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Abstract

The purpose of this dissertation was to test the validity of the double-deficit
hypothesis as applied to a sample of third-grade Arabic-speaking students in the
United Arab Emirates. The double-deficit hypothesis postulates that individuals with
a combination of Rapid Automatized Naming (RAN) and Phonological Awareness
(PA) deficits will tend to have worse reading ability than individuals with either a
RAN deficit, a PA deficit, or no deficit. Thus, the double-deficit hypothesis has been
advanced as an explanation of dyslexia. Descriptive statistics were used to describe
the essential feature of data in the study, and a correlational study design was applied
to determine whether reading ability scores significantly lower for a double-deficit
group than for a RAN deficit group, a PA deficit group, and a no-deficit group. The
study’s results confirmed that students who had a double deficit had significantly
lower reading ability scores than other groups. The study contributed to the sparse
body of empirical research on the double-deficit hypothesis among young Arabic
students. The study also pinpointed differences in RAN and PA performance across
groups, using an approach of post hoc analysis that has not been attempted in
previous studies of this kind. The findings suggest that Arabic-language educators,
specialists, and caregivers must make an added effort to address the special needs of
students with double deficits, especially in light of special orthographic and other

features of the Arabic language.

Keywords: Double-deficit hypothesis, dyslexia, reading ability, a reading disorder.
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Title and Abstract (in Arabic)

(o A G Chual) dglla A e Ay ad) ARl ALY aad) 4y 5 (and
Basial) Ay i < jlaYl

paslal

Al o Akl s < Lal G ¢ AN jaall Ay ki (and ) A ) o2a Chags
652 o Amg el ASa 53 5Y) Lpenill y geall o5l Sl (B ae (e Gsila o)
S Gsall ol B ae e Ol ) Al 4 jlie Bel 3l 8 las diia )
D et lgal) (e (B ae e il Y Al Adlal) gl dag ) A8l 53 5 Aanill
Gl a3 uaedl Laiall (5336 ) 58l jac a8 W) gl 5 <l plail) Chaal (e 4y kil o2
Aallly kil Slany) Gl Caall Al e Liudad JYA e Ay kil oda Baa (e
8ol Al (o giue (o ANl Al 0 OMA (e cdaniall Ay yall i LY Agy 8 Ay el
Cpall Adlall de gana ¢ Jpall Jaall (e siley Gl Al de gens AEN Cile sanll
& e e il ol llall de gana g pul) A8 55 0Y) Dpanill B Sae e sl
Osilay Y ol Adlall de gane | Al e day pud) ASa 53 5Y) Lpanill 5 S guall e )
S e G O silay ) Adlal) G e Al all il sl g sleall e (B ae (e
3ol 5 jlga 3 AR Cile senall Ciral aa

Akt (e ciiag (g Al clul ) Talaie) gy all Gl e cdida ) Al jal) oda e
Al de sane (g Alian) AV 3 (5558 a5 ) Al jall il Ll A Saad)
& e e Ol (Al Al de genay Laid Sl ol B Sae e sl (3
al iy (Post Hoc Analysis) alaaiul JMA (e dah day el 48500 515V dpandill
S Gl s ilad ¥y Guinall e ol Al pal) pa i A8 il ) 8 aadig
O pda) AU Gae e sl 0l Adlall Aalal) clalma ¥l Al aseall e 2
Aol Gl pailad jlic V)

Bel Al ae dael @l o 3 pa8l) ¢ AU Gaall 4yl A ) i) asalia



Acknowledgements

There are some people to whom | would like to express my gratitude. My
dissertation committee members: Prof. AbdelAziz Mustafa Sartawi, Prof. Hamza
Dodeen, Dr. Hala Elhoweris, and Dr. Efthymia Efthymio. Their guidance, support
and constructive criticism were essential for the completion of my dissertation.
Without the support, the endless encouragement, and generosity of Prof. Sartawi, the
dissertation committee chair, my road towards this day would have been a lot
rockier. He devoted a great deal of time, and he exerted a lot of efforts toward the

completion of this dissertation, and his expertise made it possible.

Special thanks to Dr. Negmeldin Omer Alsheikh, who has always had time to
encourage me in many ways, and he has inspired me by sharing his ideas and visions
on plans. He introduced me to the world of the research. My sincere thanks also go to
Prof. Bernard Oliver, the Dean of the College of Education, Dr. Osha Al-Muhairy,
Prof. Hassan Tairab, Prof. Mohamed Al-Zyoudi, and Dr. Ali Ibrahim for their

support, helpful advice and suggestions in general.

| also want to extend my thanks to the College of Graduate Studies represented by
the Dean of the Graduate Studies Prof. Nagi Wakim. Special thanks go to the
College of Education Assistant Dean for Research and Graduate Studies, Dr. Ali
Khalfan Alnagbi and the Head of the Graduate Student Affairs, Amal Al-Hassani for
guiding me throughout my journey in the doctorate programme. My thanks extended

to Ahmed Taha (Library Research Desk) for revising the citations

Finally, I would like to thank my family, friends, and colleagues for their endless

support during the long days and weeks spent preparing this work.



Dedication

To My Mother

A strong and gentle soul who taught me to trust in Allah, believe in hard work and
that so much could be done with little

To My Father

For being my first teacher, for earning an honest living for us and for supporting and
encouraging me to believe in myself.

To My Wife

The woman who is a perfect homemaker, lovely mother, successful manager and the
best wife is not a myth; iz’s YOU. Thank you for everything.

To my beloved Children Osama and Tala

Who are the most beautiful people in my life and who taught me the true meaning of
unconditional love!



