASES FOR CHAPTER 10 345
Managing Ashland MultiComm Services 345
Digital Case 345
Sure Value Convenience Stores 346
CardioGood Fitness 346
More Descriptive Choices Follow-Up 346
Clear Mountain State Student Survey 346
CHAPTER 10 EXCEL GUIDE 347
EG10.1 Comparing the Means of Two Independent
Populations 347
EG10.2 Comparing the Means of Two Related Populations 349
EG10.3 Comparing the Proportions of Two Independent
Populations 350
EG10.4 F Test For The Ratio of Two Variances 351

‘11 Analysis of Variance ss2

USING STATISTICS: The Means to Find Differences
at Arlingtons 352
11.1 One-Way ANOVA 353
F Test for Differences Among More Than Two Means 356
One-Way ANOVA F Test Assumptions 360
Levene Test for Homogeneity of Variance 361
Multiple Comparisons: The Tukey-Kramer Procedure 362
11.2 Two-Way ANOVA 367
Factor and Interaction Effects 367
Testing for Factor and Interaction Effects 369
Multiple Comparisons: The Tukey Procedure 373
Visualizing Interaction Effects: The Cell Means Plot 374
Interpreting Interaction Effects 374
11.3 The Randomized Block Design 379

11.4 Fixed Effects, Random Effects, and Mixed Effects
Models 379
USING STATISTICS: The Means to Find Differences at
Arlingtons, Revisited 379
SUMMARY 379
REFERENCES 380
KEY EQUATIONS 380
KEY TERMS 381
CHECKING YOUR UNDERSTANDING 381
CHAPTER REVIEW PROBLEMS 381
CASES FOR CHAPTER 11 383
Managing Ashland MultiComm Services 383
PHASE 1 383
PHASE 2 383
Digital Case 384
Sure Value Convenience Stores 384
CardioGood Fitness 384



XVi CONTENTS

More Descriptive Choices Follow-Up 384
Clear Mountain State Student Survey 384
CHAPTER 11 EXCEL GUIDE 385
EG11.1 The Completely Randomized Design: One-Way Anova 385
EG11.2 The Factorial Design: Two-Way ANOVA 387

12 Chi-Square and

- Nonparametric Tests 3so

USING STATISTICS: Avoiding Guesswork About Resort
Guests 389
12.1 Chi-Square Test for the Difference Between
Two Proportions 390
12.2 Chi-Square Test for Differences Among More Than
Two Proportions 397
The Marascuilo Procedure 400
The Analysis of Proportions (ANOP) 402
12.3 Chi-Square Test of Independence 403

12.4 Wilcoxon Rank Sum Test for Two Independent
Populations 409
12.5 Kruskal-Wallis Rank Test for the One-Way ANOVA 415
Assumptions of the Kruskal-Wallis Rank Test 418
12.6 McNemar Test for the Difference Between Two
Proportions (Related Samples) 419

12.7 Chi-Square Test for the Variance or Standard
Deviation 419

12.8 Wilcoxon Signed Ranks Test for Two Related
Populations 420

USING STATISTICS: Avoiding Guesswork ... , Revisited 420

REFERENCES 420

SUMMARY 420

KEY EQUATIONS 421

KEY TERMS 422

CHECKING YOUR UNDERSTANDING 422

CHAPTER REVIEW PROBLEMS 422

CASES FOR CHAPTER 12 424
Managing Ashland MultiComm Services 424
PHASE 1 424
PHASE 2 424
Digital Case 425
Sure Value Convenience Stores 425
CardioGood Fitness 425
More Descriptive Choices Follow-Up 425
Clear Mountain State Student Survey 425

CHAPTER 12 EXCEL GUIDE 427

EG12.1 Chi-Square Test for the Difference Between Two
Proportions 427

EG12.2 Chi-Square Test for Differences Among More Than Two
Proportions 427

EG12.3 Chi-Square Test of Independence 428

EG12.4 Wilcoxon Rank Sum Test: A Nonparametric Method
For Two Independent Populations 428

EG12.5 Kruskal-Wallis Rank Test: A Nonparametric Method
For The One-Way Anova 429

