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ABSTRACT

Attention Deficit Hyperactivity Disorder (ADHD) is characterized by the inability of
the brain to focus and to filter irrelevant stimuli, affecting working memory and sensory
gating functions. To date, medication is prescribed to control ADHD symptoms,
however, the prolonged use of these medications has shown some adverse effects for
individuals with ADHD. Alternatively, two non-pharmacological approaches have been
proposed to help reduce ADHD symptoms, which are sound therapy interventions and
systematic working memory trainings. Despite the potential use of white noise in sound
therapy to reduce ADHD symptoms, it has poor melody harmonization, thus preventing
children with ADHD features from participating in long training sessions. To address
this issue, the present study investigated the possible use of a combination of working
memory trainings and sound therapy using various sounds, including white noise,
waterfall, and Quranic recitation. The present study aimed to examine the effect of
sound-working memory training intervention on sensory gating, working memory, and
severity of ADHD symptoms in children with ADHD features in Kuantan, Pahang. The
study was conducted in three phases. In Phase 1, the Swanson, Nolan and Pelham
Teachers and Parents Rating Scale of ADHD symptoms (SNAP-1V) were cross-
culturally translated into Malay (M-SNAP-1V). Additionally, the Sensory Gating Scale
(SGS) was also developed. The M-SNAP-1V and the new SGS were psychometrically
evaluated among 702 parents and were proven to be culturally suited and valid for use
in Phases 2 (participants’ selection process) and 3 (intervention). In Phase 3, 39 children
aged 8 — 11 years old with ADHD symptoms participated, and these children were
divided randomly into five groups [white noise + working memory training (n=8);
waterfall + working memory training (n=8); Al-Fatihah + working memory training
(n=8); working memory training alone (no sound stimulus) (n=8)], and one control
group (n=7). The training groups received repetitive computerised working memory
training for 4 — 5 weeks (10 — 13 sessions), while the control group did not receive any
intervention. The Corsi test (untrained working memory test), M-SNAP-1V, and SGS
were used as pre- and post-intervention testing. In general, some of the findings showed
a significant increase in sensory gating abilities and working memory, and significant
decrease of ADHD symptoms in the training groups. Furthermore, it was found that the
combination of white noise and working memory training was the best method in
improving working memory performance and sensory gating ability, and in reducing
ADHD symptoms. The present study also found a significant high-negative correlation
between SGS and M-SNAP-IV scores, indicating that the increase of SGS score (the
severity of sensory gating deficits reduces) led to the decrease of the M-SNAP-IV score
(the reduction of severity of ADHD symptoms). However, some of the findings were
negative for SGS and M-SNAP-1V, for example, a significant improvement of M-
SNAP-1V’s post-intervention scores was shown in the control group, which was
believed to be due to random effect. To conclude, the positive findings from the current
study suggested that the sound-working memory training approach has great potential
as one of the future alternative psychological and behavioural approaches for ADHD
intervention.



L caild) pb Sl Raasy 1S e fladd) 5,068 pitn (ADHD) a5 b5 o0 olsV¥1 2l Ollas) je
ADHDY slel e 8ol 25581 any Crog OV 3> ot e SUlsd) Gl gy dlalall 35T e S5,
o Yy ADHDI cotald 33 e aked) J0Y) Jans 2350Y) odd Jsbll plasea¥ ebl ai o3
oy Gyl Ml o35 Wy (ADHD olel o 0kl (3 5aslaal) crafles i iy b A581 ¢ b (el
hhol ol Lad geall 20 @ (2Y) meiall asldl a2 e ozl Al 35T
el 0 ADHD slel o 0gla 0 JULYY wis, JWLg OB G iz oy 1 Y CADHD)
BN Slyls e e plboiiad B1SG] (3 I ) xSl ode At L alb By Slads 3
JL Al ods Cug OTAN 39355 JOadly sliadl slogall foo cadlz Sl plisaaly Goall Sl dolad
ws ADHDY _slsl sz el 8851015 e llsdl e sy alela)l 35T Gyt 25 50 amd
3 rdele W s ) el Ll Yy OlS dle (3 ADHDJ slel 0 09l ol JUbY)
ADHD 218 08 ety Calaoll pleby OVsiy Oyl ool ol a8 LY 2l
Sl e sk Ll & els ) dloyl (M-SNAP-IV) a0 ) Lss SNAP-1V)
SleaVly bW e 702 oy eSSl k) SGS liey M-SNAP-TV e i ¢ (SGS) 2
@ () 3 s (Sl et adeey 2 ol W (3 plisna ) Lz So e 3l LIS Legaasdle U] ¢
JULYI e¥sa s ¢9 ADHDY ol 0 05t Ule 115 8 oy onjleel #9155 Slils 39 4L el al L
Aol ST s + IO ¢(B=0) Al 351 o oy + ool ]| Sleget i I st (S
[(B=0) (ase 522 O3k sdmy Alalad) 38T s ¢ (8=0) bt 35T Cyps + 3EW) By ¢(B=0)
el 54 s bl 58T e 1) S gl Gy oyl o il L (7=0) amly Aol dosety
28 Al BTN JLasl) pysS jlas) plisianl @ bt o dlalall degasdt) als | Ly (> 13-10)
ey (B
Sh & S Bl il ae gl ple iy ol day 18 e’ SGS uliey (IM-SNAP-IV
Aoy b G5 e sdle gyl wlegas 3 ADHD 2lel 3 5087 2lidly calalall 35101 dd) ol
SUlsd) 8,89 Abalall 35T elsf cpnmd Wiyl fuadl O 2Ll §5101 o gpdly 2o V) el (a0
Ls oo dle duke bl B s9my Uaf AU auhdll wasy ADHDY o6l 0 adi 35 i
ADHDJ sl sl sas sty M-SNAP-1IV L sl of 4 pi 8 SGS 3 M-SNAP-IV
bhe (3 e ) e OSTAE GUS aay  (Beed) SUl e 3 2Ll SGS b sy ) ol
i ol am b bl @ aS e bl s JW e Lo (M-SNAP-IV 5 SGS
Bl 22 Y el i cpledl (3 gl U oy BT sz g bl dese 3 M-SNAP-IV
Al 2S5y Bl S asT Lalzely 38" SLISG] Gsaall—alalad) 5810 s 2y b s OF ) 2JU

ADHDY oy 2zl



APPROVAL PAGE

The thesis of Masnira Jusoh has been approved by the following:

Assoc. Prof. Dr. Ahmad Aidil Arafat Dzulkarnain
Main Supervisor

Asst. Prof. Dr. Sarah Rahmat
Co-Supervisor 1

Prof. Dr. Ramli Musa
Co-Supervisor 2

Assoc. Prof. Dr. Mohd. Zulfaezal Che Azemin
Co-Supervisor 3

Asst. Prof. Dr. Nadzirah Ahmad Basri
Internal Examiner

Assoc. Prof. Dr. Mohd Normani Zakaria
External Examiner 1

Assoc. Prof. Dr. Rohayah Husain
External Examiner 2

Prof. Dr. Ahmed Jalal Khan Chowdhury
Chairman



DECLARATION

| hereby declare that this dissertation is the result of my own investigations, except
where otherwise stated. | also declare that it has not been previously or concurrently
submitted as a whole for any other degrees at IIUM or other institutions.

