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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, sparklines, gauges, treemaps 

(Sections 2.2, 2.4, 2.6, 17.4)

Mean, median, mode, geometric mean, quartiles, 

range, interquartile range, standard deviation, variance, 

coe�cient of variation, skewness, kurtosis, boxplot, 

normal probability plot (Sections 3.1, 3.2, 3.3, 6.3)

Index numbers (online Section 16.8)

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 di�erence in the means of two 

 independent populations (Section 10.1)

Wilcoxon rank sum test (Section 12.4)

Paired t test (Section 10.2)

F test for the di�erence between two variances 

(Section 10.4)

Z test for the di�erence between 

two proportions (Section 10.3)

Chi-square test for the di�erence 

between two proportions  

(Section 12.1)

McNemar test for two related  

samples (online Section 12.6)

Comparing more than 

two groups

One-way analysis of variance for comparing several 

means (Section 11.1)

Kruskal-Wallis test (Section 12.5)

Two-way analysis of variance (Section 11.2)

Randomized block design (online Section 11.3)

Chi-square test for di�erences 

among more than two proportions 

(Section 12.2)

Analyzing the  

relationship between 

two variables

Scatter plot, time-series plot (Section 2.5)

Covariance, coe�cient of correlation (Section 3.5)

Simple linear regression (Chapter 13)

t test of correlation (Section 13.7)

Time-series forecasting (Chapter 16)

Sparklines (Section 2.6)

Contingency table, side-by-side bar 

chart, doughnut 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

Multiple regression (Chapters 14 and 15)

Regression trees (Section 17.5)

Multidimensional contingency 

 tables (Section 2.6)

Drilldown and slicers (Section 2.6)

Logistic regression (Section 14.7)

Classification trees (Section 17.5)
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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 Making Statistics More Effective 

in Schools and Business (MSMESB) 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.

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 the SEDSI con-

ference and the DSI MSMESB mini-conferences, sometimes with his coauthors. Stephan earned a 

B.A. from Franklin & Marshall College and an M.S. from Baruch College, CUNY, and he studied 

instructional technology 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 enhance-

ments, 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 

business, 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 MSMESB. 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. degree 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.