13 Simple Linear Regression 43

USING STATISTICS: Knowing Customers at Sunflowers
Apparel 430
Preliminary Analysis 431
13.1 Simple Linear Regression Models 432
13.2 Determining the Simple Linear Regression Equation 433
The Least-Squares Method 433
Predictions in Regression Analysis: Interpolation Versus
Extrapolation 436
Calculating the Slope, b4, and the Y Intercept, by 437
13.3 Measures of Variation 441
Computing the Sum of Squares 441
The Coefficient of Determination 443
Standard Error of the Estimate 444
13.4 Assumptions of Regression 445
13.5 Residual Analysis 446
Evaluating the Assumptions 446
13.6 Measuring Autocorrelation: The Durbin-Watson
Statistic 450
Residual Plots to Detect Autocorrelation 450
The Durbin-Watson Statistic 451
13.7 Inferences About the Slope and Correlation
Coefficient 454
t Test for the Slope 454
F Test for the Slope 455
Confidence Interval Estimate for the Slope 457
t Test for the Correlation Coefficient 457
13.8 Estimation of Mean Values and Prediction
of Individual Values 460
The Confidence Interval Estimate
for the Mean Response 461
The Prediction Interval for an Individual Response 462

13.9 Potential Pitfalls in Regression 464
USING STATISTICS: Knowing Customers ..., Revisited 466
SUMMARY 467
REFERENCES 468
KEY EQUATIONS 468
KEY TERMS 469
CHECKING YOUR UNDERSTANDING 469
CHAPTER REVIEW PROBLEMS 470
CASES FOR CHAPTER 13 473
Managing Ashland MultiComm Services 473
Digital Case 473
Brynne Packaging 473
CHAPTER 13 EXCEL GUIDE 474
EG13.2 Determining the Simple Linear Regression Equation 474
EG13.3 Measures of Variation 475
EG13.5 Residual Analysis 475
EG13.6 Measuring Autocorrelation: the Durbin-Watson Statistic 476
EG13.7 Inferences About the Slope and Correlation Coefficient 476

EG13.8 Estimation of Mean Values and Prediction
of Individual Values 476

CHAPTER 13 TABLEAU GUIDE 477
TG13.2 Determining the Simple Linear Regression Equation 477
TG13.3 Measures of Variation 477



14 Introduction to Multiple

~ Regression ars

USING STATISTICS: The Multiple Effects of OmniPower
Bars 478
14.1 Developing a Multiple Regression Model 479
Interpreting the Regression Coefficients 479
Predicting the Dependent Variable Y 481
14.2 Evaluating Multiple Regression Models 483
Coefficient of Multiple Determination, r® 484
Adjusted r® 484
F Test for the Significance of the Overall Multiple
Regression Model 485
14.3 Multiple Regression Residual Analysis 487
14.4 Inferences About the Population Regression
Coefficients 489
Tests of Hypothesis 489
Confidence Interval Estimation 490
14.5 Testing Portions of the Multiple Regression Model 492
Coefficients of Partial Determination 495
14.6 Using Dummy Variables and Interaction Terms 497
Interactions 503
CONSIDER THIS: What Is Not Normal? (Using a Categorical
Dependent Variable) 508
14.7 Logistic Regression 509
14.8 Cross-Validation 514

USING STATISTICS: The Multiple Effects ... , Revisited 515
SUMMARY 515
REFERENCES 517
KEY EQUATIONS 517
KEY TERMS 518
CHECKING YOUR UNDERSTANDING 518
CHAPTER REVIEW PROBLEMS 518
CASES FOR CHAPTER 14 521
Managing Ashland MultiComm Services 521
Digital Case 521
CHAPTER 14 EXCEL GUIDE 522
EG14.1 Developing a Multiple Regression Model 522
EG14.2 Evaluating Multiple Regression Models 523
EG14.3 Multiple Regression Residual Analysis 523

EG14.4 Inferences About the Population Regression
Coefficients 524

EG14.5 Testing Portions of the Multiple Regression Model 524
EG14.6 Using Dummy Variables and Interaction Terms 524
EG14.7 Logistic Regression 524

15 Multiple Regression

- Model Building s2s

USING STATISTICS: Valuing Parsimony at WSTA-TV 526

15.1 The Quadratic Regression Model 527
Finding the Regression Coefficients and Predicting ¥ 528
Testing for the Significance of the Quadratic Model 530

CONTENTS xvii

Testing the Quadratic Effect 530
The Coefficient of Multiple Determination 533
15.2 Using Transformations in Regression Models 534
The Square-Root Transformation 535
The Log Transformation 536
15.3 Collinearity 538
15.4 Model Building 540
The Stepwise Regression Approach to Model Building 541
The Best Subsets Approach to Model Building 542
15.5 Pitfalls in Multiple Regression and Ethical Issues 547
Pitfalls in Multiple Regression 547
Ethical Issues 547
USING STATISTICS: Valuing Parsimony ... , Revisited 547
SUMMARY 548
REFERENCES 549
KEY EQUATIONS 549
KEY TERMS 549
CHECKING YOUR UNDERSTANDING 549
CHAPTER REVIEW PROBLEMS 549