Masnira Jusoh

SIGNALUIE ..o Date ..o



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

THE EFFECTS OF SOUND-COGNITIVE TRAINING
INTERVENTION TO THE SENSORY GATING ABILITIES AND
WORKING MEMORY SKILL IN CHILDREN WITH
ATTENTION DEFICIT HYPERACTIVITY DISORDERS
SYMPTOMS

I declare that the copyright holders of this dissertation are jointly owned by the student and
IHUM.

Copyright © 2020 Masnira Jusoh and International Islamic University Malaysia. All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder
except as provided below

1. Any material contained in or derived from this unpublished research
may be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The HUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the IIUM Intellectual
Property Right and Commercialization policy.

Affirmed by Masnira Jusoh

Signature Date

Vi



The thesis is dedicated to my beloved parents, husband and son for their patience,
advices and faith.

“See the Begin, Feel the Shine”

vii



ACKNOWLEDGEMENTS

In the name of Allah, the most gracious and most merciful.

First and foremost, | wish to express my deepest gratitude to the God, the Almighty, for
His showers of blessings throughout my research work to accomplish this study
successfully.

| wish to express my sincere gratefulness to my main supervisor, who has the substance
of a genius, Assoc. Prof. Dr. Ahmad Aidil Arafat, for the incessant support for my PhD
study and thesis writing, for his open-mindedness, inspiration, enthusiasm and immense
knowledge even when the journey got hard and tough. Without his guidance and
persistent support, this PhD study would not have been possible and would have never
been accomplished.

| would also like to show gratitude to my co-supervisors, Dr. Sarah, Prof. Dr. Ramli,
and Assoc. Prof. Dr. Zulfaezal, for their advice, comments and encouragement to make
this study a success.

Getting through my PhD and thesis writing journey required more than academic
support. Therefore, | wish to acknowledge the endless support and great love from my
lovely husband, Mr. Abdullah Apandi, and my clever boy, Lugmanul Hakim, for
listening to and, at times, having to tolerate me over these three and a half years.

| would like to pay my special regards to my one and only best friend, Afigah. She kept
me going on and this study would not have been possible without her inputs and
constant encouragement.

Most importantly, none of this could have happened without my family support,
especially from my lovely parents, Mr. Jusoh and Mrs. Mah Kelthom; thank you for
supporting me spiritually and psychologically throughout my life.

Last but not the least, | would like to thank all my friends, colleagues, research

participants, the parents, the teachers, and all the people whose assistance was a
milestone in the completion of this study.

viii



TABLE OF CONTENTS

N 01 1 = Tod SRR I
WA\ 0115 ¢ o A 10 B AN 1 o) (o RSSO i
APPIOVAI PAJE ... v
[ =Tod - = U o] o USROS v
COPYIIGNT et vi
D =T o U4 o] o SRR vii
ACKNOWIBAGEMENTS ...t viii
TabIE OF CONLENTS ..ot e e e et eeaneeeeas IX
LISt OF TaBIES. ..o XVii
LISE OF FIGUIES ..ttt ettt Xix
LISt OF SYMDOIS ... XXI
List OF ADDIEVIALIONS ......eoiiiieeeiie et ee e XXIi
CHAPTER ONE: INTRODUCTION AND OVERVIEW ..........ccoccoiviiieiiece 1
O 0o L1 T o PO OPRRSPRRSTI 1
1.1 Background Of The STUAY .........coiiiiiiiiiiei e 1
1.1.1 The Limitation of Drugs Usage in ADHD Intervention .............ccccoevenneene. 1
1.1.2 The Potential Solution for the ADHD Treatment...........cccoovvvvvienieinnenneene 3
1.1.2.1 Sound INtEIVENTION ....ccvvvieeeeciie et et 3
1.1.2.3 Working Memory training ........ccccveiiieeiiiee e see e siee e 5
1.1.2.4 Issues with The Conventional Method Using Stochastic Resonance ......... 6

1.2 The Novelty Aspects of The PND StUdY .........ccceeiiieeiiire i 7
1.3 Significance 0f The STUAY .....cc.vveiiiie s 8
1.4 Structure 0F The THESIS ....coviiiiieie s 9
CHAPTER TWO: ATTENTION DEFICIT HYPERACTIVITY DISORDER
(a0 o [D) NN VNN SSEND (A DURRNR . RS SNONRY . SSTRY ER 12
2.0 INFOAUCTION .....eeiiieiie ettt b 12
2.1 ADHD ... 12
2.1.1 Definition OF ADHD .....ccviiiiiiieiie e 12
2.1.2 Symptoms and Criteria 0f ADHD .........ccccooiiiiiiiice e 13
2.1.3 Prevalence 0Ff ADHD .........cooiiiiiiiiecieciee et 17
2.1.4 Pathophysiology 0f ADHD ..........cocoiiiiiiicie e 19
2.1.4.1 Theoretical Framework of the Pathophysiology of the ADHD ............ 19
2.1.4.2 BiOlOQICal ASPECLS.....ccvveeiiiee ettt 20
2.1.4.3 Psychological ASPECES .......c.uveiiuiee et 25

2.1.5 Aetiologies Of ADHD ........cccccoiiiiiiiic et 26
2.1.6 Comorbidity OF ADHD ........cooiiiiieiie et 27

2.2 ADHD TREOFIES ...eutveiiiieiiit ettt ettt ettt e b nes 28
2.2.1 INNIDItION THEOMY ... 29
2.2.2 Delay Aversion- or Dual Pathway Theory..........ccoceeeviiiie i 30
2.2.3 Cognitive-Energetic Model (CEM) .......ooooiiiiiiei e 31
2.2.4 Optimal Stimulation TREOIY.........ciiiiiiii e 31
2.2.5 Dynamic Developmental (DD) TheOrY........ccuvveeiiiiiiieeiiiiiie e 32

