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Abstract

“The application of the Poisson miised model s been hampered by the difficulty of compu-

s involve

Lation i evaliating the wmarginal likelihood of the paramete . Many approximate

approaches have recently been proposed for inference abont the generalized linear mixed

model which refers to the Poisson mixed model pecial case, for example, the penalized

quasi-likelihood (PQL) approach of Breslow and Clayton (1993), and the generalized esti-

. We show in the thesis that.

wiating Tanetion (GEF) approach of Waclawiw and Liang (19

hoth the PQL and GEI produce inconsistent. inference for the variance component in the

oisson mixed model. The thesis then proposes a two-step approximate likeliliood approach

(AL) for the estimation of three types of parameters (fixed effect, parameters, random cffects
and Uieir variance component) in e Poisson mised model. In the first step, an approsimate
Jikelihood finetion of comt data is constructed to estimate the fised effect parameters and

the variance component by applying a conjugate Bayesian theorem. In the second step. the

random effeets are estimated by minimizing their approximate posterior mean square error.

Our estimates always consistent. for hoth the fixed effect parameters and the variance

‘hen the actual var 1 zero, our estimates are almost

component.. 1ce component is 1

efficient for both the fixed effect. parameters and the variance component, and are alimost

optimal for the random eflects. When the actual variance component is away from zero, our

estimates are always asymptotically unbiased for the fixed effect parameters, whereas our

estimate is asymptotically negative biased for the variance component, Another desirable

et is that. unlike the existing approaches mentioned above. our estimates for both the



lixed effeet. parameters and the

aviance component only depend on the distribution of ran-

dom effects rather than the estimates of random effects.

Animportant linding is that the

asymptotic covariance of our estimates for the fised effect parameters will become smaller in
general as the variance component. an index of the intra-cluster a

ssociation, inereases, and

can be noticeably reduced by assigning the values of the fixed elfeet covariates as dilforent as

possible among dillerent observations in any cluster. However, if the lixed effeet covariate has

the same or almost equal values among different observations in any cluster, the asymptotic

ance of the estimate for the corresponding fixed elfeet. parameter may inerease as the

variance component, gets larger, This feature may be useful in designing

alid experiment

on mixed model. Unless the vari

or sampling for the Po

wnee component is small, the fi

effect covariates should be de

d o have values as different as possible among, different
observations in any cluster. 1L is further shown. through simulation, the proposed approach

performs better than the PQL and GEE approaches.,



Acknowledgements

st of all, T wonld like to thank my supervisory committee: Professors Brajendra Sutradhar,

Uditha Balasooriya and Roy Barlelett for their gnidance and support in conducting this

thesis.

1 take great. pleasire in acknowledging the instructions and encouragement 1 reccived
from Professors Cliu-lu Chiarles Lee, Rajendra Jain, Ning-Zhong Shi , long Wang, Mark

Reimers, Nadine Hoenig, David Chu and Louise Dionne. I also want to thank Professors

Fdgar Goodaire, Bruce Watson, Ms Judy Lee. the Maple Leal and many other professors

and graduate students at the Department of Mathematics and Statistics for their hospitality
and Triondship.

As well, Tam grateful to the School of Graduate Studies and the Department of Math-

cmaties and Statistics o providing me with finan

| support in the form of a Graduate

Stadent Seholarship and Graduate Assistantship to make my stay at the Memorial Univer-

sity of Newloundland possible,

Iy, Ewould like to dedicate this thesis to Mr. Yu-Chu Zhu, my dearcst teacher at

high school.



Contents

-

»

N

Introduction

Historical Background of the Poisson Mixed Model
2.0 Poisson PYoCosE o o v o o w0 s i D R e e S W @ B e

2.2 Models for Clustered Count. Data.

2.3 Mixed Effeets Model for Clustered Count Data

2.1 Methods for Bstimating the Poisson Mixed Model ... ... PN

The Proposed Two-Step Approach

30 Likelihood Approximation « « .« oo v e et

3.2 Two-Step Approach

33 Computational ASPEcs « .« « o« oo v e

3.4 Remarks on Asymplotic Theory « ..o oot ve e
BAE Whena® S Muewi 5 5 ¢ 6 v 5 8 5 8 e F R B8 9 F S A5 ¥

34.2  When o? is Unknown . .

Two Recent Approximate Methods of Estimation



@

5.2

X}

(e

Simulation Study

Simmlation Design . .. ..o & VeIETN § Y B FEEEE Y E
Eslimatenof pando? . ioeivvonnaisvonvnas o SR B
Prediction of the Random Effects ... oL 8§ SRR W T

and Some





























































































































































































































































	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Copyright Information
	007_Abstract
	008_Abstract iii
	009_Acknowledgements
	010_Table of Contents
	011_Table of Contents ii
	012_List of Tables
	013_List of Tables iv
	014_Chapter 1 - Page 1
	015_Page 2
	016_Page 3
	017_Page 4
	018_Page 5
	019_Page 6
	020_Page 7
	021_Page 8
	022_Page 9
	023_Chapter 2 - Page 10
	024_Page 11
	025_Page 12
	026_Page 13
	027_Page 14
	028_Page 15
	029_Page 16
	030_Page 17
	031_Page 18
	032_Page 19
	033_Page 20
	034_Chapter 3 - Page 21
	035_Page 22
	036_Page 23
	037_Page 24
	038_Page 25
	039_Page 26
	040_Page 27
	041_Page 28
	042_Page 29
	043_Page 30
	044_Page 31
	045_Page 32
	046_Page 33
	047_Page 34
	048_Page 35
	049_Page 36
	050_Page 37
	051_Page 38
	052_Page 39
	053_Page 40
	054_Page 41
	055_Page 42
	056_Page 43
	057_Page 44
	058_Chapter 4 - Page 45
	059_Page 46
	060_Page 47
	061_Page 48
	062_Page 49
	063_Page 50
	064_Page 51
	065_Page 52
	066_Page 53
	067_Page 54
	068_Page 55
	069_Chapter 5 - Page 56
	070_Page 57
	072_Page 58
	073_Page 59
	074_Page 60
	075_Page 61
	076_Page 62
	077_Page 63
	078_Page 64
	079_Page 65
	080_Page 66
	081_Page 67
	082_Page 68
	083_Page 69
	084_Chapter 6 - Page 70
	085_Page 71
	086_Page 72
	087_Bibliography
	088_Page 74
	089_Page 75
	090_Page 76
	091_Page 77
	092_Blank Page
	093_Blank Page
	094_Inside Back Cover
	095_Back Cover

