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ABSTRACT

A log-linear modeling for three-dimensional contingency tables is used with
categorical variables. In this study, hierarchical log-linear models are used to fit the
observed frequencies and to determine the suitable model for the expected
frequencies of pre-university students’ mathematics anxiety data. For this reason,
546 students were selected to complete mathematics anxiety scale questionnaire.
Data on gender, course, grade and level of mathematics anxiety were examined for
presence of association using log-linear models. Estimating log-linear model
parameters is carried out using Maximum Likelihood method, where the Newton-
Raphson iteration method is used to find the numerical estimates of the parameters.
Selection of the best model is conducted using deviance of the models. The
significance of the model is determined using Goodness of Fit Test. We also
determine the odds ratio between gender, course, Sijil Pelajaran Malaysia (SPM)
Additional Mathematics grade and anxiety level to establish the risk among the
groups. The final model shows that gender, course and SPM Additional Mathematics

score play a role in determining the students’ level of mathematics anxiety.



Vi

ABSTRAK

Model log-linear untuk jadual kontigensi tiga dimensi digunakan dengan
pemboleh ubah kategorikal. Dalam kajian ini, model log-linear berhierarki telah
digunakan untuk disuaikan dengan kekerapan cerapan dan untuk menentukan model
yang sesuai dengan kekerapan jangkaan bagi data keresahan terhadap matematik
untuk pelajar pra-universiti. Bagi tujuan ini, 546 pelajar telah dipilih untuk menjawab
soal selidik mengenai keresahan terhadap matematik. Data berkenaan jantina, kursus,
gred dan tahap keresahan terhadap matematik telah dikaji menggunakan model log-
linear jika terdapat hubungan antara pemboleh ubah tersebut. Jangkaan parameter
model log-linear diperolehi dengan menggunakan kaedah Kebolehjadian Maksimum,
di mana kaedah pelelaran Newton-Raphson digunakan untuk mencari jangkaan
berangka bagi parameter tersebut. Pemilihan model terbaik telah dijalankan
menggunakan devian untuk model itu. Model yang signifikan telah diperolehi
dengan menggunakan Ujian Kebagusan Penyuaian. Kami juga menentukan nisbah
kemungkinan antara jantina, kursus, gred Matematik Tambahan Sijil Pelajaran
Malaysia (SPM) dan tahap keresahan terhadap matematik untuk menentukan risiko
di kalangan kumpulan. Model terakhir menunjukkan bahawa jantina, kursus dan gred
Matematik Tambahan SPM memainkan peranan dalam menentukan tahap keresahan

pelajar terhadap matematik.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Log-linear modelling is among the most famous methods used to analyze
frequency data. Since its first appearance, the associated methods have been
developed. Log-linear modeling is being widely used in analyzing multivariate
frequency tables or is called multivariate cross-classifications. Specifically, log-
linear modeling is applied to identify the main effects or interactions required to

express the joint distribution in the cross-classification.

Fitting log-linear models involves choices concerning the parameters that are
significantly different from zero. The main candidates to be included in a model are
significant parameters while non-significant parameters cost degree of freedom, but
this investment fails to make contribution to the explanation of the data (Von Eye &
Mun, 2013).

According to McEvoy & Richards (2001), during early 1970s, log-linear
modeling procedures were developed by statisticians such as Goodman (1970) and
Mosteller (1968) and have been listed into the family of general linear models
(GLMs). This includes modeling procedures for example ordinary least squares
regression and logistic regression (McCullagh & Nelder, 1989; Nelder & Baker,
1972). Log-linear models are generalized linear models commonly used to model the

frequency in contingency table. A log-linear model consists of a number of



parameters which are combined together to determine an estimated frequency for
each cell in the contingency table. The modeling is called log-linear model because
the equation of a model in this form calculates the logarithm of the expected values

from a linear combination of parameters.

The explanatory variables are usually categorical. The data are summarized
as cross-classified table if there are only a few explanatory variables. Frequency or
count in each cell of the table is the response variable. Explanatory variables are the
variable used to describe the table. The log-linear model is used for the generalized
linear models which can be appropriate for the study design that have some
constraints on the cell frequencies (Dobson & Barnett, 2008).

