CONTENTS

1. What's in This Book (Read This First!) ............. Cereesasnsanns sesssssussas e 1
1.1 Realpeoplecanread this DOOK . ... ... ....viiiirrrrrriiiii e 1
1.2 WHats N thiS DOOK . . vttt et tte e e e 3
1.3 What's new inthe second edition? ... ...c.vuir it eiinrinrriiane s 6
1.4 Gimme feedback (DEPOITE). . ... v v i 8
1.5 Thankyoul . ... u et 8

PART! The Basics: Models, Probability, Bayes’ Rule,andR........... 13

2. Introduction: Credibility, Models, and Parameters........... eeeeerereaanaaans 15
2.1 Bayesian inference is reallocation of credibility across possibilities................0.... 16
2.2  Possibilities are parameter values in descriptive models ... 22
23 Thesteps of bayesian data analysis. . .......vieuiiiiieiirinii i 25
y X S - - (o 1 = S 31
3. TheRProgramminglanguage.........ccvuvuee . ceseeseseses 33
3] GEtthe SO WA . ..ottt ettt e 35
32  Asimpleexample of RINACHON ... vvui et 36
33 Basiccommandsand operators iNR. .. ...t 38
34 Variable tYPeS ..ot 42
35 Loadingandsaving data. ..........uieriii it e 53
36  Someutility FUNCLIONS ... .\t 56
3.7  Programming in R . ... . 61
38  Graphical plots:opening and Saving .. .....oovuiiiiiii i 69
X T A 3 s (o) I PP 69
R T =Y (1 = PP 70
4, What Is This Stuff Called Probability? .........coovvaae semrsensanen cesurerees 71
417 Thesetofall possible events . ..........cc.iiiiiiiiiiiiiiiiiiii i 72
4,2  Probability: outside orinside thehead.............oooi i 73
43  Probability distributions .. .......coerriii i e 78
44  Two-way distributions......... P 89
45 Appendix Rcodeforfigure 4.1 . ... ... 93
S == (ol =3 U S 95

vii



viil Contents

54. Bay's'“ule;oo.--...-o.o..a-..ttll-lol.lti.at-l.lolalonolcconnl-illiobcvii-it gg

5.1
5.2
53
54
55
56

PART Il

BaYES TUIE . ..ottt e 100
Applied to parameters and datad .. .....vvvvuvrr et 105
Complete examples: estimating biasinacoin ..., 108
Why Bayesian inference canbedifficult. ... 115
Appendix; R code for figures 5.1,5.2, 1. . ... .vvvveiriiiiin i 116
oo L1 =L e 118

All the Fundamentals Applied to Inferring
a Binomial Probability . c...ccoviiiiininnnriinnaninniennasss 121

6. Inferring a Binomial Probability via Exact Mathematical Analysis .............. 123

6.1
6.2
6.3
6.4
6.5
6.6
6.7

The likelihood function: Bernoulli distribution .. ......ooviviiiiii it iiines 124
A description of credibilities: the beta distribution ............ovvi i iiiiininean. 126
The POSEEOrN DA . .. v vttt ettt et e e 132
7 T30 =3- 3 P D 134
L0317 2P 138
Appendix: Rcode forfigure 64 .................... e 138
] (o1 1= e 139

Markov Chain Monte Carlo....ovvvvvvsseresrenssssssscssnsssnsssssssnssssssss 143

71
7.2
7.3
74
75
76
7.7

Approximating a distribution with alargesample. ... 145
A simple case of the Metropolis algorithm .. ... ..o v s 146
The Metropolis algorithm more generally ..., 156
Toward Gibbs sampling: estimating two coinBiases. .. .....ovvi i 162
MCMC representativeness, accuracy, and efficiency . ... 178
summary ... f et 188
Exercises............ e e e e e e e 189

8.1
8.2
83
84
85
86
8.7
88
89

JAGS and its relation tO R .. .ot e 183
A complete eXamplE . . ..o e e 195
Simplified scripts for frequently used analyses .. .........ocoiiv e rinririiranan, 206
Example: difference of biases. ........o oot e 208
Sampling from the prior distributionin JAGS . ... i 211
Probability distributions available in JAGS .. .. ..o 213
Faster sampling with parallel processing inRunJAGS ..., 215
Tips for expanding JAGSmodels..............oooiuits s 218
EXerCises . .o i e e e 218

P S —— .