2.3 Dopamine and ADHD ........oooiiiii e 33



2.3.1 Tonic and PhasiC DOPAMINE .........ccuveiiiiiieiiieiie e 33

2.3.2 The Effect of Dopamine Transmission Dysfunction in ADHD .................. 34
2.4 Guidelines and Tools for Assessment Of ADHD ..........ccccevviieiiiieeiiiee s, 36
2.4.1 Available Rating Scales to screen ADHD symptoms in children ............... 37
2.4.1.1 Swanson, Nolan, and Pelham Questionnaire (SNAP-IV) ...........c........ 38
2.4.1.2 Conners Rating Scales-Revised (CRS-R).......c.cccvviiiieniienicic 39
2.4.1.2.1 Conners Parent Rating Scales-Revised (CPRS-R) ........c.ccccevnee. 39
2.4.1.2.2 Conners Teacher Rating Scales-Revised (CTRS-R).........cccceuveee. 40
2.4.2 Cross-Cultural Adaptation and Translation Guidelines and Process........... 41
2.4.2.1 Cross-Cultural Adaptation and Translation Process ............ccccocveveene. 42
2.4.2.2 Forward and Backward Translations...........ccccovveiiiresiieeiiie e, 43
2.4.2.3 Content Validity ANAIYSIS........cccoiiiiiiiiiiiiieiiere e 45
2.4.2.4 Pre-testing and Pilot StUAY..........cccooiiiiiiiiiic e 47
2.4.2.5 Reliability tSTING ......veeivieiiiiiie e 48
2.4.2.5.1 Internal CONSISTENCIES .....ccvvveiiiiieeiiee e see e see e 48
2.4.2.5.2 Test-Retest Reliability ..., 49
2.4.2.6 Validity Testing for Validation Study ...........ccccceviiiiieniiniicien, 50
2.4.2.6.1 Convergent and Divergent Validity ...........ccccooeviinniiniieniiene, 50
2.4.2.6.2 Correlation Between Domains in the Scale..........cccccevvveviinennen. 51
2.4.2.6.3 ConStruct Validity ........cccvveiieiiiiiiieiie e 52
2.5 ADHD Treatments and INterventions...........ccveeiereiieesiereesiee e e sieeesee e 54
2.5.1 ADHD MeICAtIONS .....cciivviieeiiiiiee et s ettt e e et e e e s eraee e e 54
2.5.2 Psychosocial Intervention APProach ..........cccvevvieeiiieeiiiee e siee e 58
2.5.3 Psychological Intervention Approach.........ccccoccvveiiie i 59
2.5.4 Environmental Manipulation using White NOISe ........c.cccccveeviveeiiiieesiieene, 59
2.5.5 Working Memory TrainiNg .......c.veecueeeiieeesie e e see e e saeeesnee e 61
2.6 Chapter SUMMAIY........ccvieiiie et et e e e e e e e snae e e s e e aneeeeanes 62
CHAPTER THREE: THE SENSORY GATING AND WORKING MEMORY
SKILLS IN ADHD.....coiiiiiiii ittt 63
3.0 INTrOAUCTION ...ttt nr e 63
3.1 The Sensory Gating and ADHD SympPtOmMS.........c.ccovvveiiireiiireeiieee e e 64
3.1.1 SENSONY GALING ..eeeivveeeiiiee it ectie ettt e e e e snae e e srae e e anbeeeanes 64
3.1.2 Sensory Gating DefiCItS .....c.uveiiieeeiie e 65
3.1.2.1 Sensory Gating Deficits in ADHD ..........cccccoveiiiie i, 66
3.1.2.2 The Effect of Sensory Gating Deficits on Cognitive Functions ........... 68
3.1.3 Measurement 0f SENSOrY Gating .........ccccveeviuieeiiiiee i 70
3.1.3.1 Electrophysiological teSting ..........ccoveeiiiiieiiieeie e 71
3.1.3.2 Perceptual SCalES............ocoiuieeiiiie e 74
3.1.4 Mechanism of Sensory Gating ........ccccccvvveeiiieeeiiiie e 77
3.1.4.1 Structures and Systems Involved in Sensory Gating............ccccccvveenne. 78
3.1.4.1.1 The Prefrontal-Thalamic Inhibitory System in Patients with Poor
SENSOMY GALING ..vvieitiie et e e e e e e e e aaea e 78
3.1.4.1.2 HIPPOCAMPUS ....veeeerieeciiieeeiee e et e e st e s stve e etea e snra e nnae e e s e e snna e 79
3.1.4.1.3 DOpaminergicC SYSIEIMS ......cuuvieeeiiiiie e et e e e eriie e siiee e sirae e 79
3.1.4.2 Theories related to Sensory Gating .........ccccevvvveeeiiiieee i 80
3.1.4.2.1 Active Gating ThEOIY ......cccvviiieiiiiie e 80
3.1.4.2.2 Passive Gating TNEOIY ......ccvvvieiiiiiie et 80
3.2 The Working Memory Training and ADHD ..........ccccccovviie i 81



