
The copyright © of this thesis belongs to its rightful author and/or other copyright 

owner.  Copies can be accessed and downloaded for non-commercial or learning 

purposes without any charge and permission.  The thesis cannot be reproduced or 

quoted as a whole without the permission from its rightful owner.  No alteration or 

changes in format is allowed without permission from its rightful owner. 

 



WINSORIZED MODIFIED ONE STEP M-ESTIMATOR 
IN ALEXANDER-GOVERN TEST 

TOBI KINGSLEY OCHUKO 

MASTER OF SCIENCE (STATISTICS) 
UNIVERSITI UTARA MALAYSIA 

2016 



WINSORIZED MODIFIED ONE STEP M-ESTIMATOR 
IN ALEXANDER-GOVERN TEST 

A Thesis Submitted to College of Arts & Sciences in partial 

fulfilment of requirements for the degree 

Master of Science (Statistics) 

Universiti Utara Malaysia 

BY 

Tobi Kingsley Ochuko 



Awang Had Salleb 
Graduate School 
of Arts And Sciences 

Universitl Utara Malaysia 

PERAKUAN K E R J A  TESlS 1 DlSERTASl 
(Certification o f  thesis /dissertation) 

Kami, yang bertandatangan, memperakukan bahawa 
(We, the undersigned, certify that) 

TOBl KINGSLEY OCHUKO (813614) 

calon untuk ljazah MASTER 
(candidate for the degree of) 

telah mengemukakan tesis I disertasi yang bertajuk: 
(has presented his/her thesis / dissertation of the following title): 

"WINSORIZED MODIFIED ONE STEP M-ESTIMATOR IN ALEXANDER-GOVERN TEST" 

seperti yang tercatat di muka surat tajuk dan kulit tesis I disertasi. 
(as if appears on the title page and front cover of the thesis /dissertation). 

Bahawa tesisldisertasi tersebut boleh diterima dari segi bentuk serta kandungan dan meliputi bidang 
ilmu dengan memuaskan, sebagaimana yang ditunjukkan oleh calon dalam ujian lisan yang diadakan 
pada : 3 Februari 2016. 
That the said thesis/dissertation is acceptable in form and content and displays a satisfactory knowledge 
of the field of study as demonstrated by the candidate through an oral examination held on: 
February 3,2016. 

Pengerusi Viva: Assoc Prof Dr. Azizan Saaban Tandatangan 
(Chairman for VIVA) (Signature) fi4 
Pemeriksa Luar: Dr. Teh Sin Yin 

(Signature) 
Tandatangan 

(External Examiner) 

Pemeriksa Dalam: Dr. Sharnshuritawati Sharif Tandatangan 
(Internal Examiner) (Signature) 

Nama PenyelialPenyelia-penyelia: Dr. Suhaida Abdullah Tandatangan 
(Name of Supenlisor/Supenlisors) (Signature) 

Nama PenyelialPenyelia-penyelia: Dr. Zakiyah Zain Tandatangan 
(Name of Supenlisor/Supenlisors) (Signature) 

Tarikh: 
(Date) Februaw 3,2016 



Permission to Use 

In presenting this thesis in hlfilrnent of the requirements for a postgraduate degree 

from Universiti Utara Malaysia, I agree that the Universiti Library may make it fieely 

available for inspection I further agree that permission for the copying of this thesis 

in any manner, in whole or in part, for scholarly purpose may be granted by my 

supervisor(s) or, in their absence, by the Dean of Awang Had Salleh Graduate School 

of Arts and Sciences. It is understood that any copying or publication or use of this 

thesis or parts thereof for financial gain shall not be allowed without my written 

permission. It is also understood that due recognition shall be given to me and to 

Universiti Utara Malaysia for any scholarly use which may be made of any material 

from my thesis. 

Requests for permission to copy or to make other use of materials in this thesis, in 

whole or in part, should be addressed to: 