CASES FOR CHAPTER 15 551
The Mountain States Potato Company 551
Sure Value Convenience Stores 552
Digital Case 552
The Craybill Instrumentation Company Case 552
More Descriptive Choices Follow-Up 553

CHAPTER 15 EXCEL GUIDE 554
EG15.1 The Quadratic Regression Model 554
EG15.2 Using Transformations in Regression Models 554
EG15.3 Collinearityl 555
EG15.4 Model Building 555

16 Time-Series Forecasting sss

USING STATISTICS: /s the ByYourDoor Service Trending? 556
16.1 Time-Series Component Factors 557

16.2 Smoothing an Annual Time Series 559
Moving Averages 559
Exponential Smoothing 561

16.3 Least-Squares Trend Fitting and Forecasting 564
The Linear Trend Model 564
The Quadratic Trend Model 566
The Exponential Trend Model 567
Model Selection Using First, Second,
and Percentage Differences 569
16.4 Autoregressive Modeling for Trend Fitting
and Forecasting 573
Selecting an Appropriate Autoregressive Model 574
Determining the Appropriateness of a Selected Model 575

16.5 Choosing an Appropriate Forecasting Model 582
Residual Analysis 582
The Magnitude of the Residuals Through Squared
or Absolute Differences 583
The Principle of Parsimony 584
A Comparison of Four Forecasting Methods 584

16.6 Time-Series Forecasting of Seasonal Data 586



Xviii  CONTENTS

Least-Squares Forecasting with Monthly
or Quarterly Data 586

16.7 Index Numbers 592

CONSIDER THIS: Let the Model User Beware 592
USING STATISTICS: Is the ByYourDoor Service Trending?
Revisited 592
SUMMARY 592
REFERENCES 593
KEY EQUATIONS 593
KEY TERMS 594
CHECKING YOUR UNDERSTANDING 595
CHAPTER REVIEW PROBLEMS 595
CASES FOR CHAPTER 16 596
Managing Ashland MultiComm Services 596
Digital Case 596
CHAPTER 16 EXCEL GUIDE 597
EG16.2 Smoothing An Annual Time Series 597
EG16.3 Least-Squares Trend Fitting and Forecasting 598

EG16.4 Autoregressive Modeling for Trend Fitting and
Forecasting 598

EG16.5 Choosing an Appropriate Forecasting Model 599
EG16.6 Time-Series Forecasting of Seasonal Data 599

17 Business Analytics &0

USING STATISTICS: Back to Arlingtons for the Future 600
17.1 Business Analytics Overview 601
Business Analytics Categories 601
Business Analytics Vocabulary 602
CONSIDER THIS: What's My Major If | Want
to Be a Data Miner? 602
Inferential Statistics and Predictive Analytics 603
Microsoft Excel and Business Analytics 604
Remainder of This Chapter 604
17.2 Descriptive Analytics 604
Dashboards 605
Data Dimensionality and Descriptive Analytics 606
17.3 Decision Trees 606
Regression Trees 607
Classification Trees 608
Subjectivity and Interpretation 609
17.4 Clustering 609
17.5 Association Analysis 610
17.6 Text Analytics 611
17.7 Prescriptive Analytics 612
Optimization and Simulation 613
USING STATISTICS: Back to Arlingtons ... , Revisited 613
REFERENCES 613
KEY TERMS 614
CHECKING YOUR UNDERSTANDING 614
CHAPTER 17 SOFTWARE GUIDE 615
EG17.2 Descriptive Analytics 615
EG17.5 Predictive Analytics for Clustering 616

18| Getting Ready to Analyze

" Data in the Future s1s

USING STATISTICS: Mounting Future Analyses 618

18.1 Analyzing Numerical Variables 619
Describe the Characteristics of a Numerical Variable? 619

Reach Conclusions About the Population Mean
or the Standard Deviation? 619

Determine Whether the Mean and/or Standard Deviation
Differs Depending on the Group? 620
Determine Which Factors Affect the Value of a Variable? 620
Predict the Value of a Variable Based on the Values
of Other Variables? 621
Classify or Associate Items? 621
Determine Whether the Values of a Variable Are Stable
Over Time? 621
18.2 Analyzing Categorical Variables 621

Describe the Proportion of ltems of Interest

in Each Category? 621

Reach Conclusions About the Proportion of Items

of Interest? 622

Determine Whether the Proportion of Items of Interest Differs
Depending on the Group? 622