Xi

Table of Contents

1L L= RSO R TP PR i
Declaration of Original WOTK ..........cocueiiiiiiiieie e i
(O70] )Y/ 8T 11 USSP ii
AQVISOrY COMIMITIEE .....oviiiiiiiiiieice e \Y;
Approval of the Doctorate DiSSEration ...........c.ccvvveieeieiie i, v
N 0L - Tod OSSR vii
Title and AbStract (i ArabiC) ......cccccveiieiiiieceee e viii
ACKNOWIEAGEMENTS ... IX
D LTo [ or: 1 [o] o ISR X
TabIE OF CONTENTS ....veieiiiiecie et nre e e sree e s Xi
LISt OF TADIES. ... et xiii
LISE OF FIQUIES ...ttt Xiv
LiSt Of ADDIEVIALIONS. .....c.viiiieieie e XV
Chapter 1: INTrOQUCTION ... 1
1.1 Statement of the ProbIem ..o 3
1.2 PUrpose Of the STUAY .....cc.ooieiieecccec e 7
1.3 ReSEArch QUESLIONS ......eeveiiieiieeieeiiesieeiesee e e see et sreeeesreesteenee s e sneeneennes 8
1.4 Theoretical FOUNTAtION .........cccoiiiiiieieie e 8
1.5 Benefits Of the STUAY ... 11
1.6 Brief Overview of Methods ..........ccooviiiiiiiiiiiee e 13
1.7 LItErature REVIEW ......ccviiiieie ettt sreeae e nneas 14
1.7.1 HiStOriCal OVEIVIEW ......oivveiiiiieiieeie ettt nnees 14
1.7.2 Theories Of DYSIEXIA .......cccueiiiiiieiii e 19
1.7.3 Overview of Empirical FINAINGS........ccccoiiiiiiiiiiiic e 25
1.7.4 Gaps iN the LIErature.........ocoviiiie i 36

1.8 CONCIUSION. .....euieir ettt esreeae e sreeneeeneenneas 38
Chapter 2: MELNOUS .........eoiie e 41
P20 I [ 0 To 1 od 1 o] SR 41
2.2 Research Methodology.........coveiiieiiiiiicie e 41
2.3 RESEAICH DESION ....eiiviiiiieiiee ettt et et ente e nnes 42
2.4 Population and SAMPIe........c.ooiiiie s 43

2.5 Instrumentation and MEASUIEIMENTS ........eveeeeeeeee e eee e e e e e e e 46



2.5.1 Reliability and Validity .........cccoooeiieeiiiieirece e 48

2.6 Data COIECHION. ......ccviiiee et 49
2.7 DaAta ANAIYSIS ....eveniiiieciie ittt sttt 51
2.8 Ethical COoNSIAEIAtioNS ........c.ccveiieeieiie et 54
2.9 CONCIUSION. ...ttt et e e be e sae e e e e teeeree e 54
Chapter 3: RESUILS ....c.vveieiiieceee sttt et re e sneenreas 55
K300 I 121 (0T [1 o1 1 o] o ISP 55
3.2 Student DesCriptive STatiStICS......uiviiieiieie e 56
3.2.1 Reading Ability Descriptive StatiStiCS .........ccvevviieeriiiesierr e 56
3.2.2 Phonological Awareness Descriptive StatiStiCS ..........ccvvvevveieiiveiieiiiennnn, 57
3.2.3 Rapid Automatized Naming Descriptive StatistiCS.........c.ccceveriveieiiienen, 58

3.3 Research QUESLIONS ANSWELS ........ccueieeriieieiiesieeieeseesieeseeeseesseesseaneesseesseensesses 62
3.3 L RQIL ANSWET ...ttt citee et e et e s et e et e e stae e et e e et e e e seeeansaeeannaeennneeeas 62
3.3.2 RQZ ANSWET ...ttt ettt ettt ettt ettt e st e st e e b e e e nnnee s 63
3.3.3 RQ3B ANSWEN .....eiii ettt e e e e e e e e et ee e e s s rr e e e e aare e e e e nnnes 64
3.3 4 RQZA ANSWET .....oiie ittt e et e e e e s e e e et e e e e s nt e e e e snnreeeeeennes 64

3.4 PA and RAN DIffEIENCE ......civveiieecic e 64
3.5 SUMMAry Of FINAINGS .....ccvviiiiiccece e 70
Chapter 4: DISCUSSION .....ocuveiieeieiiesiiesieeiesteese s e ssee e eseesseesteeseesseesseessesseesseeneesneessens 71
Chapter 5: CONCIUSION.........ciieieie et ae s sre s 77
5.1 Implications of the STUAY .........ccoiiiiiiii e 77
5.2 Limitations of the StUAY..........ccciveiiiii i 78
5.3 Recommendations for Professional Practice............cccocevovivvnienieenncin e 79
5.4 Recommendations for Future Scholarship..........ccccoccovvveieiiciicci e 84
ST O] (o] [V S]] o PSPPSR 85
RETEIEINCES ...t e 87
APPENIX A bbbttt bbbt 98
APPENTIX B ..o re e nre s 104

APPENIX C ottt bbbt 117



Table 1:

Table 2:

Table 3:

Table 4:

Table 5:

Table 6:

Table 7:

Table 8:

Table 9:

Xiii
List of Tables

Reading Ability Descriptive StatiStiCS........ccccvvvveiiieriiieieee e 56

PA DeSCIPLIVE SEALISTICS........couiiiieiieieieiiesie e 57

RAN Descriptive Statistics, the mean and the standard deviation (Based

on Number of RAN MiStakes). . ... .cccoceririiiieeeie e 58
RAN Descriptive Statistics, the mean and the standard deviation (Based

ON RAN THMIES) ..ttt 60
Effect Sizes, RQL.....coo ottt 63
ANOVA, Group Comparisons by RAN and PA Measures.............c.cceeu.... 65
Tukey’s Results, PA Differences.........ccccvvieiiiiiiiii i 67

Tukey’s Results, RAN Numbers (Mistakes) and Letters (Mistakes)
AITFEIBNCES ... 68

Tukey’s Results, RAN Time Differences ..........ccocovvriieniiiiicniiincneene 69

Table 10: The Arabic Letters-Different POSItIONS.........ooooveeeeeeee 81



Xiv
List of Figures

Figure 1: Morton’s causal model of dysleXia........ccccvvivieriveriieiienieenicie e 22

Figure 2: Recommended sample size for the study. ........c.ccoovvieieiiiiniicec 45



ADA
BDA
DAA
DDH

ICD

MSA
NINDS
PA
RAN

WHO

XV

List of Abbreviations

American Dyslexia Association
British Dyslexia Association
Dyslexia Association of Australia
Double-Deficit Hypothesis

International Statistical Classification of Diseases and Related Health
Problems

Modern Standard Arabic

National Institute of Neurological Disorders and Stroke
Phonological Awareness

Rapid Automatized Naming

World Health Organization



Chapter 1: Introduction

Dyslexia, also known as reading disorder (Hancock, Richlan, & Hoeft, 2017), is a
widespread syndrome (Chan, Ho, Tsang, Lee, et al., 2007; Jiménez, Rodriguez, et al.,
2009; Lagae, 2008; Moody et al., 2000; Paulesu et al., 2001; Shaywitz, 1998;
Sprenger-Charolles, Siegel, Jimenez, & Ziegler, 2011; Wolff & Lundberg, 2002). It
is also recognised the American Dyslexia Association (ADA) and The British
Dyslexia Association (BDA) as a cognitive disorder that involves problems with
verbal processing rapidity, verbal memory, and phonological awareness (ADA,

2017; BDA, 2016).

