i Jaop J. Hox




Contents

Preface

1. Introduction to Multilevel Analysis
1.1 Aggrepation and disaggregation
1.2 Why do we need special multilevel analysis techniques?
1.3 Multilevel theories
1.4 Models described in this book

2. The Basic Two-Level Regression Model
2.1 Example
2.2 An extended example
2.3 Inspecting residuals
2.4 Three- and more-level regression models
2.5 A note about notation and software

3. Estimation and Hypothesis Testing in Multilevel Regression
3.1 Which estimation method?
3.2 Significance testing and confidence intervals
3.3 Contrasts and constraints

4. Some Important Methodological and Statistical Issues
4.1 Analysis strategy
4.2 Centering and standardizing explanatory variables
4.3 Interpreting interactions
4.4 Group mean centering
4.5 How much variance is explained?

5. Analyzing Longitudinal Data
5.1 Fixed and varying occasions
5.2 Example with fixed occasions
5.3 Example with varying occasions
5.4 Advantages of multilevel analysis for longitudinal data
5.5 Complex covariance structures
5.6 Statistical issues in longitudinal analysis
5.7 Software issues

viii

00 =1 B R e

11
16
23
32
36

40
40
45
51

54
54
59
63
68
69

79
80
81
93
98
99
104
111



vi Contents

6. The Multilevel Generalized Linear Mode! for Dichotomous Data and
Proportions
6.1 Generalized linear models
6.2 Multilevel generalized linear models
6.3 Example: Analyzing dichotomous data
6.4 Example: Analyzing proportions
6.5 The ever changing latent scale: Comparing coefficients and vartances
6.6 Interpretation and software issues

7. The Multilevel Generalized Linear Model for Categorical and Count Data
7.1 Ordered categorical data
7.2 Count data
7.3 The ever changing latent scale, again

8. Multilevel Survival Analysis
8.1 Survival analysis
8.2 Multilevel Méurvival analysis
8.3 Multilevel ordinal survival analysis

9. Cross-Classified Multilevel Models
9.1 Example of cross-classified data: Pupils nested within (primary and
secondary schools)
9.2 Example of cross-classified data: (Sociometric ratings) in small groups
9.3 Statistical and computational issues

10. Muttivariate Multilevel Regression Models
10.1 The multivariate model
10.2 Example of multivariate multilevel analysis: Multiple response
variables
10.3 Exarople of multivariate multilevel analysis: Measuring group
characteristics

11. The Multilevel Approach to Meta-Analysis
11.1 Meta-analysis and multilevel modeling
11.2 The variance-known model
11.3 Example and comparison with classical meta-analysis
11.4 Correcting for artifacts
11.5 Multivariate meta-analysis
11.6 Statistical and software issues
Appendix

112
112
117
121
123
133
139

141
141
151
157

159
159
163
169

E71

173
177
185

188
189

192
197

205
205
207
211
217
221
228
230



Coritents

12. Sample Sizes and Power Analysis in Multilevel Regression
12.1 Sample size and accuracy of estimates
12.2 Estimating power in multilevel regression designs

13. Advanced Tssues in Estimation and Testing
13.1 The profile likelihood method
13.2 Robust standard errors
13.3 Multilevel bootstrapping
13.4 Bayesian estimation methods

14, Multilevel Factor Models
14,1 The within and between approach
14.2 Full maximum likelihood estimation
14.3 An example of multilevel factor analysis
14.4 Standardizing estimates in multilevet structural equation modeling
14.5 Goodness of fit in multilevel structural equation modeling
14.6 Notation and software

15. Multilevel Path Models
15.1 Example of a multilevel path analysis
15.2 Statistical and software issues in multilevel factor and path models
Appendix

16. Latent Curve Models
16.1 Example of latent curve modeling
16.2 A comparison of multilevel regression analysis and latent curve
modeling

References

Appendix A: Data and Stories

Appendix B: Aggregating and Disaggregating
Appendix C: Recoding Categorical Data

Appendix D: Constructing Orthogonal Polynomials
Author Index

Subject Index

vii

233
233
237

257
259
260
264
271

288
290
297
299
305
306
309

312
312
320
323

325
328

335

337
352
360
363
366
369
376