Mathematics anxiety is a person’s negative reaction to situations dealing with
numbers, mathematics calculations and is defined as “a feeling of tension and anxiety
that interfere with the manipulation of numbers and the solving of mathematical
problem in a wide variety of ordinary life and academic situations” (Richardson &
Suinn, 1972). Mathematics anxiety reactions can go to severe from mild, from minor

frustration to overwhelming emotional and physiological trouble (Ashcraft, 2002).

1.2 Background of the problem

The data of categorical variable that are collected in the form of their
frequencies and summarized in contingency tables are called categorical data. A
question then is how one can retrieve information from such categorical data. In
statistics, linear model is used in different ways according to the context. Log-linear
model is a mathematical model that takes the form of a function whose logarithm is a

polynomial function of the parameters of the model.



The log-linear model is used to study behaviour selection in mathematics
anxiety since the advantage of log-linear model is the ability to easily blend multiple
features. Using the log-linear model can enhance decision making ability of
behaviour selection (Och, 2003).

Three dimensional contingency tables are quite crucial to model because it
involves many variables and parameters. The analysis of three way tables can be
more complex compared to two dimensional contingency tables. The higher
dimensional of contingency tables increases the complexity of the model as well as
when explaining the results of analysis and interpretation.

Mathematics anxiety among Malaysian students is the main factor that
influences mathematics achievement (Puteh & Khalin, 2016; Zakaria & Nordin,
2008; Davrajoo, 2007). Mathematics anxiety is actually related to many constraints
in the process of learning mathematics. Previous studies from Hembree (1990), Ma
(1999) and Ho et al. (2000) showed that students who experienced mathematics
anxiety will tend to avoid mathematics courses. Therefore they will not be applying

jobs that are related to mathematics skills.

1.3 Statement of the problem

Contingency tables can be modelled by many methods in generalized linear
models. For two-way contingency tables, it is quite a straight forward modeling but it
is more difficult or tedious to model the three dimensional and multi-dimensional
contingency table using other methods other than log-linear model. Thus, the
research is aimed to analyze the three dimensional contingency table by using log-

linear model.



Mathematics anxiety among college students is thought to be related to some
explanatory variables which can be summarized in a contingency table. Log-linear
model is a way to determine this relationship and identify the effect structure of this

relationship.

1.4 Objective of the study

The main objectives of this research are:

I.  To identify factors associated to mathematics anxiety based on log-linear
model.

ii. To determine the most parsimonious log-linear model in categorical data
analysis for three dimensional contingency tables using deviance of the

models.

iii.  To determine the odds ratio between mathematics anxiety factors.

1.5 Scope of the study

This research will focus on the statistical methods involving the analysis of
explanatory variables for three dimensional contingency tables. The data will be
analyzed which the response and variables are categorical data whereby they will be
measured on nominal scales. Observations of the data will be referred to the
frequencies in the cells of the contingency tables that are summarized in a cross-

classified table.



1.6 Significance of the study

Analyzing the three dimensional contingency tables by using log-linear
models is the main objective proposed in this research. Moreover, the study will
survey the level of mathematics anxiety among pre-university students. The
usefulness of the suitable model chosen is hoped to be beneficial to the education
area. Hopefully, the outcome result can provide some useful information regarding

this issue to improve the students’ mathematics performance in college.

1.7 Thesis Outline

This dissertation contains five chapters. Chapter 1 deals with the introduction
to the research. It discusses the background of the problem, problem statement,
objectives of the study, scope of study and significance of the study. Chapter 2 is
literature review. It discusses the categorical data, background of log-linear models,
the advantages and application of log-linear models and previous study on
mathematics anxiety. In chapter 3, the dissertation is motivated by discussing the
general methodology to model frequency in contingency tables, probability
distribution and log-likelihood functions. Log-linear models for three dimensional
are presented and how to select the parsimonious model that represent the
relationships between the variables. The results will be presented in Chapter 4.
Finally, chapter 5 presents the conclusion and some recommendation for future

study.
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