3.2.1 Definition and Concept of Working Memory ..........ccccevveiieiiienincnneen, 82

3.2.2 Working Memory Model ..o 83
3.2.3 Structures and systems related to working memory ..........ccccceevvveiiveennennnn 86
3.2.4 Working memory Training as Potential Intervention in ADHD ................. 88
3.3 The Relationship Between Sensory Gating Abilities and Working Memory
FUNCEION ...ttt et et e et e e s nt e e snt e e e enteeesnteeeanneeeas 93
3.4 Chapter SUMIMAIY .......ccuoiiiiaiie ettt 94
CHAPTER FOUR: NOISE INTERVENTION AND ADHD ..........ccooeviveiiieien, 95
O 1o (oo LFTox 1 [o] o PSSR 95
4.1 The N0ise and DIStraCtioN .........cc.eeevueeiiireaiireesiee e see e seee e saee e 95
4.2 The Effects of Noise Intervention in ADHD Population ............ccccceviieninnn. 98
4.2.1 Cognitive Task Performance ..........cccoouiiiieiiienieenie e 104
4.2.2 Academic Task PerformanCe..........cccuueiiereiiieeiiiieesieeeseeesieeesieeeeeeee s 107
4.2.3 Attention and Hyperactivity Level ...........cccooviiiiiiic, 109
4.3. Theoretical Framework for Predicting Noise Effects.............ccccooviiiiniicnnn, 110
4.3.1 Optimal Stimulation ThEOTY.........cooiiiiiiii e 110
4.3.2 Stimulus ReduCtion TNEOIY .......c.uviiiiiiiiiie e 112
4.3.3 Cognitive-Energetic Model (CEM) .......coooviiiiiiiieiieie e 112
4.3.4 Stochastic ReSONANCE (SR)......iiiiiiiiiiiiiiiie et 113
4.3.4.1 Stochastic Resonance CONCEPLS ......cevvvieieeiiiieiiieiee e 113
4.3.4.2 Stochastic resonance in clinical aspect...........cccccceeviieevieeviee s, 114
4.3.5 Moderate Brain Arousal (MBA).........oooiiiiiiiiiee e 116
4.4 The Factors that May Influence the Environmental Manipulation in the ADHD
0] 01U = 4T o USRS 118
4.4.1 Inter-stimulus-intervals (ISI) of Cognitive Testing Tasks ...........ccceeevvnenn 119
4.4.2 Attention-Focusing StImMulation ...........ccccvvveeeiii e 120
4.4.3 Attention Removing Stmulation............ccccovveiiiee i 121
A48 INOISE TBVEL ... 122
4.5 Potential Issues With White N0iSe Therapy ........ccccoveveeiiveeiiie e 124
4.5.1 The Suppression EFfECTS.........eciiiieiiiiecic e 125
4.6 Chapter SUMMAIY .......cciiieeiiie e e s e ste e e e ta e e e e ssbaeesbaeeaaeeeas 126
CHAPTER FIVE: PROBLEM STATEMENT, RESEARCH OBJECTIVES AND
HYPOTHESIS ... 127
IO L4140 Lo [FTox o] o PP PSPPI 127
5.1 Problem STatement .........ccouiiiiiiiieiieee e 127
5.1.1 Potential Limitations of Pharmacological Approach for ADHD Intervention
........................................................................................................................ 127
5.1.2 Potential Limitations of Previous Intervention Studies on Sensory Gating
........................................................................................................................ 128
5.1.3  Potential Limitations of Previous Studies on Working Memory
THAINING. .. eeiieie e e e e e et e e e et e e e st e e e srt e e e anteeeabeeeareae s 129
5.1.4  Potential Limitations on Previous Noise Intervention......................... 130
5.1.5 Limitations of the available resources or inStruments ...........ccccoeeveevnneenn 132
5.2 RESEArCh ODJECLIVES ..ot 134
521  General ObJECLIVE......c.vviie et 134
5.2.2  SPECITIC ODJECLIVES.......viiiee et 134
5.3 ReSearch HYPOTNESIS .......vvvieeiiiiiie et 135

Xi



CHAPTER SIX: PRE-EXPERIMENTAL WORKS ..., 136
8.0 INErOQUCTION ...ttt r e e eaaan 136

6.1 Study 1: Translations, Adaptation, and Validation of the Swanson, Nolan
and Pelham — Teacher and Parents Rating Scale of ADHD Symptoms (SNAP-

Y TR PSSR 137
6.1.1 INEFOAUCTION ...ttt e et e e enreee s 137
6.1.2 MALEITAIS......eeiiiie et 138
6.1.3 Cross-Cultural Adaptation and Translation Procedures...............ccccevveeenn 139

6.1.3.1 Forward Translation of the SNAP-IV scale.............ccccoeveiiiieeninnnnn 141
6.1.3.2 Synthesis of the Forward Translations .............ccccceviiiieiieniiennn, 142
6.1.3.3 Backward Translation of the Translated SNAP-IV.........cc.ccccovevneenn 142
6.1.3.4 Synthesis of Backward Translations ...........c.cccccevvieniiiniiinie e 143
6.1.3.5 Review by Expert COmMMITLEE .........cooveiiieiiiiie e 143
6.1.3.5.1 Overall Review by Expert COmmIittee ...........cccoovveriiiiieniinnnn, 144
6.1.3.5.2 Qualitative Content Validity Analysis ...........cccoovveiiiiiiinniiennn, 144
6.1.3.5.3 Quantitative Content Validity Analysis ..........cccoceiiiiiiiniinnnn, 147
6.1.3.6 Pre-Testing of the Initial Version of the M-SNAP-IV ..........cc...cc...... 149
6.1.3.7 Proofreading of the Initial version of the M-SNAP-IV .........c............ 149
6.1.4 Pilot Testing of the M-SNAP-IV ..o 150
6.1.4.1 PartiCIPaNTS. .....veeeiiie ettt e e e e aaa e 150
6.1.4.2 PrOCEUUIES......coveiiiiieiieeesiee et sttt ettt ettt be e eneee s 150
6.1.4.3 Data @NaAIYSIS .....eeeiiieeiiiie s 151
B.1.4.4 RESUIES. ....eeiiiiieiie ettt 151
6.1.4.4.1 Reliability ANalYSIS........cccoveiiiieiiie e 151
6.1.4.4.2 Test-retest Reliability AnalysiS.........cccccoviviiiiiiiiiniiiieiieinn 152
6.1.5 Validation of M-SNAP-1V Scale............cccooviiiiiiiieiiiie e 152
6.1.5.1 IMEENOMS ... 153
6.1.5.1.1 PartiCIPANTS ......eveiiieeiiiec ettt srae e 153
B.1.5.1.2 PrOCEAUIES ...cuviiiiiieiiiieiie sttt 153
6.1.5.2 Data ANAIYSIS .....cciviieiiiee et 153
6.1.5.3 RESUIS. ..ot 155
6.1.5.3.1 Reliability ANalySiS.........ccoveiiiriiiiie e 155
6.1.5.3.2 Convergent and Divergent Validity ...........ccccoocveeviiiiiiieciiiee, 156
6.1.5.3.3 Correlation between Sub-Scales ..........c.cccovvviviiiiieiii i 156
6.1.5.3.4 Construct VALY ..........ccovureiiiie e 157
6.1.6 DISCUSSION ..vveeiiieiiesiiee st siee sttt bee sttt e et et e et e e et e nea e 160
B.1.7 SUMIMAIY ...utiiiiiiieeeieiitit ittt e e e e a e e e e e s s e e e e e e e e s s st a e e e e e e e s annreees 165

6.2  Study 2: Development and Psychometric Properties of the Sensory Gating

SCAIB. ct et 167
T I 1 0T [FTox o o IR PR TR 167
6.2.2 Identification of Domains and Generation of Items ............cccccoceviennne, 170

6.2.2.1 Identification of the dOmaiNS .........cccooviiiiiiiii e 170
6.2.2.2 ldentification of items for each domain.............ccccooviieiii e, 172
6.2.2.3 Format Of the ItemS.........ooiiiiii e 176
6.2.3 Content Validity ANAIYSIS .......cccvviieiiiiiiec e 177
6.2.3.1 Qualitative content validity analysis ............ccccceeiviiiieeiiiiiec e 178