About the Authors

Kathryn Szabat, David Levine, and David Stephan

A01_LEVI3054_08_SE_FM.indd   6 12/22/15   4:25 PM



vii

Preface xvii

First Things First 1

 1 Defining and Collecting Data 12

 2 Organizing and Visualizing Variables 32

 3 Numerical Descriptive Measures 95

 4 Basic Probability 141

 5 Discrete Probability Distributions 166

 6 The Normal Distribution and Other Continuous Distributions 189

 7 Sampling Distributions 216

 8 Confidence Interval Estimation 237

 9 Fundamentals of Hypothesis Testing: One-Sample Tests 270

 10 Two-Sample Tests 307

 11 Analysis of Variance 348

 12 Chi-Square Tests and Nonparametric Tests 386

 13 Simple Linear Regression 427

 14 Introduction to Multiple Regression 475

 15 Multiple Regression Model Building 521

 16 Time-Series Forecasting 553

 17 Getting Ready To Analyze Data In The Future 598

 18 Statistical Applications in Quality Management (online) 18-1

 19 Decision Making (online) 19-1

Appendices A–G 613

Self-Test Solutions and Answers to Selected Even-Numbered Problems 661

Index 692

Credits 699

Brief Contents

A01_LEVI3054_08_SE_FM.indd   7 29/12/15   1:04 AM



viii

1.4 Data Preparation 20

Data Cleaning 20

Data Formatting 21

Stacked and Unstacked Variables 21

Recoding Variables 22

1.5 Types of Survey Errors 23

Coverage Error 23

Nonresponse Error 23

Sampling Error 23

Measurement Error 24

Ethical Issues About Surveys 24

CONSIDER THIS: New Media Surveys/Old Survey 

Errors  24

USING STATISTICS: Defining Moments, Revisited 26

SUMMARY 26

REFERENCES 26

KEY TERMS 26

CHECKING YOUR UNDERSTANDING 27

CHAPTER REVIEW PROBLEMS 27

CASES FOR CHAPTER 1 28

 Managing Ashland MultiComm Services 28

 CardioGood Fitness 28

 Clear Mountain State Student Survey 29

 Learning with the Digital Cases 29

CHAPTER 1 EXCEL GUIDE 30

EG1.1 Defining Variables 30

EG1.2 Collecting Data 30

EG1.3 Types of Sampling Methods 31

2 Organizing and Visualizing 
Variables 32

USING STATISTICS: “The Choice Is Yours” 32

2.1 Organizing Categorical Variables 33

The Summary Table 33

The Contingency Table 34

2.2  Organizing Numerical Variables 37

The Frequency Distribution 38

Classes and Excel Bins 40

The Relative Frequency Distribution and the Percentage 

Distribution 41

The Cumulative Distribution 43

2.3  Visualizing Categorical Variables 46

The Bar Chart 46

The Pie Chart and the Doughnut Chart 47

Preface xvii

Contents

First Things First 1

USING STATISTICS: “The Price of Admission” 1

Now Appearing on Broadway . . . and Everywhere Else 2

FTF.1 Think Differently About Statistics 2

Statistics: A Way of Thinking 2

Analytical Skills More Important than Arithmetic Skills 3

Statistics: An Important Part of Your Business Education 3

FTF.2 Business Analytics: The Changing Face of Statistics 4

“Big Data” 4

Structured Versus Unstructured Data 4

FTF.3 Getting Started Learning Statistics 5

Statistic 5

Can Statistics (pl., Statistic) Lie? 6

FTF.4 Preparing to Use Microsoft Excel for Statistics 6

Reusability Through Recalculation 7

Practical Matters: Skills You Need 7

Ways of Working with Excel 7

Excel Guides 8

Which Excel Version to Use? 8

Conventions Used 8

REFERENCES 9

KEY TERMS 9

EXCEL GUIDE 10

EG.1 Entering Data 10

EG.2 Reviewing Worksheets 10

EG.3 If You Plan to Use the Workbook Instructions 11

1  Defining and Collecting 
Data 12

USING STATISTICS: Defining Moments 12

1.1 Defining Variables 13

Classifying Variables by Type 14

Measurement Scales 14

1.2 Collecting Data 15

Populations and Samples 16

Data Sources 16

1.3 Types of Sampling Methods 17

Simple Random Sample 18

Systematic Sample 18

Stratified Sample 19

Cluster Sample 19

A01_LEVI3054_08_SE_FM.indd   8 12/22/15   4:25 PM



 CONTENTS ix

The Variance and the Standard Deviation 102

EXHIBIT: Manually Calculating the Sample Variance, S2, and 

Sample Standard Deviation, S 103

The Coefficient of Variation 105

Z Scores 106

Shape: Skewness 108

Shape: Kurtosis 108

3.3 Exploring Numerical Data 113

Quartiles 113

EXHIBIT: Rules for Calculating the Quartiles from a Set of 

Ranked Values 113

The Interquartile Range 115

The Five-Number Summary 115

The Boxplot 117

3.4 Numerical Descriptive Measures for a  

Population 119

The Population Mean 120

The Population Variance and Standard Deviation 120

The Empirical Rule 121

Chebyshev’s Theorem 122

3.5 The Covariance and the Coefficient of Correlation 124

The Covariance 124

The Coefficient of Correlation 125

3.6 Statistics: Pitfalls and Ethical Issues 130

USING STATISTICS: More Descriptive Choices, 

Revisited 130

SUMMARY 130

REFERENCES 131

KEY EQUATIONS 131

KEY TERMS 132

CHECKING YOUR UNDERSTANDING 132

CHAPTER REVIEW PROBLEMS 133

CASES FOR CHAPTER 3 136

 Managing Ashland MultiComm Services 136

 Digital Case 136

 CardioGood Fitness 136

 More Descriptive Choices Follow-up 136

 Clear Mountain State Student Survey 136

CHAPTER 3 EXCEL GUIDE 137

EG3.1 Central Tendency 137

EG3.2 Variation and Shape 138

EG3.3 Exploring Numerical Data 138

EG3.4  Numerical Descriptive Measures for a Population 139

EG3.5  The Covariance and the Coefficient of Correlation 139

4 Basic Probability 141

USING STATISTICS: Possibilities at M&R Electronics 

World 141

4.1 Basic Probability Concepts 142

Events and Sample Spaces 143

Contingency Tables 145

Simple Probability 145

Joint Probability 146

Marginal Probability 147

General Addition Rule 147

The Pareto Chart 48

Visualizing Two Categorical Variables 50

2.4 Visualizing Numerical Variables 52

The Stem-and-Leaf Display 53

The Histogram 54

The Percentage Polygon 55

The Cumulative Percentage Polygon (Ogive) 56

2.5 Visualizing Two Numerical Variables 59

The Scatter Plot 59

The Time-Series Plot 61

2.6 Organizing and Visualizing a Mix of Variables 63

Multidimensional Contingency Table 63

Adding a Numerical Variable to a Multidimensional 

Contingency Table 64

Drill Down 64

Excel Slicers 65

PivotChart 66

Sparklines 66

2.7 The Challenge in Organizing and Visualizing 

Variables 68

Obscuring Data 68

Creating False Impressions 69

Chartjunk 70

EXHIBIT: Best Practices for Creating Visualizations 72

USING STATISTICS: The Choice Is Yours, Revisited 73

SUMMARY 73

REFERENCES 74

KEY EQUATIONS 74

KEY TERMS 75

CHECKING YOUR UNDERSTANDING 75

CHAPTER REVIEW PROBLEMS 75

CASES FOR CHAPTER 2 80

 Managing Ashland MultiComm Services 80

 Digital Case 80

 CardioGood Fitness 81

 The Choice Is Yours Follow-Up 81

 Clear Mountain State Student Survey  81

CHAPTER 2 EXCEL GUIDE 82

EG2.1 Organizing Categorical Variables 82

EG2.2 Organizing Numerical Variables 84

EG2.3 Visualizing Categorical Variables 86

EG2.4 Visualizing Numerical Variables 88

EG2.5 Visualizing Two Numerical Variables 92

EG2.6 Organizing and Visualizing a Set of Variables 92

3 Numerical Descriptive 
Measures 95

USING STATISTICS: More Descriptive Choices 95

3.1 Central Tendency 96

The Mean 96

The Median 98

The Mode 99

The Geometric Mean 100

3.2 Variation and Shape 101

The Range 101

A01_LEVI3054_08_SE_FM.indd   9 12/22/15   4:25 PM



x CONTENTS

EG5.2 Binomial Distribution 187

EG5.3 Poisson Distribution 188

6 The Normal Distribution 
and Other Continuous 
Distributions 189

USING STATISTICS: Normal Load Times at MyTVLab 189

6.1 Continuous Probability Distributions 190

6.2 The Normal Distribution 191

EXHIBIT: Normal Distribution Important Theoretical 

Properties 191

Computing Normal Probabilities 192

VISUAL EXPLORATIONS: Exploring the Normal 

Distribution 198

Finding X Values 198

CONSIDER THIS: What Is Normal? 202

6.3 Evaluating Normality 203

Comparing Data Characteristics to Theoretical 

Properties 204

Constructing the Normal Probability Plot 205

6.4 The Uniform Distribution 207

6.5 The Exponential Distribution 209

6.6 The Normal Approximation to the Binomial 

Distribution 209

USING STATISTICS: Normal Load Times…, Revisited 210

SUMMARY 210

REFERENCES 210

KEY EQUATIONS 211

KEY TERMS 211

CHECKING YOUR UNDERSTANDING 211

CHAPTER REVIEW PROBLEMS 211

CASES FOR CHAPTER 6 213

 Managing Ashland MultiComm Services 213

 CardioGood Fitness 213

 More Descriptive Choices Follow-up 213

 Clear Mountain State Student Survey 213

 Digital Case 213

CHAPTER 6 EXCEL GUIDE 214

EG6.1 Continuous Probability Distributions 214

EG6.2 The Normal Distribution 214

EG6.3 Evaluating Normality 124

7 Sampling Distributions 216

USING STATISTICS: Sampling Oxford Cereals 216

7.1 Sampling Distributions 217

7.2 Sampling Distribution of the Mean 217

The Unbiased Property of the Sample Mean 217

Standard Error of the Mean 219

Sampling from Normally Distributed Populations 220

Sampling from Non-normally Distributed Populations— 

The Central Limit Theorem 223

4.2 Conditional Probability 151

Computing Conditional Probabilities 151

Decision Trees 152

Independence 154

Multiplication Rules 155

Marginal Probability Using the General Multiplication 

Rule 156

4.3 Ethical Issues and Probability 158

4.4 Bayes’ Theorem 159

CONSIDER THIS: Divine Providence and Spam 159

4.5 Counting Rules 160

USING STATISTICS: Possibilities at M&R Electronics 

World, Revisited 161

SUMMARY 161

REFERENCES 161

KEY EQUATIONS 161

KEY TERMS 162

CHECKING YOUR UNDERSTANDING 162

CHAPTER REVIEW PROBLEMS 162

CASES FOR CHAPTER 4 164

 Digital Case 164

 CardioGood Fitness 164

 The Choice Is Yours Follow-Up 164

 Clear Mountain State Student Survey 164

CHAPTER 4 EXCEL GUIDE 165

EG4.1 Basic Probability Concepts 165

EG4.4 Bayes’ Theorem 165

5 Discrete Probability 
Distributions 166

USING STATISTICS: Events of Interest at Ricknel Home 

Centers 166

5.1 The Probability Distribution for a Discrete Variable 167

Expected Value of a Discrete Variable 167

Variance and Standard Deviation of a Discrete Variable 168

5.2 Binomial Distribution 171

5.3 Poisson Distribution 178

5.4 Covariance of a Probability Distribution and its 

Application in Finance 181

5.5 Hypergeometric Distribution 182

USING STATISTICS: Events of Interest…, Revisited 182

SUMMARY 182

REFERENCES 182

KEY EQUATIONS 182

KEY TERMS 183

CHECKING YOUR UNDERSTANDING 183

CHAPTER REVIEW PROBLEMS 183

CASES FOR CHAPTER 5 185

 Managing Ashland MultiComm Services 185

 Digital Case 186

CHAPTER 5 EXCEL GUIDE 187

EG5.1 The Probability Distribution for a Discrete Variable 187

A01_LEVI3054_08_SE_FM.indd   10 12/22/15   4:25 PM



 CONTENTS xi

 More Descriptive Choices Follow-Up 267

 Clear Mountain State Student Survey 267

CHAPTER 8 EXCEL GUIDE 268

EG8.1 Confidence Interval Estimate for the Mean (s Known) 268

EG8.2 Confidence Interval Estimate for the Mean (s Unknown) 268

EG8.3 Confidence Interval Estimate for the Proportion 269

EG8.4 Determining Sample Size 269

9 Fundamentals of Hypothesis 
Testing: One-Sample Tests 270

USING STATISTICS: Significant Testing at Oxford 

Cereals 270

9.1 Fundamentals of Hypothesis-Testing Methodology 271

The Null and Alternative Hypotheses 271

The Critical Value of the Test Statistic 272

Regions of Rejection and Nonrejection 273

Risks in Decision Making Using Hypothesis Testing 273

Z Test for the Mean (s Known) 276

Hypothesis Testing Using the Critical Value Approach 276

EXHIBIT: The Critical Value Approach to Hypothesis 

Testing 277

Hypothesis Testing Using the p-Value Approach 279

EXHIBIT: The p-Value Approach to Hypothesis  

Testing 280

A Connection Between Confidence Interval Estimation and 

Hypothesis Testing 281

Can You Ever Know the Population Standard  

Deviation? 282

9.2 t Test of Hypothesis for the Mean (s Unknown) 284

The Critical Value Approach 284

p-Value Approach 286

Checking the Normality Assumption 286

9.3 One-Tail Tests 290

The Critical Value Approach 290

The p-Value Approach 291

EXHIBIT: The Null and Alternative Hypotheses  

in One-Tail Tests 293

9.4 Z Test of Hypothesis for the Proportion 294

The Critical Value Approach 295

The p-Value Approach 296

9.5 Potential Hypothesis-Testing Pitfalls and Ethical 

Issues 298

EXHIBIT: Questions for the Planning Stage of Hypothesis 

Testing 298

Statistical Significance Versus Practical Significance 299

Statistical Insignificance Versus Importance 299

Reporting of Findings 299

Ethical Issues 299

9.6 Power of the Test 300

USING STATISTICS: Significant Testing. . ., Revisited 300

SUMMARY 300

REFERENCES 301

KEY EQUATIONS 301

KEY TERMS 301

CHECKING YOUR UNDERSTANDING 301

CHAPTER REVIEW PROBLEMS 302

EXHIBIT: Normality and the Sampling Distribution  

of the Mean 224

VISUAL EXPLORATIONS: Exploring Sampling 

Distributions 227

7.3 Sampling Distribution of the Proportion 228

USING STATISTICS: Sampling Oxford Cereals, Revisited 231

SUMMARY 232

REFERENCES 232

KEY EQUATIONS 232

KEY TERMS 232

CHECKING YOUR UNDERSTANDING 233

CHAPTER REVIEW PROBLEMS 233

CASES FOR CHAPTER 7 235

 Managing Ashland Multicomm Services 235

 Digital Case 235

CHAPTER 7 EXCEL GUIDE 236

EG7.2 Sampling Distribution of the Mean 236

8 Confidence Interval 
Estimation 237

USING STATISTICS: Getting Estimates at Ricknel Home 

Centers 237

8.1 Confidence Interval Estimate for the Mean (s Known) 238

Can You Ever Know the Population Standard  

Deviation? 243

8.2 Confidence Interval Estimate for the Mean  

(s Unknown) 244

Student’s t Distribution 244

Properties of the t Distribution 245

The Concept of Degrees of Freedom 246

The Confidence Interval Statement 247

8.3 Confidence Interval Estimate for the Proportion 252

8.4 Determining Sample Size 255

Sample Size Determination for the Mean 255

Sample Size Determination for the Proportion 257

8.5 Confidence Interval Estimation and Ethical Issues 260

8.6 Application of Confidence Interval Estimation in 

Auditing 261

8.7 Estimation and Sample Size Estimation for Finite 

Populations 261

8.8 Bootstrapping 261

USING STATISTICS: Getting Estimates. . ., Revisited 261

SUMMARY 262

REFERENCES 262

KEY EQUATIONS 262

KEY TERMS 263

CHECKING YOUR UNDERSTANDING 263

CHAPTER REVIEW PROBLEMS 263

CASES FOR CHAPTER 8 266

 Managing Ashland MultiComm Services 266

 Digital Case 267

 Sure Value Convenience Stores 267

 CardioGood Fitness 267

A01_LEVI3054_08_SE_FM.indd   11 12/22/15   4:25 PM



xii CONTENTS

11 Analysis of Variance 348

USING STATISTICS: The Means to Find Differences at 

Arlingtons 348

11.1 The Completely Randomized Design: One-Way 

ANOVA 349

Analyzing Variation in One-Way ANOVA 350

F Test for Differences Among More Than Two Means 352

One-Way ANOVA F Test Assumptions 356

Levene Test for Homogeneity of Variance 357

Multiple Comparisons: The Tukey-Kramer Procedure 358

The Analysis of Means (ANOM) 360

11.2 The Factorial Design: Two-Way ANOVA 363

Factor and Interaction Effects 364

Testing for Factor and Interaction Effects 366

Multiple Comparisons: The Tukey Procedure 369

Visualizing Interaction Effects: The Cell Means Plot 371

Interpreting Interaction Effects 371

11.3 The Randomized Block Design 375

11.4 Fixed Effects, Random Effects, and Mixed Effects 

Models 375

USING STATISTICS: The Means to Find Differences at 

Arlingtons Revisited 375

SUMMARY 376

REFERENCES 376

KEY EQUATIONS 376

KEY TERMS 377

CHECKING YOUR UNDERSTANDING 378

CHAPTER REVIEW PROBLEMS 378

CASES FOR CHAPTER 11 380

 Managing Ashland MultiComm Services 380

 PHASE 1 380

 PHASE 2 380

 Digital Case 381

 Sure Value Convenience Stores 381

 CardioGood Fitness 381

 More Descriptive Choices Follow-Up 381

 Clear Mountain State Student Survey 381

CHAPTER 11 EXCEL GUIDE 382

EG11.1 The Completely Randomized Design: One-Way ANOVA 382

EG11.2 The Factorial Design: Two-Way ANOVA 384

12 Chi-Square and 
Nonparametric Tests 386

USING STATISTICS: Avoiding Guesswork about Resort 

Guests 386

12.1 Chi-Square Test for the Difference Between Two 

Proportions 387

12.2 Chi-Square Test for Differences Among More Than Two 

Proportions 394

The Marascuilo Procedure 397

The Analysis of Proportions (ANOP) 399

12.3 Chi-Square Test of Independence 400

CASES FOR CHAPTER 9 304

 Managing Ashland MultiComm Services 304

 Digital Case 304

 Sure Value Convenience Stores 304

CHAPTER 9 EXCEL GUIDE 305

EG9.1  Fundamentals of Hypothesis-Testing Methodology 305

EG9.2 t Test of Hypothesis for the Mean (s Unknown) 305

EG9.3 One-Tail Tests 306

EG9.4 Z Test of Hypothesis for the Proportion 306

10 Two-Sample Tests 307

USING STATISTICS: Differing Means for Selling Streaming 

Media Players at Arlingtons? 307

10.1 Comparing the Means of Two Independent 

Populations 308

Pooled-Variance t Test for the Difference Between Two 

Means 308

Confidence Interval Estimate for the Difference Between Two 

Means 313

t Test for the Difference Between Two Means, Assuming 

Unequal Variances 314

CONSIDER THIS: Do People Really Do This? 315

10.2 Comparing the Means of Two Related Populations 317

Paired t Test 318

Confidence Interval Estimate for the Mean  

Difference 323

10.3 Comparing the Proportions of Two Independent 

Populations 325

Z Test for the Difference Between Two Proportions 326

Confidence Interval Estimate for the Difference Between Two 

Proportions 330

10.4 F Test for the Ratio of Two Variances 332

10.5 Effect Size 336

USING STATISTICS: Differing Means for Selling. . ., 

Revisited 337

SUMMARY 337

REFERENCES 338

KEY EQUATIONS 338

KEY TERMS 339

CHECKING YOUR UNDERSTANDING 339

CHAPTER REVIEW PROBLEMS 339

CASES FOR CHAPTER 10 341

 Managing Ashland MultiComm Services 341

 Digital Case 342

 Sure Value Convenience Stores 342

 CardioGood Fitness 342

 More Descriptive Choices Follow-Up 342

 Clear Mountain State Student Survey 342

CHAPTER 10 EXCEL GUIDE 343

EG10.1  Comparing The Means of Two Independent 

Populations 343

EG10.2 Comparing the Means of Two Related Populations 345

EG10.3  Comparing the Proportions of Two Independent 

Populations 346

EG10.4 F Test for the Ratio of Two Variances 347

A01_LEVI3054_08_SE_FM.indd   12 12/22/15   4:25 PM



 CONTENTS xiii

13.6 Measuring Autocorrelation: The Durbin-Watson 

Statistic 447

Residual Plots to Detect Autocorrelation 447

The Durbin-Watson Statistic 448

13.7 Inferences About the Slope and Correlation Coefficient 451

t Test for the Slope 451

F Test for the Slope 453

Confidence Interval Estimate for the Slope 454

t Test for the Correlation Coefficient 455

13.8 Estimation of Mean Values and Prediction of Individual 

Values 458

The Confidence Interval Estimate for the Mean Response 458

The Prediction Interval for an Individual Response 459

13.9 Potential Pitfalls in Regression 462

EXHIBIT: Six Steps for Avoiding the Potential Pitfalls 462

USING STATISTICS: Knowing Customers. . ., Revisited 464

SUMMARY 464

REFERENCES 465

KEY EQUATIONS 466

KEY TERMS 467

CHECKING YOUR UNDERSTANDING 467

CHAPTER REVIEW PROBLEMS 467

CASES FOR CHAPTER 13 471

 Managing Ashland MultiComm Services 471

 Digital Case 471

 Brynne Packaging 471

CHAPTER 13 EXCEL GUIDE 472

EG13.2 Determining the Simple Linear Regression Equation 472

EG13.3 Measures of Variation 473

EG13.4 Assumptions of Regression 473

EG13.5 Residual Analysis 473

EG13.6  Measuring Autocorrelation: The Durbin-Watson Statistic 474

EG13.7 Inferences about the Slope and Correlation Coefficient 474

EG13.8  Estimation of Mean Values and Prediction of Individual 

Values 474

14 Introduction to Multiple 
Regression 475

USING STATISTICS: The Multiple Effects of OmniPower 

Bars 475

14.1 Developing a Multiple Regression Model 476

Interpreting the Regression Coefficients 476

Predicting the Dependent Variable Y 479

14.2 r2, Adjusted r2, and the Overall F Test 481

Coefficient of Multiple Determination 481

Adjusted r2 481

Test for the Significance of the Overall Multiple Regression 

Model 482

14.3 Residual Analysis for the Multiple Regression Model 484

14.4 Inferences Concerning the Population Regression 

Coefficients 486

Tests of Hypothesis 486

Confidence Interval Estimation 487

14.5 Testing Portions of the Multiple Regression Model 489

Coefficients of Partial Determination 493

12.4 Wilcoxon Rank Sum Test: A Nonparametric Method for 

Two Independent Populations 406

12.5 Kruskal-Wallis Rank Test: A Nonparametric Method for 

the One-Way ANOVA 412

Assumptions 415

12.6 McNemar Test for the Difference Between Two 

Proportions (Related Samples) 417

12.7 Chi-Square Test for the Variance or Standard 

Deviation 417

USING STATISTICS: Avoiding Guesswork. . ., Revisited 418

SUMMARY 418

REFERENCES 419

KEY EQUATIONS 419

KEY TERMS 420

CHECKING YOUR UNDERSTANDING 420

CHAPTER REVIEW PROBLEMS 420

CASES FOR CHAPTER 12 422

 Managing Ashland MultiComm Services 422

 PHASE 1 422

 PHASE 2 422

 Digital Case 423

 Sure Value Convenience Stores 423

 CardioGood Fitness 423

 More Descriptive Choices Follow-Up 423

 Clear Mountain State Student Survey 423

CHAPTER 12 EXCEL GUIDE 424

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

Proportions 424

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

Proportions 424

EG12.3 Chi-Square Test of Independence 425

EG12.4  Wilcoxon Rank Sum Test: a Nonparametric Method for Two 

Independent Populations 425

EG12.5  Kruskal-Wallis Rank Test: a Nonparametric Method for the 

One-Way ANOVA 426

13 Simple Linear Regression 427

USING STATISTICS: Knowing Customers at Sunflowers 

Apparel 427

13.1 Types of Regression Models 428

Simple Linear Regression Models 429

13.2 Determining the Simple Linear Regression Equation 430

The Least-Squares Method 430

Predictions in Regression Analysis: Interpolation Versus 

Extrapolation 433

Computing the Y Intercept, b0 and the Slope, b1 433

VISUAL EXPLORATIONS: Exploring Simple Linear 

Regression Coefficients 436

13.3 Measures of Variation 438

Computing the Sum of Squares 438

The Coefficient of Determination 439

Standard Error of the Estimate 441

13.4 Assumptions of Regression 443

13.5 Residual Analysis 443

Evaluating the Assumptions 443

A01_LEVI3054_08_SE_FM.indd   13 12/22/15   4:25 PM



xiv CONTENTS

 Sure Value Convenience Stores 549

 Digital Case 549

 The Craybill Instrumentation Company Case 549

 More Descriptive Choices Follow-Up 550

CHAPTER 15 EXCEL GUIDE 551

EG15.1 The Quadratic Regression Model 551

EG15.2 Using Transformations In Regression Models 551

EG15.3 Collinearity 552

EG15.4 Model Building 552

16 Time-Series Forecasting 553

USING STATISTICS: Principled Forecasting 553

16.1 The Importance of Business Forecasting 554

16.2 Component Factors of Time-Series Models 554

16.3 Smoothing an Annual Time Series 555

Moving Averages 556

Exponential Smoothing 558

16.4 Least-Squares Trend Fitting and Forecasting 561

The Linear Trend Model 561

The Quadratic Trend Model 563

The Exponential Trend Model 564

Model Selection Using First, Second, and Percentage 

Differences 566

16.5 Autoregressive Modeling for Trend Fitting and 

Forecasting 571

Selecting an Appropriate Autoregressive Model 572

Determining the Appropriateness of a Selected Model 573

EXHIBIT: Autoregressive Modeling Steps 575

16.6 Choosing an Appropriate Forecasting Model 580

Performing a Residual Analysis 580

Measuring the Magnitude of the Residuals Through Squared 

or Absolute Differences 581

Using the Principle of Parsimony 581

A Comparison of Four Forecasting Methods 581

16.7 Time-Series Forecasting of Seasonal Data 583

Least-Squares Forecasting with Monthly or Quarterly Data 584

16.8 Index Numbers 589

CONSIDER THIS: Let the Model User Beware 589

USING STATISTICS: Principled Forecasting, Revisited 589

SUMMARY 590

REFERENCES 591

KEY EQUATIONS 591

KEY TERMS 592

CHECKING YOUR UNDERSTANDING 592

CHAPTER REVIEW PROBLEMS 592

CASES FOR CHAPTER 16 593

 Managing Ashland MultiComm Services 593

 Digital Case 593

CHAPTER 16 EXCEL GUIDE 594

EG16.3 Smoothing an Annual Time Series 594

EG16.4 Least-Squares Trend Fitting and Forecasting 595

EG16.5  Autoregressive Modeling for Trend Fitting and 

Forecasting 596

EG16.6 Choosing an Appropriate Forecasting Model 596

EG16.7 Time-Series Forecasting of Seasonal Data 597

14.6 Using Dummy Variables and Interaction Terms in 

Regression Models 495

Interactions 497

14.7 Logistic Regression 504

USING STATISTICS: The Multiple Effects . . ., Revisited 509

SUMMARY 509

REFERENCES 511

KEY EQUATIONS 511

KEY TERMS 512

CHECKING YOUR UNDERSTANDING 512

CHAPTER REVIEW PROBLEMS 512

CASES FOR CHAPTER 14 515

 Managing Ashland MultiComm Services 515

 Digital Case 515

CHAPTER 14 EXCEL GUIDE 517

EG14.1 Developing a Multiple Regression Model 517

EG14.2 r2, Adjusted r2, and the Overall F Test 518

EG14.3 Residual Analysis for the Multiple Regression Model 518

EG14.4  Inferences Concerning the Population Regression 

Coefficients 519

EG14.5 Testing Portions of the Multiple Regression Model 519

EG14.6  Using Dummy Variables and Interaction Terms in  

Regression Models 519

EG14.7 Logistic Regression 520

15 Multiple Regression Model 
Building 521

USING STATISTICS: Valuing Parsimony at WSTA-TV 521

15.1 Quadratic Regression Model 522

Finding the Regression Coefficients and Predicting Y 522

Testing for the Significance of the Quadratic Model 525

Testing the Quadratic Effect 525

The Coefficient of Multiple Determination 527

15.2 Using Transformations in Regression Models 529

The Square-Root Transformation 529

The Log Transformation 531

15.3 Collinearity 534

15.4 Model Building 535

The Stepwise Regression Approach to Model Building 537

The Best Subsets Approach to Model Building 538

Model Validation 541

EXHIBIT: Steps for Successful Model Building 542

15.5 Pitfalls in Multiple Regression and Ethical Issues 544

Pitfalls in Multiple Regression 544

Ethical Issues 544

USING STATISTICS: Valuing Parsimony…, Revisited 544

SUMMARY 545

REFERENCES 546

KEY EQUATIONS 546

KEY TERMS 546

CHECKING YOUR UNDERSTANDING 546

CHAPTER REVIEW PROBLEMS 546

CASES FOR CHAPTER 15 548

 The Mountain States Potato Company 548

A01_LEVI3054_08_SE_FM.indd   14 12/22/15   4:25 PM



 CONTENTS xv

18.4 Control Chart for an Area of Opportunity: The c Chart 18-12

18.5 Control Charts for the Range and the Mean 18-15

The R Chart 18-16

The 
_
X Chart 18-18

18.6 Process Capability 18-21

Customer Satisfaction and Specification Limits 18-21

Capability Indices 18-23

CPL, CPU, and Cpk 18-24

18.7 Total Quality Management 18-26

18.8 Six Sigma 18-28

The DMAIC Model 18-29

Roles in a Six Sigma Organization 18-30

Lean Six Sigma 18-30

USING STATISTICS: Finding Quality at the Beachcomber, 

Revisited 18-31

SUMMARY 18-31

REFERENCES 18-32

KEY EQUATIONS 18-32

KEY TERMS 18-33

CHAPTER REVIEW PROBLEMS 18-34

CASES FOR CHAPTER 18 18-36

 The Harnswell Sewing Machine Company  

Case 18-36

 Managing Ashland Multicomm Services 18-38

CHAPTER 18 EXCEL GUIDE 18-39

EG18.1 The Theory of Control Charts 18-39

EG18.2 Control Chart for the Proportion: The p Chart 18-39

EG18.3  The Red Bead Experiment: Understanding Process 

Variability 18-40

EG18.4  Control Chart for an Area of Opportunity: The c Chart 18-40

EG18.5 Control Charts for the Range and the Mean 18-41

EG18.6 Process Capability 18-42

19 Decision Making (online) 19-1

USING STATISTICS: Reliable Decision Making 19-1

19.1 Payoff Tables and Decision Trees 19-2

19.2 Criteria for Decision Making 19-6

Maximax Payoff 19-6

Maximin Payoff 19-7

Expected Monetary Value 19-7

Expected Opportunity Loss 19-9

Return-to-Risk Ratio 19-11

19.3 Decision Making with Sample Information 19-16

19.4 Utility 19-21

CONSIDER THIS: Risky Business 19-22

USING STATISTICS: Reliable Decision-Making, 

Revisited 19-22

SUMMARY 19-23

REFERENCES 19-23

KEY EQUATIONS 19-23

KEY TERMS 19-23

CHAPTER REVIEW PROBLEMS 19-23

CASES FOR CHAPTER 19 19-26

 Digital Case 19-26

17 Getting Ready to Analyze 
Data in the Future 598

USING STATISTICS: Mounting Future Analyses 598

17.1 Analyzing Numerical Variables 599

EXHIBIT: Questions to Ask When Analyzing Numerical 

Variables 599

Describe the Characteristics of a Numerical Variable? 599

Reach Conclusions about the Population Mean or the 

Standard Deviation? 599

Determine Whether the Mean and/or Standard Deviation 

Differs Depending on the Group? 600

Determine Which Factors Affect the Value of a Variable? 600

Predict the Value of a Variable Based on the Values of Other 

Variables? 601

Determine Whether the Values of a Variable Are Stable Over 

Time? 601

17.2 Analyzing Categorical Variables 601

EXHIBIT: Questions to Ask When Analyzing Categorical 

Variables 601

Describe the Proportion of Items of Interest in Each 

Category? 601

Reach Conclusions about the Proportion of Items of 

Interest? 601

Determine Whether the Proportion of Items of Interest Differs 

Depending on the Group? 602

Predict the Proportion of Items of Interest Based on the 

Values of Other Variables? 602

Determine Whether the Proportion of Items of Interest Is 

Stable Over Time? 602

USING STATISTICS: Back to Arlingtons for the Future 602

17.3 Introduction to Business Analytics 603

Data Mining 603

Power Pivot 603

17.4 Descriptive Analytics 604

Dashboards 605

Dashboard Elements 605

17.5 Predictive Analytics 606

Classification and Regression Trees 607

USING STATISTICS: The Future to be Visited 608

REFERENCES 608

CHAPTER REVIEW PROBLEMS 608

CHAPTER 17 EXCEL GUIDE 611

EG17.3 Introduction to Business Analytics 611

EG17.4 Descriptive Analytics 611

18 Statistical Applications  
in Quality Management 
(online) 18-1

USING STATISTICS: Finding Quality at the 

Beachcomber 18-1

18.1 The Theory of Control Charts 18-2

18.2 Control Chart for the Proportion: The p Chart 18-4

18.3 The Red Bead Experiment: Understanding Process 

Variability 18-10

A01_LEVI3054_08_SE_FM.indd   15 12/22/15   4:25 PM



xvi CONTENTS

D.3  Configuring Microsoft Windows Excel Security 

Settings 636

D.4  Opening Pearson-Supplied Add-Ins 637

E. Tables 638

E.1  Table of Random Numbers 638

E.2  The Cumulative Standardized Normal Distribution 640

E.3  Critical Values of t 642

E.4  Critical Values of x2 644

E.5  Critical Values of F 645

E.6  Lower and Upper Critical Values, T1, of the Wilcoxon 

Rank Sum Test 649

E.7  Critical Values of the Studentized Range, Q 650

E.8  Critical Values, dL and dU, of the Durbin–Watson 

Statistic, D (Critical Values Are One-Sided) 652

E.9  Control Chart Factors 653

E.10  The Standardized Normal Distribution 654

F. Useful Excel Knowledge 655

F.1  Useful Keyboard Shortcuts 655

F.2  Verifying Formulas and Worksheets 655

F.3  New Function Names 655

F.4  Understanding the Nonstatistical Functions 657

G. Software FAQs 659

G.1  PHStat FAQs 659

G.2  Microsoft Excel FAQs 659

Self-Test Solutions and Answers to 
Selected Even-Numbered Problems 661

Index 692

Credits 699

CHAPTER 19 EXCEL GUIDE 19-27

EG19.1 Payoff Tables and Decision Trees 19-27

EG19.2 Criteria for Decision Making 19-27

Appendices 613
A. Basic Math Concepts and Symbols 614

A.1  Rules for Arithmetic Operations 614

A.2  Rules for Algebra: Exponents and Square Roots 614

A.3  Rules for Logarithms 615

A.4  Summation Notation 616

A.5  Statistical Symbols 619

A.6  Greek Alphabet 619

B Important Excel Skills and Concepts 620

B.1 Which Excel Do You Use? 620

B.2  Basic Operations 621

B.3  Formulas and Cell References 621

B.4  Entering a Formula 623

B.5  Formatting Cell Contents 624

B.6  Formatting Charts 625

B.7  Selecting Cell Ranges for Charts 626

B.8  Deleting the “Extra” Histogram Bar 627

B.9  Creating Histograms for Discrete Probability 

Distributions 627

C. Online Resources 628

C.1  About the Online Resources for This Book 628

C.2  Accessing the Online Resources 628

C.3  Details of Online Resources 628

C.4  PHStat 635

D. Configuring Microsoft Excel 636

D.1  Getting Microsoft Excel Ready for Use 636

D.2  Checking for the Presence of the Analysis ToolPak or 

Solver Add-Ins 636

A01_LEVI3054_08_SE_FM.indd   16 29/12/15   1:05 AM



xvii

Preface

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

ness education, how business statistics gets taught and what gets taught becomes all the 

more important.