10.

11.

12.

13.

Contents

Hierarchical MOdels . ...ovevvnrenrsnnrsssssssssssssssssssssasnsonessnsssennss 221

9.1 Asinglecoinfromasingle mint ..........ovieiiiiiii 223
9.2 Multiplecoinsfromasinglemint ..o 230
93  Shrinkage in hierarchicalmodels. ...t e 245
9.4  Speeding UPJAGS ... .ot e 249
9.5  Extending the hierarchy: subjects within categories. ................oooiiieieninnn. 251
0,8 EXICISES . v vt vt ittt vt e e e e e e e 260
Model Comparison and Hierarchical Modeling................... ceeenasienes .265
10.1 General formulaand the Bayes factor............covviivviiiiiiiinnieiiiinn, 266
10.2 Example:two factories of Coins. . ...o.vvvviiii i 268
103 Solution by MCMUC . .o tre e e s e 274
104 Prediction: MOdel aVETaging ... .....ouvuerieriiinnini e 289
10.5 Model complexity naturally accounted for ... 289
10.6  Extreme sensitivity to priordistribution. ..o 292
10.7 Exercises........ D R EETTRTTRRRRRRRRRE: 295

Null Hypothesis Significance Testing .....c.oveeeiiiiirisnsnnecsenresesnsaness 297

1.1
11.2
1.3
11.4
1.5
116

Paved with GO0 INTENTIONS . . ...\t v v v ettt ettt e ie e aaas 300
PAOTKNOWIBAGE . . . oot 315
Confidence interval and highest density interval............ . 317
Multiple COMPAIISONS . ...\ v ettt 325
What a sampling distribution is good for. . . ... e 329
(T3 33

Bayesian Approaches to Testing a Point (“Null”) Hypothesis ................... 335

12.1
12,2
123
124
12,5

The estimation aPPrOaCH ... ..o u vttt e e 336
The model-comparison approach . ...t 343
Relations of parameter estimation and model comparison. ..........coviiiiiininen.. 352
Estimation or model COMPAnSONT . ... eyt ve e e ia e iainaeaens 354
({017 3 355

Goals, Power,and Sample Size ......ccoviiiiininnnissrssssanssssnasssssnasess 339

13
13.2
133
134
13.5

The will tO POWET .. ..ot e 360
Computing power and sample Size . ............covieiiiiiiiii i 366
Sequential testing and the goalof precision. ... 383
D] T3 o 393

ExXercises . ..oovvreeiiniirinnns e e e e e 396



X

Contents

T4, SEANM v ervverssevesssssssnssnsnsssnssssnassnsssssssassnssassnssssssassssanssss 399

141 HMCSBMPING. ...ttt e et e s s e ettt 400
142 INSTAING STaAN . ..ottt e 407
143 ACOMPIEtE BXAMPIE L ...ttt e e 407
144 Specify models top-down INStan . ... vveerriie e 414
14.5  Limitations and @XEIaS . ... v ettt et e e e et s s e 415
LT N = ) (o - S P P 415
PARTIII ThEGEHEraIized LinearM0d3||-|..--.----.ora-q---c--o--o-417
15. Overview of the Generalized Linear Model ............. R 1)
15.1 Typesofvariables...... mun e g4 s e n s an e b U ANt a AL e e aare s rny s 420
15.2  Linear combination of predictors .. .........oviiirirrerir i 423
153  Linking from combined predictors to noisy predicted data. ..o 435
154 Formal expression of the GLM .. ... .. oot 444
LT T = ] o1 -3 D e 446

16. Metric-Predicted Variable on One or TWO Groups .....vvuvvnrreseaccssssnssss 449

16.1
16.2
16.3
16.4
16.5

Estimating the mean and standard deviation of a normal distribution................. 450
Outliers and robust estimation: the t distribution ........... ..., 458
TWO GIOUDS -+« v v et st e et ee et s s aa s ss e e s e e e e e e e 468
Other noise distributions and transformingdata.............. e 472
Y - D PRI 473