Xii



6.2.3.2 Quantitative content validity analysis ..........ccccoveveiiiieiiieeiiieeiiien 181

6.2.4 Pre-Testing and Proofreading of the Harmonised Version........................ 184
B.2.5 PHOT STUAY ..o 185
6.2.5.1 PAItICIPANTS. ....cviiieiieiiiieiee ettt 185
6.2.5.2 MELNOMS ....ceeeeie e 185
6.2.5.3 DAt ANAIYSIS ....cooueiiiiiieiie e 186
6.2.5.4 RESUIES. ...ttt 186
6.2.5.4.1 Internal reliability ANalySiS .........cccooiiiiiiiiiiie e 186
6.2.5.4.2 Test-retest Reliability Analysis...........ccccoviiiiiiiiiiniiiie, 187
6.2.6 Validation STUAY ........c.ooiiiiiiiiiieec e 188
6.2.6.1 PArtICIPANTS.....cveiiiieiieieitie ettt 188
6.2.6.2 PrOCEUAUIES .....c.eieeeeiiiee et ettt e e e stee e tee e eennaeeesnaeeennneeeas 188
6.2.6.3 Data ANAIYSIS .....ooueiiiiiieiie e 189
6.2.6.4 RESUILS.....ceiieeie ettt 191
6.2.6.4.1 Initial Reliability AnalysSiS.........ccccoiiiiiiiiiiiiec e 191
6.2.6.4.2 Exploratory Factor Analysis..........cccccoviieiiiiiieiicieie e 191
6.2.6.4.3 Reliability Analysis with the New DoOmains ............cccooevivieninenn 195
6.2.6.4.4 Convergent and Divergent Validity of SGS...........ccccooviiiiennn, 196
6.2.6.4.5 Correlation Analysis between Domains of SGS...........cccccceveene 197
6.2.7 DISCUSSION ...eeeiiieeitiee st e sieaeatee e e stea e e st e e st e e snteaesseeeesnbeeennteeesnsaeennseneas 199
6.2.8 Chapter SUMMAIY ........ooiiiiiiiiii et 204
6.3 Study 3: The Cross-Cultural Validation of the Working Memory Task ..205
6.3. 1 INTrOAUCTION ...t 205
6.3.2 IMIBENOMS. ...t 206
6.3.2.1 PartiCIPANTS. .....uviieiiee ettt et re e e e e e e 206
6.3.2.2 IMALEIIAIS ... 207
6.3.2.3 PrOCEUUIES ...ttt ettt ettt nnee s 208
6.3.2.4 Statistical ANAIYSIS .........cciiiiiiiiie e 209
B.3.3 RESUIS ... 210
6.3.3.1 Test-retest Reliability AnalysiS..........cccccvveiiiieiiiie e 212
6.3.3.2 Demographic Differences on Visuo-Spatial Working Memory
PEITOIMANCE ...t 213
6.3.3.3 The Baselines Score of Memory Span .........ccccceveviiiveevineeciiie e, 214
6.3.4 DISCUSSION ...ttt ettt ettt ettt et e et et e e et e nba e 215
6.3.5 SUMIMAIY ...uiiiiiiiiii ittt a e e e e s s snaranes 218
6.4 Study 4: Calibration, Selection, and Integration of the Stimuli ................ 219
6.4. 1 INEFOAUCTION ..ottt 219
6.4.2 The Potential Stimuli for Intervention Phase .............ccccocvvviieiiinieninnnn, 219
6.4.2.1 NALUIE SOUNCS ....oveieiiiieiie ettt nnee s 220
6.4.2.2 QUraNIC RECIHALIONS .......cccuvieieeiiiiee et 222
6.4.3 Calibration of the StIMUli............ccooiiiiiii 223
6.4.3.3 INSTIUMENTS.......eeiieeiiiiie ettt e s e s e e 223
6.4.3.4 Calibration ProCEAUIES..........ceiiiiieiiiie et 223
6.4.3.5 RESUILS. ... 224
6.4.4 Selection of the StMUIT ... 224
6.4. 4.1 MENOGS ...cc.vvieiie et 225
6.4.4. 1.1 PartiCIPaNnS ......vvveeiiiiiie ettt e e 225

Xiii



B.4.4.1.2 PrOCEAUIES ..o ettt eeaean 225

6.4.4.2 Data ANAIYSIS .....ooeiiiiieiie e 227
6.4.4.3 RESUILS. ....eeiiiieii e 227
6.4.4.4 DISCUSSION ...ttt ettt ettt ettt ettt ettt 231
6.4.5 The Integration of The Materials and Stimuli into the Software Interface 233
6.4.6 SUMIMANY ....ooiiiiiieiiie ettt e e 239

CHAPTER SEVEN: THE EFFECTS OF SOUND-COGNITIVE
INTERVENTION TO SENSORY GATING AND VISUO-SPATIAL WORKING

MEMORY SKILLS IN CHILDREN WITH ADHD SYMPTOMS................... 240
O 1011 0o 181X 1 o TSR OUROURPRR 240
7.1 Methods and PrOCEAUIES. .........ccuuieeiieeecieeesiieesiie e ee e e e ste e e e eaeesneee s 243

7.1.1 RESEAICH DESIGN ...ttt 243
7.1.2 The Study POPUIALION........ooiiiiiieiee e 244
7.1.2.1 SPecCifiC POPUIALION.......oiviiiiiiiiieiie e 245
7.1.2.2 SUDJECE CIIERITAL ..cvvieiiiieiii ettt 247
7.1.2.2.2 INCIUSION CrILEIIA .vvveivire ettt 247
7.1.2.2.2 EXCIUSION CIIEEITA .vvveivveeeiiieeciiee e cie e see et see e e e 247
7.1 3 INSEFUMENES ...ttt e e e nntreeas 248
7.1.3.1 The QUESTIONNAIIES ....ccuvvveeeieeeiiieeeiiieeeeeeesiee e ree e e e e e srae e e snaeeeseeee s 248
7.1.3.1.1 Malay Version of Swanson, Nolan & Pelham - Teachers and
Parents Rating Scale of ADHD (M-SNAP-IV) ......ccccccoviiviiiiie i, 248
7.1.3.1.2 Sensory Gating Scale (SGS).......cccivvveiiieeiiie e 249
7.1.3.2 Computerised Visuo-Spatial Working Memory Tasks .............ccc...... 250
7.1.3.2.1 The Computerised Corsi TSt .......cccueevvrierireeiiiee e e sieeesieee e 250
7.1.3.2.2 The Online Computerised Memory Quest Flex software ............ 251
7.1.3.3 The SoUNd SHMUIT......ceoiiiiiie e 255
7.1.4 Data ColleCtion ProCEAUIES .........oivieiiiiiiesiie e 255
7.1.4.1 Screening of The Participants Procedures ..........ccccccvveevvveeiivveesinnnnnn 255
7.1.4.2 The Groups ASSIGNIMENT .......ecciureeiieeeeiieesiee e se e se e e sae e e saeeesaeeeas 256
7.1.4.3 Intervention and Pre-Post Measurement Procedures............cccocvevneen. 256
7.1.5 Data ANAIYSIS. .. .eeeiiie ettt 261
T2 RESUIES ..ot 264