We, the coauthors, think about these issues as we seek ways to continuously improve the 

teaching of business statistics. We actively participate in Decision Sciences Institute (DSI), 

American Statistical Association (ASA), and Making Statistics More Effective in Schools 

and Business (MSMESB) conferences. We use the ASA’s Guidelines for Assessment and 

Instruction (GAISE) reports and combine them with our experiences teaching business sta-

tistics to a diverse student body at several universities. We also benefit from the interests and 

efforts of our past coauthors, Mark Berenson and Timothy Krehbiel.

Our Educational Philosophy

When writing for introductory business statistics students, five 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 present each 

statistics topic in the context of areas such as accounting, finance, management, and 

marketing and explain the application of specific methods to business activities. 

Emphasize interpretation and analysis of statistical results over calculation. We 

emphasize the interpretation of results, the evaluation of the assumptions, and the dis-

cussion of what should be done if the assumptions are violated. We believe that these 

activities are more important to students’ futures and will serve them better than focusing 

on 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 

realistic data, using small and large sets of data, to the extent possible. 

Familiarize students with the use of data analysis software. We integrate using 

Microsoft Excel into all statistics topics to illustrate how software can assist the business 

decision making process. (Using software in this way also supports our second point 

about emphasizing interpretation over calculation).

Provide clear instructions to students that facilitate their use of data analysis software. 

We believe that providing such instructions assists learning and minimizes the chance that 

the software will distract from the learning of statistical concepts.

What’s New and Innovative in This Edition?

This eighth edition of Statistics for Managers Using Microsoft Excel contains these new and 

innovative features.

First Things First Chapter This new chapter provides an orientation that helps students 

start to understand the importance of business statistics and get ready to use Microsoft 

Excel even before they obtain a full copy of this book. Like its predecessor “Getting Started: 

Important Things to Learn First,” this chapter has been developed and published to allow 
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distribution online even before a first class meeting. Instructors teaching online or hybrid 

course sections may find this to be a particularly valuable tool to get students thinking about 

business statistics and learning the necessary foundational concepts.

Getting Ready to Analyze Data in the Future This newly expanded version of Chapter 

17 adds a second Using Statistics scenario that serves as an introduction to business 

analytics methods. That introduction, in turn, explains several advanced Excel features 

while familiarizing students with the fundamental concepts and vocabulary of business 

analytics. As such, the chapter provides students with a path for further growth and 

greater awareness about applying business statistics and analytics in their other courses 

and their business careers.

Expanded Excel Coverage Workbook instructions replace the In-Depth Excel instruc-

tions in the Excel Guides and discuss more fully OS X Excel (“Excel for Mac”) dif-

ferences when they occur. Because the many current versions of Excel have varying 

capabilities, Appendix B begins by sorting through the possible confusion to ensure that 

students understand that not all Excel versions are alike.

In the Worksheet Notes that help explain the worksheet illustrations that in-chapter 

examples use as model solutions.

Many More Exhibits Stand-alone summaries of important procedures that serve as a 

review of chapter passages. Exhibits range from identifying best practices, such “Best 

Practices for Creating Visualizations” in Chapter 2, to serving as guides to data analysis 

such as the pair of “Questions to Ask” exhibits in Chapter 17.

New Visual Design This edition uses a new visual design that better organizes chapter 

content and provides a more uncluttered, streamlined presentation.

Revised and Enhanced Content
This eighth edition of Statistics for Managers Using Microsoft Excel contains the following 

revised and enhanced content.

Revised End-of-Chapter Cases The Managing Ashland MultiComm Services case that 

reoccurs throughout the book has several new or updated cases. The Clear Mountain 

State Student Survey case, also recurring, uses new data collected from a survey of 

undergraduate students to practice and reinforce statistical methods learned in various 

chapters.

Many New Applied Examples and Problems Many of the applied examples through-

out this book use new problems or revised data. Approximately 43% of the problems are 

new to this edition. Many of the new problems in the end-of-section and end-of-chapter 

problem sets contain data from The Wall Street Journal, USA Today, and other news 

media as well as from industry and marketing surveys from leading consultancies and 

market intelligence firms.

New or Revised Using Statistics Scenarios This edition contains six all-new and three 

revised Using Statistics scenarios. Several of the scenarios form a larger narrative when 

considered together even as they can all be used separately and singularly.

New “Getting Started Learning Statistics” and “Preparing to Use Microsoft Excel 

for Statistics” sections Included as part of the First Things First chapter, these new 

 sections replace the “Making Best Use” section of the previous editions. The sections 

prepare students for learning with this book by discussing foundational statistics and 

Excel concepts together and explain the various ways students can work with Excel 

while learning business statistics with this book.

Revised Excel Appendices These appendices review the foundational skills for using 

Microsoft Excel, review the latest technical and relevant setup information, and discuss 

optional but useful knowledge about Excel.
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Software FAQ Appendix This appendix provides answers to commonly-asked ques-

tions about PHStat and using Microsoft Excel and related software with this book.

Distinctive Features
This eighth edition of Statistics for Managers Using Microsoft Excel continues the use of the 

following distinctive features.

Using Statistics Business Scenarios Each chapter begins with a Using Statistics scenario, 

an example that highlights how statistics is used in a functional area of business such as 

finance, information systems, management, and marketing. Every chapter uses its scenario 

throughout to provide an applied context for learning concepts. Most chapters conclude 

with a Using Statistics, Revisited section that reinforces the statistical methods and applica-

tions that a chapter discusses.

Emphasis on Data Analysis and Interpretation of Excel Results Our focus emphasizes 

analyzing data by interpreting results while reducing emphasis on doing calculations. For 

example, in the coverage of tables and charts in Chapter 2, we help students interpret vari-

ous charts and explain when to use each chart discussed. Our coverage of hypothesis testing 

in Chapters 9 through 12 and regression and multiple regression in Chapters 13–15 include 

extensive software results so that the p-value approach can be emphasized.

Student Tips In-margin notes that reinforce hard-to-master concepts and provide quick 

study tips for mastering important details.

Other Pedagogical Aids We use an active writing style, boxed numbered equations, set-off 

examples that reinforce learning concepts, problems divided into “Learning the Basics” and 

“Applying the Concepts,” key equations, and key terms.

Digital Cases These cases ask students to examine interactive PDF documents to sift 

through various claims and information and discover the data most relevant to a business 

case scenario. In doing so, students determine whether the data support the conclusions and 

claims made by the characters in the case as well as learn how to identify common mis-

uses of statistical information. (Instructional tips for these cases and solutions to the Digital 

Cases are included in the Instructor’s Solutions Manual.)

Answers A special section at the end of this book provides answers to most of the even-num-

bered exercises of this book.

Flexibility Using Excel For almost every statistical method discussed, students can use 

Excel Guide model workbook solutions with the Workbook instructions or the PHStat 

instructions to produce the worksheet solutions that the book discusses and presents. 

And, whenever possible, the book provides Analysis ToolPak instructions to create similar 

 solutions. 

Extensive Support for Using Excel For readers using the Workbook instructions, this 

book explains operational differences among current Excel versions and provides alternate 

instructions when necessary.

PHStat PHStat is the Pearson Education Statistics add-in that makes operating Excel as 

distraction-free as possible. PHStat executes for you the low-level menu selection and 

worksheet entry tasks that are associated with Excel-based solutions. Students studying 

statistics can focus solely on mastering statistical concepts and not worry about having to 

become expert Excel users simultaneously.

PHStat creates the “live,” dynamic worksheets and chart sheets that match chapter 

illustrations and from which students can learn more about Excel. PHStat includes over 60 

procedures including:

Descriptive Statistics: boxplot, descriptive summary, dot scale diagram, frequency dis-

tribution, histogram and polygons, Pareto diagram, scatter plot, stem-and-leaf display, 

one-way tables and charts, and two-way tables and charts
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Probability and probability distributions: simple and joint probabilities, normal probability 

plot, and binomial, exponential, hypergeometric, and Poisson probability distributions

Sampling: sampling distributions simulation

Confidence interval estimation: for the mean, sigma unknown; for the mean, sigma known, 

for the population variance, for the proportion, and for the total difference

Sample size determination: for the mean and the proportion

One-sample tests: Z test for the mean, sigma known; t test for the mean, sigma unknown; 

chi-square test for the variance; and Z test for the proportion

Two-sample tests (unsummarized data): pooled-variance t test, separate-variance t test, 

paired t test, F test for differences in two variances, and Wilcoxon rank sum test

Two-sample tests (summarized data): pooled-variance t test, separate-variance t test, paired 

t test, Z test for the differences in two means, F test for differences in two variances, chi- 

square test for differences in two proportions, Z test for the difference in two proportions, 

and McNemar test

Multiple-sample tests: chi-square test, Marascuilo procedure Kruskal-Wallis rank test, 

Levene test, one-way ANOVA, Tukey-Kramer procedure, randomized block design, and 

two-way ANOVA with replication

Regression: simple linear regression, multiple regression, best subsets, stepwise regression, 

and logistic regression

Control charts: p chart, c chart, and R and Xbar charts

Decision-making: covariance and portfolio management, expected monetary value, 

expected opportunity loss, and opportunity loss 

Data preparation: stack and unstack data

To learn more about PHStat, see Appendix C.

Visual Explorations The Excel workbooks allow students to interactively explore impor-

tant statistical concepts in the normal distribution, sampling distributions, and regression 

analysis. For the normal distribution, students see the effect of changes in the mean and 

standard deviation on the areas under the normal curve. For sampling distributions, students 

use simulation to explore the effect of sample size on a sampling distribution. For regres-

sion analysis, students fit a line of regression and observe how changes in the slope and 

intercept affect the goodness of fit.

Chapter-by-Chapter Changes Made for This Edition

As authors, we take pride in updating the content of our chapters and our problem sets. Besides 

incorporating the new and innovative features that the previous section discusses, each chap-

ter of the eighth edition of Statistics for Managers Using Microsoft Excel contains specific 

changes that refine and enhance our past editions as well as many new or revised problems.

The new First Things First chapter replaces the seventh edition’s Let’s Get Started  chapter, 

keeping that chapter’s strength while immediately drawing readers into the changing 

face of statistics and business analytics with a new opening Using Statistics scenario. 

And like the previous edition’s opening chapter, Pearson Education openly posts this 

 chapter so students can get started learning business statistics even before they obtain 

their  textbooks.

Chapter 1 builds on the opening chapter with a new Using Statistics scenario that offers a 

cautionary tale about the importance of defining and collecting data. Rewritten Sections 1.1 

(“Defining Variables”) and 1.2 (“Collecting Data”) use lessons from the scenario to under-

score important points. Over one-third of the problems in this chapter are new or updated.
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Chapter 2 features several new or updated data sets, including a new data set of 407 mutual 

funds that illustrate a number of descriptive methods. The chapter now discusses doughnut 

charts and sparklines and contains a reorganized section on organizing and visualizing a 

mix of variables. Section 2.7 (“The Challenge in Organizing and Visualizing Variables”) 

expands on previous editions’ discussions that focused solely on visualization issues. This 

chapter uses an updated Clear Mountain State student survey as well. Over half of the prob-

lems in this chapter are new or updated.

Chapter 3 also uses the new set of 407 mutual funds and uses new or updated data sets for 

almost all examples that the chapter presents. Updated data sets include the restaurant meal 

cost samples and the NBA values data. This chapter also uses an updated Clear Mountain 

State student survey. Just under one-half of the problems in this chapter are new or updated.

Chapter 4 uses an updated Using Statistics scenario while preserving the best features of this 

chapter. The chapter now starts a section on Bayes’ theorem which completes as an online 

section, and 43% of the problems in the chapter are new or updated.

Chapter 5 has been streamlined with the sections “Covariance of a Probability Distribution 

and Its Application in Finance” and “Hypergeometric Distribution” becoming online sec-

tions. Nearly 40% of the problems in this chapter are new or updated.

Chapter 6 features an updated Using Statistics scenario and the section “Exponential 

Distribution” has become an online section. This chapter also uses an updated Clear 

Mountain State student survey. Over one-third of the problems in this chapter are new or 

updated.

Chapter 7 now contains an additional example on sampling distributions from a larger popu-

lation, and one-in-three problems are new or updated.

Chapter 8 has been revised to provide enhanced explanations of Excel worksheet solutions 

and contains a rewritten “Managing Ashland MultiComm Services” case. This chapter also 

uses an updated Clear Mountain State student survey, and new or updated problems com-

prise 39% of the problems.

Chapter 9 contains refreshed data for its examples and enhanced Excel coverage that pro-

vides greater details about the hypothesis test worksheets that the chapter uses. Over 40% 

of the problems in this chapter are new or updated.

Chapter 10 contains a new Using Statistics scenario that relates to sales of streaming video 

players and that connects to Using Statistics scenarios in Chapters 11 and 17. This chap-

ter gains a new online section on effect size. The Clear Mountain State survey has been 

updated, and over 40% of the problems in this chapter are new or updated.

Chapter 11 expands on the Chapter 10 Using Statistics scenario that concerns the sales of 

mobile electronics. The Clear Mountain State survey has been updated. Over one-quarter of 

the problems in this chapter are new or updated.

Chapter 12 now incorporates material that was formerly part of the “Short Takes” for the 

chapter. The chapter also includes updated “Managing Ashland MultiComm Services” and 

Clear Mountain State student survey cases and 41% of the problems in this chapter are new 

or updated. 

Chapter 13 features a brand new opening passage that better sets the stage for the discussion 

of regression that continues in subsequent chapters. Chapter 13 also features substantially 

revised and expanded Excel coverage that describes more fully the details of regression 

results worksheets. Nearly one-half of the problems in this chapter are new or updated.

Chapter 14 likewise contains expanded Excel coverage, with some Excel Guides sections 

completely rewritten. As with Chapter 13, nearly one-half of the problems in this chapter 

are new or updated.

Chapter 15 contains a revised opening passage, and the “Using Transformations with 

Regression Models” section has been greatly expanded with additional examples. Over 

40% of the problems in this chapter are new or updated.
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Chapter 16 contains updated chapter examples concerning movie attendance data and Cola-

Cola Company and Wal-Mart Stores revenues. Two-thirds of the problems in this chapter 

are new or updated.

Chapter 17 has been retitled “Getting Ready to Analyze Data in the Future” and now includes 

sections on Business Analytics that return to issues that the First Things First Chapter sce-

nario raises and that provide students with a path to future learning and application of busi-

ness statistics. The chapter presents several Excel-based descriptive analytics techniques 

and illustrates how advanced statistical programs can work with worksheet data created in 

Excel. One-half of the problems in this chapter are new or updated.

A Note of Thanks

Creating a new edition of a textbook is a team effort, and we would like to thank our Pearson 

Education editorial, marketing, and production teammates: Suzanna Bainbridge, Chere 

Bemelmans, Sherry Berg, Tiffany Bitzel, Deirdre Lynch, Jean Choe, and Joe Vetere. We also 

thank our statistical readers and accuracy checkers James Lapp, Susan Herring, Dirk Tempelaar, 

Paul Lorczak, Doug Cashing, and Stanley Seltzer for their diligence in checking our work and 

Nancy Kincade of Lumina Datamatics. We also thank the following people for their help-

ful comments that we have used to improve this new edition: Anusua Datta, Philadelphia 

University; Doug Dotterweich, East Tennessee State University; Gary Evans, Purdue 

University; Chris Maurer, University of Tampa; Bharatendra Rai, University of Massachusetts 

Dartmouth; Joseph Snider and Keith Stracher, Indiana Wesleyan University; Leonie Stone, 

SUNY Geneseo; and Patrick Thompson, University of Florida. 

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 

 making this book a reality.

Contact Us!

Please email us at authors@davidlevinestatistics.com or tweet us @BusStatBooks with your 

questions about the contents of this book. Please include the hashtag #SMUME8 in your tweet 

or in the subject line of your email. We also 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 perceived problems or errors that they encounter.

We are happy to answer all types of questions, but if you need assistance using Excel or 

PHStat, please contact your local support person or Pearson Technical Support at 247 pearsoned 

.custhelp.com. They have the resources to resolve and walk you through a solution to many 

technical issues in a way we do not.

We invite you to visit us at smume8.davidlevinestatistics.com (bit.ly/1I8Lv2K), where 

you will find additional information and support for this book that we furnish in addition to all 

the resources that Pearson Education offers you on our book’s behalf (see pages xxiii and xxiv). 

David M. Levine 

David F. Stephan 

Kathryn A. Szabat
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MyStatLab™ Online Course for Statistics for Managers  

Using Microsoft® Excel by Levine/Stephan/Szabat 
(access code required)

MyStatLab is available to accompany Pearson’s market leading text o�erings. To give 

students a consistent tone, voice, and teaching method each text’s flavor and approach 

is tightly integrated throughout the accompanying MyStatLab course, making learning 

the material as seamless as possible.

Technology Tutorials and  
Study Cards

Excel® tutorials provide brief video walkthroughs  

and step-by-step instructional study cards on 

 common statistical procedures such as Confidence   

Intervals, ANOVA, Simple & Multiple Regression,  

and  Hypothesis Testing. Tutorials will capture  

methods in Microsoft Windows Excel® 2010, 2013,  

and 2016 versions.

Resources for Success

Diverse Question Libraries
Build homework assignments, quizzes, and tests to support 

your course learning outcomes. From Getting Ready (GR) 

questions to the Conceptual Question Library (CQL), we have 

your assessment needs covered from the mechanics to the 

critical understanding of Statistics. The exercise libraries 

include technology-led instruction, including new Excel-based 

 exercises, and learning aids to reinforce your students’ success.

New! Launch Exercise  
Data in Excel

Students are now able to quickly 

and seamlessly launch data sets from 

exercises within MyStatLab into a 

Microsoft Excel spreadsheet for easy 

analysis. As always, students may also 

copy and paste exercise data sets into 

most other software programs.
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Instructor Resources
Instructor’s Solutions Manual, by Professor Pin 

Tian Ng of Northern Arizona University, includes 

solutions for end-of-section and end-of-chapter 

problems, answers to case questions, where 

applicable, and teaching tips for each chapter.  

The Instructor’s Solutions Manual is available  

at the Instructor’s Resource Center (www 

.pearsonhighered.com/irc) or in MyStatLab.

Lecture PowerPoint Presentations, by 

Professor Patrick Schur of Miami University (Ohio), 

are available for each chapter. The PowerPoint slides 

provide an instructor with individual lecture outlines 

to accompany the text. The slides include many of 

the figures and tables from the text. Instructors can 

use these lecture notes as is or can easily modify the 

notes to reflect specific presentation needs. The 

PowerPoint slides are available at the Instructor’s 

Resource Center (www.pearsonhighered.com 

/irc) or in MyStatLab.

Test Bank, by Professor Pin Tian Ng of Northern 

Arizona University, contains true/false, multiple-

choice, fill-in, and problem-solving questions based 

on the definitions, concepts, and ideas developed 

in each chapter of the text. New to this edition are 

specific test questions that use Excel datasets. The 

Test Bank is available at the Instructor’s Resource 

Center (www.pearsonhighered.com/irc) or in 

MyStatLab.

TestGen® (www.pearsoned.com/testgen) 

enables instructors to build, edit, print, and 

administer tests using a computerized bank of 

questions developed to cover all the objectives of 

the text. TestGen is algorithmically based, allowing 

instructors to create multiple but equivalent 

versions of the same question or test with the click 

of a button. Instructors can also modify test bank 

questions or add new questions. The software and 

test bank are available for download from Pearson 

Education’s online catalog.

