Ronald Christensen

Log-Linear Models and
Logistic Regression

Second Edition

@ Springer




Contents

Preface to the Second Edition
Preface to the Firg Edition

Introduction
11  Conditional Probability and Independence

12 Random Vaiables and Expectations = =~ = = = = .

13 The Binomid Distribution . . . . . . . . . . .. ..
14  The Multinomid Distribution . . . . . . . . . . . .
15 The Poisson Distribution . . . . . . . . . ...
16 Execises . . . ...

Two-Dimengonal Tables and Smple Logigic Regression

21  Two Independent Binomids . . . . . . . . = . . .
211 TheOddsRatio . . . .. ... . . .. . ..
22 Tedting Independenceina2x 2 Table . . . = .
221 TheOddsRatio . . . . . . . .. . . . .. ..
23 [xJTadles . . . .
231 Reyponse Fectors = . . . . . . .
232 Odds Ratios . . . . . ... ...

24 Maximum Likelihood Theory for Two-Dimensiona

Tables . . . . . ..

25 Log-Linear Models for Two-Dimensional Tables

251 Odds Ratios . . . . . . . . . .. . . o

.. 29

.32



Contents

26 Smple Logigtic Regresson . . . . . . . . . 54
26.1 Computer Commands . . . . . . . . . . . .. 61
27 Exercises . ... 61
Three-Dimensional Tables 69
31 Simpson's Paradox and the Need for Higher-Dimensional
Tables . . . 70
32 Independence and Odds Ratio Models . . . . . . . . . . . 72
321 The Modd of Complete Independence = . . . = 72
322 Modds with One Factor Independent of the
Other Two . . . . . . . . 75
323 Modds of Conditional Independence . . . . . . 79
324 A Fina Modd for ThreeWay Tables . . . = . . 83
325 Odds Ratios and Independence Models . . . . . 85
3.3 Iterative Computation of Estimates . . . ... 87
34 Log-Linear Models for Three-Dimensional Tabl&s ... 89
341 Estimation . . . . . .. 92
342 TestingModds .~ . . . . ] 94
35  Product-Multinomial and Other Sampling Plans = . . 99
351 Other Sampling Models =~ . . . . . . . . . .. 102
36 Modd Seection Criteria . . . . . . . . . .. . 104
361 R 104
362 AdusedR? ... 105
36.3 Akakes Information Criterion . . . . . . . 106
37 Higher-Dimensional Tables . .~ . . . . . . . . . . .. 108
371 Computer Commands . . . . . . . . . . . .. 110
38  Exercises . . .. 113
Logistic Regression, Logit Models, and Logistic Discrimination 116
4.1 Multiple Logistic Regresson . . . . . . . . . . . 120
411 Informa Modd Selection . . . . . . . . 122
42 MeasuringModdl Fit ... . . 127
421 Checking Lack of Fit .~ . . . . . . . . . 129
4.3 Logistic Regression Diagnostics . . . . . . . . . . . . 130
44  Modd Seection Methods . =~ . . . . 136
441 Computations for Nonbinary Data . . . . = = . 138
442 Computer Commands . . . . . . . . . . .. 139
45 ANOVA Typelogit Models . = . . . . . . . . 141
451 Computer Commands . . . . . . . . . .. . . 149
4.6 Logit Models for a Multinomial Response = = .~ .~ . . . 150
4.7 Logistic Discrimination and Allocation . . . . . . = . . 159
48 EXercises . . .. .. 170
Independence Relationships and Graphical Models 178