The UNESCO (2017) also defines dyslexia merely as “A language-based learning
disability and the most common cause of reading difficulties”. Siegel (2006) defined
dyslexia as “A reading disability [that] occurs when an individual has significant
difficulty with speed and accuracy of word decoding”. A slightly different definition
of dyslexia offered by the National Institute of Neurological Disorders and Stroke
(NINDS) of America (2016) offered a specific definition of dyslexia as consisting of
“Difficulty with phonological processes (the manipulation of sounds), spelling, and
rapid visual-verbal responding”. The WHO International Statistical Classification of
Diseases and Related Health Problems (ICD) has stated that “the central
characteristic of dyslexia is a specific and significant impairment in the development
of reading skills, which is not solely accounted for mental age, visual acuity

problems, or inadequate schooling” (Russell, Ryder, Norwich, & Ford, 2015).

Thus, definitions of dyslexia moved toward accepting that it is a language-based
learning disability which includes difficulties with accurate word recognition and the

inability to read fluently. Historically, dyslexia has begun to be recognised in the
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context of the spread of literacy (Castles & Friedmann, 2014). Before the sixteenth
century, there were no printing presses, and literacy was an extremely uncommon
phenomenon (Castles & Friedmann, 2014). Given that very few people could read,
and that literacy was not an essential component of everyday life, there was no
reason for dyslexia to be diagnosed. After the spread of literacy, when increasingly
people began to read, the existence of dyslexia was discovered and placed in a

scientific context.

However, it was not until 1896 that dyslexia was officially recognised by Pringle
Morgan in the scientific literature (in Castles & Friedmann, 2014). Morgan
catalogued a case of dyslexia as suffered by a British adolescent. Morgan noted the
classic sign of dyslexia, the transposition of letters within words; further, Morgan
acknowledged that dyslexia applied to words, not numbers. A close consideration of
these phenomena led Morgan to coin the phrase congenital word blindness for what

is now more commonly known as Dyslexia.

The existing definitions of dyslexia recognize possible deficits in three distinct
skills—Phonological skills, naming-speed skills, and orthographic skills—as
underlying dyslexia (Cirino, Israelian, et al., 2005; Duffy & McAnulty, 1990;
Georgiou, Aro, et al., 2016; Lyon, 1995; Lyon, Shaywitz, & Shaywitz, 2003;
Shaywitz & Shaywitz, 2008; Stanovich, 1996). In1993, Bowers and Wolf conducted
research indicating that phonological skills and naming-speed skills are distinct
contributors to reading ability and predicting that deficits in these two areas would be
particularly pronounced among individuals with dyslexia. In the years since the
debut of Bowers and Wolf’s so-called Double-Deficit Hypothesis (DDH). The DDH

has been found to be highly explanatory of reading deficits among students with
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dyslexia (e.g., Badian, 1997; Bowers & Wolf, 1993; Pennington, Cardoso-Martins,
Green, & Lefly, 2001; Vaessen, Gerretsen, & Blomert, 2009; Wolf & Bowers, 1999).
Also, an expanded version of the DDH- with orthographic skills hypothesised as a
third deficit- has also been found to explain the particular reading skill deficits
encountered in individuals with dyslexia (Wang, Yang, Tasi, & Chan, 2013).
Because there is not yet a consensus on whether orthographic skills are indeed a
deficit, or on how to measure orthographic skills (Wang et al., 2013), orthographic

skills are not tested for in the current study.

The vast majority of the empirical research based on the DDH and versions thereof
consists of English and European-language testing, and this limitation has been noted
in DDH-based studies that are based on non-European languages (Abu-Rabia, 2007;
Layes, Lalonde, Mecheri, & Rebai, 2015; Mannai & Everatt, 2005; Saiegh-Haddad,
2005). Thus, there is limited empirical literature testing the DDH or even dyslexia
among Arabic-speaking populations (Abu-Rabia, 2007; El-Ella, Sayed, Farghaly,
Abdel-Haleem, & Hussein, 2004; Layes et al., 2015; Mannai & Everatt, 2005;
Saiegh-Haddad, 2005). The focus of the current study is for testing the statistical
significance, magnitude, and explanatory power of the DDH on the Arabic language
applied to a sample of third-grade students in the United Arab Emirates (UAE). If
the DDH is correct, then students identified as the lowest readers will possess deficits
in both PA and naming skills. The current study’s objective is to determine whether,

in fact, such double deficits exist.

1.1 Statement of the Problem

The problem consists of a practical as well as a scholarly component, both of which

are rooted in special considerations that apply to the Arabic language. For example,
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Arabic is a language with substantial orthographic depth (Share & Daniels, 2016).
Arabic orthography includes 28 letters, all of which are consonants except three long
vowels: I/ a:/s/ u:/ and o/ i:/. Diacritical dots symbolise short vowels. Most Arabic
consonants have more than one written form (e.g. /k/ = S«S—«d) depending on
whether they take place in the beginning, middle, or end of a word. It is also
diglossic, in that there is a gap between Modern Standard Arabic (MSA) and the
Spoken Arabic Vernacular (SAV) of different regions in the Arabic-speaking world
(Leikin, Ibrahim, & Eghbaria, 2014). About Arabic diglossia, the word throat has
many equivalents in different dialects:

e Alhonjarah/ 3_=ill in Modern Standard Arabic

e Alhalj/ &~ in Gulf Arabic

e Alzor/,s3) in Syro-Lebanese.

e Alhalg/&sll in Egyptian Arabic

o Alfarjoutah/aka s>l in the Maghreb

Arabic has other orthographic features that could render the DDH likelier to exist
among Arabic speakers—for example, regarding the absence of short vowels, the
changing forms of letters depending on their placement within words, and

orthographic similarities between letters (Leikin et al., 2014).