7.2.1 Pre- and Post-Sound Intervention Differences in terms of Mean Scores of
Sensory Gating, Visuo-Spatial Working Memory, and ADHD Symptoms

Between the Control and Training GroUPS. ......cc.veeivreeiieeeiieeesieeesiieesree e 264
7.2.1.1 Control Vs. Training GroUPS .......ccccuveeiiueeeiiiieesiiressieeesneeesieeesneeea 265
7.2.1.1.1 Pre- and Post-Intervention Scores Between Groups.................... 265
7.2.1.1.2 Pre- and Post-Intervention Within Groups Comparison .............. 266
7.2.1.2 Control Vs. Four Sub-Training GroupsS........cceecvveeeiireeiireeiiiiee s 267

7.2.1.2.1 Pre- and Post-Intervention Scores Between Groups Comparison 268
7.2.1.2.2 Pre- and Post-Intervention Scores Within Groups Comparison...271

7.2.2 NOrmalised Gain SCOTES........ueiiieiiieiie et see et 272

7.2.3 The Relationship Between Sensory Gating Abilities, Visuo-Spatial Working

Memory SKill, and ADHD SYMPtomS .........cccoivieiiiiiiie e 276
7.2.3.1 The Relationship Between ADHD Symptoms and Visuo-Spatial
Working Memory in Children with ADHD Symptoms.........ccccccovvveveeiinnnn. 278
7.2.3.2 The Relationship Between Sensory Gating and Visuo-Spatial Working
in Children with ADHD SymptomsS.........ccocviveeiiiiiiie e 278

Xiv



7.2.3.3 The Relationship Between Sensory Gating and ADHD Symptoms ...278
7.3 DISCUSSION ...ttt ettt ettt et et e e et e e et e et e e e nnb e e e nnbeeesnbaeennseee s 282
7.3.1 The Effects of Cognitive-Sound Intervention on Sensory Gating, Visuo-
Spatial Working Memory, and ADHD Symptoms ...........cccceveeiiiieninenineniinne, 282
7.3.1.1 Training Intervention is Better Than Without Training Intervention
(Combined-Training vs. CONtrol GroUPS) .......ccovveiireiiieniiiiiesiee e 282
7.3.1.2 The Positive Influence of the Sound-Working Memory Intervention on
Children with ADHD’s Working Memory, Sensory Gating Abilities and

ADHD SYMPLOMS ...ttt 289
7.3.1.2.1 Best Training for Improving Sensory Gating Abilities................ 290
7.3.1.2.2 Waterfall is an Alternative Stimulus to White Noise in Improving
Visuo-Spatial Working Memory .........cccociiiieiienieeeee e 295
7.3.1.2.3 Optimum Sound-Working Memory Training in Reducing ADHD
SYMPLOIMS ..t 299
7.3.1.2.4 The Best Stimulus in Improving Sensory Gating and Visuo-Spatial
Working Memory, and Reducing ADHD Symptoms ..........cccevvveviiveineene. 303

7.3.2 The Relationship between Sensory Gating Abilities, Visuo-Spatial Working
Memory SKills, and ADHD SYMPtOMS ..........ccoviiiiiiiiiiieiiee e 305
7.3.2.1 No Significant Relationship Between Sensory Gating Abilities and

Visuo-Spatial Working SKillS ..o 305

7.3.2.2 The Severity of The ADHD Symptoms Can Be Influenced by The

Sensory Gating ADIIILIES ........cvviiiiiece e 307

7.3.2.3 The Working Memory Skill Has No Influence on The Severity of

ADHD SYMPIOMS. ...ttt e e 307

7.4 Chapter SUMMAIY.......ccouiieiiee et tee e st a e e et e e e e e e snaaeesnbaeesnneeeas 308
CHAPTER EIGHT: SUMMARY, CLINICAL IMPLICATIONS AND FUTURE
RECOMMENDATIONS ...t 310

8.0 INTrOAUCTION ...ttt 310

8.1 SUMMIAIY ..ttt e e e e e e s st e e e e e e s s bbb b e e eeeas 310

8.2 Clinical IMpPlCAtIONS .......cciiiieiiiie et 313

8.3 Study Limitations and Future Recommendations............ccccccovveevvveesvieesinnnnn 315
REFERENCES ...ttt 317
APPENDICES ... .ottt 348

APPENDIX A: IREC APPROVAL LETTER ....coiiiiiiieeiee e, 348

APPENDIX B: MINISTRY OF EDUCATION MALAYSIA APPROVAL LETTER

350

APPENDIX C: PAHANG STATE OF EDUCATION DEPARTMENT APPROVAL

LETTER ..ottt 351

APPENDIX D: ORIGINAL VERSION OF SNAP-IV SCALE .........ccccooiiiene. 352

APPENDIX E: HARMONIZED VERSION OF FORWARD TRANSLATIONS

(BIMIEH) <. 353

APPENDIX F: HARMONIZED VERSION OF BACKWARD TRANSLATIONS

(E-H) 354

APPENDIX G: SECOND VERSION OF HARMONIZED BM-H (BM-H2)....... 355

APPENDIX H: INITIAL VERSION OF M-SNAP-1V ......ccooiiiiiiiiiiiiieiiee, 356

APPENDIX I: FINALISED VERSION OF M-SNAP-IV ......ccocooiiiiiiiiiieiiee, 357

XV



APPENDIX J: PROJECT INFORMATION SHEET .....coviiiiiiiiiic e 358

APPENDIX K: PARTICIPANT CONSENT FORM ......cccoiiiiiiiiiiiiiiieiiic i 360
APPENDIX L: PARTICIPANT’S DEMOGRAPHIC DATA .......cccocviiiiiiiiiee 361
APPENIDX M: THE INITIAL LIST OF THE SENSORY-GATING LIKE
PERCEPTUAL EXPERIENCES (FROM LITERATURE REVIEW).................. 363

APPENDIX N: THE LIST OF THE ADDITIONAL INFORMATION ABOUT
SENSORY-GATING LIKE PERCEPTUAL EXPERIENCES (FROM PARENTS
WITH ADHD CHILDREN) ... ovvcooeeeo oo eeeeeeeseeeeeseseseseseeeseseeeesesesasesesenees 365
APPENDIX O: INITIAL ITEMS OF SENSORY GATING SCALE (SGS) ........366
APPENDIX P: HARMONIZED VERSION OF SENSORY GATING SCALE (SGS-
H) 369

