FULL TABLE OF CONTENTS (KERY 2010)

This is the full table of contents of the book. Page numbers are approximate only, but give an
indication of the relative lengths of each section.

Preface p. 10
Acknowledgements p. 13
1. Introduction p. 14
1.1. Advantages of the Bayesian approach to statistics p. 14
1.2. So why then isn’t everyone a Bayesian ? p. 16
1.3. WinBUGS p. 16
1.4. Why this book ? p. 17
1.4.1. This is also an R book p. 18
1.4.2. Juxtaposition of classical and Bayesian analyses p. 18
1.4.3. The power of simulating data p. 19
1.5. What this book is not about: Theory of Bayesian statistics and computation p. 20
1.6. Further reading p. 21
1.7. Summary p. 23
2. Introduction to the Bayesian analysis of a statistical model p. 24
2.1. Probability theory and statistics p. 24
2.2. Two views of statistics: Classical and Bayes p. 25
2.3. Importance of modern algorithms and computers for Bayesian statistics p. 29
2.4. Markov chain Monte Carlo (MCMC) and Gibbs sampling p. 30
2.5. What comes after MCMC ? p. 31
2.6. Some shared challenges in the Bayesian and the classical analysis
of a statistical model p. 34
2.7. Pointer to special topics in this book p. 37
2.8. Summary p. 37
Exercise p. 38
3. WinBUGS p. 39
3.1. What is WinBUGS ? p. 39
3.2. Running WinBUGS from R p. 40
3.3. WIinBUGS frees the modeler in you p. 40
3.4. Some technicalities and conventions p. 41
4. A first session in WinBUGS: The “model of the mean” p. 43
4.1. Introduction p. 43
4.2. Setting up the analysis p. 44
4.3. Starting the Gibbs sampler p. 52
4.4. Summarizing the results p. 52
4.5. Summary p. 56
Exercises p. 57
5. Running WinBUGS from R via R2ZWinBUGS p. 58
5.1. Introduction p. 58
5.2. Data generation p. 59
5.3. Analysis using R p. 59
5.4. Analysis using WinBUGS p. 60
5.5. Summary p. 66
Exercises p. 66
6. Key components of (generalised) linear models: Statistical distributions
and the linear predictor p. 68
6.1. Introduction p. 68
6.2. Stochastic part of linear models: Statistical distributions p. 69
6.2.1. Normal distribution p. 71
6.2.2. Continuous uniform distribution p. 72
6.2.3. Binomial distribution: The “coin-flip distribution” p. 73
6.2.4. Poisson distribution p. 75
6.3. Deterministic part of linear models: Linear predictor and design matrices p. 78

1



6.3.1. The model of the mean
6.3.2. t-test
6.3.3. Simple linear regression
6.3.4. One-way analysis of variance (one-way ANOVA)
6.3.5. Two-way analysis of variance (two-way ANOVA)
6.3.6. Analysis of covariance (ANCOVA)
6.4. Summary
Exercise
7. t-Test: Equal and unequal variances
7.1. t-test with equal variances
7.1.1. Introduction
7.1.2. Data generation
7.1.3. Analysis using R
7.1.4. Analysis using WinBUGS
7.2. t-test with unequal variances
7.2.1. Introduction
7.2.2. Data generation
7.2.3. Analysis using R
7.2.4. Analysis using WinBUGS
7.3. Summary and a comment on the modeling of variances
Exercises
8. Normal linear regression
8.1. Introduction
8.2. Data generation
8.3. Analysis using R
8.4. Analysis using WinBUGS
8.4.1. Fitting the model
8.4.2. Goodness-of-Fit assessment in Bayesian analyses
8.4.3. Forming predictions
8.4.4. Interpretation of confidence vs. credible intervals
8.5. Summary
Exercises
9. Normal one-way ANOVA
9.1. Introduction: Fixed and random effects
9.2. Fixed-effects ANOVA
9.2.1. Data generation
9.2.2. Maximum likelihood analysis using R
9.2.3. Bayesian analysis using WinBUGS
9.3. Random-effects ANOVA
9.3.1. Data generation
9.3.2. Restricted maximum likelihood (REML) analysis using R
9.3.3. Bayesian analysis using WinBUGS
9.4. Summary
Exercises
10. Normal two-way ANOVA
10.1. Introduction: Main and interaction effects
10.2. Data generation
10.3. Aside: Using simulation to assess bias and precision of an estimator
10.4. Analysis using R
10.5. Analysis using WinBUGS
10.5.1. Main-effects ANOVA using WinBUGS
10.5.2. Interaction-effects ANOVA using WinBUGS
10.5.3. Forming predictions
10.6. Summary
Exercises