For illustration, the word <8/ katab/, when presented without short vowels might
have a number of possible readings, but when presented vowelized as in &S /
Kataba/ he wrote, &3S / kotobon/ books, ¢S / Koteba/ it is written, the short
vowels would take away any vagueness regarding the precise reading of the word.
The practical component of the problem is the limited nature of dyslexia remediation

or management in Arabic-language settings (Abu-Rabia, 2007; El-Ella et al., 2004,
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Layes et al., 2015; Mannai & Everatt, 2005; Saiegh-Haddad, 2005), while there is a
large body of research on how to both diagnose and manage dyslexia among English-
speaking populations (Simos et al., 2002). For interpretation, in English, there are
many effective instruction programmes, which have been developed to help students
with dyslexia, e.g., multisensory programme, phonics programmes resources
websites, and Davis Dyslexia Correction Programme. Also, in English, there are
many International scholarly societies concerned with dyslexia research in the
context of education, among these are ADA, BDA, and Dyslexia Association of

Australia (DAA).

There is much less research on dyslexia management in Arabic-speaking populations
(Abu-Rabia, 2007; EI-Ella et al., 2004; Layes et al., 2015; Mannai & Everatt, 2005;
Saiegh-Haddad, 2005). Consequently, the Arabic-speaking schoolchildren are
underserved by existing approaches to dyslexia management in Arabic-language

classrooms (Abu-Rabia, 2007; EI-Ella et al., 2004; Layes et al., 2015).

According to Natour, Darawsheh, Sartawi, Marie, and Efthymiou (2016), this
dyslexia problem has been exacerbated by the lateness of reading reform
programmes in Arab countries. Natour et al. (2016) stated that “The Arabic
curriculum developers should take into thoughtfulness two important points; first, the
lexical categories order which is followed later throughout the teaching process of
the reading skills. Second, methods and strategies ought to be updated based on what

has been confirmed by the latest researches”.

Sartawi, Al-Hilawani, and Easterbrook (1998) noted that the most comprehension
and reading instruments are in English, which cause delays in the development of

similar instruments in Arabic. Sartawi, Natour, and Smadi (2014) pointed that the
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special educational programmes in the GCC countries need more focused work,
constituting another reason why the needs of Arabic-speaking students with dyslexia

have been underserved.

The scholarly component of the problem is that the existing research base is
insufficient to answer the question of whether the DDH truly applies to Arabic-
speaking populations. There are many reasons for this gap in the literature. Sartawi et
al. (2014) stated that researchers have been slow to examine not merely reading
handicaps but general handicaps in the context of Arab educational systems. Natour
et al. (2016) also added that educational reform is a more recent phenomenon in Arab
countries, providing a delayed impetus for the diagnosis and management of dyslexia
in Arab countries. Also, Sartawi et al. (1998) called attention to the difficulty of
generating new instruments for reading comprehension measurement in Arabic.
Thus, there are relatively few studies in which the DDH has been applied in Arabic-
speaking settings (Layes et al., 2015). Some of these studies are dated and, in several
cases, lacking in the statistical sophistication necessary to reach more vibrant and
more informed conclusions about the applicability of the DDH among Arabic-

speaking schoolchildren.

The dimensions of the problem can also be understood through a discussion of both
the prevalence and the outcomes of dyslexia, which is one of the most widespread, if
not the most pervasive, cognitive disorder in the world (Chan et al., 2007; Jiménez et
al., 2009; Lagae, 2008; Moody et al., 2000; Paulesu et al., 2001; Shaywitz, 1998;
Sprenger-Charolles et al., 2011; Wolff & Lundberg, 2002). As Siegel (2006) has

argued, the prevalence of dyslexia depends on exactly how dyslexia is defined;
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however, within broad parameters, Siegel estimated the global prevalence of dyslexia

to be between 5% and 10% (Siegel, 2006).

The same figure was given in a more recent study conducted by Fortes et al. (2016).
In an estimate of the prevalence of dyslexia in the UAE, a study concluded that
incidence could be as high as 17.6% (Aboudan, Eapen, Bayshak, Al-Mansouri, & Al-
Shamsi, 2011). Remarkably, the prevalence estimate of 17.6% was obtained from a
sample of United Arab Emirates University students. If the forecast of Aboudan et al.
(2011) is accurate, then dyslexia is widespread in the UAE, as the estimate of 17.6%

far exceeds Siegel’s global estimate of 5 to 10%.

1.2 Purpose of the Study

The purpose of the study is to determine whether mean reading ability scores are
significantly lower for (a) readers who have combined RAN and PA deficits as
opposed to (b) readers who have either a RAN deficit or a PA deficit and (c) readers
who have no deficits. This approach constitutes a test of the DDH among Arabic
speakers. Explaining the purpose of the study requires distinguishing between the
included independent and dependent variables. The dependent variable of the study
is reading performance, and the independent variables are PA and RAN. In their
seminal 1993 paper, Bowers and Wolf hypothesized the existence of four groups of
readers: (a) No deficit readers, (b) readers with deficits in PA but not RAN, (c)
readers with deficits in RAN but not PA, and (d) readers with deficits in PA as well
as RAN. Group (d), the double-deficit group, comprises what Bowers and Wolf

described as worst readers.



1.3 Research Questions

The research questions of the study are as follows:

= RQL. Is the mean reading ability score significantly lower for individuals
with a double-deficit than for individuals with RAN-only or PA-only deficits
or individuals with no deficit?

= RQ2. What is the difference between the RAN-only deficit group and the
double-deficit group in the reading ability scores?

= RQ3. What is the difference between the PA-only deficit group and the
double-deficit group in the reading ability scores?

= RQ4. What is the difference between the no-deficit group and the double-
deficit group in the reading ability scores?

The means by which these research questions will be answered have been discussed

and justified in the second chapter of the study.

