
Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

1 The linear exponential family . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Moments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Parameterization in the mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.4 Selected properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.5 Examples for univariate linear exponential families . . . . . . . . . . 5
1.6 Examples for multivariate linear exponential families . . . . . . . . 8
1.7 Relationship to the parameterization in univariate

generalized linear models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2 The quadratic exponential family . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2 Selected properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3 Examples for quadratic exponential families . . . . . . . . . . . . . . . . 13
2.4 The joint distribution of dichotomous random variables . . . . . 14

2.4.1 The joint distribution of two dichotomous random
variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.4.2 The joint distribution of T dichotomous random
variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.4.3 Restriction of the parameter space in marginal models 19

3 Generalized linear models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1 Univariate generalized linear models . . . . . . . . . . . . . . . . . . . . . . 21

3.1.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1.2 Parameterization and natural link function . . . . . . . . . . 22
3.1.3 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.1.4 Threshold model for dichotomous dependent data . . . . 24

3.2 Multivariate generalized linear models . . . . . . . . . . . . . . . . . . . . . 25
3.2.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

xiii



xiv Contents

3.2.2 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4 Maximum likelihood method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.2 Asymptotic properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.3 Transformations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
4.4 Maximum likelihood estimation in linear exponential families 37
4.5 Maximum likelihood estimation in generalized linear models . 39

4.5.1 Maximum likelihood estimation in univariate
generalized linear models . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.5.2 Maximum likelihood estimation in multivariate
generalized linear models . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.6 Maximum likelihood estimation under misspecified models . . . 42
4.6.1 An example for model misspecification . . . . . . . . . . . . . . 42
4.6.2 Quasi maximum likelihood estimation . . . . . . . . . . . . . . . 43
4.6.3 The information matrix test . . . . . . . . . . . . . . . . . . . . . . . 45

5 Pseudo maximum likelihood method based on the linear
exponential family . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
5.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
5.2 Asymptotic properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
5.3 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

5.3.1 Simple pseudo maximum likelihood 1 models . . . . . . . . 59
5.3.2 Linear regression with heteroscedasticity . . . . . . . . . . . . 61
5.3.3 Logistic regression with variance equal to 1 . . . . . . . . . . 65
5.3.4 Independence estimating equations with covariance

matrix equal to identity matrix . . . . . . . . . . . . . . . . . . . . 66
5.3.5 Generalized estimating equations 1 with fixed

covariance matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
5.4 Efficiency and bias of the robust variance estimator . . . . . . . . . 69

5.4.1 Efficiency considerations . . . . . . . . . . . . . . . . . . . . . . . . . . 69
5.4.2 Bias corrections and small sample adjustments . . . . . . . 74

6 Quasi generalized pseudo maximum likelihood method
based on the linear exponential family . . . . . . . . . . . . . . . . . . . . 79
6.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
6.2 Asymptotic properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
6.3 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

6.3.1 Generalized estimating equations 1 with estimated
working covariance matrix . . . . . . . . . . . . . . . . . . . . . . . . . 89

6.3.2 Independence estimating equations . . . . . . . . . . . . . . . . . 90
6.3.3 Generalized estimating equations 1 with estimated

working correlation matrix . . . . . . . . . . . . . . . . . . . . . . . . 91
6.3.4 Examples for working covariance and correlation

structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93



Contents xv

6.4 Generalizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
6.4.1 Time dependent parameters . . . . . . . . . . . . . . . . . . . . . . . 97
6.4.2 Ordinal dependent variables . . . . . . . . . . . . . . . . . . . . . . . 98

7 Pseudo maximum likelihood estimation based on the
quadratic exponential family . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
7.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
7.2 Asymptotic properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
7.3 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

7.3.1 Generalized estimating equations 2 with an assumed
normal distribution using the second centered moments 110

7.3.2 Generalized estimating equations 2 for binary data
or count data with an assumed normal distribution
using the second centered moments . . . . . . . . . . . . . . . . . 112

7.3.3 Generalized estimating equations 2 with an arbitrary
quadratic exponential family using the second
centered moments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

7.3.4 Generalized estimating equations 2 for binary data
using the second ordinary moments . . . . . . . . . . . . . . . . . 115

8 Generalized method of moment estimation . . . . . . . . . . . . . . . 119
8.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
8.2 Asymptotic properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
8.3 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

8.3.1 Linear regression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
8.3.2 Independence estimating equations with covariance

matrix equal to identity matrix . . . . . . . . . . . . . . . . . . . . 123
8.3.3 Generalized estimating equations 1 with fixed

working covariance matrix . . . . . . . . . . . . . . . . . . . . . . . . . 123
8.3.4 Generalized estimating equations 1 for dichotomous

dependent variables with fixed working correlation
matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

8.3.5 Generalized estimating equations 2 for binary data
using the second ordinary moments . . . . . . . . . . . . . . . . . 125

8.3.6 Generalized estimating equations 2 using the second
centered moments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

8.3.7 Generalized estimating equations 2 using the second
standardized moments . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

8.3.8 Alternating logistic regression . . . . . . . . . . . . . . . . . . . . . . 128
8.4 Final remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

. .



http://www.springer.com/978-1-4614-0498-9


	Contents