17. Metric Predicted Variable with One Metric Predictor .......cvivsvinnrevnnseas . 477

171
17.2
17.3
174
17.5
17.6

Simple lINear regression . .........ooueirii ittt i e 478
Robust linear regression ........o.ovieeiiiiiiuiann. e 479
Hierarchical regression on individuals withingroups ..............cocie o, 490
Quadratic trend and weighted data . . ........ooovii i 495
Procedure and perils for expandingamodel . ... 501
13 504

18. Metric Predicted Variable with Multiple Metric Predictors ............c00vv0.... 509

18.1
18.2
18.3
18.4
i8.5

Multiple linear regression . ........ovvvviiieiianan... N e 510
Multiplicative interaction of metric predictors . ........cooiiiiiiii i 525
Shrinkage of regression COeffiCIeNtS . . ... ...vrve v 530
Variable selection................... P 536

= o= AR P 549



19.

20.

Z21.

22,

23,

Contents

Metric Predicted Variable with One Nominal Predictor ......oovvevineeereneees 5353

19.
19.2
19.3
19.4
19.5
19.6

Describing multiple groups of metricdata. .. .....covveir it 554
Traditional analysis Of VarianCe. . ......ovuivui i i e 556
Hierarchical Bayesian approach . . ... ..c.iiiiiiiii i 557
INcluding @ Metric PrediCtor. .. v v vttt e s 568
Heterogeneous variances and robustness againstoutliers ..o, 573
o] o L 579

Metric Predicted Variable with Multiple Nominal Predictors...................583

20.1
20.2
20.3
20.4
20.5
20.6
20.7

Describing groups of metric data with multiple nominal predictors................... 584
Hierarchical Bayesianapproach . ....... ... 588
Rescaling can change interactions, homogeneity, and normality ..................... 599
Heterogeneous variances and robustness against outliers . ...t 602
Within-subject designs . ... ov vt e s e 606
Model comparison aPPIOaCh . v vt i e 616
] 73 618

Dichotomous Predicted Variable........ccoviiiiiineiiierissensancssnernsnsss 8621

211
21.2
21.3
214
21.5

Multiple metric PrediCtors .. ... e 622
Interpreting the regression coefficients . ... ... 629
RobUSt l0gistic regressiON . . oo v vttt i e e e ,. 635
NOMINAl PrEAICIOrS . . oottt e e et e e 636
ot o -1 =1 646

Nominal Predicted Variable.......ovievierernnnssensnssssrsrsnsnnnsssssnsesss 049

221
22.2
223
224
225

1o AT (=T | =1 o o 650
Conditional logistic regresSiON . . ..\ v o vttt ittt i i n s 655
Implementation N JAGS . .. ot 659
Generalizations and variationsof themodels. ... ..o 667
(2 (1< 668

Ordinal Predicted Variable . .......covviiiiiiinsinrncnsnsnnnsassesnsscsesnsss071

23.1
23.2
233
234
23.5
236
23.7

Modeling ordinal data with an underlying metricvariable ........................... 672
The case of @ SINGIE GrOUD L. v v vttt et et r it st s s ae s es e enniannens 675
The case Of tWO GroUPS . . . ..o vttt e e e i e e 682
The case of Metric Predictors. .. .. ..t 685
Posterior prediction . ........ovvvivenn e e e e s 698
Generalizations aNd eXtENSIONS . ... . vt vr st e et a i 699

B CISBS . « v vttt et e e e e 700

Xi



xii

Contents

24, CountPredicted Variable .......oovviiiiviiiirierenseeessnsesssassssnssensnss 703

24.1
242
243
244
24.5

Poisson exponential model . ..........vuevurnrr e 704
Example: haireyegoagain................... b assasiuasserne e s sa NS e 711
Example: interaction contrasts, shrinkage, and omnibustest ......................... 713
Log-linear models for contingency tables. . ...........ooeeieirieee e, 715
3 a1 715

25, TOOISINthe TrUNK .. ouiivtitiiiiersninsesnseennenssnnsssssssanneneneneeenes 721

25.1
25.2
253
254
25,5

Reporting a Bayesian analysis. .. ............otiiuuririeee et 721
Functions for computing highest density intervals ...............cooovreiiiviiinnnns 725
ReParaMEtriZatioN . . .\ vttt ettt et e 729
Censored data N JAGS . ...t 732
B 14 1= 736
................................................................................. 737
................................................................................ 747

S T B A T e s R S e T e o - P EP Y




	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]
	[Seite 6]