APPENDIX Q: INITIAL VERSION OF THE SGS....rvveorveeeeeeeeeeeseeeeeseeeienees 372
APPENDIX R: THE FINALISED VERSION OF THE SENSORY GATING SCALE
(SGS) 375

XVi



Table 2.1

Table 2.2
Table 2.3
Table 2.4

Table 2.5
Table 3.1
Table 4.1

Table 6.1
Table 6.2
Table 6.3

Table 6.4
Table 6.5

Table 6.6

Table 6.7

Table 6.8
Table 6.9

Table 6.10

Table 6.11
Table 6.12

Table 6.13

Table 6.14
Table 6.15

Table 6.16

LIST OF TABLES

Revisions to DSM Inattention and Hyperactivity/Impulsivity
Symptoms of ADHD

The Scoring System of the SNAP-IV Scale

The Coefficient Alpha’s Values Indicators

Rule of Thumb for Interpreting the Size of a Correlation
Coefficient (r)

Interpretation of the KMO Values
Summary of the Working Memory Training Studies

The Application of the MBA Model and Stochastic Resonance
Phenomenon in the Previous Studies.

The Qualitative Content Validity Analysis of BM-H Version
The Quantitative Content Validity Analysis of BM-H2 Version

The Summary of Psychometric Properties Evaluation of the M-
SNAP-IV

The Reliability Analysis for M-SNAP-1V Scale

The Summary of Convergent and Divergent Validity Through
Inter-1tem Correlation Analysis of the M-SNAP-IV Scale

Factor Loading of Each Item in M-SNAP-IV Scale Based on
Exploratory Factor Analysis

The Summary of Content Domains and Sensory Modalities from
Literature Reviews

The Source for Each Item of the Initial Version of the SGS

The Summary of Likert-Scale Descriptions and Scoring for the
Sensory Gating Scale

The Summary of the Qualitative Content Analysis for the SGS-H
Version

The Summary of Quantitative Content Analysis of SGS-H

The Internal Consistency of the Initial Version of SGS (Pilot
Study)

The Initial Internal Consistency of 74-ltems SGS (Validation
Study)

The Summary of Eigenvalues and Total VVariance of 7 Factors

The Factor Loading of Items in the SGS Based on Exploratory
Factor Analysis

The Reliability Analysis of 74-1tems of SGS Based on 6 Domains

Xvii

15

38
49
52

54
91
100

145
148
155

155
156

159

171

173
176

179

182
187

191

193
193

196



Table 6.17
Table 6.18

Table 6.19

Table 6.20

Table 6.21
Table 6.22
Table 6.23
Table 6.24

Table 6.25
Table 6.26
Table 6.27
Table 7.1
Table 7.2
Table 7.3
Table 7.4

Table 7.5

Table 7.6

Table 7.7

Table 7.8

Table 7.9

Table 7.10

Table 7.11

The Reliability Analysis of 71-1tems of SGS Based On 6 Domains

The Summary of Convergent and Divergent Validity Through
Inter-1tem Correlation Analysis of the SGS

The Participants’ Details for Cross-Cultural Validation of the
Corsi Test

The Summary of Statistical Analysis and the Data Measured for
the Corsi Test Cross-Cultural Validation

Descriptive Data for Memory Span Score of Corsi Test
The Intra-Correlation Correlations Analysis of Corsi Test
The Test Retest Differences Score of Corsi Test

The Adjustments of the Amplification Values (in dB) for the
LAseq And LAsmax for Each Sound Output

Test of Within-Subjects Effects Between Six Stimuli

Post-Hoc Test Analysis for Six Stimuli

Summary of Suppression Effects Values for the Tested Stimuli
The Demographic Data of the Participants for Intervention Phase
The Summary of the Groups Distribution and Description

The Scoring System of the SGS

Summary of the Data Analysis and the Data Measured Based on
the Specific Objectives

The Interpretation of Partial Eta Squared (I]*) And Cohen’s d
Values

The Summary of Descriptive Statistics and RM-ANOVA
Analysis Between and Within Groups Comparisons (Control Vs
Combined-Training Groups)

The Summary of Descriptive Statistics and RM-ANOVA
Analysis Between and Within Four Sub-Training and Control
Groups

The Comparisons of Effect Size of Mean Scores for Each Pair in
All Five Groups

The One-Way ANOVA Analysis of the g-value Difference
Between All the Five Groups

The Comparison of Effect Size of the g-values Between All Pairs
in the Five Groups

The Averaged of Normalized Gains Scores for the SGS, Corsi
Test and M-SNAP-IV Scale.

Xviil

196
197

207

210

211
213
215
224

228
229
230
246
246
250
261

263

266

269

270

273

274

275



Figure 2.1

Figure 2.2
Figure 3.1
Figure 3.2

Figure 3.3
Figure 4.1
Figure 4.2

Figure 6.1

Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7

Figure 6.8
Figure 6.9

Figure 6.10
Figure 6.11

Figure 6.12
Figure 6.13
Figure 7.1
Figure 7.2
Figure 7.3

LIST OF FIGURES

ADHD need more noise as compared to the control group for
optimum cognitive function

Cross-Cultural Translation and Adaptation Steps
Components of P50 and N100

Auditory Event Evoked Responses to Paired Stimuli in an
Attention-Deficit/Hyperactivity Disorder (ADHD) Patient,
Before and After Methylphenidate (MPH), and a Healthy
Subject, using a Conditioning-Testing (0.5-Sec Interval)
Paradigm

The Multicomponent of Model of Working Memory
Stochastic Resonance Mechanism

Typical Curve of Output Performance Versus Input Noise
Magnitude, for Systems Capable of Stochastic Resonance

Flowchart of the Cross-Cultural Translation and Adaptation for
the SNAP-1V Scale

Correlation Analysis of the Sub-Domains in M-SNAP-1V Scale
The Workflow of Developing the New Sensory Gating Scale
The Summary of the Data Analysis for the Validation Study
Correlation Analysis of the Domains in the SGS

The Computerised Version of the Corsi Test (PEBL)

The Number of TEOAE Suppression Recordings per Participant
Based on the Six Stimuli. The Subscript Indicates the Number
of Recording Session.