Predict the Proportion of ltems of Interest Based

on the Values of Other Variables? 622

Classify or Associate Items? 622

Determine Whether the Proportion of Items of Interest
Is Stable Over Time? 622

USING STATISTICS: The Future to Be Visited 623
CHAPTER REVIEW PROBLEMS 623

19 Statistical Applications
in Quality Management

(online) 19-1

USING STATISTICS: Finding Quality at the
Beachcomber 19-1
19.1 The Theory of Control Charts 19-2
The Causes of Variation 19-2
19.2 Control Chart for the Proportion: The p Chart 19-4
19.3 The Red Bead Experiment: Understanding
Process Variability 19-10
19.4 Control Chart for an Area of Opportunity:
The ¢ Chart 19-12
19.5 Control Charts for the Range and the Mean 19-15
The R Chart 19-15
The X Chart 19-18
19.6 Process Capability 19-21
Customer Satisfaction and Specification Limits 19-21
Capability Indices 19-22
CPL, CPU, and Cpyx 19-23
19.7 Total Quality Management 19-26
19.8 Six Sigma 19-27
The DMAIC Model 19-28
Roles in a Six Sigma Organization 19-29
Lean Six Sigma 19-29



USING STATISTICS: Finding Quality at the Beachcomber,
Revisited 19-30
SUMMARY 19-30
REFERENCES 19-31
KEY EQUATIONS 19-31
KEY TERMS 19-32
CHAPTER REVIEW PROBLEMS 19-32
CASES FOR CHAPTER 19 19-35
The Harnswell Sewing Machine Company Case 19-35
PHASE 1 19-35
PHASE 2 19-35
PHASE 3 19-36
PHASE 4 19-36
PHASE 5 19-36
Managing Ashland Multicomm Services 19-37
CHAPTER 19 EXCEL GUIDE 19-38
EG19.2 Control Chart for the Proportion: The p Chart 19-38
EG19.4 Control Chart for an Area of Opportunity:
The ¢ Chart 19-39
EG19.5 Control Charts for the Range and the Mean 19-40
EG19.6 Process Capability 19-41

120 Decision Making (online) zo-

USING STATISTICS: Reliable Decision Making 20-1
20.1 Payoff Tables and Decision Trees 20-6
20.2 Criteria for Decision Making 20-5

Maximax Payoff 20-7

Maximin Payoff 20-7

Expected Monetary Value 20-7

Expected Opportunity Loss 20-9

Return-to-Risk Ratio 20-11
20.3 Decision Making with Sample Information 20-16
20.4 Utility 20-21
CONSIDER THIS: Risky Business 20-22

USING STATISTICS: Reliable Decision Making,
Revisited 20-22

SUMMARY 20-23

REFERENCES 20-23

KEY EQUATIONS 20-23

KEY TERMS 20-23

CHAPTER REVIEW PROBLEMS 20-23

CASES FOR CHAPTER 20 20-26
Digital Case 20-26

CHAPTER 20 EXCEL GUIDE 20-27
EG 20.1 Payoff Tables and Decision Trees 20-27
EG 20.2 Criteria for Decision Making 20-27

Appendices 625

A. Basic Math Concepts and Symbols 626
A Operators 626
A2  Rules for Arithmetic Operations 626

CONTENTS Xix

A3 Rules for Algebra: Exponents and Square Roots 626
A4  Rules for Logarithms 627

A5 Summation Motation 628

AB  Greek Alphabet 631

B. Important Software Skills and Concepts 632
B.1 Identifying the Software Version 632
B.2 Formulas 632
B.3  Excel Cell References 633
B.4  Excel Worksheet Formatting 635
B.5E Excel Chart Formatting 636
B.5T Tableau Chart Formatting 637
B.6  Creating Histograms for Discrete Probability
Distributions (Excel) 638
B.7  Deleting the “Extra” Histogram Bar (Excel) 638

C. Online Resources 640
CA About the Online Resources for This Book 640
C.2 DataFiles 640
C.3  Microsoft Excel Files Integrated With This Book 646
C.4  Supplemental Files 646

D. Configuring Software 647
D.1 Microsoft Excel Configuration 647
D.2  Supplemental Files 648

E. Tables 649
E.1 Table of Random Numbers 649
E.2  The Cumulative Standardized Normal Distribution 651
E.3  Critical Values of f 653
E.4 Critical Values of y* 655
E.5  Critical Values of F 656
E.6 Lower and Upper Critical Values, T4, of the Wilcoxon
Rank Sum Test 660
E.7  Critical Values of the Studentized Range, Q 661