1.4 Theoretical Foundation

The theoretical foundation of the study is the Double-Deficit Hypothesis (Bowers &
Wolf, 1993). The DDH, as applied to dyslexia, predicts that individuals with dyslexia
will have both phonological and rapid naming skill deficits, because, in Badian’s
words, “dyslexia results from an overload of deficits in skills” (Badian, 1997). The
literature on dyslexia (Bacon, Parmentier, & Barr, 2013; Cutting et al., 2013;
Goswami, 2015; Kronschnabel, Brem, Maurer, & Brandeis, 2014; Litt & Nation,
2014; Lobier & Valdois, 2015; Moll, Hasko, Groth, Bartling, & Schulte-Kérne,
2016; Ramus, Marshall, Rosen, & van der Lely, 2013; Zoccolotti et al., 2013)

suggests that dyslexia is a disorder that transcends narrow deficits; instead, dyslexia
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emerges from a combination of deficits, which, in turn, supports the inference that

double deficits will be more common among individuals with dyslexia.

It should be noted that the DDH is not a universally accepted hypothesis. In an article
(Grigorenko, 2001) that appeared seven years after the publication of Bowers and
Wolf (1993) seminal proposal of the DDH, Grigorenko, in conducting a review of
then-current research, wrote that “A fascinating finding is that the model implicating
phonological deficit as central to dyslexia, and the lack of ability to automatize as
leading to troubled reading, appears to be universal, regardless of the specific

language” (Grigorenko, 2001).

Grigorenko thus championed the hypothesis that it was lack of PA, rather than either
weakness in naming skill or weakness in both PA and naming an ability that best
characterised individuals with dyslexia. However, scholarly work (Badian, 1997,
Nelson, 2015; Norton et al., 2014; Pennington et al., 2001; Steacy, Kirby, Parrila, &
Compton, 2014; Torppa, Georgiou, Salmi, Eklund, & Lyytinen, 2012; Torppa et al.,
2013; Vaessen et al., 2009; Wolf & Bowers, 1999) appearing both before and after
Grigorenko (2001) study suggested that individuals with dyslexia were, in fact, more

likely to possess both low PA and low naming skill.

As a theory, the DDH can be considered by Henderikus’s definition of a good theory.
According to Henderikus (2010), a good theory “is normally aimed to offer an
explanatory leverage on a problem, describing innovative features of a phenomenon
or providing predictive utility”. The DDH possesses all of these qualities. Regarding
dyslexia, the DDH predicts that individuals with dyslexia will be more likely than
non-dyslexic individuals (after controlling for variation in intelligence and related

cognitive factors) to possess both PA and RAN deficits. The DDH also describes
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dyslexia in a novel way, regarding these two deficits, and offers a means of
understanding dyslexia as the results of universal and correlated deficits, the most

serious of which are PA and RAN deficits.

Thus, the DDH has the qualities of a good theory: It is testable, explanatory, and
descriptive (Badian, 1997; Nelson, 2015; Norton et al., 2014; Pennington et al.,
2001; Steacy et al., 2014; Torppa et al., 2012; Torppa et al., 2013; Vaessen et al.,
2009; Wolf & Bowers, 1999). The research questions of the current study have been
designed to test the DDH in a manner reminiscent of past testing (Badian, 1997,
Nelson, 2015; Norton et al., 2014; Pennington et al., 2001; Steacy et al., 2014;

Torppa et al., 2012; Torppa et al., 2013; Vaessen et al., 2009; Wolf & Bowers, 1999).

The DDH can be evaluated in the light of neurological evidence and theories about
brain function (Norton et al., 2014). They pointed out that phonological deficits are
associated with the left interior frontal lobe and inferior parietal region, whereas
naming deficits are associated with the right cerebellar lobule VI. If the double-
deficit hypothesis is correct, then, on a neuroanatomical level, individuals with
dyslexia ought to have detectable deficits in their left interior frontal lobes, inferior

parietal regions, and right cerebellar lobules.

Norton et al. (2014) utilised magnetic resonance imaging (MRI) to confirm that
individuals with severe dyslexia were indeed more likely to possess detectable
neuroanatomical deficits in their left interior frontal lobes, inferior parietal regions,
and right cerebellar lobules. This finding provides some neurological and anatomical
support for the verity of the DDH, and, therefore, for the DDH as a theory of
dyslexia. In essence, Norton et al. (2014) findings emphasise that dyslexia is a

disease that is related to brain function and anatomy and, also, that deficit associated
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with both phonological processing and rapid naming are core components of

dyslexia.

Finally, the DDH is a theory that is limited to developmental dyslexia (Fortes et al.,
2016). Dyslexia can also be acquired—for example, through an insult to the brain
(Ryan et al., 2015). While there might be functional similarities between
developmental dyslexia and acquired dyslexia (or Alexia), the DDH was not
developed in these latter contexts and is, therefore, most applicable to a consideration
of readers who are developmentally dyslexic. Thus, the theoretical foundation of the
study consists of two central insights. The first insight is that the DDH is likely to be
more associated with dyslexia because of neuroanatomical as well as empirical
evidence that both phonological and rapid naming deficits combine in severe
dyslexia. The second insight is that the DDH ought to possess substantial explanatory
power in any analysis of reading performance. For these reasons, the DDH is an

appropriate theoretical foundation for the study.

1.5 Benefits of the Study

There is a substantial body of empirical work on the applicability of the DDH to
individuals with dyslexia and other impaired readers (Badian, 1997; Nelson, 2015;
Norton et al., 2014; Pennington et al., 2001; Steacy et al., 2014; Torppa et al., 2012;
Torppa et al., 2013; Vaessen et al., 2009; Wolf & Bowers, 1999). However, the most
of these reearch studies have been conducted among the individuals who speak
mainly English and European languages or languages that are orthographical,

phonemically, and in other ways different from Arabic.

These unique features of Arabic mean that conclusions reached from DDH testing

among students from non-Arabic speaking populations might not apply to Arabic
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students. Another overall estimate of dyslexia among Arabs estimated a prevalence
of 13% (Elbeheri, Everatt, Reid & Mannai, 2006). If over 17 out of 100 Emiratis are
dyslexic, and given that most cases of dyslexia are developmental, a significant

proportion of Emirati students is dyslexic and in need of appropriate interventions.

If the DDH is an accurate hypothesis concerning dyslexia, then therapeutic
approaches to dyslexia in the UAE and elsewhere need to be guided by the
development of interventions to improve both PA and naming skills. Whatever the
outcome is, results arising from an empirical test of the DDH in the UAE can guide
researchers, practitioners, and policy-makers in crafting a more useful and response
approach to dyslexia remediation. The generated results of this study are therefore of
high relevance and importance in the context of dyslexia remediation in the UAE
and, by extension, anywhere in the Arabic-speaking world. Explicitly, the results
could call attention to the need of approaching the pedagogy of literacy in Arabic in a
manner that addresses the difficulties posed by Arabic orthography, changing

letterforms, and other unique features.