Student Resources
Student’s Solutions Manual, by Professor Pin 

Tian Ng of Northern Arizona University, provides 

detailed solutions to virtually all the even-numbered 

exercises and worked-out solutions to the self-test 

problems (ISBN-13: 978-0-13-417382-5).

Online resources
The complete set of online resources are discussed 

fully in Appendix C. For adopting instructors, the 

following resources are among those available at the 

Instructor’s Resource Center (www 

.pearsonhighered.com/irc) or in MyStatLab.

Resources for Success

A01_LEVI3054_08_SE_FM.indd   24 12/22/15   4:25 PM



1

▼▼ USING STATISTICS

“The Price of Admission”

CONTENTS

FTF.1 Think Differently 

About Statistics

FTF.2 Business Analytics: 

The Changing Face 

of Statistics

FTF.3 Getting Started 

Learning Statistics

FTF.4 Preparing to Use 

Microsoft Excel for 

Statistics

EXCEL GUIDE

EG.1 Entering Data

EG.2 Reviewing 

Worksheets

EG.3 If You Plan to Use 

the Workbook 

Instructions

OBJECTIVES

▼■ Statistics is a way of 

thinking that can lead to 

better decision making

▼■ Statistics requires ana-

lytics skills and is an 

important part of your 

business education

▼■ Recent developments 

such as the use of busi-

ness analytics and “big 

data” have made know-

ing statistics even more 

critical

▼■ The DCOVA framework 

guides your application 

of statistics

▼■ The opportunity business 

analytics represents for 

business students

I
t’s the year 1900 and you are a promoter of theatrical productions, in the business of selling 

seats for individual performances. Using your knowledge and experience, you establish a 

selling price for the performances, a price you hope represents a good trade-off between 

maximizing revenues and avoiding driving away demand for your seats. You print up tickets 

and flyers, place advertisements in local media, and see what happens. After the event, you 

review your results and consider if you made a wise trade-off.

Tickets sold very quickly? Next time perhaps you can charge more. The event failed to sell 

out? Perhaps next time you could charge less or take out more advertisements to drive demand. If 

you lived over 100 years ago, that’s about all you could do.

Jump ahead about 70 years. You’re still a promoter but now using a computer system that 

allows your customers to buy tickets over the phone. You can get summary reports of advance 

sales for future events and adjust your advertising on radio and on TV and, perhaps, add or sub-

tract performance dates using the information in those reports.

Jump ahead to today. You’re still a promoter but you now have a fully computerized sales 

system that allows you to constantly adjust the price of tickets. You also can manage many 

more categories of tickets than just the near-stage and far-stage categories you might have used 

many years ago. You no longer have to wait until after an event to make decisions about chang-

ing your sales program. Through your sales system you have gained insights about your custom-

ers such as where they live, what other tickets they buy, and their appropriate demographic traits. 

Because you know more about your customers, you can make your advertising and publicity 

more efficient by aiming your messages at the types of people more likely to buy your tickets. By 

using social media networks and other online media, you can also learn almost immediately who 

is noticing and responding to your advertising messages. You might even run experiments online 

presenting your advertising in two different ways and seeing which way sells better.

Your current self has capabilities that allow you to be a more effective promoter than any 

older version of yourself. Just how much better? Turn the page.

First Things First
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2 First Things First

Now Appearing on Broadway … and Everywhere Else
In early 2014, Disney Theatrical Productions woke up the rest of Broadway when reports 

revealed that its 17-year-old production of The Lion King had been the top-grossing Broad-

way show in 2013. How could such a long-running show, whose most expensive ticket was 

less than half the most expensive ticket on Broadway, earn so much while being so old? Over 

time, grosses for a show decline and, sure enough, weekly grosses for The Lion King had 

dropped about 25% by the year 2009. But, for 2013, grosses were up 67% from 2009 and 

weekly grosses for 2013 typically exceeded the grosses of opening weeks in 1997, adjusted for 

inflation!

Heavier advertising and some changes in ticket pricing helped, but the major reason for 

this change was something else: combining business acumen with the systematic application 

of business statistics and analytics to the problem of selling tickets. As a producer of the new-

est musical at the time said, “We make educated predictions on price. Disney, on the other 

hand, has turned this into a science” (see reference 3).

Disney had followed the plan of action that this book presents. It had collected its daily and 

weekly results, and summarized them, using techniques this book introduces in the next three 

chapters. Disney then analyzed those results by performing experiments and tests on the data 

collected (using techniques that later chapters introduce). In turn, those analyses were applied 

to a new interactive seating map that allowed customers to buy tickets for specific seats and 

permitted Disney to adjust the pricing of each seat for each performance. The whole system 

was constantly reviewed and refined, using the semiautomated methods to which Chapter 17  

will introduce you. The end result was a system that outperformed the ticket-selling methods 

others used.

FTF.1 Think Differently About Statistics
The “Using Statistics” scenario suggests, and the Disney example illustrates, that modern-day 

information technology has allowed businesses to apply statistics in ways that could not be 

done years ago. This scenario and example reflect how this book teaches you about statistics. 

In these first two pages, you may notice

•	 the lack of calculation details and “math.”

•	 the emphasis on enhancing business methods and management decision making.

•	 that none of this seems like the content of a middle school or high school statistics class 

you may have taken.

You may have had some prior knowledge or instruction in mathematical statistics. This book 

discusses business statistics. While the boundary between the two can be blurry, business  

statistics emphasizes business problem solving and shows a preference for using software to 

perform calculations.

One similarity that you might notice between these first two pages and any prior 

instruction is data. Data are the facts about the world that one seeks to study and explore. 

Some data are unsummarized, such as the facts about a single ticket-selling transaction, 

whereas other facts, such as weekly ticket grosses, are summarized, derived from a set of 

unsummarized data. While you may think of data as being numbers, such as the cost of a 

ticket or the percentage that weekly grosses have increased in a year, do not overlook that 

data can be non-numerical as well, such as ticket-buyer’s name, seat location, or method of 

payment.

Statistics: A Way of Thinking
Statistics are the methods that allow you to work with data effectively. Business statistics focuses 

on interpreting the results of applying those methods. You interpret those results to help you 

enhance business processes and make better decisions. Specifically, business statistics provides 

studentTIP

From other business 

courses, you may recog-

nize that Disney’s system 

uses dynamic pricing.
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 FTF.1 Think Differently About Statistics 3

you with a formal basis to summarize and visualize business data, reach conclusions about that 

data, make reliable predictions about business activities, and improve business processes.

You must apply this way of thinking correctly. Any “bad” things you may have heard about 

statistics, including the famous quote “there are lies, damned lies, and statistics” made famous 

by Mark Twain, speak to the errors that people make when either misusing statistical methods 

or mistaking statistics as a substitution for, and not an enhancement of, a decision-making pro-

cess. (Disney Theatrical Productions’ success was based on combining statistics with business 

acumen, not replacing that acumen.)

To minimize errors, you use a framework that organizes the set of tasks that you follow 

to apply statistics properly. The five tasks that comprise the DCOVA framework provide one 

such framework.

DCOVA Framework

•	 Define the data that you want to study to solve a problem or meet an objective.

•	 Collect the data from appropriate sources.

•	 Organize the data collected, by developing tables.

•	 Visualize the data collected, by developing charts.

•	 Analyze the data collected, to reach conclusions and present those results.

You must always do the Define and Collect tasks before doing the other three. The order of the 

other three varies and sometimes all three are done concurrently. In this book, you will learn 

more about the Define and Collect tasks in Chapter 1 and then be introduced to the Organize 

and Visualize tasks in Chapter 2. Beginning with Chapter 3, you will learn methods that help 

complete the Analyze task. Throughout this book, you will see specific examples that apply 

the DCOVA framework to specific business problems and examples.

Analytical Skills More Important than Arithmetic Skills
You have already read that business statistics shows a preference for using software to perform 

calculations. You can perform calculations faster and more accurately using software than you 

can if you performed those calculations by hand.

When you use software, you do more than just enter data. You need to review and modify, 

and possibly create, solutions. In Microsoft Excel, you use worksheet solutions that contain 

a mix of organized data and instructions that perform calculations on that data. Being able to 

review and modify worksheet solutions requires analytical skills more than arithmetic skills.

Allowing individuals to create new solutions from scratch in business can create risk. For 

example, in the aftermath of the 2012 “London Whale” trading debacle, JP Morgan Chase 

discovered a worksheet that could greatly miscalculate the volatility of a trading portfolio 

(see reference 4). To avoid this unnecessary risk, businesses prefer to use templates, reusable 

worksheet solutions that have been previously audited and verified.

When templates prove impractical, businesses seek to use model worksheet solutions. 

These solutions provide employees a basis for modification that is more extensive than changes 

one would make to a template. Whether you use the Excel Guide workbooks or PHStat with 

this book, you will reflect business practice by working with templates and model solutions 

as you use this book to learn statistics. You will not find many from-scratch construction tasks 

other than for the tasks of organizing and visualizing data in this book.

Statistics: An Important Part of Your  

Business Education
Until you read these pages, you may have seen a course in business statistics solely as a 

required course with little relevance to your overall business education. In just two pages, you 

have learned that statistics is a way of thinking that can help enhance your effectiveness in 

business—that is, applying statistics correctly is a fundamental, global skill in your business 

education.

studentTIP

Examining the structure 

of worksheet templates 

and models can also be 

helpful if learning more 

about Excel is one of 

your secondary learning 

goals.
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4 First Things First

In the current data-driven environment of business, you need the general analytical skills that 

allow you to work with data and interpret analytical results regardless of the discipline in which 

you work. No longer is statistics only for accounting, economics, finance, or other disciplines 

that directly work with numerical data. As the Disney example illustrates, the decisions you make 

will be increasingly based on data and not on your gut or intuition supported by past experience. 

Having a well-balanced mix of statistics, modeling, and basic technical skills as well as mana-

gerial skills, such as business acumen and problem-solving and communication skills, will best 

prepare you for the workplace today … and tomorrow (see reference 1).

FTF.2 Business Analytics: The Changing Face of Statistics
Of the recent changes that have made statistics an important part of your business education, 

the emergence of the set of methods collectively known as business analytics may be the most 

significant change of all. Business analytics combine traditional statistical methods with 

methods from management science and information systems to form an interdisciplinary tool 

that supports fact-based decision making. Business analytics include

•	 statistical methods to analyze and explore data that can uncover previously unknown or 

unforeseen relationships.

•	 information systems methods to collect and process data sets of all sizes, including very 

large data sets that would otherwise be hard to use efficiently.

•	 management science methods to develop optimization models that support all levels of 

management, from strategic planning to daily operations.

In the Disney Theatrical Productions example, statistical methods helped determine pric-

ing factors, information systems methods made the interactive seating map and pricing analysis  

possible, and management science methods helped adjust pricing rules to match Disney’s 

goal of sustaining ticket sales into the future. Other businesses use analytics to send custom 

mailings to their customers, and businesses such as the travel review site tripadvisor.com use 

analytics to help optimally price advertising as well as generate information that makes a per-

suasive case for using that advertising.

Generally, studies have shown that businesses that actively use business analytics and 

combine that use with data-guided management see increases in productivity, innovation, and 

competition (see reference 1). Chapter 17 introduces you to the statistical methods typically 

used in business analytics and shows how these methods are related to statistical methods that 

the book discusses in earlier chapters.

“Big Data”
Big data are collections of data that cannot be easily browsed or analyzed using traditional meth-

ods. Big data implies data that are being collected in huge volumes, at very fast rates or velocities 

(typically in near real time), and in a variety of forms other than the traditional structured forms 

such as data processing records, files, and tables and worksheets. These attributes of volume, veloc-

ity, and variety (see reference 5) distinguish big data from a set of data that contains a large number 

of similarly structured records or rows that you can place into a file or worksheet for browsing. In 

contrast, you cannot directly view big data; information system and statistical methods typically 

combine and summarize big data for you and then present the results of that processing.

Combined with business analytics and the basic statistical methods discussed in this book, 

big data presents opportunities to gain new management insights and extract value from the 

data resources of a business (see reference 8).

Structured Versus Unstructured Data
Statistics has traditionally used structured data, data that exist in repeating records or rows 

of similar format, such as the data found in the worksheet data files that this book describes in 

Appendix C. In contrast, unstructured data has very little or no repeating internal structure. 

studentTIP

Because you cannot 

“download” a big data 

collection, this book 

uses conventional struc-

tured (worksheet) files, 

both small and large, to 

demonstrate some of the 

principles and methods 

of business analytics 

in selected chapters, 

including Chapter 17, 

which introduce you to 

business analytics.
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For example, to deeply analyze a group of companies, you might collect structured data in the 

form of published tables of financial data and the contents of fill-in-the-blank documents that 

record information from surveys you distributed. However, you might also collect unstructured 

data such as social media posts and tweets that do not have an internal repeating structure.

Typically, you preprocess or filter unstructured data before performing deep analysis. For 

example, to analyze social media posts you could use business analytics methods that determine 

whether the content of each post is a positive, neutral, or negative comment. The “type of comment” 

can become a new variable that can be inserted into a structured record, along with other attributes 

of the post, such as the number of words, and demographic data about the writer of the post.

Unstructured data can form part of a big data collection. When analyzed as part of a big 

data collection, you typically see the results of the preprocessing and not the unstructured data 

itself. Because unstructured data usually has some (external) structure, some authorities pre-

fer to use the term semistructured data. If you are familiar with that term, undertand that this 

book’s use of the phrase unstructured data incorporates that category.

FTF.3 Getting Started Learning Statistics
Learning the operational definitions, precise definitions and explanations that all can under-

stand clearly, of several basic terms is a good way to get started learning statistics. Previously, 

you learned that data are the facts about the world that one seeks to study and explore. 

A related term, variable of interest, commonly shortened to variable, can be used to precisely 

define data in its statistical sense.

A variable defines a characteristic, or property, of an item or individual that can vary 

among the occurrences of those items or individuals. For example, for the item “book,” vari-

ables would include title and number of chapters, as these facts can vary from book to book. 

For a given item, variables have a specific value. For this book, the value of the variable title 

would be “Statistics for Managers Using Microsoft Excel,” and “17” would be the value for 

the variable number of chapters.

Using the definition of variable, you can state the definition of data, in its statistical sense, 

as the set of values associated with one or more variables. In statistics, each value for a specific 

variable is a single fact, not a list of facts. For example, what would be the value of the vari-

able author when referring to this book? Without this rule, you might say that the single list 

“Levine, Stephan, Szabat” is the value. However, applying this rule, we say that the variable 

author has the three separate values: “Levine”, “Stephan”, and “Szabat”. This distinction of 

using only single-value data has the practical benefit of simplifying the task of entering your 

data into a computer system for analysis.

Using the definitions of data and variable, you can restate the definition of statistics as 

the methods that analyze the data of the variables of interest. The methods that primarily help 

summarize and present data comprise descriptive statistics. Methods that use data collected 

from a small group to reach conclusions about a larger group comprise inferential statistics. 

Chapters 2 and 3 introduce descriptive methods, many of which are applied to support the 

inferential methods that the rest of the book presents.

Do not confuse this use of the word statistics with the noun statistic, the plural of which is, 

confusingly, statistics.

Statistic
A statistic refers to a value that summarizes the data of a particular variable. (More about this 

in coming chapters.) In the Disney Theatrical Productions example, the statement “for 2013, 

weekly grosses were up 67% from 2009” cites a statistic that summarizes the variable weekly 

grosses using the 2013 data—all 52 values.

When someone warns you of a possible unfortunate outcome by saying, “Don’t be a statis-

tic!” you can always reply, “I can’t be.” You always represent one value and a statistic always 

summarizes multiple values. For the statistic “87% of our employees suffer a workplace acci-

dent,” you, as an employee, will either have suffered or have not suffered a workplace accident. 

studentTIP

Business analytics,  

discussed in Chapter 17, 

combine mostly  

inferential methods with 

methods from other 

disciplines.
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6 First Things First

The “have” or “have not” value contributes to the statistic but cannot be the statistic. A statis-

tic can facilitate preliminary decision making. For example, would you immediately accept a 

position at a company if you learned that 87% of their employees suffered a workplace acci-

dent? (Sounds like this might be a dangerous place to work and that further investigation is 

necessary.)

Can Statistics (pl., Statistic) Lie?
The famous quote “lies, damned lies, and statistics” actually refers to the plural form of statis-

tic and does not refer to statistics, the field of study. Can any statistic “lie”? No, faulty, invalid 

statistics can be produced if any tasks in the DCOVA framework are applied incorrectly. As 

discussed in later chapters, many statistical methods are valid only if the data being analyzed 

have certain properties. To the extent possible, you test the assertion that the data have those 

properties, which in statistics are called assumptions. When an assumption is violated, shown 

to be invalid for the data being analyzed, the methods that require that assumption should not 

be used.

For the inferential methods discussed later in this book, you must always look for logi-

cal causality. Logical causality means that you can plausibly claim something directly causes 

something else. For example, you wear black shoes today and note that the weather is sunny. 

The next day, you again wear black shoes and notice that the weather continues to be sunny. 

The third day, you change to brown shoes and note that the weather is rainy. The fourth day, 

you wear black shoes again and the weather is again sunny. These four days seem to suggest 

a strong pattern between your shoe color choice and the type of weather you experience. You 

begin to think if you wear brown shoes on the fifth day, the weather will be rainy. Then you 

realize that your shoes cannot plausibly influence weather patterns, that your shoe color choice 

cannot logically cause the weather. What you are seeing is mere coincidence. (On the fifth day, 

you do wear brown shoes and it happens to rain, but that is just another coincidence.)

You can easily spot the lack of logical causality when trying to correlate shoe color choice 

with the weather, but in other situations the lack of logical causality may not be so easily seen. 

Therefore, relying on such correlations by themselves is a fundamental misuse of statistics. 

When you look for patterns in the data being analyzed, you must always be thinking of logical 

causes. Otherwise, you are misrepresenting your results. Such misrepresentations sometimes 

cause people to wrongly conclude that all statistics are “lies.” Statistics (pl., statistic) are not 

lies or “damned lies.” They play a significant role in statistics, the way of thinking that can 

enhance your decision making and increase your effectiveness in business.

FTF.4 Preparing to Use Microsoft Excel for Statistics
As Section FTF.1 explains, the proper use of business statistics requires a framework to 

apply statistics correctly, analytic skills, and software to automate calculation. This book uses  

Microsoft Excel to demonstrate the integral role of software in applying statistics to decision 

making, and preparing to use Microsoft Excel is one of the first things you can do to prepare 

yourself to learn business statistics from this book.

Microsoft Excel is the data analysis component of Microsoft Office that evolved from 

earlier electronic spreadsheets used in accounting and financial applications. In Excel, you 

use worksheets (also known as spreadsheets) that organize data in tabular blocks as well as 

store formulas, instructions to process that data. You make entries in worksheet cells that are 

formed by the intersections of worksheet rows and columns. You refer to individual cells by 

their column letter and row number address, such as A1 for the uppermost left top cell (in col-

umn A and row 1). Into each cell, you place a single data value or a formula. With the proper 

design, worksheets can also present summaries of data and results of applying a particular 

statistical method.

“Excel files” are not single worksheets but workbooks, collections of one or more 

worksheets and chart sheets, sheets that display visualizations of data. Because workbooks 

contain collections, you can clearly present information in more than one way on different 
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 FTF.4 Preparing to Use Microsoft Excel for Statistics 7

“slides” (sheets), much like a slide show. For example, you can present on separate sheets 

the summary table and appropriate chart for the data for a variable. (These tasks are dis-

cussed in Chapter 2.) When designing model solutions, workbooks allow you to segregate 

the parts of the solution that users may change frequently, such as problem-specific data. 