E.8  Critical Values, d, and dy;, of the Durbin-Watson Statistic, D

(Critical Values Are One-Sided) 663

E.9 Control Chart Factors 664

E.10 The Standardized Normal Distribution 665
F. Useful Knowledge 666

F.A Keyboard Shortcuts 666

F.2 Understanding the Nonstatistical Excel Functions 666
G. Software FAQs 668

G.1 Microsoft Excel FAQs 668

G.2 PHStat FAQs 668

G.3 Tableau FAQs 669
H. All About PHStat 670

H.1  What is PHStat? 670

H.2  Obtaining and Setting Up PHStat 671

H.3  Using PHStat 671

H.4  PHStat Procedures, by Category 672

Self-Test Solutions and Answers to
Selected Even-Numbered Problems 673

Index 713
Credits 720



This page intentionally left blank



Preface

s business statistics evolves and becomes an increasingly important part of one’s business

education, which topics get taught and how those topics are presented becomes all the

more important. As authors, we think about these issues as we seek ways to continuously
improve the quality of business statistics education. We actively participate in conferences and
meetings sponsored by the Decision Sciences Institute, American Statistical Association (ASA),
and INFORMS, the Institute for Operations Research and the Management Sciences. We use the
ASA’s Guidelines for Assessment and Instruction (GAISE) reports and combine them with our
experiences teaching business statistics to a diverse student body at several universities.

When writing a book for introductory business statistics students, four learning principles
guide us.

Help students see the relevance of statistics to their own careers by using examples from
the functional areas that may become their areas of specialization. Students need to learn
statistics in the context of the functional areas of business. We discuss every statistical method
using an example from a functional area, such as accounting, finance, management, or market-
ing, and explain the application of methods to specific business activities.

Emphasize interpretation and analysis of statistical results over calculation. We empha-
size the interpretation of results, the evaluation of the assumptions, and the discussion of what
should be done if the assumptions are violated. We believe that these activities are more impor-
tant to students’ futures and will serve them better than emphasizing tedious manual calculations.

Give students ample practice in understanding how to apply statistics to business. We
believe that both classroom examples and homework exercises should involve actual or realis-
tic data, using small and large sets of data, to the extent possible.

Integrate data analysis software with statistical learning. We integrate Microsoft Excel into
every statistics method that the book discusses in full. This integration illustrates how software
can assist the business decision-making process. In this edition, we also integrate using Tableau
into selected topics, where such integration makes best sense. (Integrating data analysis soft-
ware also supports our second principle about emphasizing interpretation over calculation.)

When thinking about introductory business statistics students using data analysis software,
three additional principles guide us.

Using software should model business best practices. We emphasize reusable templates and
model solutions over building unaudited solutions from scratch that may contain errors. Using
preconstructed and previously validated solutions not only models best practice but reflects
regulatory requirements that businesses face today.

Provide detailed sets of instructions that accommodate various levels of software use and
familiarity. Instruction sets should accommodate casual software users and as well as users
keen to use software to a deeper level. For most topics, we present PHStat and Workbook
instructions, two different sets that create identical statistical results.

Software instruction sets should be complete and contain known starting points. Vague
instructions that present statements such as “Use command X** that presume students can figure
out how to “get to” command X are distracting to learning. We provide instruction sets that have a
known starting point, typically in the form of “open to a specific worksheet in a specific workbook.”

XXi
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What’s New in This Edition?

This ninth edition of Statistics for Managers Using Microsoft Excel features many passages
rewritten in a more concise style that emphasize definitions as the foundation for understanding
statistical concepts. In addition to changes that readers of past editions have come to expect,
such as new examples and Using Statistics case scenarios and an extensive number of new end-
of-section or end-of-chapter problems, the edition debuts:

* Tabular Summaries that state hypothesis test and regression example results along with
the conclusions that those results support now appear in Chapters 10 through 13.

» Tableau Guides that explain how to use the data visualization software Tableau Public as
a complement to Microsoft Excel for visualizing data and regression analysis.

* A New Business Analytics Chapter (Chapter 17) that provides a complete introduction
to the field of business analytics. The chapter defines terms and categories that introductory
business statistics students may encounter in other courses or outside the classroom. This
chapter benefits from the insights the authors have gained from teaching and lecturing about
business analytics as well as research the authors have done for a forthcoming companion
book on business analytics.

Continuing Features That Readers Have Come to Expect

This edition of Statistics for Managers Using Microsoft Excel continues to incorporate a num-
ber of distinctive features that has led to its wide adoption over the previous editions. Table 1
summaries these carry-over features:

TABLE 1

Distinctive Features Continued in the Ninth Edition
Feature Details
Using Statistics Each chapter begins with a Using Statistics case scenario that presents a business
case scenarios problem or goal that illustrates the application of business statistics to provide

actionable information. For many chapters, scenarios also provide the scaffolding for
learning a series of related statistical methods. End-of-chapter “Revisited” sections
reinforce the statistical learning of a chapter by discussing how the methods and tech-
niques can be applied to the goal or problem that the case scenario considers,

In this edition, seven chapters have new or revised case scenarios.