Dean of Awang Had Salleh Graduate School of Arts and Sciences 

UUM College of Arts and Sciences 

Universiti Utara Malaysia 

06010 ULM Sintok 



Abstrak 

Kajian ini tertumpu kepada ujian kumpulan bebas bagi membandingkan dua atau 
lebih min menggunakan kaedah berpararneter iaitu ujian Alexander-Govern (AG). 
Ujian ini menggunakan min sebagai sukatan kecenderungan memusat dan dianggap 
sebagai alternatif yang lebih baik berbanding ANOVA, ujian Welch dan ujian James. 
Walaupun ujian AG mempunyai kawalan yang baik terhadap kadar ralat Jenis I dan 
menghasilkan kuasa yang tinggi pada varians heterogen, ujian ini tidak teguh pada 
data yang tidak normal. Justeru, min terpangkas telah dicadangkan dalam ujian 
tersebut untuk menangani masalah ketaknormalan dan kemudiannya, satu penganggar 
yang lebih teguh dikenali sebagai penganggar M satu langkah terubahsuai telah 
diperkenalkan. Penganggar berkenaan adalah tidak dipengaruhi oleh bilangan 
kurnpulan, namun telah gaga1 untuk menghasilkan kawalan yang baik terhadap 
kawalan ralat Jenis I, dalam keadaan kepencongan dan kurtosis yang ekstrim. Kajian 
ini mencadangkan penganggar MOM terWinsor ( M O M )  sebagai sukatan 
kecenderungan memusat dalam usaha untuk meneguhkan ujian AG. Ujian AG yang 
ditambah baik ini, AGWMOM mampu menyingkirkan kewujudan data terpencil 
daripada taburan data. Satu kajian simulasi terhadap 5,000 set data telah dilaksanakan 
untuk membandingkan prestasi ujian: AG, AGMOM (ujian AG menggunakan 
penganggar MOM), AGWWOM, ujian-t dan ANOVA. Keputusan menunjukkan 
bahawa ujian AGE'MOM telah meningkatkan bilangan kondisi teguh pada taburan 
terpencong dengan hujung normal dan taburan terpencong dengan hujung berat 
berbanding ujian yang lain. 
Sebagai tambahan, ujian ini telah menghasilkan kuasa yang tinggi dalam kebanyakan 

kondisi pada empat kumpulan dengan saiz sampel tidak seirnbang. Dapatan kajian 
mendorong untuk ujian ini menjadi paling sesuai apabila taburan data adalah 
berhujung berat. 

Kata kunci: ujian Alexander-Govern, penganggar MOM, kadar ralat Jenis I, Kuasa 
ujian, ujian AGFXfOM 

. . 



Abstract 

This research centres on independent group test of comparing two or more means by 
using the parametric method, namely the Alexander-Govern (AG) test. It uses mean as 
its central tendency measure and is considered as a better alternative to the ANOVA, 
the Welch test and the James test. Although the AG test has a good control of Type I 
error rate and produces a high power under variance heterogeneity, it is not robust to 
non-normal data. Thus, trimmed mean was proposed in the test to handle the problem 
of non-normality and later, a more robust estimator called modified one step M 
(MOM) estimator was introduced. These estimators are not influenced by the number 
of groups, but failed to give a good control of Type I error rate, under extreme 
conditions of skewness and kurtosis. This research proposes the Winsorized MOM 
(FFWOM) estimator as a measure of central tendency in attempt to robustify the AG 
test. This enhanced AG test, AGWMOM is able to remove the appearance of outliers 
from the data distribution. A simulation study of 5,000 data sets was conducted to 
compare the performance of the tests: AG, AGMOM (AG test using MOM estimator), 
AGPMOM, t-test and ANOVA. The results show that the AGWMOM test has 
improved the number of robust conditions under skewed normal tailed and skewed 
heavy tailed distributions compared to the other tests. Additionally, the test produced 
high power in most conditions under four groups with unbalanced sample size. It 
leads that this test is convenient specifically when the data distribution is heavy tailed. 

Keywords: Alexander-Govern test, MOM estimator, Type I error rate, power of test, 
AGWMOM test 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

This research makes comparison of the performances of the Type I error rate and 

power of five different tests. These tests are (i) Alexander-Govern test (AG test), (ii) 

Modified One Step M-estimator (MOM) estimator in the Alexander-Govern test 

(AGMOM test), (iii) Winsorized Modified One Step M-estimator (WMOM> estimator 

in the Alexander-Govern test (AGWMOM test), (iv) t-test (v) Analysis of Variances 

(ANOVA). Each test is performed under two, four and six groups conditions, with the 

combination of both balanced and unbalanced sample sizes, equal and unequal 

variances respectively, with each of the g- and h- distributions. The g- and h- 

distribution is used to determine the level of skewness and kurtosis respectively in a 

data distribution. 

The best among the five tests will produce the best control of Type I error rate and 

also produce high power, under skewed heavy tailed distribution. The independent 

group tests such as the ANOVA have been applied in different field of life, for 

example in medicine, economics, sociology and agriculture, as discussed by Pardo, 

Pardo, Vincente and Esteban (1 997). Three main assumptions have to be filfiUed 

before the ANOVA can work effectively, namely: (i) homogeneity of the variance (ii) 

normality of the data and (iii) independent observations of the data distribution. 
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