
Contents

Preface xi

1 Preliminaries 1
1.1 Our R Toolset 1
1.2 Our Approach 1
1.3 Context 3

2 Samples, Estimates, and Hypothesis Tests 7
2.1 Preliminaries 7
2.2 Point Estimation 9
2.3 Uncertainty and Interval Estimation 14
2.4 Hypothesis Testing 19
2.5 Parametric and Nonparametric Tests 27
2.6 Common Misconceptions about p-Values 33
2.7 Reporting Hypothesis Tests 34
2.8 Further Reading 36

Exercises 37

3 Effect Size, Power, and Error 39
3.1 Preliminaries 39
3.2 Effect Size 40
3.3 Type I/II Errors and Power 47
3.4 Error in Effect Size: Type M and Type S Errors 59
3.5 Assumptions of Hypothesis Tests and Consequences 63
3.6 Further Reading 68

Exercises 68

4 Linear Regression 1 69
4.1 Preliminaries 69
4.2 Regression: General Introduction 70
4.3 Simple Linear Regression 73
4.4 Multiple Linear Regression 81
4.5 Interactions 85
4.6 Reporting a Linear Regression Model 91
4.7 Further Reading 93

Exercises 93

5 Linear Regression 2 95
5.1 Preliminaries 95



viii Contents

5.2 Linear Regression Assumptions 96
5.3 Problems with the Errors 98
5.4 Problems with the Model 102
5.5 Transformations 106
5.6 Problems with Predictors 113
5.7 Problems with Observations 121
5.8 Trade-Offs between Models 126
5.9 Model Comparison 130
5.10 Variable Selection 136
5.11 Further Reading 145

Exercises 146

6 Categorical Data Analysis and Logistic Regression 147
6.1 Preliminaries 147
6.2 Categorical Data Analysis 149
6.3 Odds and Odds Ratios 154
6.4 Simple Logistic Regression 158
6.5 Inference for Logistic Regression 163
6.6 Goodness of Fit 166
6.7 Multiple Logistic Regression 168
6.8 Model Validation 177
6.9 Reporting and Summarizing 184
6.10 Further Reading 188

Exercises 188

7 Practical Regression Topics 191
7.1 Preliminaries 191
7.2 Multilevel Factors: Contrast Coding 193
7.3 Omnibus and Post Hoc Tests 212
7.4 Interpreting Interactions 218
7.5 Nonlinear Effects 227
7.6 Collinearity Diagnostics Revisited 238
7.7 Further Reading 239

Exercises 239

8 Mixed-Effects Models 1: Linear Regression 241
8.1 Preliminaries 241
8.2 Motivation: Grouped Data 242
8.3 Linear Mixed Models: Introduction 244
8.4 Random Slopes 256
8.5 Hypothesis Tests 267
8.6 Model Summaries 278
8.7 Random-Effect Correlations 280
8.8 Model Predictions 291
8.9 Reporting the Fitted Model 297
8.10 Model Validation 298
8.11 Further Reading 309

Exercises 310

9 Mixed-Effects Models 2: Logistic Regression 313
9.1 Preliminaries 313
9.2 Introduction 315



Contents ix

9.3 Two Grouping Factors, Random Intercepts and Slopes 321
9.4 Hypothesis Tests 327
9.5 Model Summaries 332
9.6 Model Validation 337
9.7 Nonlinear and Factor Effects 340
9.8 Variable Importance 350
9.9 Reporting a Mixed-Effects Logistic Regression 354
9.10 Further Reading 354

Exercises 355

10 Mixed-Effects Models 3: Practical and Advanced Topics 357
10.1 Preliminaries 357
10.2 More on Random Effects 360
10.3 Model Convergence 364
10.4 Singular Models 374
10.5 Model Selection 379
10.6 Predictions and Uncertainty for Individual Levels 395
10.7 Nonlinear Effects 403
10.8 Power for Mixed-Effects Models 405
10.9 Further Reading 407

Exercises 407

A Appendix: Datasets 409
A.1 transitions 409
A.2 vot 409

B Appendix: R Packages 411

Selected Abbreviations 413

Bibliography 415

Topic Index 427

Function Index 437