Emphasis on interpretation of Statistics for Managers Using Microsoft Excel was among the first introductory busi-

the data analysis results ness statistics textbooks to focus on the interpretation of Microsoft Excel statistical
results. This tradition continues, now supplemented by Tableau (Public) results for
selected methods in which Tableau can enhance or complement Excel results.

Software integration and Software instructions feature chapter examples and were personally written by the
flexibility authors, who collectively have more than one hundred years of experience teaching
the application of business software.
With modularized Workbook, PHStat, and where applicable, Analysis Toolbook

instructions, both instructors and students can switch among these instruction sets as
they use this book with no loss of statistical learning.

Unique Excel workbooks Statistics for Managers Using Microsoft Excel comes with Excel Guide workbooks
that illustrate model solutions and provide template solutions to selected methods and
Visual Explorations, macro-enhanced workbooks that demonstrate selected basic con-
cepts. This book is fully integrated with PHStat, the Pearson statistical add-in for Excel
that places the focus on statistical learning that the authors designed and developed.

See Appendix H for a complete description of PHStat.
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TABLE 1 Distinctive Features Continued in the Ninth Edition (continued)

Feature

Details

In-chapter and
end-of-chapter reinforcements

Exhibits summarize key processes throughout the book. A key terms list provides

an index to the definitions of the important vocabulary of a chapter. “Learning the
Basics™ questions test the basic concepts of a chapter. “Applying the Concepts” prob-
lems test the learner’s ability to apply statistical methods to business problems. And,
for the more mathematically minded, “Key Equations™ list the boxed number equa-
tions that appear in a chapter.

End-of-chapter cases

End-of-chapter cases include a case that continues through most chapters and several
cases that reoccur throughout the book. “Digital Cases™ require students to examine
business documents and other information sources to sift through various claims and
discover the data most relevant to a business case problem. Many of these cases also
illustrate common misuses of statistical information.

The Instructor's Solutions Manual provides instructional tips for using cases as well
as solutions 1o the Digital Cases.

Answers to even-numbered
problems

An appendix provides additional self-study opportunities by provides answers to the
*“Self-Test” problems and most of the even-numbered problems in this book

Opportunities for
additional learning

In-margin student tips and LearnMore references reinforce important points and direct
students to additional learning resources. In-chapter Consider This essays reinforce
important concepts, examine side issues, or answer questions that arise while studying
business statistics, such as “What is so ‘normal’ about the normal distribution?”

Highly tailorable content

With an extensive library of separate online topics, sections, and even two full chap-
ters, instructors can combine these materials and the opportunities for additional
learning to meet their curricular needs.

Chapter-by-Chapter Changes Made for This Edition

Because the authors believe in continuous quality improvement, every chapter of Statistics
for Managers Using Microsoft Excel contains changes to enhance, update, or just freshen this
book. Table 2 provides a chapter-by-chapter summary of these changes.

TABLE 2

Using
Chapter-by-Chapter Statistics  Problems
Change Matrix Chapter  Changed Changed Selected Chapter Changes
First n.a. Updates opening section.
Things Retitles, revises, and expands old Section FTF.4 as
First Section FTF.4 and new Section FTE5 “Starting Point

for Using Microsoft Excel.”
Expands the First Things First Excel Guide.
Adds a First Things First Tableau Guide.

1 26% Old Sections 1.3 and 1.4 revised and expanded as new
Section 1.4 “Data Preparation.”
Adds a Chapter 1 Tableau Guide.

T
.

57% Uses new samples of 479 retirement funds and 100

restaurant meal costs for in-chapter examples.

Includes new examples for organizing and visualizing
categorical variables.

Uses updated scatter plot and time-series plot examples.

Adds new Section 2.8 “Filtering and Querying Data.”

Adds coverage of bubble charts, treemaps, and
(Tableau) colored scatter plots.

Revises and expands the Chapter 2 Excel Guide.

Adds a Chapter 2 Tableau Guide.
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TABLE 2

Using
Chapter-by-(_}hapter_ Statistics  Problems
Change Matrix (continued) Chapter  Changed Changed Selected Chapter Changes
3 . 52% Uses new samples of 479 retirement funds and 100
restaurant meal costs for in-chapter examples.
Includes updated Dogs of the Dow NBA team values
data sets.
Adds a Chapter 3 Tableau Guide.
-+ . 41% Uses the updated Using Statistics scenario for in-chapter
examples.
5 32% Adds a new exhibit that summarizes the binomial
distribution.
6 31% Uses new samples of 479 retirement funds for the nor-
mal probability plot example.
7 . 43% Enhances selected figures for additional clarity.
8 36% Presents a more realistic chapter opening illustration.