The study’s other benefits include the contribution of a novel instruments of Arabic
reading skills. Because most dyslexia research has been carried out in the context of
English speakers, most devices of reading skill are also based on English. As
discussed in greater detail in the literature part of this study, there are relatively few
reading instruments in Arabic that are capable of detecting the deficits associated
with dyslexia. Thus, one of the contributions of this research is a new Arabic-

language reading skill measurement that can be utilised by other researchers.
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1.6 Brief Overview of Methods

Descriptive statistics were used in the study with a correlational research design.
The scholarly problem was identified in connection with the relationship between
two kinds of deficits (RAN and PA) and reading skill. Quantitative methodology is
appropriate whenever researchers attempt to model the mathematical relationship
between two or more variables (Balnaves & Caputi, 2001; Bernard & Bernard, 2012;
Davies & Hughes, 2014). Within quantitative methodology, there are several
possible research designs. The design of the research study chosen for this study was
correlational. Correlational research designs have been described as follows:

“The variables included in the correlational research are isolated

and measured by the investigator, but they are characteristics that

occur naturally in the subjects...a correlation study consists of

establishing a relationship between variations in the X variable to

variations in the Y variable” (Keppel, Saufley, & Tokunaga, 1992).

In this study, the variables of PA, naming skills, and dyslexic qualities or reading
skills are naturally occurring and not subject to researcher manipulation or
intervention. Because of this aspect of the study, only a correlational design—as
opposed to a pseudo-experimental, experimental, or survey-based design—is
possible. An analysis of variance (ANOVA) will be applied to determine whether,
as predicted by the DDH, the mean reading score for individuals with both RAN
and PA deficits is lower than the mean reading scores for individuals with RAN-

only or PA-only deficits.
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1.7 Literature Review

The review of literature has been divided into five subsections. The first subsection, a
historical overview of dyslexia that- provides a chronological context in which
current issues relating to dyslexia—including the DDH—can be understood. The
second subsection contains an overview of theories related to both dyslexia in
general and the DDH in particular. The third subsection contains a discussion of
empirical studies on the DDH, sorted into three conceptual categories: studies that
support the DDH, studies that do not support the DDH, and studies that offer mixed
support for the DDH. The fourth subsection is an overview of gaps in the literature.

The fifth subsection is the conclusion of the literature review.

1.7.1 Historical Overview

It is highly likely that dyslexia have existed for centuries, if not millennia. However,
the first scientific note of dyslexia was made by (Castles & Friedmann, 2014). In a
scholarly article subsequently published in the British Medical Journal, Morgan
noted his experiences with a 14-year-old patient named Percy, who was of at least
ordinary intelligence and capable of conversation, but who had not succeeded in
learning how to read as well as his peers (Castles & Friedmann, 2014). Morgan
examined several examples of Percy’s handwriting and found numerous errors. Some
of the errors noted by Morgan were carefully for carefully and Percy for Percy

(Castles & Friedmann, 2014).

On further examination, Morgan learned that Percy had no trouble in reading
numbers. Percy’s difficulties were delimited by the reading of words. After these
experiences, Morgan believed that he had isolated a new disease, which he termed

congenital word blindness (Castles & Friedmann, 2014). It is clear that Morgan was
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describing what subsequently came to be known as developmental dyslexia. At about
the same time that Morgan published his results on what would come to be known as
developmental dyslexia, Joseph Dejerine (in Graff-Radford, Benarroch, et al., 2014;
Turkeltaub et al., 2014) published findings related to Alexia, the loss of reading
ability pertaining to insults to the brain. Both the work of Morgan and Dejerine had
made significant contributions to an ongoing series of scientific findings related to
language and the brain in the nineteenth century (Binder, 2009; Fridriksson, Bonilha,

& Rorden, 2007; Meuse & Marquardt, 1985).

In 1861, Paul Broca had discovered the cause of aphasia, a disorder in which
individuals who were unable to speak or write could, in fact, comprehend both
writing and speech (in Binder, 2009; Fridriksson et al., 2007), giving an impetus to
the search for possible neurophysiological substrates or correlates of dyslexia and
other disorders. However, Morgan’s discovery of so-called congenital word
blindness was not based on a physiological discovery, like that of Broca. After
Morgan, the history of attempts to understand dyslexia was rooted in a succession of
theories, paradigms, and hypotheses designed to identify the underlying cause of

dyslexia.

Dyslexia is especially crucial in the context of literacy (Townend & Turner, 2000).
The acquisition of literacy is the hallmark of education. However, not all students
can achieve the necessary standard of learning required for functional literacy. One
definition of functional literacy, the first kind of literacy that schools attempt to
impart to students, is the acquisition of formal language skills specific to the

student’s social context; for example, in a Christocentric society, functional literacy
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will emphasize reading and writing, whereas, in an oral culture, functional literacy

might be satisfied by storytelling (Owen & Pumfrey, 1995).

Dyslexia begins in the brain (Castles & Friedmann, 2014). Castles and Friedman
(2014) indicated that at the biological level, the embryonic brain could be affected
adversely by such phenomena as viral infections borne by the mother or the
absorption of toxins from certain foods or medications. Also, the brain’s function
will to some extent be determined by genetic factors, and by the nature and kinds of
stimuli to which it is exposed, both in the womb and after birth. Thus, the first place
to look for the origin of literacy learning difficulties is at the biological level, which

long predates a child’s exposure to formal schooling or even use of language.

Dyslexia has origins in both biology and cognition. Cermak and Larkin (2001) point
to research indicating that damage to the cerebellum, possibly caused by an embryo’s
exposure to viral infections, directly impacts the ability to read and write: “brain
activation was significantly lower for the adults with dyslexia than for the controls in
the right cerebellar cortex and the left cingulate gyrus when executing the- pre-
learned sequence, and in the right cerebellar cortex when learning the new sequence”
(Cernak & Larkin, 2001). Meanwhile, Stanovich (1988) explained that dyslexia
could also have cognitive roots; for example, even a brain without a neurological
deficit (such as the kind caused by cerebellar damage) can encounter literacy
learning difficulties if, for example, it is not adequately exposed to, and trained in,

spelling.