The Calculation of the Suppression Effect Value

The First Page of the Natural-Acoustics Interface — Subject’s
Details

The Second Page of the Natural-Acoustics Interface — Sound
Options

The Third Page of the Natural-Acoustics Interface — Headphone
Options

The Fourth Page of the Natural-Acoustics Interface — Summary
The Last Page of the Natural-Acoustics Interface — Start Page
Module 1 of the Memory Quest Flex (Fixed-Position Objects)
Module 2 of the Memory Quest Flex (Fixed-Position Objects)
Module 4 of the Memory Quest Flex (Fixed-Position Objects)

XiX

35

42
72
73

84
114
115

140

157
169
190
198
208
226

226
234

235

236

237
238
252
252
253



Figure 7.4
Figure 7.5
Figure 7.6

Figure 7.7

Figure 7.8
Figure 7.9

Figure 7.10
Figure 7.11

Figure 7.12

Module 6 of the Memory Quest Flex (Fixed-Position Objects)
Module 8 of the Memory Quest Flex (Fixed-Position Objects)

Module 5 of the Memory Quest Flex (Changed-Position Objects
and an Addition of the Distracter)

The Flowchart Showing the Data Collection and Intervention
Processes

The Formula of a Normalized Gain Calculation

The Correlation Analysis between M-SNAP-IV Scale, SGS, and
Corsi Test

The Scatter Plot of Correlation Analysis Between M-SNAP-IV
and SGS Scores

The Correlation Analysis Between Sub-Domains of the SGS and
Inattention Sub-Domain of the M-SNAP-1V Scale

The Correlation Analysis Between Sub-Domains of the SGS and
Hyperactivity-Impulsivity Sub-Domain of the M-SNAP-1V
Scale

XX

253
254
254

260

263
277

277

280

281



v

IA

ms

dB

12

Hz

XZ

df

LIST OF SYMBOLS

Smaller than

Larger than

Percent

alpha

Equal to

Ratio to

Correlation coefficient
Larger or equal than
Smaller or equal than
milliseconds

Decibels

Sample size
Significance value
Partial Eta Squared
Cohen’s d

hertz

Normalized gain
Mauchly’s test of sphericity
F-statistic (corrections)

Degree of Freedom

XXi



ADHD
MBA

PFC

MPH

NIMH

WM

DSM

ODD
M-SNAP-IV

SNAP-IV
SGS
APA
WHO
ICD-10
HK
HKD
DA
CEM
DD
SNR
SPT
VT
CRS-R
CPRS-R
CGl
CTRS-R
CVI
I-CVI
S-CVI
P1

P2

ICC
EFA
PCA
KMO
BTS
FDA
EF
EEG
CAEP
SGI
SIAPA
CPT
vsWM

LIST OF ABBREVIATIONS

Attention Deficit Hyperactivity Disorder
Moderate Brain Arousal

Pre-frontal Cortex

Methylphenidate

National Institute of Mental Health

Working Memory

Diagnostic and Statistical Manual of Mental Disorders
Oppositional Defiant Disorder

Malay version of Swanson, Nolan & Pelham — Teacher and Parent Rating
scale for ADHD

Swanson, Nolan & Pelham - Teacher and Parent Rating scale for ADHD
Sensory Gating Scale

American Psychiatric Association

World Health Organization

International Classification of Disease-system
Hyperkinetic Disorders

Hyperkinetic Disorders

Dopamine

Cognitive-Energetic Model

Dynamic Developmental

Signal-to-Noise ratio

Self-performed tasks

Verbal task

Conners Rating Scale-Revised

Conners Parent Rating Scales-Revised
Conners’ Global Indices

Conners Teacher Rating Scales-Revised
Content Validity Index

Item level CVI

Overall-scale level CVI

Pilot Study 1

Pilot Study 2

Intra-Class Correlation Coefficient
Exploratory Factor Analysis

Principal Component Analysis
Kaiser-Meyer-Olkin

Bartlett’s test of sphericity

Food and Drug Administration

Executive Functions

Electroencephalography

Cortical Auditory Evoked Potential

Sensory Gating Inventory

Structured Interview for Assessing Perceptual Anomalies
Continuous Performance Task

Visuo-spatial working memory

XXii



SR
ISI
ANOVA

RM-ANOVA

SPSS
UM
IREC

K-SADS-PL

CBCL
DISC-IV-P
CFA

BM

SSS

TAIS

TAI

PAS

1Q

PEBL

SD

SLM
MATLAB
LAseq
LAsmax
TEOAEsS
PTA
MQF

PET

fMRI

Stochastic resonance

Inter-Stimulus Interval

One-way analysis of Variance

Repeated Measured ANOVA

Statistical Package for the Social Sciences
International Islamic University Malaysia
ITUM Research Ethics Committee

Schedule for Affective Disorders and Schizophrenia for School-Age

Children-Present and Lifetime
Child Behaviour Checklist

Diagnostic Interview Schedule for Children — Parent version

Confirmatory Factor analysis

Bahasa Malaysia

Skala Saringan Sensori

Test of Attentional and Interpersonal Style
Trait Anxiety Inventory

Perceptual Aberration Scale

Intelligence Quotient

Psychology Experiment Building Language
Standard Deviation

Sound Level Meter

matrix laboratory software

Long-term average

Maximum sound pressure level

Transient Otoacoustic emissions

pure tone audiometry

Memory Quest Flex

Positron Emission Tomography

functional Magnetic Resonance Imaging

XXiil



CHAPTER ONE

INTRODUCTION AND OVERVIEW

1.0 INTRODUCTION

This present chapter provides an overview on the background of this study, which
involves three different aspects. The first aspect discusses the limitation of the
pharmacological approach for the treatment of Attention Deficit Hyperactivity Disorder
(ADHD). The potential solution for ADHD intervention using external sound
stimulation (e.g.; white noise) through the concept of Moderate Brain Arousal (MBA)
model and stochastics resonance effect is also discussed. The second aspect discusses
the conventional methods of stochastic resonance phenomenon, and this is followed by
the third aspect, which discusses the novelty of this PhD project and its significance. At

the end of this first chapter, the structure of the thesis is covered.

1.1 BACKGROUND OF THE STUDY
1.1.1 The Limitation of Drugs Usage in ADHD Intervention
The Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common
mental disorders, affecting 5% to 10% of children of the world population (Spencer,
Biederman, & Mick, 2007); and 3.9% of the Malaysian population (Lai, 2014). ADHD
is characterized by the inability of the brain to focus and the inability of the children to
control their impulses by irrelevant stimuli. ADHD affects a lot of functions, including
executive functioning (working memory and attention) (Klingberg et al., 2005) and
neural inhibitory response (sensory gating) (Davies, Chang, & Gavin, 2009).

The pathophysiology of ADHD has been shown to be associated with the active

release of the neurotransmitter dopamine, which is in charge of the human ability to