For example, the typical model solution files that this book uses and calls Excel Guide  

workbooks have a “Data” worksheet, one or more worksheets and chart sheets that  

present the results, and one or more worksheets that document the formulas that a template 

or model solution uses.

Reusability Through Recalculation
Earlier in this chapter, you learned that businesses prefer using templates and model worksheet 

solutions. You can reuse templates and model solutions, applying a previously constructed and 

verified worksheet solution to another, similar problem. When you work with templates, you 

never enter or edit formulas, thereby greatly reducing the chance that the worksheet will pro-

duce erroneous results. When you work with a model worksheet solution, you need only to 

edit or copy certain formulas. By not having to enter your own formulas from scratch, you also 

minimize the chance of errors. (Recall an analyst’s entering of his own erroneous formulas was 

uncovered in the London Whale investigation mentioned on page 3.)

Templates and model solutions are reusable because worksheets are capable of recalcula-

tion. In worksheet recalculation, results displayed by formulas can automatically change as 

the data that the formulas use change, but only if the formulas properly refer to the cells that 

contain the data that might change.

Practical Matters: Skills You Need
To use Excel effectively with this book, you will need to know how to make cell entries, how 

to navigate to, or open to, a particular worksheet in a workbook, how to print a worksheet, and 

how to open and save files. If these skills are new to you, review the introduction to these skills 

that starts later in this chapter and continues in Appendix B.

You may need to modify model worksheet solutions, especially as you progress into the 

later chapters of this book. However, this book does not require you to learn this additional 

(information systems) skill. You can choose to use PHStat, which performs those modifica-

tions for you. By automating the necessary modifications, PHStat reduces your chance of mak-

ing errors.

PHStat creates worksheet solutions that are identical to the solutions found in the Excel 

Guide workbooks and that are shown and annotated throughout this book. You will not learn 

anything less if you use PHStat, as you will be using and studying from the same solutions as 

those who decide not to use PHStat. If the information systems skill of modifying worksheets 

is one of your secondary goals, you can use PHStat to create solutions to several similar prob-

lems and then examine the modifications made in each solution.

PHStat uses a menu-driven interface and is an example of an add-in, a programming com-

ponent designed to extend the abilities of Excel. Unlike add-ins such as the Data Analysis 

ToolPak that Microsoft packages with Excel, PHStat creates actual worksheets with working 

formulas. (The ToolPak and most add-ins produce a text-based report that is pasted into a 

worksheet.) Consider both PHStat and the set of Excel Guide workbooks as stand-ins for the 

template and model solution library that you would encounter in a well-run business.

Ways of Working with Excel
With this book, you can work with Excel by either using PHStat or making manual changes 

directly to the Excel Guide workbooks. Readers that are experienced Excel users may prefer 

making manual changes, and readers who use Excel in organizations that restrict the use of 

Microsoft Office add-ins may be forced to make such changes. Therefore, this book provides 

detailed instructions for using Excel with PHStat, which are labeled PHStat, and instructions 

for making manual changes to templates and model worksheet solutions, which are labeled 

Workbook.

studentTIP

Recalculation is always 

a basis for goal-seeking 

and what-if analyses that 

you may encounter in 

other business courses.

studentTIP

PHStat also automates 

the correction of errors 

that Excel sometimes 

makes in formatting 

charts, saving you time.
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8 First Things First

In practice, if you face no restrictions on using add-ins, you may want to use a mix of both 

approaches if you have had some previous exposure to Excel. In this mix, you open the Excel 

Guide workbooks that contain the simpler templates and fill them in, and you use PHStat to 

modify the more complex solutions associated with statistical methods found in later chapters. 

You may also want to use PHStat when you construct charts, as PHStat automates the correc-

tion of chart formatting mistakes that Excel sometimes makes. (Making these corrections can 

be time-consuming and a distraction from learning statistics.)

This book also includes instructions for using the Data Analysis ToolPak, which is labeled 

ToolPak, for readers who prefer using this Microsoft-supplied add-in. Certain model worksheet 

solutions found in the Excel Guide workbooks, used by PHStat, and shown in this book mimic 

the appearance of ToolPak solutions to accommodate readers used to ToolPak results. Do not be 

fooled, though—while the worksheets mimic those solutions, the worksheets are fundamentally 

different, as they contain active formulas and not the pasted-in text of the ToolPak solutions.

Excel Guides
Excel Guides contain the detailed PHStat, Workbook, and, when applicable, ToolPak instruc-

tions. Guides present instructions by chapter section numbers, so, for example, Excel Guide 

Section EG2.3 provides instructions for the methods discussed in Section 2.3. Most Guide 

sections begin with a key technique that presents the most important or critical Excel feature 

that the templates and model solutions use and cite the example that the instructions that follow 

use. (The example is usually the example that has been worked out in the chapter section.)

For some methods, the Guides present separate instructions for summarized or unsumma-

rized data. In such cases, you will see either (summarized) or (unsummarized) as part of the 

instruction label. When minor variations among current Excel versions affect the Workbook 

instructions, special sentences or separate instructions clarify the differences. (The minor vari-

ations do not affect either the PHStat or ToolPak instructions.)

Which Excel Version to Use?
Use a current version of Microsoft Excel for Microsoft Windows or (Mac) OS X when working 

with the examples, problems, and Excel Guide instructions in this book. A current version is a 

version that receives “mainstream support” from Microsoft that includes updates, refinements, 

and online support. As this book went to press, current versions included Microsoft Windows 

Excel 2016, 2013, and 2010, and the OS X Excel 2016 and 2011. If you have an Office 365 

subscription, you always have access to the most current version of Excel. 

If you use Microsoft Windows Excel 2007, you should know that Microsoft has already 

ended mainstream support and will end all (i.e., security update) support for this version during 

the expected in-print lifetime of this book. Excel 2007 does not include all of the features of 

Excel used in this book and has a number of significant differences that affect various work-

sheet solutions. (This is further explained in Appendix F.) Note that many Excel Guide work-

books contain special worksheet solutions for use with Excel 2007. If you use PHStat with 

Excel 2007, PHStat will produce these special worksheet solutions automatically.

If you use a mobile Excel version such as Excel for Android Tablets, you will need an Office 

365 subscription to open, examine, edit, and save Excel Guide workbooks and data workbooks. 

(Without a subscription, you can only open and examine those workbooks.) As this book went 

to press, the current version of Excel for Android Tablets did not support all of the Excel fea-

tures discussed or used in this book and did not support the use of add-ins such as PHStat.

Conventions Used
In both the annotated worksheet solutions shown as chapter figures and in the Excel Guide 

instructions, this book uses the following conventions:

•	 What to type as an entry and where to type the entry appear in boldface: Enter 450 in 

cell B5.

•	 Names of special keys appear capitalized and in boldface: Press Enter.

studentTIP

For several advanced 

topics, PHStat produces 

solutions that cannot 

be easily produced 

from modified model 

worksheet solutions. For 

those topics, you will 

need to use PHStat.

studentTIP

If you are currently using 

Excel 2007, consider 

upgrading to a newer 

version that will maximize 

your learning with this 

book and minimize your 

problems using Excel.

studentTIP

OS X Excel is also known 

as “Excel for Mac.”
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 Key Terms 9

•	 For improved readability, Excel ribbon tabs appear in mixed case (File, Insert), not cap-

italized (FILE, INSERT) as they appear in certain Excel versions.

•	 Menu and ribbon selections appear in boldface, and sequences of consecutive selec-

tions are linked using the ➔ symbol: Select File ➔ New. Select PHStat ➔ Descriptive 

 Statistics ➔ Boxplot.

•	 Key combinations, two or more keys that you press at the same time, are shown in bold-

face: Press Ctrl+C. Press Command+Enter.

•	 Names of specific Excel functions, worksheets, or workbooks appear in boldface.

Placeholders that express the general case appear in italics and boldface, such as AVERAGE (cell 

range of variable). When you encounter a placeholder, you replace it with an actual value. For 

example, you would replace cell range of variable with an actual variable cell range. By  special 

convention in this book, PHStat menu sequences always begin with PHStat, even though in 

some Excel versions you must first select the Add-Ins tab to display the PHStat menu.

 REFERENCES

 1. Advani, D. “Preparing Students for the Jobs of the Future.” 

University Business (2011), bit.ly/1gNLTJm.

 2. Davenport, T., J. Harris, and R. Morison. Analytics at Work. 

Boston: Harvard Business School Press, 2010.

 3. Healy, P. “Ticker Pricing Puts ‘Lion King’ atop Broadway’s 

Circle of Life.” The New York Times, New York edition, March 

17, 2014, p. A1, and nyti.ms.1zDkzki.

 4. JP Morgan Chase. “Report of JPMorgan Chase & Co. Man-

agement Task Force Regarding 2012 CIO Losses,” bit.ly/ 

1BnQZzY, as quoted in J. Ewok, “The Importance of Excel,” 

The Baseline Scenario, bit.ly/1LPeQUy.

 5. Laney, D. 3D Data Management: Controlling Data Volume, 

Velocity, and Variety. Stamford, CT: META Group. February 6,  

2001.

 6. Levine, D., and D. Stephan. “Teaching Introductory Business 

Statistics Using the DCOVA Framework.” Decision Sciences 

Journal of Innovative Education 9 (Sept. 2011): 393–398.

 7. Liberatore, M., and W. Luo. “The Analytics Movement.” Inter-

faces 40 (2010): 313–324.

 8. “What Is Big Data?” IBM Corporation, www.ibm.com/ 

big-data/us/en/.

 KEY TERMS

add-in 7

big data 4

cells 6

chart sheet 6

data 2

business analytics 4

DCOVA framework 3

descriptive statistics 5

formula 6

formula bar 10

inferential statistics 5

logical causality 6

operational definition 5

recalculation 7

statistic 5

statistics 2

structured data 4

summarized data 2

template 3

unstructured data 4

variable 5

workbook 6

worksheet 6

M00_LEVI3054_00_SE_C00.indd   9 12/09/15   8:11 AM



As explained earlier in this chapter, Excel Guides contain the detailed instructions for using Micro-

soft Excel with this book. Whether you choose to use the PHStat, Workbook, or, when applicable, 

ToolPak instructions (see page 8), you should know how to enter data for variables into a work-

sheet and how to review and inspect worksheets before applying them to a problem.

EG.1 ENTERING DATA

You should enter the data for variables using the style that the DATA worksheets of the Excel Guide 

workbooks and the Excel data files (see Appendix C) use. Those DATA worksheets use the business 

convention of entering the data for each variable in separate columns, and using the cell entry in the 

first row in each column as a heading to identify a variable by name. These worksheets also begin with 

column A, row 1 (cell A1) and do not skip any rows when entering data for a variable into a column. 

To enter data in a specific cell, either use the cursor keys to move the cell pointer to the cell 

or use your mouse to select the cell directly. As you type, what you type appears in a space above 

the worksheet called the formula bar. Complete your data entry by pressing Tab or Enter or by 

clicking the checkmark button in the formula bar.

When you enter data, never skip any rows in a column, and as a general rule, also avoid skip-

ping any columns. Also try to avoid using numbers as row 1 variable headings; if you cannot avoid 

their use, precede such headings with apostrophes. When you create a new data worksheet, begin 

the first entry in cell A1, as the sample below shows. Pay attention to special instructions in this 

book that note specific orderings of the columns that hold your variables. For some statistical meth-

ods, entering variables in a column order that Excel does not expect will lead to incorrect results.

  EXCEL GUIDE

10

studentTIP

At the time this book 

went to press, some 

mobile versions of Excel 

could not display work-

sheets in formula view. 

If you are using such a 

version, you can select a 

cell and view the formula 

in the formula bar.

EG.2 REVIEWING WORKSHEETS

You should follow the best practice of reviewing worksheets before you use them to help solve 

problems. When you use a worksheet, what you see displayed in cells may be the result of either 

the recalculation of formulas or cell formatting. A cell that displays 4 might contain the value 4, 

might contain a formula calculation that results in the value 4, or might contain a value such as 

3.987 that has been formatted to display as the nearest whole number. 

To display and review all formulas, you press Ctrl+` (grave accent). Excel displays the for-

mula view of the worksheet, revealing all formulas. (Pressing Ctrl+` a second time restores the 

worksheet to its normal display.) If you use the Excel Guide workbooks, you will discover that each 

workbook contains one or more FORMULAS worksheets that provide a second way of viewing all 

formulas.

Whether you use PHStat or the Excel Guide workbooks, you will notice cell formatting oper-

ations that change the background color of cells, change text attributes such as boldface of cell 

entries, and round values to a certain number of decimal places (typically four). Because cells in 

PHStat worksheets and Excel Guide workbooks have been already formatted for you, using this 

book does not require that you know how to apply these formatting operations. However, if you 

want to learn more about cell formatting, Appendix B includes a summary of common formatting 

operations, including those used in the worksheet solutions presented in this book.
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 EXCEL GUIDE 11

EG.3 IF YOU PLAN TO USE THE WORKBOOK INSTRUCTIONS

The Workbook instructions in the Excel Guides help you to modify model worksheet solutions by 

directly operating a current version of Microsoft Excel. For most statistical methods, the Workbook 

instructions will be identical for all current versions. In some cases, especially in the instructions 

for constructing tabular and visual summaries discussed in Chapter 2, the Workbook instructions 

can greatly vary from one version to another. In those cases, the Excel Guides express instructions 

in the most universal way possible. Many instructions ask you to select (click on) an item from 

a gallery of items and identify that item by name. In some Excel versions, these names may be 

visible captions for the item; in other versions you will need to move the mouse over the image to 

pop up the image name. 

Guides also use the word display to refer to either a task pane or a two-panel dialog box that 

contains similar or identical choices. A task pane, found in more recent versions, opens to the side 

of the worksheet and can remain onscreen indefinitely. Some parts of a pane may be initially hid-

den and you may need to click on an icon or label to reveal a hidden part to complete a command 

sequence. A two-panel dialog box opens over the worksheet and must be closed before you can 

continue your work. These dialog boxes contain one left panel, always visible, and a series of right 

panels, only one of which is visible at any given time. To reveal a hidden right panel, you click on a 

left panel entry, analogous to clicking an icon or label in a task pane. (To close either a task pane or 

a dialog box, click the system close button.) 

Current Excel versions can vary in their command sequences. Excel Guide instructions show these 

variations as parenthetical phrases. For example, the command sequence, “select Design (or Chart 

Design) ➔ Add Chart Element” tells you to first select Design or Chart Design to begin the 

sequence and then to continue by selecting Add Chart Element. (Microsoft Windows Excels use 

Design and the current OS X Excel uses Chart Design.)

In some cases, OS X Excel 2016 instructions differ so much that an Excel Guide presents an 

alternate instruction using this color and font. In addition, OS X Excel 2011 has significantly 

different command sequences for creating visual and some tabular summaries. If you plan to use 

OS X Excel 2011 with this book, take note of the Student Tip to the left. If you must use this older 

OS X Excel, be sure to download and use the OS X Excel 2011 Supplement that provides notes 

and instructions for creating visual and tabular summaries in OS X Excel 2011. (For methods other 

than visual and tabular summaries, OS X Excel 2011 uses the same or similar sequences that other 

Excel versions use.)

Again, if only one set of Workbook instructions appears, that set applies to all current 

 versions. You do not need to be concerned about command sequence differences if you use the 

PHStat (or Analysis ToolPak) instructions. Those instructions are always the same for all current 

versions.

studentTIP

The authors discourage 

you from using OS X 

Excel 2011 if you plan to 

use the Chapter 2 Work-

book instructions for cre-

ating visual summaries.
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1 

Defining and  
Collecting Data

#1 
You’re the sales manager in charge of the best-selling beverage in its category. For 

years, your chief competitor has made sales gains, claiming a better tasting product. 

Worse, a new sibling product from your company, known for its good taste, has 

quickly gained  significant market share at the expense of your product. Worried that your prod-

uct may soon lose its number one status, you seek to improve sales by improving the product’s 

taste. You experiment and develop a new beverage formulation. Using methods taught in this 

book, you conduct surveys and discover that people overwhelmingly like the newer formulation, 

and you decide to use that new formulation going forward, having  statistically shown that people 

prefer the new taste formulation. What could go wrong?

#2
You’re a senior airline manager who has noticed that your frequent fliers always 

choose another airline when flying from the United States to Europe. You suspect 

fliers make that choice because of the other airline’s perceived higher quality. You 

survey those fliers,, using techniques taught in this book, and confirm your suspicions. You then 

design a new survey to collect detailed information about the quality of all components of a 

flight, from the seats to the meals served to the flight attendants’ service. Based on the results 

of that survey, you approve a costly plan that will enable your airline to match the perceived 

quality of your competitor. What could go wrong?

In both cases, much did go wrong. Both cases serve as cautionary tales that if you choose the 

wrong variables to study, you may not end up with results that support making better decisions. 

Defining and collecting data, which at first glance can seem to be the simplest tasks in the 

DCOVA framework, can often be more challenging than people anticipate.

 ▼ USING STATISTICS

Defining Moments
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 1.1 Defining Variables 13

A
s the initial chapter notes, statistics is a way of thinking that can help fact-based deci-

sion making. But statistics, even properly applied using the DCOVA framework, can 

never be a substitute for sound management judgment. If you misidentify the business 

problem or lack proper insight into a problem, statistics cannot help you make a good decision. 

Case #1 retells the story of one of the most famous marketing blunders ever, the change in the 

formulation of Coca-Cola in the 1980s. In that case, Coke brand managers were so focused on 

the taste of Pepsi and the newly successful sibling Diet Coke that they decided only to define 

a variable and collect data about which drink tasters preferred in a blind taste test. When New 

Coke was preferred, even over Pepsi, managers rushed the new formulation into production. 

In doing so, those managers failed to reflect on whether the statistical results about a test that 

asked people to compare one-ounce samples of several beverages would demonstrate anything 

about beverage sales. After all, people were asked which beverage tasted better, not whether 

they would buy that better-tasting beverage in the future. New Coke was an immediate failure, 

and Coke managers reversed their decision a mere 77 days after introducing their new formula-

tion (see reference 6).

Case #2 represents a composite story of managerial actions at several airlines. In some 

cases, managers overlooked the need to state operational definitions for quality factors about 

which fliers were surveyed. In at least one case, statistics was applied correctly, and an airline 

spent great sums on upgrades and was able to significantly improve quality. Unfortunately, 

their frequent fliers still chose the competitor’s flights. In this case, no statistical survey about 

quality could reveal the managerial oversight that given the same level of quality between two 

airlines, frequent fliers will almost always choose the cheaper airline. While quality was a sig-

nificant variable of interest, it was not the most significant.

Remember the lessons of these cases as you study the rest of this book. Due to the 

necessities of instruction, examples and problems presented in all chapters but the last 

one include preidentified business problems and defined variables. Identifying the busi-

ness problem or objective to be considered is always a prelude to applying the DCOVA 

framework.

1.1 Defining Variables
When a proper business problem or objective has been identified, you can begin to define your 

data. You define data by defining variables. You assign an operational definition to each vari-

able you identify and specify the type of variable and the scale, or type of measurement, the 

variable uses (the latter two concepts are discussed later in this section).

You been hired by Good Tunes & More (GT&M), a local electronics retailer, to assist in estab-

lishing a fair and reasonable price for Whitney Wireless, a privately-held chain that GT&M 

seeks to acquire. You need data that would help to analyze and verify the contents of the wire-

less company’s basic financial statements. A GT&M manager suggests that one variable you 

should use is monthly sales. What do you do?