There is also a genetic aspect of literacy learning difficulty. Lipsitt and Spiker
(1987), conducting a meta-review of studies in this field, concluded that “Specialized

brain structures have evolved for the processing of language, and individual
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differences in the maturation (or functional efficiency) of these structures are likely

to be under genetic control” (Lipsitt & Spiker, 1987).

Cognitive-biological literacy learning difficulties pose particular problems for
schools and teachers. For example, Townend and Turner (2000) explained that
teachers couldnot expect to teach students with dyslexia to read and write in
precisely the same way as other students. Students with dyslexia require particular
methods of instruction, such as the multisensory approach; e.g., “listening to The

Mayor of Casterbridge on tape while following the text” (Townend & Turner, 2000).

The literature agrees on the centrality of the multisensory approach in students with
dyslexia, but other methods receive attention as well. Brooks (2008) added that
students with dyslexia might also require particular instruction in “phonics,
pronunciation, enunciation, spelling, syllabification, and read out loud” (Brooks,
2008) to overcome their learning difficulty. Because of the variety of special
approaches needed to address the literacy development of this population, students
with dyslexia often tend to be taught in separate schools, or, when they attend school
with non-dyslexic students, in sheltered conditions. However, this separation does
not always take place. Corson and Edwards (1998) explained that children with
dyslexia who are cognitively competent have a “strong mental processing fabric”
(Corson & Edwards, 1998) and can benefit from being taught in the same
environment as non-dyslexic children. Meanwhile, dyslexic children with other
cognitive deficits may require a dedicated attention that would be impossible in a

traditional classroom.

One way of sorting out students with dyslexia who need particular attention from

those who can follow a typical literacy learning track is by means of standardized
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tests, which, according to Olson, Torrance, and Hildyard (1985), can include the
Durrell Analysis of Reading Difficulty and WPPSI and WISC Block Design and

Vocabulary subtests.

In Ireland, according to Ott (2007), students below the 10" percentile on tests of
basic literacy are flagged for particular attention. This attention consists not only of
different pedagogical approaches, such as the multisensory approach, but also of
addressing students with dyslexia’ “poor co-ordination and concentration, limited
social skills and signs of emotional immaturity” (Hartas, 2006), which tend to occur
as part of the package of behaviors associated with dyslexia, and must be treated

concurrently in order to achieve optimal learning outcomes.

The overcoming literacy learning disabilities in students with biological deficits;
therefore, requires a holistic approach, in which pedagogical devices must be
complemented by counselling outside the classroom. The academic work on
biological deficits in literacy learning also carries some lessons for behaviour in the
home, at least for parents who are willing to plan to protect their future children from
neurological harm. Shaffer and Krug (1996) explained that “Children born in the
summer months spend the greatest change of developing dyslexia. The seasonal
pattern may result from the exposure of women in the second trimester of pregnancy
to influenza or another viral disease during the late winter” (Shaffer & King, 1996).
Thus, would-be parents who wish to take every precaution against dyslexia should
consider timing pregnancies accordingly or, at least, taking every precaution against

viral disease during pregnancy.

When dyslexia co-occurring with other learning disabilities, it could be extremely

difficult even for mental health professionals. To untangle what Blakemore-Brown
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(2015) called the tapestry of disorders; for best outcomes, not only teachers and
parents but also speech therapists, language therapists, paediatricians, and
educational psychologists have to become involved in order to attack every possible

angle of the underlying problem.

For the teacher, this information indicates that the classroom is only one arena of
combat against literacy learning difficulties; a battery of therapeutic approaches must
complement official pedagogy. For the parent, Blakemore-Brown’s (2015) key point
is that learning disorders that could lead to literacy problems must be detected as
early as possible, for example by observing the behaviour of newborn babies and
toddlers with special attention to their propensity for eye contact, babbling, and
interactive playing. Fortunately, many learning disorders can be addressed, but they
must be detected first. The remainder of this literature review consists of a discussion
of theories and empirical findings related to the detection and prediction of dyslexia-

associated reading difficulties through an analysis of RAN and PA deficits.

1.7.2 Theories of Dyslexia

There have been numerous theories of dyslexia advanced in the 120 years since
Morgan’s description of developmental dyslexia (Beeson & Insalaco, 1998; Denckla
& Cutting, 1999; Shaywitz, 1998). Currently, dyslexia is understood through a
combination of biological, environmental, and developmental lenses (Chan et al.,
2007; Jiménez et al., 2009; Lagae, 2008; Moody et al., 2000; Paulesu et al., 2001;
Shaywitz, 1998; Sprenger-Charolles et al., 2011; Wolff & Lundberg, 2002). In terms
of the biological lens, substantial research in neurobiology and related disciplines has

made it possible for scientists to isolate the physical correlates of dyslexia.
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Cutting et al. (2013) summarised the key research in this area conducted in the past
two decades (e.g., Paulesu et al., 2001; Pugh et al., 2000; Richards et al., 1999) as
stated:
“The neural basis of dyslexia has been found to be associated with
structural and functional abnormalities in left posterior perisylvian
regions; in particular, functional neuroimaging studies have
revealed that DYS is associated with under activation in left
occipitotemporal and temporoparietal regions, and over activation
in homologous right hemisphere regions as compared to typically

developing readers” (Cutting et al., 2013).

When the intervention is possible, Cutting et al. (2013) pointed out that the
physiological explanation of dyslexia has found even more empirical support. There
appears to be little divergence from the current consensus view that dyslexia are in
fact the result of specific abnormalities in the brain. The open questions in dyslexia
theory involve the extent to which genetic, epigenetic, and environmental influences

act upon the underlying neurobiological correlates of dyslexia.

Some of the genetic bases of dyslexia have begun to be mapped and understood.
Recent research indicates that mutations or other abnormalities in the protein
DY X1C1 might be responsible for dyslexia (Tammimies et al., 2012). This research
also indicates the impact of epigenetic factors related to estrogenic signalling in the
expression of DYX1C1 (Tammimies et al., 2012). However, there is not a scholarly
consensus that DY X1C1 variation is responsible for dyslexia (Bellini et al., 2005;
Dahdouh et al., 2009; Marino et al., 2005). DCDC2, KIAA0319, and other genetic

locations and structures have also been proposed as determinants of dyslexia (Darki,
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Peyrard-Janvid, et al., 2012). Although work on the genetic and epigenetic
determinants of dyslexia is ongoing, there appears to be building evidence that a
specific gene or gene cluster is, along with certain epigenetic factors, responsible for

the development of dyslexia.