51 Modd Interpretations



Contents  xiii

52 Graphical and Decomposable Models = =~ =~ . . . . . . 182
53 Collgpsing Tables .~ . . . . . . .. 192
54 Recursve Causa Modds . . . . . . . . . 195
55 Exercises . . . . . . 200
Modd Sdection Methods and Modd Evaluation 211
6.1 Stepwise Procedures for Modd Sdlection . . . . . . . 212
6.2 Initiad Modds for Sdection Methods = =~ = = . . . . . 215
6.21 All sFactor Effects . .~ . . . . . . . | 215
6.22 Examining Each Term Individualy. = = = = . = 217
6.23 Testsof Magina and Partial Association ©. = .~ 217
6.24 TedingEach TemlLast . . . . . . . . . . 218
6.3 Example of Stepwise Methods . . .~ . . . . . 224
6.31 Forward Sdection . . . . . . . .. 226
6.32 Backward Elimination . . . . . . . . = = 230
6.33 Comparison of Stepwise Methods = =~ = = . . 232
634 Computer Commands = . . . . . . . . . . . .. 233
64  Aitkin's Method of Backward Sdlection . =~ . . = = . 234
65 Modd Sdection Among Decomposable and Graphical
Modds . . . . . 240
66 Useof Modd Sdection Criteria =~ . . . . . . . . . 246
6.7 Residuds and Influentid Observations = = = . . . = . . . 247
6.7.1 Computations . . . . . . . 249
6.7.2 Computing Commands . = . . . . . . . . .. 253
68 Drawing Conclusons . . . . . . . ... ... 254
69 Exercises . . ... 256
Modds for Factors with Quantitative Leves 258
71 Modds for Two-Fector Tables .~ . . . . . . 259
711 Log-Linear Modds with Two Quantitative
Factors . . . . . ... 260
712 Modds with One Quantitative Factor. . . . . . . . 262
72 Higher-Dimensional Tables . =~ . .~ . . . . . . . | 266
721 Computing Commands . = . . . . . . . . 268
7.3 Unknown Factor Scores . . . . . . . . . . . . 269
74 Logit Modds . . . . .. 275
75 Execises ... 277
Fixed and Random Zeros 279
81 FixedZeros . . . . . ... 279
82 Partitioning Polytomous Variables = = . = . . = . | 282
83 Random Zeros .= . . . . .. 286
84 Exercises . . . .. 293



Xiv

Contents

9 Generalized Linear Models

10

11

12

13

9.1
9.2
9.3
94
9.5

Distributions for Generalized Linear Models

Estimation of Linear Parameters . . . . . . . . . . . .

Estimation of Dispersion and Model Fitting

Summary and Discussion . . . . . . . . . .
Exercises . . . . . ..

The Matrix Approach to Log-Linear Models

101
10.2
10.3
104
10.5
10.6
10.7
10.8

Maximum Likelihood Theory for Multinomial Sampling

Asymptotic Results . . . . . . . ...
Product-Multinomial Sampling . . . . . . . . . . . .
Inference for Model Parameters . = = = =~ =~ = = = =
Methods for Finding Maximum Likelihood Estimates . . .

Regression Analysis of Categorical Data

Residual Analysis and Outliers . =~ .~ . . .~ = .
Exercises . . . . . .

The Matrix Approach to Logit Models

111
11.2
113
114
115
116
11.7
118

Estimation and Testing for Logistic Models
Model Selection Criteria for Logistic Regression
Likelihood Equations and Newton-Raphson
Weighted Least Squares for Logit Models .

Multinomial Response Models =~ =~ .~ .~ . .~ .
Asymptotic Results .~~~ . . .
Discrimination, Allocation, and Retrospective Data . . . .
Exercises . . . . .

Maximum Likelihood Theory for Log-Linear Models

121
12.2
12.3
124
12.5

Notation . . . . . . . . . . ...
Fixed Sample Size Properties . . . . . . . . . . . . .
Asymptotic Properties . . . . . . . . ... .
Applications . . . . . . ..

Proofs of Lemma 12.3.2 and Theorem 12.3.8

Bayesian Binomial Regression

131
13.2

13.3

Introduction . . . . . . . ..
Bayesian Inference . . . . . . . .

13.2.1 Specifying the Prior and Approximating the

Posterior. . . . . . . . .. ...
13.2.2 Predictive Probabilities . . . . . . . . . . . ..

13.2.3 Inference for Regression Coefficients

13.2.4 Inference for LD, . . . . . . . . . . .. . . ..
Diagnostics . . . . . . . . ...

13.3.1 Case Deletion Influence Measures .

13.32 Model Checking . . . . . . . . .. .. ... ..

424
434

. A36
. A38

440

441



13.3.3 Link Selection . . . .

13.34 Sensitivity Analysis

Contents

134 Posterior Computations and Sample Size Calculation . . .

Appendix: Tables
A.l  The Greek Alphabet ==
A2 Tables of the X* Distribution

References
Author Index

Subject Index

XV

455
455
456

475

479