SOLUTION Having first confirmed with the GT&M financial team that monthly sales is a rele-

vant variable of interest, you develop an operational definition for this variable. Does this variable 

refer to sales per month for the entire chain or for individual stores? Does the variable refer to net 

or gross sales? Do the monthly sales data represent number of units sold or currency amounts? If 

the data are currency amounts, are they expressed in U.S. dollars? After getting answers to these 

and similar questions, you draft an operational definition for ratification by others working on this 

project.

EXAMPLE 1.1

Defining Data at 

GT&M

studentTIP

Coke managers also 

overlooked other issues, 

such as people’s emo-

tional connection and 

brand loyalty to Coca-

Cola, issues better dis-

cussed in a marketing 

book than this book.
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14 CHAPTER 1 | Defining and Collecting Data

Classifying Variables by Type
You need to know the type of data that a variable defines in order to choose statistical methods 

that are appropriate for that data. Broadly, all variables are either numerical, variables whose 

data represent a counted or measured quantity, or categorical, variables whose data represent 

categories. Gender with its categories male and female is a categorical variable, as is the vari-

able preferred-New-Coke with its categories yes and no. In Example 1.1, the monthly sales 

variable is numerical because the data for this variable represent a quantity.

For some statistical methods, you must further specify numerical variables as either being 

discrete or continuous. Discrete numerical variables have data that arise from a counting pro-

cess. Discrete numerical variables include variables that represent a “number of something,” 

such as the monthly number of smartphones sold in an electronics store. Continuous numeri-

cal variables have data that arise from a measuring process. The variable “the time spent wait-

ing on a checkout line” is a continuous numerical variable because its data represent timing 

measurements. The data for a continuous variable can take on any value within a continuum or 

an interval, subject to the precision of the measuring instrument. For example, a waiting time 

could be 1 minute, 1.1 minutes, 1.11 minutes, or 1.113 minutes, depending on the precision of 

the electronic timing device used.

For some data, you might define a numerical variable for one problem that you wish to 

study, but define the same data as a categorical variable for another. For example, a person’s 

age might seem to always be a numerical variable, but what if you are interested in comparing 

the buying habits of children, young adults, middle-aged persons, and retirement-age people? 

In that case, defining age as categorical variable would make better sense.

Measurement Scales
You identify the measurement scale that the data for a variable represent, as part of defining 

a variable. The measurement scale defines the ordering of values and determines if differences 

among pairs of values for a variable are equivalent and whether you can express one value in 

terms of another. Table1.1 presents examples of measurement scales, some of which are used 

in the rest of this section.

You define numerical variables as using either an interval scale, which expresses a differ-

ence between measurements that do not include a true zero point, or a ratio scale, an ordered 

scale that includes a true zero point. If a numerical variable has a ratio scale, you can character-

ize one value in terms of another. You can say that the item cost (ratio) $2 is twice as expensive 

as the item cost $1. However, because Fahrenheit temperatures use an interval scale, 2°F does 

not represent twice the heat of 1°F. For both interval and ratio scales, what the difference of 

1 unit represents remains the same among pairs of values, so that the difference between $11 

and $10 represents the same difference as the difference between $2 and $1 (and the difference 

between 11°F and 10°F represents the same as the difference between 2°F and 1°F).

Categorical variables use measurement scales that provide less insight into the values 

for the variable. For data measured on a nominal scale, category values express no order or 

ranking. For data measured on an ordinal scale, an ordering or ranking of category values is 

implied. Ordinal scales give you some information to compare values but not as much as inter-

val or ratio scales. For example, the ordinal scale poor, fair, good, and excellent allows you to 

know that “good” is better than poor or fair and not better than excellent. But unlike interval 

and ratio scales, you do not know that the difference from poor to fair is the same as fair to 

good (or good to excellent).

TABLE 1.1

Examples of Different 

Scales and Types

Data Scale, Type Values

Cellular provider nominal, categorical AT&T, T-Mobile, Verizon, Other, None
Excel skills ordinal, categorical novice, intermediate, expert
Temperature (°F) interval, numerical –459.67°F or higher
SAT Math score interval, numerical a value between 200 and 800, inclusive
Item cost (in $) ratio, numerical $0.00 or higher

learnMORE

Read the SHORT TAKES 

for Chapter 1 for more 

examples of classifying 

variables as either cate-

gorical or numerical.

studentTIP
Some prefer the terms 

quantitative and  

qualitative over the 

terms numerical and  

categorical when 

describing variables. 

These two pairs of terms 

are interchangeable.
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1.2 Collecting Data
Collecting data using improper methods can spoil any statistical analysis. For example, Coca-

Cola managers in the 1980s (see page 12) faced advertisements from their competitor publi-

cizing the results of a “Pepsi Challenge” in which taste testers consistently favored Pepsi over 

Coke. No wonder—test recruiters deliberately selected tasters they thought would likely be 

more favorable to Pepsi and served samples of Pepsi chilled, while serving samples of Coke 

PROBLEMS FOR SECTION 1.1

LEARNING THE BASICS

1.1 Four different beverages are sold at a fast-food restaurant: soft 

drinks, tea, coffee, and bottled water.

a. Explain why the type of beverage sold is an example of a cate-

gorical variable.

b. Explain why the type of beverage is an example of a nominal-scaled 

variable.

1.2 U.S. businesses are listed by size: small, medium, and large. 

Explain why business size is an example of an ordinal-scaled 

variable.

1.3 The time it takes to download a video from the Internet is 

measured.

a. Explain why the download time is a continuous numerical  

variable.

b. Explain why the download time is a ratio-scaled variable.

APPLYING THE CONCEPTS

TEST

SELF 1.4 For each of the following variables, determine 

whether the variable is categorical or numerical and 

determine its measurement scale. If the variable is numerical, 

determine whether the variable is discrete or continuous. 

a. Number of cellphones in the household

b. Monthly data usage (in MB)

c. Number of text messages exchanged per month

d. Voice usage per month (in minutes)

e. Whether the cellphone is used for email

1.5 The following information is collected from students upon 

exiting the campus bookstore during the first week of classes.

a. Amount of time spent shopping in the bookstore

b. Number of textbooks purchased

c. Academic major

d. Gender

Classify each variable as categorical or numerical and determine 

its measurement scale.

1.6 For each of the following variables, determine whether the 

variable is categorical or numerical and determine its measure-

ment scale. If the variable is numerical, determine whether the 

variable is discrete or continuous.

a. Name of Internet service provider

b. Time, in hours, spent surfing the Internet per week

c. Whether the individual uses a mobile phone to connect to the 

Internet

d. Number of online purchases made in a month

e. Where the individual uses social networks to find sought-after 

information

1.7 For each of the following variables, determine whether the 

variable is categorical or numerical and determine its measure-

ment scale. If the variable is numerical, determine whether the 

variable is discrete or continuous.

a. Amount of money spent on clothing in the past month

b. Favorite department store

c. Most likely time period during which shopping for clothing 

takes place (weekday, weeknight, or weekend)

d. Number of pairs of shoes owned

1.8 Suppose the following information is collected from Robert 

Keeler on his application for a home mortgage loan at the Metro 

County Savings and Loan Association.

a. Monthly payments: $2,227

b. Number of jobs in past 10 years: 1

c. Annual family income: $96,000

d. Marital status: Married

Classify each of the responses by type of data and measurement 

scale.

1.9 One of the variables most often included in surveys is income. 

Sometimes the question is phrased “What is your income (in thou-

sands of dollars)?” In other surveys, the respondent is asked to 

“Select the circle corresponding to your income level” and is given 

a number of income ranges to choose from.

a. In the first format, explain why income might be considered 

either discrete or continuous.

b. Which of these two formats would you prefer to use if you 

were conducting a survey? Why?

1.10 If two students score a 90 on the same examination, what 

arguments could be used to show that the underlying variable—

test score—is continuous?

1.11 The director of market research at a large department store 

chain wanted to conduct a survey throughout a metropolitan area 

to determine the amount of time working women spend shopping 

for clothing in a typical month.

a. Indicate the type of data the director might want to collect.

b. Develop a first draft of the questionnaire needed in (a) by writ-

ing three categorical questions and three numerical questions 

that you feel would be appropriate for this survey.
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lukewarm (not a very fair comparison!). These introduced biases made the challenge anything 

but a proper scientific or statistical test. Proper data collection avoids introducing biases and 

minimizes errors.

Populations and Samples
You collect your data from either a population or a sample. A population contains all the items 

or individuals of interest that you seek to study. All of the GT&M sales transactions for a spe-

cific year, all of the full-time students enrolled in a college, and all of the registered voters in 

Ohio are examples of populations. A sample contains only a portion of a population of inter-

est. You analyze a sample to estimate characteristics of an entire population. You might select a 

sample of 200 GT&M sales transactions, a sample of 50 full-time students selected for a mar-

keting study, or a sample of 500 registered voters in Ohio in lieu of analyzing the populations 

identified in this paragraph.

You collect data from a sample when selecting a sample will be less time consuming or 

less cumbersome than selecting every item in the population or when analyzing a sample is 

less cumbersome or more practical than analyzing the entire population. Section FTF.3 defines 

statistic as a “value that summarizes the data of a specific variable.” More precisely, a statistic 

summarizes the value of a specific variable for sample data. Correspondingly, a parameter 

summarizes the value of a population for a specific variable.

Data Sources
Data sources arise from the following activities:

•	 Capturing data generated by ongoing business activities

•	 Distributing data compiled by an organization or individual

•	 Compiling the responses from a survey

•	 Conducting a designed experiment and recording the outcomes of the experiment

•	 Conducting an observational study and recording the results of the study

When you perform the activity that collects the data, you are using a primary data source. 

When the data collection part of these activities is done by someone else, you are using a 

 secondary data source.

Capturing data can be done as a byproduct of an organization’s transactional information 

processing, such as the storing of sales transactions at a retailer such as GT&M, or as result of 

a service provided by a second party, such as customer information that a social media website 

business collects on behalf of another business. Therefore, such data capture may be either a 

primary or a secondary source.

Typically, organizations such as market research firms and trade associations distribute 

complied data, as do businesses that offer syndicated services, such as The Neilsen Company, 

known for its TV ratings. Therefore, this source of data is usually a secondary source. The 

other three sources are either primary or secondary, depending on whether you (your organi-

zation) are doing the activity. For example, if you oversee the distribution of a survey and the 

compilation of its results, the survey is a primary data source.

In both observational studies and designed experiments, researchers that collect data 

are looking for the effect of some change, called a treatment, on a variable of interest. In 

an observational study, the researcher collects data in a natural or neutral setting and has no 

direct control of the treatment. For example, in an observational study of the possible effects 

on theme park usage patterns (the variable of interest) that a new electronic payment method 

might cause, you would take a sample of visitors, identify those who use the new method and 

those who do not, and then “observe” if those who use the new method have different park 

usage patterns. In a designed experiment, you permit only those you select to use the new elec-

tronic payment method and then discover if the people you selected have different theme park 

usage patterns (from those who you did not select to use the new payment method). Choosing 

to use an observational study (or experiment) affects the statistical methods you apply and the 

decision-making processes that use the results of those methods, as later chapters (10, 11, and 

17) will further explain.

learnMORE

Read the SHORT TAKES for 

Chapter 1 for a further 

discussion about data 

sources.
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1.3 Types of Sampling Methods
When you collect data by selecting a sample, you begin by defining the frame. The frame is 

a complete or partial listing of the items that make up the population from which the sample 

will be selected. Inaccurate or biased results can occur if a frame excludes certain groups, or 

portions of the population. Using different frames to collect data can lead to different, even 

opposite, conclusions.

Using your frame, you select either a nonprobability sample or a probability sample. In 

a nonprobability sample, you select the items or individuals without knowing their proba-

bilities of selection. In a probability sample, you select items based on known probabilities. 

Whenever possible, you should use a probability sample as such a sample will allow you to 

make inferences about the population being analyzed.

Nonprobability samples can have certain advantages, such as convenience, speed, and low 

cost. Such samples are typically used to obtain informal approximations or as small-scale ini-

tial or pilot analyses. However, because the theory of statistical inference depends on proba-

bility sampling, nonprobability samples cannot be used for statistical inference and this more 

than offsets those advantages in more formal analyses.

Figure1.1 shows the subcategories of the two types of sampling. A nonprobability sample 

can be either a convenience sample or a judgment sample. To collect a convenience sample, 

you select items that are easy, inexpensive, or convenient to sample. For example, in a ware-

house of stacked items, selecting only the items located on the tops of each stack and within 

easy reach would create a convenience sample. So, too, would be the responses to surveys that 

the websites of many companies offer visitors. While such surveys can provide large amounts 

of data quickly and inexpensively, the convenience samples selected from these responses will 

consist of self-selected website visitors. (Read the Consider This essay on page 24 for a related 

story.)

To collect a judgment sample, you collect the opinions of preselected experts in the sub-

ject matter. Although the experts may be well informed, you cannot generalize their results to 

the population.

PROBLEMS FOR SECTION 1.2

APPLYING THE CONCEPTS

1.12 The American Community Survey (www.census.gov/acs) 

provides data every year about communities in the United States. 

Addresses are randomly selected, and respondents are required to 

supply answers to a series of questions.

a. Which of the sources of data best describe the American Com-

munity Survey?

b. Is the American Community Survey based on a sample or a 

population?

1.13 Visit the website of the Gallup organization at www.gallup 

.com. Read today’s top story. What type of data source is the top 

story based on?

1.14 Visit the website of the Pew Research organization at www 

.pewresearch.org. Read today’s top story. What type of data 

source is the top story based on?

1.15 Transportation engineers and planners want to address the 

dynamic properties of travel behavior by describing in detail the 

driving characteristics of drivers over the course of a month. What 

type of data collection source do you think the transportation engi-

neers and planners should use?

1.16 Visit the home page of the Statistics Portal “Statista” at 

statista.com. Examine one of the “Popular infographic topics” in 

the Infographics section on that page. What type of data source is 

the information presented here based on?

Nonprobability Samples

Judgment

Sample

Systematic

Sample

Strati
ed

Sample

Simple

Random

Sample

Cluster

Sample

Probability Samples

Convenience

Sample

FIGURE 1.1

Types of samples
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The types of probability samples most commonly used include simple random, system-

atic, stratified, and cluster samples. These four types of probability samples vary in terms of 

cost, accuracy, and complexity, and they are the subject of the rest of this section.

Simple Random Sample
In a simple random sample, every item from a frame has the same chance of selection as 

every other item, and every sample of a fixed size has the same chance of selection as every 

other sample of that size. Simple random sampling is the most elementary random sampling 

technique. It forms the basis for the other random sampling techniques. However, simple ran-

dom sampling has its disadvantages. Its results are often subject to more variation than other 

sampling methods. In addition, when the frame used is very large, carrying out a simple ran-

dom sample may be time consuming and expensive.

With simple random sampling, you use n to represent the sample size and N to represent 

the frame size. You number every item in the frame from 1 to N. The chance that you will 

select any particular member of the frame on the first selection is 1>N.

You select samples with replacement or without replacement. Sampling with replace-

ment means that after you select an item, you return it to the frame, where it has the same 

probability of being selected again. Imagine that you have a fishbowl containing N business 

cards, one card for each person. On the first selection, you select the card for Grace Kim. You 

record pertinent information and replace the business card in the bowl. You then mix up the 

cards in the bowl and select a second card. On the second selection, Grace Kim has the same 

probability of being selected again, 1>N. You repeat this process until you have selected the 

desired sample size, n.

Typically, you do not want the same item or individual to be selected again in a sam-

ple. Sampling without replacement means that once you select an item, you cannot select 

it again. The chance that you will select any particular item in the frame—for example, the 

business card for Grace Kim—on the first selection is 1>N. The chance that you will select any 

card not previously chosen on the second selection is now 1 out of N - 1. This process contin-

ues until you have selected the desired sample of size n.

When creating a simple random sample, you should avoid the “fishbowl” method of select-

ing a sample because this method lacks the ability to thoroughly mix the cards and, therefore, 

randomly select a sample. You should use a more rigorous selection method.

One such method is to use a table of random numbers, such as Table E.1 in Appendix 

E, for selecting the sample. A table of random numbers consists of a series of digits listed in a 

randomly generated sequence. To use a random number table for selecting a sample, you first 

need to assign code numbers to the individual items of the frame. Then you generate the ran-

dom sample by reading the table of random numbers and selecting those individuals from the 

frame whose assigned code numbers match the digits found in the table. Because the number 

system uses 10 digits 10, 1, 2,c , 92, the chance that you will randomly generate any partic-

ular digit is equal to the probability of generating any other digit. This probability is 1 out of 

10. Hence, if you generate a sequence of 800 digits, you would expect about 80 to be the digit 

0, 80 to be the digit 1, and so on. Because every digit or sequence of digits in the table is ran-

dom, the table can be read either horizontally or vertically. The margins of the table designate 

row numbers and column numbers. The digits themselves are grouped into sequences of five in 

order to make reading the table easier.

Systematic Sample
In a systematic sample, you partition the N items in the frame into n groups of k items, where

k =

N

n

You round k to the nearest integer. To select a systematic sample, you choose the first item to 

be selected at random from the first k items in the frame. Then, you select the remaining n - 1 

items by taking every kth item thereafter from the entire frame.

learnMORE

Learn to use a table 

of random numbers to 

select a simple random 

sample in an online sec-

tion of this chapter.
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If the frame consists of a list of prenumbered checks, sales receipts, or invoices, taking a 

systematic sample is faster and easier than taking a simple random sample. A systematic sam-

ple is also a convenient mechanism for collecting data from membership directories, electoral 

registers, class rosters, and consecutive items coming off an assembly line.

To take a systematic sample of n = 40 from the population of N = 800 full-time employ-

ees, you partition the frame of 800 into 40 groups, each of which contains 20 employees. You 

then select a random number from the first 20 individuals and include every twentieth individ-

ual after the first selection in the sample. For example, if the first random number you select is 

008, your subsequent selections are 028, 048, 068, 088, 108,c , 768, and 788.

Simple random sampling and systematic sampling are simpler than other, more sophisti-

cated, probability sampling methods, but they generally require a larger sample size. In addi-

tion, systematic sampling is prone to selection bias that can occur when there is a pattern in 

the frame. To overcome the inefficiency of simple random sampling and the potential selection 

bias involved with systematic sampling, you can use either stratified sampling methods or clus-

ter sampling methods.

Stratified Sample
In a stratified sample, you first subdivide the N items in the frame into separate subpopula-

tions, or strata. A stratum is defined by some common characteristic, such as gender or year 

in school. You select a simple random sample within each of the strata and combine the results 

from the separate simple random samples. Stratified sampling is more efficient than either 

simple random sampling or systematic sampling because you are ensured of the representation 

of items across the entire population. The homogeneity of items within each stratum provides 

greater precision in the estimates of underlying population parameters. In addition, stratified 

sampling enables you to reach conclusions about each strata in the frame. However, using a 

stratified sample requires that you can determine the variable(s) on which to base the stratifica-

tion and can also be expensive to implement.

Cluster Sample
In a cluster sample, you divide the N items in the frame into clusters that contain several 

items. Clusters are often naturally occurring groups, such as counties, election districts, city 

blocks, households, or sales territories. You then take a random sample of one or more clusters 

and study all items in each selected cluster.

Cluster sampling is often more cost-effective than simple random sampling, particularly 

if the population is spread over a wide geographic region. However, cluster sampling often 

requires a larger sample size to produce results as precise as those from simple random sam-

pling or stratified sampling. A detailed discussion of systematic sampling, stratified sampling, 

and cluster sampling procedures can be found in references 2, 4, and 5.

learnMORE

Learn how to select a 

stratified sample in the 

online section of this 

chapter.