Revises Example 8.3 in Section 8.2 “Confidence
Interval Estimate for the Mean (o Unknown).”

9 29% Adds a new exhibit that summarizes fundamental
hypothesis testing concepts.
Revises Section 9.2 “ Test of Hypothesis for the Mean
(o Unknown)™ example such that the normality
assumption is not violated.
Revises examples in Section 9.3 “One-Tail Tests™ and
Section 9.4 “Z Test of Hypothesis for the Proportion.”

10 37% Uses the new tabular test summaries for the two-sample
t test, paired f test, and the Z test for the difference
between two proportions.

Includes new Section 10.1 passage “Evaluating the
Normality Assumption.”

Uses new (market basket) data for the paired “ test
example.

Enhances selected figures for additional clarity.

Contains general writing improvements throughout
chapter.

11 . 17% Presents an updated chapter opening illustration.

Uses revised data for the Using Statistics scenario for
in-chapter examples.

Uses the new tabular test summaries for the one-way
ANOVA results.

Presents discussion of the Levene test for the homoge-
neity of variance before the Tukey-Kramer multiple
comparisons procedure.

Revises Example 11.1 in Section 11.1 *One-Way
ANOVA.”

12 37% Uses the new tabular test summaries for the chi-square
tests, Wilcoxon rank sum test, and Kruskal-Wallis
rank test.

Category changes in text of independence example.

Uses revised data for Section 12.4 and 12.5 examples
for the Wilcoxon and Kruskal-Wallis tests.

Contains general writing improvements throughout
chapter.
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TABLE 2 Using
Chapter-by-Chapter Statistics  Problems
Change Matrix (continued) Chapter  Changed Changed Selected Chapter Changes

13 46% Reorganizes presentation of basic regression concepts
with new “Preliminary Analysis™ passage and a
revised Section 13.1 retitled as “Simple Linear
Regression Models.”

Revises the exhibit in Section 13.9 that summarizes
avoiding potential regression pitfalls.

Presents an updated chapter opening illustration.

Enhances selected figures for additional clarity.

Adds a Chapter 13 Tableau Guide.

14 29% Retitles Section 14.2 as “Evaluating Multiple Regression

Models.”

Uses tables to summarize the net effects in multiple
regression and residual analysis.

Uses the new tabular test summaries for the overall F
test, the ¢ test for the slope, and logistic regression.

Adds the new “What Is Not Normal? (Using a Categorical
Dependent Variable)” Consider This feature.

Adds a new section on cross-validation.

Enhances selected figures for additional clarity.

Contains general writing improvements throughout
chapter.

15 36% Uses the new tabular test summaries for the quadratic

regression results.

Revises Section 15.2 “Using Transformations in Regres-
sion Models.”

Replaces Example 5.2 in Section 15.2 with a new sales
analysis business example.

Reorganizes Section 15.4 “Model Building.”

Updates the Section 15.4 exhibit concerning steps for
successful model building.

Contains general writing improvements throughout
chapter.

16 . 67% Combines old Sections 16.1 and 16.2 into a revised

Section16.1 “Time-Series Component Factors.

Section 16.1 presents a new illustration of time-series
components.

Uses updated movie attendance time-series data for the
Section 16.2 example.

Uses new annual time-series revenue data for Alphabet
Inc. for Sections 16.3 and 16.5 examples.

Uses updated annual time-series revenue data for the
Coca-Cola Company in Section 16.4.

Uses new quarterly time-series revenue data for
Amazon.com, Inc. for the Section 16.6 example.

Uses updated data for moving averages and exponential
smoothing.

Uses updated data for the online Section 16.7 “Index
Numbers.”

17 4 100%  Completely new “Business Analytics” that expands and
updates old Sections 17.3 through 17.5.
Includes the new “What’s My Major If I Want to Be a
Data Miner?” Consider This feature.
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TABLE 2

Chapter-by-Chapter
Change Matrix (continued)

Serious About

Using
Statistics  Problems
Chapter  Changed Changed Selected Chapter Changes
18 35% Updates old Chapter 17 Sections 17.1 and 17.2 to form
the new version of the “Getting Ready to Analyze
Data in the Future” chapter,
Appendices n.a. Adds new Tableau sections to Appendices B, D,

and G.