80
81
85
88
90
94

. 101
. 102
. 103
. 103
. 103
. 103
. 105
. 105
. 108
. 108
. 110
. 110
. 110
.112
. 112
. 113
. 113
.114
. 114
.114
. 115
. 116
. 120
. 122
. 124
. 124
. 125
. 125
. 128
. 128
. 129
. 130
. 132
. 132
. 133
.134
. 136
. 136
. 137
. 137
.139
. 141
. 142
. 142
. 142
. 144
. 145
. 146
. 146



11. General linear model (ANCOVA)
11.1. Introduction
11.2. Data generation
11.3. Analysis using R
11.4. Analysis using WinBUGS (and a cautionary tale about the importance of
covariate standardization)
11.5. Summary
Exercises
12. Linear mixed-effects model
12.1. Introduction
12.2. Data generation
12.3. Analysis under a random-intercepts model
12.3.1. REML analysis using R
12.3.2. Bayesian analysis using WinBUGS
12.4. Analysis under a random-coefficients model without correlation between
intercept and slope
12.4.1. REML analysis using R
12.4.2. Bayesian analysis using WinBUGS

12.5. The random-coefficients model with correlation between intercept and slop

12.5.1. Introduction
12.5.2. Data generation
12.5.3. REML analysis using R
12.5.4. Bayesian analysis using WinBUGS
12.6. Summary
Exercises
13. Introduction to the Generalised linear model (GLM): Poisson t-test
13.1. Introduction
13.2. An important but often forgotten issue with count data
13.3. Data generation
13.4. Analysis using R
13.5. Analysis using WinBUGS
13.5.1. Check of MCMC convergence and model adequacy
13.5.2. Inference under the model
13.6. Summary
Exercises
14. Overdispersion and offsets in the GLM
14.1. Overdispersion
14.1.1. Introduction
14.1.2. Data generation
14.1.3. Analysis using R
14.1.4. Analysis using WinBUGS
14.2. Zero-inflation
14.2.1. Introduction
14.2.2. Data generation
14.2.3. Analysis using R
14.2.4. Analysis using WinBUGS
14.3. Offsets
14.3.1. Introduction
14.3.2. Data generation
14.3.3. Analysis using R
14.3.4. Analysis using WinBUGS
14.4. Summary
Exercises
15. Poisson ANCOVA
15.1. Introduction
15.2. Data generation
15.3. Analysis using R

T T TTTTTTTDO T T T

T T T

T T T T T T T T O T O T T T T T T T O T O T O T T T T T T T T TOTTTTTDT

D

. 148
. 148
. 150
. 151

. 152
. 155
. 156
. 157
. 157
. 159
. 162
. 162
. 162

. 164
. 164
. 164

p. 166

. 166
. 167
. 168
. 169
171
.171
.172
172
174
. 175
. 176
. 176
177
. 180
. 182
. 183
. 184
. 184
. 184
. 185
. 186
. 187
. 188
. 188
. 190
. 190
.191
. 192
. 192
. 193
. 193
. 194
. 194
. 194
. 196
. 196
. 197
. 199



16.

17.

18.

19.

20.

21.

22.

15.4. Analysis using WinBUGS
15.4.1. Fitting the model
15.4.2. Forming predictions
15.5. Summary
Exercises
Poisson mixed-effects model (Poisson GLMM)
16.1. Introduction
16.2. Data generation
16.3. Analysis under a random-coefficients model
16.3.1. Analysis using R
16.3.2. Analysis using WinBUGS
16.4. Summary
Exercises
Binomial t-test
17.1. Introduction
17.2. Data generation
17.3. Analysis using R
17.4. Analysis using WinBUGS
17.5. Summary
Exercises
Binomial ANCOVA
18.1. Introduction
18.2. Data generation
18.3. Analysis using R
18.4. Analysis using WinBUGS
18.5. Summary
Exercises
Binomial mixed-effects model (Binomial GLMM)
19.1. Introduction
19.2. Data generation
19.3. Analysis under a random-coefficients model
19.3.1. Analysis using R
19.3.2. Analysis using WinBUGS
19.4. Summary
Exercises
Non-standard GLMMs 1: Site-occupancy species distribution model
20.1. Introduction
20.2. Data generation
20.3. Analysis using WinBUGS
20.4. Summary
Exercises
Non-standard GLMMs 2: Binomial mixture model for the modeling of abundance
21.1. Introduction
21.2. Data generation
21.3. Analysis using WinBUGS
21.4. Summary
Exercises
Conclusions

References

. 200
. 200
. 202
. 204
. 204
. 205
. 205
. 206
. 208
. 209
. 209
. 211
. 211
. 212
. 212
. 214
. 214
. 215
. 217
. 217
. 218
. 218
. 219
. 222
. 222
. 226
. 227
. 228
. 228
. 229
. 232
. 233
. 233
. 235
. 235
. 236

236

241

245

250
. 251

253
. 253
. 256
. 263
. 274
. 274
. 276
. 279