PROBLEMS FOR SECTION 1.3

LEARNING THE BASICS

1.17 For a population containing N = 902 individuals, what 

code number would you assign for

a. the first person on the list?

b. the fortieth person on the list?

c. the last person on the list?

1.18 For a population of N = 902, verify that by starting in 

row 05, column 01 of the table of random numbers (Table E.1), 

you need only six rows to select a sample of N = 60 without 

replacement.

1.19 Given a population of N = 93, starting in row 29, column 

01 of the table of random numbers (Table E.1), and reading across 

the row, select a sample of N = 15

a. without replacement.

b. with replacement.

APPLYING THE CONCEPTS

1.20 For a study that consists of personal interviews with par-

ticipants (rather than mail or phone surveys), explain why simple 

random sampling might be less practical than some other sampling 

methods.
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1.4  Data Preparation
As you collect data, you may need to perform actions to help prepare the data for processing. 

This preparation both reviews the data for errors and inconsistencies as well as places the data 

into a format and structure required by the software you use to perform calculations (Microsoft 

Excel in this book).

Given the time constraints of the typical business statistics course, you will likely not prac-

tice data preparation tasks very much. With the exception of several examples designed for use 

with this section, data for the problems and examples in this book have already been properly 

“prepared” so that you can focus on the statistical concepts and methods that you are learning. 

That said, you should study these tasks for the occasions when you independently collect your 

own data and be generally knowledgeable about the importance of such tasks.

Data Cleaning
Perhaps the most critical data preparation task is data cleaning, the finding and possible fixing 

of irregularities in the data you collect. Irregularities that you find include undefined or impos-

sible values as well as so-called missing values, data that were not able to be collected for a 

variable (and therefore not available for analysis).

1.21 You want to select a random sample of n = 1 from a pop-

ulation of three items (which are called A, B, and C). The rule for 

selecting the sample is as follows: Flip a coin; if it is heads, pick 

item A; if it is tails, f lip the coin again; this time, if it is heads, 

choose B; if it is tails, choose C. Explain why this is a probability 

sample but not a simple random sample.

1.22 A population has four members (called A, B, C, and D). You 

would like to select a random sample of n = 2, which you decide 

to do in the following way: Flip a coin; if it is heads, the sample 

will be items A and B; if it is tails, the sample will be items C and D. 

Although this is a random sample, it is not a simple random sam-

ple. Explain why. (Compare the procedure described in Problem 

1.21 with the procedure described in this problem.)

1.23 The registrar of a university with a population of N = 4,000 

full-time students is asked by the president to conduct a survey 

to measure satisfaction with the quality of life on campus. The 

following table contains a breakdown of the 4,000 registered full-

time students, by gender and class designation:

CLASS DESIGNATION

GENDER Fr. So. Jr. Sr. Total

Female 700 520 500 480 2,200

Male    560 460 400 380 1,800

Total 1,260 980 900 860 4,000

The registrar intends to take a probability sample of n = 200 stu-

dents and project the results from the sample to the entire popula-

tion of full-time students.

a. If the frame available from the registrar’s files is an alphabet-

ical listing of the names of all N = 4,000 registered full-time 

students, what type of sample could you take? Discuss.

b. What is the advantage of selecting a simple random sample 

in (a)?

c. What is the advantage of selecting a systematic sample in (a)?

d. If the frame available from the registrar’s files is a list of the 

names of all N = 4,000 registered full-time students compiled 

from eight separate alphabetical lists, based on the gender and 

class designation breakdowns shown in the class designation 

table, what type of sample should you take? Discuss.

e. Suppose that each of the N = 4,000 registered full-time stu-

dents lived in one of the 10 campus dormitories. Each dormi-

tory accommodates 400 students. It is college policy to fully 

integrate students by gender and class designation in each dor-

mitory. If the registrar is able to compile a listing of all students 

by dormitory, explain how you could take a cluster sample.

TEST

SELF 1.24 Prenumbered sales invoices are kept in a sales 

journal. The invoices are numbered from 0001 to 5000.

a. Beginning in row 16, column 01, and proceeding horizontally 

in a table of random numbers (Table E.1), select a simple ran-

dom sample of 50 invoice numbers.

b. Select a systematic sample of 50 invoice numbers. Use the ran-

dom numbers in row 20, columns 05–07, as the starting point 

for your selection.

c. Are the invoices selected in (a) the same as those selected in 

(b)? Why or why not?

1.25 Suppose that 10,000 customers in a retailer’s customer data-

base are categorized by three customer types: 3,500 prospective 

buyers, 4,500 first time buyers, and 2,000 repeat (loyal) buyers. A 

sample of 1,000 customers is needed.

a. What type of sampling should you do? Why?

b. Explain how you would carry out the sampling according to the 

method stated in (a).

c. Why is the sampling in (a) not simple random sampling?

studentTIP

Data preparation consid-

erations are also critical 

when using business 

analytics, as Chapter 17 

explains.
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For a categorical variable, an undefined value would be a category that is not one of the 

categories defined for the variable. For a numerical variable, an impossible value would be a 

value that falls outside a defined range of possible values for the variable. For a numerical vari-

able without a defined range of possible values, you might also find outliers, values that seem 

excessively different from most of the other values. Such values may or may not be errors, but 

they demand a second review.

Missing values most frequently arise when you record a nonresponse to a survey ques-

tion, but also occur with other data sources for a variety of reasons. Proper statistical analysis 

requires that you exclude missing values, and most specialized statistical software has ways 

of performing that exclusion, a type of data cleaning, for you. However, Microsoft Excel does 

not. When you use Excel, you must find and then exclude missing values manually as part of 

your data cleaning.

You may be able to fix some typographical irregularities that can occur with the data for a 

categorical variable. For example, given the variable gender with the defined categories male 

and female, data improperly recorded as mail or mael or as MALE or maLe can all be reason-

ably fixed to male, so long as you preserve a copy of the original data for later audit purposes. 

For other undefined or impossible values that you cannot fix, you may be tempted to exclude 

the data, but such exclusions violate proper sampling methods. Instead, unfixable irregularities 

should be recorded as missing values.

Data Formatting
You may need to reformat your data when you collect your data. Reformatting can mean rear-

ranging the structure of the data or changing the electronic encoding of the data or both. For 

example, suppose that you seek to collect financial data about a sample of companies. You 

might find these data structured as tables of data, as the contents of standard forms, in a contin-

uous stock ticker stream, or as messages or blog entries that appear on various websites. These 

data sources have various levels of structure which affect the ease of reformatting them for use.

Because tables of data are highly structured and are similar to the structure of a work-

sheet, tables would require the least reformatting. In the best case, you could make the rows 

and columns of a table the rows and columns of a worksheet. Unstructured data sources, such 

as messages and blog entries, often represent the worst case. You may have to paraphrase or 

characterize the message contents in a way that does not involve a direct transfer. As the use of 

business analytics grows (see Chapter 17), the use of automated ways to paraphrase or charac-

terize these and other types of unstructured data grows, too.

Independent of the structure, the data you collect may exist in an electronic form that 

needs to be changed in order to be analyzed. For example, data presented as a digital picture 

of Excel worksheets would need to be changed into an actual Excel worksheet before that data 

could be analyzed. In this example, you are changing the electronic encoding of all the data, 

from a picture format such as jpeg to an Excel workbook format such as xlsx. Sometimes, indi-

vidual numerical values that you have collected may need to changed, especially if you collect 

values that result from a computational process. You can demonstrate this issue in Excel by 

entering a formula that is equivalent to the expression 1 × (0.5 – 0.4 – 0.1), which should eval-

uate as 0 but in Excel evaluates to a very small negative number. You would want to alter that 

value to 0 as part of your data cleaning.

Stacked and Unstacked Variables
When collecting data for a numerical variable, you sometimes want to subdivide that data into 

two or more groups for analysis. For example, if you were collecting data about the cost of a 

restaurant meal in an urban area, you might want to consider the cost of meals at restaurants 

in the center city district separately from the meal costs at metro area restaurants. When you 

want to consider two or more groups, you can arrange your data as either unstacked or stacked.

To use an unstacked arrangement, you create separate numerical variables for each group. 

In the example, you would create a center city meal cost variable and a second variable to 

hold the meal costs at metro area restaurants. To use a stacked arrangement format, you pair 

learnMORE

Excel Data Cleaning.pdf 

discusses techniques 

that you can use in Excel 

to clean data.
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the single numerical variable meal cost with a second, categorical variable that contains two 

categories, such as center city and metro area. (The DATA and UNSTACKED worksheets of 

the Restaurants workbook present stacked and unstacked versions of the meal cost data that 

Chapter 2 uses for several examples.)

When you use software to analyze data, you may discover that a particular procedure 

requires data to be stacked (or unstacked). When such cases arise using Microsoft Excel, they 

are noted in the Excel Guide instructions. If you collect several numerical variables, each of 

which you want to subdivide in the same way, stacking your data will probably be the more 

efficient choice for you. Otherwise, it makes little difference whether your collected data is 

stacked or unstacked.

Recoding Variables
After you have collected data, you may need to reconsider the categories that you defined for 

a categorical variable or transform a numerical variable into a categorical variable by assign-

ing the individual numeric values to one of several groups. In either case, you can define a 

recoded variable that supplements or replaces the original variable in your analysis.

For example, having already defined the variable class standing with the categories fresh-

man, sophomore, junior, and senior, you decide that you want to investigate the differences 

between lowerclassmen (freshmen or sophomores) and upperclassmen (juniors or seniors). 

You can define a recoded variable UpperLower and assign the value Upper if a student is a 

junior or senior and assign the value Lower if the student is a freshman or sophomore.

When recoding variables, make sure that one and only one of the new categories can be 

assigned to any particular value being recoded and that each value can be recoded successfully 

by one of your new categories. You must ensure that your recoding has these properties of 

being mutually exclusive and collectively exhaustive.

When recoding numerical variables, pay particular attention to the operational definitions 

of the categories you create for the recoded variable, especially if the categories are not self- 

defining ranges. For example, while the recoded categories Under 12, 12–20, 21–34, 35–54, 

and 55-and-over are self-defining for age, the categories child, youth, young adult, middle 

aged, and senior each need to be further defined in terms of mutually exclusive and collec-

tively exhaustive numerical ranges.

studentTIP

If you use PHStat, you can 

automate the stacking or 

unstacking of data as dis-

cussed in Section 1.4.

PROBLEMS FOR SECTION 1.4

APPLYING THE CONCEPTS

1.26 The cellphone brands owned by a sample of 20 respondents 

were:

Apple, Samsung, Appel, Nokia, Blackberry, HTC, Apple,  , 

 Samsung, HTC, LG, Blueberry, Samsung, Samsung, APPLE, 

 Motorola, Apple, Samsun, Apple, Samsung

a. Clean these data and identify any irregularities in the data.

b. Are there any missing values in this set of 20 respondents? 

Identify the missing values.

1.27 The amount of monthly data usage by a sample of 10 cell-

phone users (in MB) was:

0.4, 2.7MB, 5.6, 4.3, 11.4, 26.8, 1.6, 1,079, 8.3, 4.2

Are there any potential irregularities in the data?

1.28 An amusement park company owns three hotels on an 

adjoining site. A guest relations manager wants to study the time 

it takes for shuttle buses to travel from each of the hotels to the 

amusement park entrance. Data were collected on a particular day 

that recorded the travel times in minutes.

a. Explain how the data could be organized in an unstacked for-

mat.

b. Explain how the data could be organized in a stacked format.

1.29 A hotel management company runs 10 hotels in a resort 

area. The hotels have a mix of pricing—some hotels have budget- 

priced rooms, some have moderate-priced rooms, and some have 

deluxe-priced rooms. Data are collected that indicate the number 

of rooms that are occupied at each hotel on each day of a month. 

Explain how the 10 hotels can be recoded into these three price 

categories.
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1.5 Types of Survey Errors
When you collect data using the compiled responses from a survey, you must verify two things 

about the survey in order to make sure you have results that can be used in a decision-making 

process. You must evaluate the validity of the survey to make sure the survey does not lack 

objectivity or credibility. To do this, you evaluate the purpose of the survey, the reason the sur-

vey was conducted, and for whom the survey was conducted.

Having validated the objectivity and credibility of such a sample, you then determine if 

the survey was based on a probability sample (see Section 1.3). Surveys that use nonproba-

bility samples are subject to serious biases that make their results useless for decision mak-

ing purposes. In the case of the Coca-Cola managers concerned about the “Pepsi Challenge” 

results (see page 13), the managers failed to reflect on the subjective nature of the challenge 

as well as the nonprobability sample that this survey used. Had the mangers done so, they 

might not have been so quick to make the reformulation blunder that was reversed just weeks 

later.

Even when you verify these two things, surveys can suffer from any combination of the 

following types of survey errors: coverage error, nonresponse error, sampling error, or mea-

surement error. Developers of well-designed surveys seek to reduce or minimize these types of 

errors, often at considerable cost.

Coverage Error
The key to proper sample selection is having an adequate frame. Coverage error occurs if 

certain groups of items are excluded from the frame so that they have no chance of being 

selected in the sample or if items are included from outside the frame. Coverage error results 

in a selection bias. If the frame is inadequate because certain groups of items in the population 

were not properly included, any probability sample selected will provide only an estimate of 

the characteristics of the frame, not the actual population.

Nonresponse Error
Not everyone is willing to respond to a survey. Nonresponse error arises from failure to 

collect data on all items in the sample and results in a nonresponse bias. Because you can-

not always assume that persons who do not respond to surveys are similar to those who do, 

you need to follow up on the nonresponses after a specified period of time. You should make 

several attempts to convince such individuals to complete the survey and possibly offer an 

incentive to participate. The follow-up responses are then compared to the initial responses 

in order to make valid inferences from the survey (see references 2, 4, and 5). The mode 

of response you use, such as face-to-face interview, telephone interview, paper question-

naire, or computerized questionnaire, affects the rate of response. Personal interviews and 

telephone interviews usually produce a higher response rate than do mail surveys—but at a 

higher cost.

Sampling Error
When conducting a probability sample, chance dictates which individuals or items will or will 

not be included in the sample. Sampling error reflects the variation, or “chance differences,” 

from sample to sample, based on the probability of particular individuals or items being 

selected in the particular samples.

When you read about the results of surveys or polls in newspapers or on the Internet, there 

is often a statement regarding a margin of error, such as “the results of this poll are expected 

to be within {4 percentage points of the actual value.” This margin of error is the sam-

pling error. You can reduce sampling error by using larger sample sizes. Of course, doing so 

increases the cost of conducting the survey.
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Measurement Error
In the practice of good survey research, you design surveys with the intention of gathering 

meaningful and accurate information. Unfortunately, the survey results you get are often only a 

proxy for the ones you really desire. Unlike height or weight, certain information about behav-

iors and psychological states is impossible or impractical to obtain directly.

When surveys rely on self-reported information, the mode of data collection, the respon-

dent to the survey, and or the survey itself can be possible sources of measurement error. 

Satisficing, social desirability, reading ability, and/or interviewer effects can be dependent 

on the mode of data collection. The social desirability bias or cognitive/memory limitations 

of a respondent can affect the results. And vague questions, double-barreled questions that 

ask about multiple issues but require a single response, or questions that ask the respondent 

to report something that occurs over time but fail to clearly define the extent of time about 

which the question asks (the reference period) are some of the survey flaws that can cause 

errors.

To minimize measurement error, you need to standardize survey administration and 

respondent understanding of questions, but there are many barriers to this (see references 1, 3, 

and 10).

Ethical Issues About Surveys
Ethical considerations arise with respect to the four types of survey error. Coverage error 

can result in selection bias and becomes an ethical issue if particular groups or individuals 

are purposely excluded from the frame so that the survey results are more favorable to the 

survey’s sponsor. Nonresponse error can lead to nonresponse bias and becomes an ethical 

issue if the sponsor knowingly designs the survey so that particular groups or individuals are 

less likely than others to respond. Sampling error becomes an ethical issue if the findings are 

purposely presented without reference to sample size and margin of error so that the spon-

sor can promote a viewpoint that might otherwise be inappropriate. Measurement error can 

become an ethical issue in one of three ways: (1) a survey sponsor chooses leading questions 

that guide the respondent in a particular direction; (2) an interviewer, through mannerisms 

and tone, purposely makes a respondent obligated to please the interviewer or otherwise 

guides the respondent in a particular direction; or (3) a respondent willfully provides false 

information.

Ethical issues also arise when the results of nonprobability samples are used to form con-

clusions about the entire population. When you use a nonprobability sampling method, you 

need to explain the sampling procedures and state that the results cannot be generalized beyond 

the sample.

Software company executives decide to create a “customer 

experience improvement program” to record how custom-

ers use the company’s products, with the goal of using the 

collected data to make product enhancements. Product 

marketers decide to use social media websites to collect 

consumer feedback. These people risk making the same 

type of survey error that led to the quick demise of a very 

successful magazine nearly 80 years ago.

By 1935, “straw polls” conducted by the magazine Liter-

ary Digest had successfully predicted five consecutive U.S. 

presidential elections. For the 1936 election, the magazine 

promised its largest poll ever and sent about 10 million bal-

lots to people all across the country. After tabulating more 

than 2.3 million ballots, the Digest confidently proclaimed 

that Alf Landon would be an easy winner over Franklin D. 

Roosevelt. The actual results: FDR won in a landslide and 

Landon received the fewest electoral votes in U.S. history. 

Being so wrong ruined the reputation of Literary Digest 

and it would cease publication less than two years after it 

made its erroneous claim. A review much later found that 

the low response rate (less than 25% of the ballots dis-

tributed were returned) and nonresponse error (Roosevelt 

CONSIDER THIS

New Media Surveys/Old Survey Errors
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voters were less likely to mail in a ballot than Landon voters) 

were significant reasons for the failure of the Literary Digest 

poll (see reference 9).

The Literary Digest error proved to be a watershed event 

in the history of sample surveys. First, the error disproved 

the assertion that the larger the sample is, the better the 

results will be—an assertion some people still mistakenly 

make today. The error paved the way for the modern meth-

ods of sampling discussed in this chapter and gave promi-

nence to the more “scientific” methods that George Gallup 

and Elmo Roper both used to correctly predict the 1936 

elections. (Today’s Gallup Polls and Roper Reports remem-

ber those researchers.)

In more recent times, Microsoft software executives 

overlooked that experienced users could easily opt out of 

participating in their improvement program. This created 

another case of nonresponse error which may have led to 

the improved product (Microsoft Office) being so poorly 

received initially by experienced Office users who, by  

being more likely to opt out of the improvement program, 

biased the data that Microsoft used to determine Office  

“improvements.”

And while those product marketers may be able to col-

lect a lot of customer feedback data, those data also suf-

fer from nonresponse error. In collecting data from social 

media websites, the marketers cannot know who chose not 

to leave comments. The marketers also cannot verify if the 

data collected suffer from a selection bias due to a cover-

age error

That you might use media newer than the mailed, dead-

tree form that Literary Digest used does not mean that you 

automatically avoid the old survey errors. Just the oppo-

site—the accessibility and reach of new media makes it 

much easier for unknowing people to commit such errors.

PROBLEMS FOR SECTION 1.5

APPLYING THE CONCEPTS

1.30 A survey indicates that the vast majority of college students 

own their own personal computers. What information would you 

want to know before you accepted the results of this survey?