Adds new Appendix B section about using non-
numerical labels in time-series plots.

Includes updated data files listing in Appendix C.

Writing Improvements

Ever read a textbook preface that claims writing improvements but offers no evidence? Among
the writing improvements in this edition of Statistics for Managers Using Microsoft Excel, the
authors have used tabular summaries to guide readers to reaching conclusions and making deci-
sions based on statistical information. The authors believe that this writing improvement, which
appears in Chapters 9 through 15, adds clarity to the purpose of the statistical method being
discussed and better illustrates the role of statistics in business decision-making processes.

For example, consider the following sample passage from Example 10.1 in Chapter 10 that
illustrates the use of the new tabular summaries.

Previously, part of the Example 10.1 solution was presented as:

You do not reject the null hypothesis because fgryr = —1.6341 > —1.7341. The p-value
(as computed in Figure 10.5) is 0.0598. This p-value indicates that the probability that
tsrar < —1.6341 is equal to 0.0598. In other words, if the population means are equal, the
probability that the sample mean delivery time for the local pizza restaurant is at least 2.18
minutes faster than the national chain is 0.0598. Because the p-value is greater than a = 0.03,
there is insufficient evidence to reject the null hypothesis. Based on these results, there is
insufficient evidence for the local pizza restaurant to make the advertising claim that it has a
faster delivery time.

In this edition, we present the equivalent solution (on page 316):

Table 10.4 summarizes the results of the pooled-variance ¢ test for the pizza delivery data
using the calculation above (not shown in this sample) and Figure 10.5 results. Based on the
conclusions. the local branch of the national chain and a local pizza restaurant have similar
delivery times. Therefore, as part of the last step of the DCOVA framework, you and your friends
exclude delivery time as a decision criteria when choosing from which store to order pizza.

TABLE 10.4 Pooled-variance t test summary for the delivery times for the two pizza
restaurants

Result Conclusions

The typar = —1.6341 is 1. Do not reject the null hypothesis H,.

greater than —1.7341. 2. Conclude that insufficient evidence exists that the mean
The t test p-value = 0.0598 is delivery time is lower for the local restaurant than for
greater than the level of signif- the branch of the national chain.

icance, @ = 0.05. 3. There is a probability of 0.0598 that gy < —1.6341.
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A Note of Thanks

Contact Us!

Creating a new edition of a textbook and its ancillaries requires a team effort with our publisher
and the authors are fortunate to work with Suzanna Bainbridge, Karen Montgomery, Rachel
Reeve, Alicia Wilson, Bob Carroll, Jean Choe, and Aimee Thorne of Pearson Education,
Readers who note the quality of the illustrations and software screen shots that appear through-
out the book should know that the authors are indebted to Joe Vetere of Pearson Education for
his expertise.

We also thank Sharon Cahill of SPi Global US, Inc., and Julie Kidd for their efforts to
maintain the highest standard of book production quality (and for being gracious in handling
the mistakes we make). We thank Gail Illich of McLennan Community College for preparing
the instructor resources and the solutions manual for this book and for helping refine prob-
lem questions throughout it. And we thank our colleagues in the Data, Analytics, and Statistics
Instruction Specific Interest Group (DASI SIG) of the Decision Sciences Institute for their ongo-
ing encouragement and exchange of ideas that assist us to continuously improve our content.

We strive to publish books without any errors and appreciate the efforts of Jennifer Blue,
James Lapp, Sheryl Nelson, and Scott Bennett to copy edit, accuracy check, and proofread our
book and to get us closer to our goal.

We thank the RAND Corporation and the American Society for Testing and Materials for
their kind permission to publish various tables in Appendix E, and to the American Statistical
Association for its permission to publish diagrams from the American Statistician. Finally, we
would like to thank our families for their patience, understanding, love, and assistance in mak-
ing this book a reality.

Please email us at authors@davidlevinestatistics.com with your questions about the con-
tents of this book. Please include the hashtag #SMUMED9 in the subject line of your email. We
always welcome suggestions you may have for a future edition of this book. And while we
have strived to make this book as error-free as possible, we also appreciate those who share
with us any issues or errors that they discover.

If you need assistance using software, please contact your academic support person or
Pearson Technical Support at support.pearson.com/getsupport/. They have the resources to
resolve and walk you through a solution to many technical issues in a way we do not.

As you use this book, be sure to make use of the “Resources for Success™ that Pearson
Education supplies for this book (described on the following pages). We also invite you to visit
smumeY.davidlevinestatistics.com, where we may post additional information, corrections,
and updated or new content to support this book.

David M. Levine
David F. Stephan
Kathryn A. Szabat
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