1.31 A simple random sample of n = 300 full-time employ-

ees is selected from a company list containing the names of 

all N = 5,000 full-time employees in order to evaluate job 

satisfaction.

a. Give an example of possible coverage error.

b. Give an example of possible nonresponse error.

c. Give an example of possible sampling error.

d. Give an example of possible measurement error.

TEST

SELF 1.32 Results of a 2015 Contact Solutions study reveal 

insights on perceptions and attitudes toward mobile 

shopping, providing direction to retailers for developing strategies 

for investing their dollars in the mobile app experience (bit.

ly/1OKdmqH). Increased consumer interest in using shopping 

applications means retailers must adapt to meet the rising expecta-

tions for specialized mobile shopping experiences.

The results show that 23% of consumers indicate that in-app rec-

ommendations would drive them to add more items to their cart 

and that 33% would spend more time in the app. But shopper pri-

orities change the moment they need help; they expect to get it 

immediately and effortlessly. If forced to stop what they’re doing 

and leave the app to get help, 1 out of 4 shoppers would likely not 

make a purchase with the brand at all. The research is based on an 

online survey with a sample of 1,600 U.S. adults.

Identify potential concerns with coverage, nonresponse, sampling, 

and measurement errors.

1.33 A recent PwC survey of 1,322 CEOs in a wide range of 

industries representing a mix of company sizes from Asia, Europe, 

and the Americas indicated that CEOs no longer question the need 

to embrace technology at the core of their business in order to cre-

ate value for customers (pwc.to/1C5bG9D). Eighty percent (80%) 

of CEOs see data mining and analysis as strategically important 

for their organization. Effectively leveraging data analytics tools, 

however, presents challenges for companies. Companies are not 

using analytics enough; there are issues about data quality, infor-

mation overload, and a continuing lack of trust in the value of 

digital data. When companies do invest in digital technologies 

to deliver what customers want, that commitment would appear 

to pay off. CEOs are seeing the best return on digital investment 

in the area of operational efficiency; 88% percent think value has 

been created in this area.

What additional information would you want to know about the 

survey before you accepted the results for the study?

1.34 A recent survey points to growing consumer demand for 

state-of-the-art technology in vehicles. The 2015 KPMG Global 

Automotive Executive study found that automobile executives 

believe that consumers are still fixated on traditional product 

issues and not yet on innovative concepts and online services 

(bit.ly/1GlkZ4Q). Sixty-seven percent of executives rated fuel 

efficiency and 53% rated enhanced vehicle life span as extremely 

important to consumer vehicle purchases, while only 24% 

rated vehicle-bound connectivity and built-in technologies as 

extremely important. What additional information would you 

want to know about the survey before you accepted the results 

of the study?
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 SUMMARY

In this chapter, you learned the details about the Define 

and Collect tasks of the DCOVA framework which are 

important first steps to applying statistics properly to deci-

sion making. You learned that defining variables means 

developing an operational definition that includes estab-

lishing the type of variable and the measurement scale 

that the variable uses. You learned important details about 

data collection as well some new basic vocabulary terms 

(sample, population, and parameter) and as a more pre-

cise definition of statistic. You specifically learned about 

sampling and the types of sampling methods available 

to you. Finally, you surveyed data preparation consider-

ations and learned about the type of survey errors you can  

encounter.
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 KEY TERMS

categorical variable 14

cluster 19

cluster sample 19

collectively exhaustive 22

continuous variable 14

convenience sample 17

coverage error 23

data cleaning 20

discrete variable 14

T
he New Coke and airline quality cases illustrate mis-

steps that can occur during the define and collect tasks 

of the DCOVA framework. To use statistics effectively, you 

must properly define a business problem or goal and then 

collect data that will allow you to make observations and 

reach conclusions that are relevant to that problem or goal.

In the New Coke case, managers failed to consider that 

data collected about a taste test would not necessary pro-

vide useful information about the sales issues they faced. 

The managers also did not realize that the test used im-

proper sampling techniques, deliberately introduced biases, 

and were subject to coverage and nonresponse errors. Those 

mistakes invalidated the test, making the conclusion that 

New Coke tasted better than Pepsi an invalid claim.

I n  t h e  a i r l i n e 

quality case, no mis-

takes in defining and 

collecting data were 

made. The results that fliers like quality was a valid one, but 

decision makers overlooked that quality was not the most 

significant factor for people buying seats on transatlantic 

flights (price was). This case illustrates that no matter how 

well you apply statistics, if you do not properly analyze the 

business problem or goal being considered, you may end 

up with valid results that lead you to invalid management 

decisions.

 ▼ USING STATISTICS
Defining Moments, Revisited
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sampling without replacement 18
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strata 19

stratified sample 19

systematic sample 18

table of random numbers 18

treatment 16

unstacked 21

 CHECKING YOUR UNDERSTANDING

1.35 What is the difference between a sample and a population?

1.36 What is the difference between a statistic and a parameter?

1.37 What is the difference between a categorical variable and a 

numerical variable?

1.38 What is the difference between a discrete numerical variable 

and a continuous numerical variable?

1.39 What is the difference between a nominal scaled variable 

and an ordinal scaled variable?

1.40 What is the difference between an interval scaled variable 

and a ratio scaled variable?

1.41 What is the difference between probability sampling and 

nonprobability sampling?

1.42 What is the difference between a missing value and an 

outlier?

1.43 What is the difference between unstack and stacked 

variables?

 CHAPTER REVIEW PROBLEMS

1.44 Visit the official website for Microsoft Excel, products 

.office.com/excel. Review the features of Excel and then state the 

ways the program could be useful in statistical analysis.

1.45 Results of a 2015 Contact Solutions study reveal insights 

on perceptions and attitudes toward mobile shopping, provid-

ing direction to retailers for developing strategies for investing 

their dollars in the mobile app experience (bit.ly/1OKdmqH). 

Increased consumer interest in using shopping applications means 

retailers must adapt to meet the rising expectations for specialized 

mobile shopping experiences.

The study results show that 23% of consumers indicate that in-app 

recommendations would drive them to add more items to their cart 

and that 33% would spend more time in the app. But shopper pri-

orities change the moment they need help; they expect to get it 

immediately and effortlessly. If forced to stop what they’re doing 

and leave the app to get help, 1 out of 4 shoppers would likely not 

make a purchase with the brand at all. The research is based on an 

online survey with a sample of 1,600 U.S. adults who have made 

purchases via their mobile device.

a. Describe the population of interest.

b. Describe the sample that was collected.

c. Describe a parameter of interest.

d. Describe the statistic used to estimate the parameter in (c).

1.46 The Gallup organization releases the results of recent polls 

at its website, www.gallup.com. Visit this site and read an article 

of interest.

a. Describe the population of interest.

b. Describe the sample that was collected.

c. Describe a parameter of interest.

d. Describe the statistic used to estimate the parameter in (c).

1.47 A recent PwC survey of 1,322 CEOs in a wide range of 

industries representing a mix of company sizes from Asia, Europe, 

and the Americas indicated that CEOs no longer question the need 

to embrace technology at the core of their business in order to cre-

ate value for customers (pwc.to/1C5bG9D). Eighty percent (80%) 

of CEOs see data mining and analysis as strategically important for 

their organization. Effectively leveraging data analytics tools, how-

ever, presents challenges for companies. Companies are not using 

analytics enough; there are issues about data quality, information 

overload, and a continuing lack of trust in the value of digital data.

When companies do invest in digital technologies to deliver what 

customers want, that commitment would appear to pay off. CEOs are 

seeing the best return on digital investment in the area of operational 

efficiency; 88% percent think value has been created in this area.

a. Describe the population of interest.

b. Describe the sample that was collected.
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c. Describe a parameter of interest.

d. Describe the statistic used to estimate the parameter in (c).

1.48 The American Community Survey www.census.gov/acs 

provides data every year about communities in the United States. 

Addresses are randomly selected and respondents are required to 

supply answers to a series of questions.

a. Describe a variable for which data is collected.

b. Is the variable categorical or numerical?

c. If the variable is numerical, is it discrete or continuous?

1.49 Download and examine Zarca Interactive’s Association Sal-

ary Survey, available on Zarca’s “Sample Surveys, Online Survey 

Example, Sample Association Surveys, Sample Customer Service 

Survey” web page, www.zarca.com/Online-Survey-Resource/

Sample-Surveys.html.

a. Give an example of a categorical variable included in the 

survey.

b. Give an example of a numerical variable included in the survey.

1.50 Three professors examined awareness of four widely dis-

seminated retirement rules among employees at the University 

of Utah. These rules provide simple answers to questions about 

retirement planning (R. N. Mayer, C. D. Zick, and M. Glaittle, 

“Public Awareness of Retirement Planning Rules of Thumb,” 

Journal of Personal Finance, 2011 10(1), 12–35). At the time 

of the investigation, there were approximately 10,000 benefited 

employees, and 3,095 participated in the study. Demographic data 

collected on these 3,095 employees included gender, age (years), 

education level (years completed), marital status, household 

income ($), and employment category.

a. Describe the population of interest.

b. Describe the sample that was collected.

c. Indicate whether each of the demographic variables mentioned 

is categorical or numerical.

1.51 Social media provides an enormous amount of data about 

the activities and habits of people using social platforms like Face-

book and Twitter. The belief is that mining that data provides a 

treasure trove for those who seek to quantify and predict future 

human behavior. A marketer is planning a survey of Internet users 

in the United States to determine social media usage. The objec-

tive of the survey is to gain insight on these three items: key social 

media platforms used, frequency of social media usage, and demo-

graphics of key social media platform users.

a. For each of the three items listed, indicate whether the variables 

are categorical or numerical. If a variable is numerical, is it dis-

crete or continuous?

b. Develop five categorical questions for the survey.

c. Develop five numerical questions for the survey.

Managing Ashland MultiComm 
 Services
Ashland MultiComm Services (AMS) provides high-quality 

telecommunications services in the Greater Ashland area. AMS 

traces its roots to a small company that redistributed the broad-

cast television signals from nearby major metropolitan areas 

but has evolved into a provider of a wide range of broadband 

services for residential customers.

AMS offers subscription-based services for digital cable 

television, local and long-distance telephone services, and 

high-speed Internet access. Recently, AMS has faced competi-

tion from other service providers as well as Internet-based, on 

demand streaming services that have caused many customers 

to “cut the cable” and drop their subscription to cable video 

services.

AMS management believes that a combination of 

increased promotional expenditures, adjustment in subscription 

fees, and improved customer service will allow AMS to suc-

cessfully face these challenges. To help determine the proper 

mix of strategies to be taken, AMS management has decided to 

organize a research team to undertake a study.

The managers suggest that the research team examine the 

company’s own historical data for number of subscribers, rev-

enues, and subscription renewal rates for the past few years. 

They direct the team to examine year-to-date data as well, as 

1
C H A P T E R

the managers suspect that some of the changes they have seen 

have been a relatively recent phenomena.

1. What type of data source would the company’s own histor-

ical data be? Identify other possible data sources that the 

research team might use to examine the current marketplace 

for residential broadband services in a city such as Ashland.

2. What type of data collection techniques might the team 

employ?

3. In their suggestions and directions, the AMS managers have 

named a number of possible variables to study, but offered 

no operational definitions for those variables. What types of 

possible misunderstandings could arise if the team and man-

agers do not first properly define each variable cited?

CardioGood Fitness
CardioGood Fitness is a developer of high-quality cardio-

vascular exercise equipment. Its products include treadmills, 

fitness bikes, elliptical machines, and e-glides. CardioGood 

Fitness looks to increase the sales of its treadmill products 

and has hired The AdRight Agency, a small advertising 

firm, to create and implement an advertising program. The 

AdRight Agency plans to identify particular market seg-

ments that are most likely to buy their clients’ goods and 

services and then locate advertising outlets that will reach 

 CASES
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that market group. This activity includes collecting data 

on clients’ actual sales and on the customers who make the 

purchases, with the goal of determining whether there is a 

distinct profile of the typical customer for a particular prod-

uct or service. If a distinct profile emerges, efforts are made 

to match that profile to advertising outlets known to reflect 

the particular profile, thus targeting advertising directly to 

high-potential customers.

CardioGood Fitness sells three different lines of tread-

mills. The TM195 is an entry-level treadmill. It is as depend-

able as other models offered by CardioGood Fitness, but with 

fewer programs and features. It is suitable for individuals who 

thrive on minimal programming and the desire for simplicity to 

initiate their walk or hike. The TM195 sells for $1,500.

The middle-line TM498 adds to the features of the entry-

level model two user programs and up to 15% elevation 

upgrade. The TM498 is suitable for individuals who are walk-

ers at a transitional stage from walking to running or midlevel 

runners. The TM498 sells for $1,750.

The top-of-the-line TM798 is structurally larger and 

heavier and has more features than the other models. Its unique 

features include a bright blue backlit LCD console, quick speed 

and incline keys, a wireless heart rate monitor with a telemetric 

chest strap, remote speed and incline controls, and an anatomi-

cal figure that specifies which muscles are minimally and max-

imally activated. This model features a nonfolding platform 

base that is designed to handle rigorous, frequent running; 

the TM798 is therefore appealing to someone who is a power 

walker or a runner. The selling price is $2,500.

As a first step, the market research team at AdRight is 

assigned the task of identifying the profile of the typical cus-

tomer for each treadmill product offered by CardioGood Fit-

ness. The market research team decides to investigate whether 

there are differences across the product lines with respect to 

customer characteristics. The team decides to collect data on 

individuals who purchased a treadmill at a CardioGood Fitness 

retail store during the prior three months.

The team decides to use both business transactional data 

and the results of a personal profile survey that every purchaser 

completes as their sources of data. The team identifies the 

following customer variables to study: product purchased—

TM195, TM498, or TM798; gender; age, in years; education, 

in years; relationship status, single or partnered; annual house-

hold income ($); mean number of times the customer plans to 

use the treadmill each week; mean number of miles the cus-

tomer expects to walk/run each week; and self-rated fitness on 

a 1-to-5 scale, where 1 is poor shape and 5 is excellent shape. 

For this set of variables:

1. Which variables in the survey are categorical?

2. Which variables in the survey are numerical?

3. Which variables are discrete numerical variables?

Clear Mountain State Student Survey
The Student News Service at Clear Mountain State University 

(CMSU) has decided to gather data about the undergraduate 

students who attend CMSU. They create and distribute a survey 

of 14 questions and receive responses from 111 undergraduates 

(stored in  StudentSurvey ). 

Download (see Appendix C) and review the survey doc-

ument CMUndergradSurvey.pdf. For each question asked 

in the survey, determine whether the variable is categorical 

or numerical. If you determine that the variable is numerical, 

identify whether it is discrete or continuous.

Learning with the Digital Cases
Identifying and preventing misuses of statistics is an important 

responsibility for all managers. The Digital Cases allow you to 

practice the skills necessary for this important task.

Each chapter’s Digital Case tests your understanding of 

how to apply an important statistical concept taught in the 

chapter. As in many business situations, not all of the informa-

tion you encounter will be relevant to your task, and you may 

occasionally discover conflicting information that you have to 

resolve in order to complete the case.

To assist your learning, each Digital Case begins with a 

learning objective and a summary of the problem or issue at 

hand. Each case directs you to the information necessary to 

reach your own conclusions and to answer the case questions. 

Many cases, such as the sample case worked out next, extend 

a chapter’s Using Statistics scenario. You can download digi-

tal case files which are PDF format documents that may con-

tain extended features as interactivity or data file attachments. 

Open these files with a current version of Adobe Reader, as 

other PDF programs may not support the extended features. 

(For more information, see Appendix C.)

To illustrate learning with a Digital Case, open the Digital 

Case file WhitneyWireless.pdf that contains summary infor-

mation about the Whitney Wireless business. Apparently, from 

the claim on the title page, this business is celebrating its “best 

sales year ever.”

Review the Who We Are, What We Do, and What We Plan 

to Do sections on the second page. Do these sections contain any 

useful information? What questions does this passage raise? Did 

you notice that while many facts are presented, no data that would 

support the claim of “best sales year ever” are presented? And 

were those mobile “mobilemobiles” used solely for promotion? 

Or did they generate any sales? Do you think that a talk-with-

your-mouth-full event, however novel, would be a success?

Continue to the third page and the Our Best Sales Year 

Ever! section. How would you support such a claim? With a 

table of numbers? Remarks attributed to a knowledgeable source? 

Whitney Wireless has used a chart to present “two years ago” and 

“latest twelve months” sales data by category. Are there any prob-

lems with what the company has done? Absolutely!

Take a moment to identify and reflect on those problems. 

Then turn to pages 4 though 6 that present an annotated ver-

sion of the first three pages and discusses some of the problems 

with this document.

In subsequent Digital Cases, you will be asked to provide 

this type of analysis, using the open-ended case questions as 

your guide. Not all the cases are as straightforward as this 

example, and some cases include perfectly appropriate applica-

tions of statistical methods. And none have annotated answers!
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EG1.1 DEFINING VARIABLES

Classifying Variables by Type

Microsoft Excel infers the variable type from the data you enter 

into a column. If Excel discovers a column that contains num-

bers, it treats the column as a numerical variable. If Excel dis-

covers a column that contains words or alphanumeric entries, 

it treats the column as a non-numerical (categorical) variable.

This imperfect method works most of the time, especially 

if you make sure that the categories for your categorical vari-

ables are words or phrases such as “yes” and “no.” However, 

because you cannot explicitly define the variable type, Excel 

can mistakenly offer or allow you to do nonsensical things 

such as using a statistical method that is designed for numer-

ical variables on categorical variables. If you must use coded 

values such as 1, 2, or 3, enter them preceded with an apostro-

phe, as Excel treats all values that begin with an apostrophe 

as non-numerical data. (You can check whether a cell entry 

includes a leading apostrophe by selecting a cell and viewing 

the contents of the cell in the formula bar.)

EG1.2 COLLECTING DATA

There are no Excel Guide instructions for this section.

EG1.3 TYPES OF SAMPLING METHODS

Simple Random Sample

Key Technique Use the RANDBETWEEN(smallest 

integer, largest integer) function to generate a random inte-

ger that can then be used to select an item from a frame.

Example 1 Create a simple random sample with replace-

ment of size 40 from a population of 800 items.

Workbook Enter a formula that uses this function and then 

copy the formula down a column for as many rows as is 

necessary. For example, to create a simple random sample 

with replacement of size 40 from a population of 800 items, 

open to a new worksheet. Enter Sample in cell A1 and enter 

the formula =RANDBETWEEN(1, 800) in cell A2. Then 

copy the formula down the column to cell A41.

Excel contains no functions to select a random sample 

without replacement. Such samples are most easily created 

using an add-in such as PHStat or the Analysis ToolPak, as 

described in the following paragraphs.

Analysis ToolPak Use Sampling to create a random sam-

ple with replacement.

For the example, open to the worksheet that contains 

the population of 800 items in column A and that contains 

a column heading in cell A1. Select Data ➔ Data Analysis. 

In the Data Analysis dialog box, select Sampling from the 

Analysis Tools list and then click OK. In the procedure’s 

dialog box (shown below):

1. Enter A1:A801 as the Input Range and check Labels.

2. Click Random and enter 40 as the Number of 

Samples.

3. Click New Worksheet Ply and then click OK.

Example 2 Create a simple random sample without 

replacement of size 40 from a population of 800 items.

PHStat Use Random Sample Generation.

For the example, select PHStat ➔ Sampling ➔ Random 

Sample Generation. In the procedure’s dialog box (shown 

in next column):

1. Enter 40 as the Sample Size.

2. Click Generate list of random numbers and enter 

800 as the Population Size.

3. Enter a Title and click OK.

Unlike most other PHStat results worksheets, the work-

sheet created contains no formulas.
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