Finally, there is substantial evidence for the role of the environment in the
development of dyslexia (Lyytinen et al., 2001; Mascheretti et al., 2013; Morton,
2004; Olson, 2002; van Bergen et al., 2011). Leaving aside the epigenetic influences
of the mother’s womb, dyslexia is also significantly influenced by the nature of the
lived environment. Where there is an emotionally and pedagogically supportive
infrastructure, individuals with dyslexia experience better academic, emotional, and
professional outcomes (Lyytinen et al., 2001; Mascheretti et al., 2013; Olson, 2002;
van Bergen et al., 2011). These findings suggest that environment also has a crucial

role to play in the developmental paths and outcomes of dyslexia.

Morton (2004) proposed a causal model of developmental dyslexia that is presented
in Figure 1 below. In this model, dyslexia is understood as arising from genes,
impacting cognitive processes, and resulting in measurable behavioural outcomes.
The biological stage, cognitive level, and behavioural level recognized in Morton’s
model are all influenced by environmental expressions as well. The DDH can be
applied within the context of Morton’s model as a descriptor of the specific deficits

that are most likely to occur in individuals with dyslexia.

In other words, the DDH makes specific predictions about what differs in the
cognitive level of students with dyslexia as compared with non-dyslexic bad readers.
In this context, it is interesting to observe that Morton’s model only recognizes

phonological deficits—and not naming skill deficits—as existing at the cognitive
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level of dyslexia. The absence of naming skill deficits from Morton’s model

indicates that, despite the wide acceptance of the DDH, it has not entered into and

informed every extant model of dyslexia. Nonetheless, with the presumption that

naming skill deficits can be added to the cognitive level of Morton’s model,

Morton’s model is fully compatible with the expression, and aetiology of dyslexia.

Environment

>

Genes

¢ Biological
level

Left-hemisphere

brain difference

v

Phonological
processing deficits

:

Poor phonological awareness
Inaccurate reading and spelling
Poor reading fluency (impaired phonological Behavioural level
short-term memory; deficient rapid
automatic naming)

Cognitive level

Figure 1: Morton’s causal model of dyslexia. Note: Original figure based on

Morton’s model appearing in (Thambirajah, 2010)

One factor that is not present in Morton’s (2004) model of dyslexia, but that still

ought to be taken into account, is differences in language. Two studies (Landerl,

Wimmer, & Frith, 1997; Ziegler & Goswami, 2005) established that differences in

language could exacerbate the expression of dyslexia. For example, in languages—

such as English—with a lack of reliable one-to-one consistency between graphemes



23
and phonemes, the proportion of individuals with dyslexia is more prevalent than in

languages that possess more consistency between graphemes and phonemes.

The DDH is not a novel theory, but a synthetic theory that draws heavily on earlier
work. For example, in 1980, Ehri had argued that word recognition was dependent
on a combination of phonological, meaning-based, and orthographic elements (Ehri,
1980). While these other theories were not explicitly named the DDH, they contained
the same theoretical claim as the DDH, which is that dyslexia was likely to be
characterized by more than merely phonological deficits: Naming skills,
orthography, and other factors would also have to be taken into account in a more
complex theory of dyslexia. This complex theory, which was termed the DDH
(Bowers & Wolf, 1993), was agnostic as to the biological roots of dyslexia, being
concerned solely with the functional nature of the deficits occurring among
individuals with dyslexia. The DDH and related theories went on to serve as the
theoretical foundation for some empirical studies, several of which will be reviewed

in the remaining sections of the literature review.

Bowers and Wolf (1993) stated that, according to the DDH, both PA deficits and
RAN deficits would make independent contributions to dyslexia. However, in
statistical terms (Altman, 1991; Eisenhauer, 2003; Jackson, 2015; Kremelberg, 2010;
Moore & McCabe, 2009; Natrella, 2013; Vogt & Johnson, 2011), there are two ways
in which variables such as PA deficits and RAN deficits could make independent
contributions to a dependent variable such as dyslexic status. PA deficits and RAN
deficits could (a) make independent contributions that are not accretive, that is,
whose respective coefficients of determination or other measures of effect size are,

when added together in the separate regressions, smaller than the measures of effect
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size in a multivariate model; or (b) make an accretive contribution, in which the
coefficient of determination of a model in which PA deficits and RAN deficits are
larger than the separate coefficients of PA-only and RAN-only regressions added
together. In case (b), there is an interaction between PA and RAN deficits that, in
terms of the resulting reading deficits, is worse than a PA deficit alone or a RAN
deficit alone. In case (a), PA and RAN are indeed independent contributors, but their
combination is not necessarily worse than their isolated incidence. The research

questions of the current study are designed to test version (a) of the DDH.

Finally, the DDH can be considered in light of variations in language. For example,
in 1997, Landerl hypothesized that the measured prevalence of dyslexia was a
function of a linguistic community’s writing System (Landerl et al., 1997), and this
hypothesis was further developed by other scholars (Ziegler & Goswami, 2005).
These works are worth considering further for their possible contributions to an
understanding of reading difficulties in Arabic. In that context, Landerl et al. (1997)
main conclusion was as follows:

“The high error rates in English and also the kind of errors made

suggest that the process of phonological recording may be

organized differently for German and English children. This

different organization of phonological recording may be triggered

by the key orthographic feature distinguishing German and English

orthography, namely the difference in the consistency of grapheme-

phoneme relations for vowels. We hypothesize that the high

consistency of the German grapheme-phoneme relations for single

vowels allows the immediate online assembly of syllables.
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Therefore, problems of working memory for unconnected

phonemes are less likely” (Landerl et al., 1997).

Similar measures of grapheme-phoneme inconsistency in English and Arabic suggest
that Arabic, like English, might exacerbate the prevalence of dyslexia (Abu-Rabia &
Siegel, 2002; Saiegh-Haddad & Geva, 2008). Many scholars (e.g., Elbeheri et al.,
2006; Sartawi, Al-Hilawani, & Easterbrooks, 1998; Sartawi, Natour, & Smadi, 2014)
have argued that the special linguistic characteristics of Arabic language required
assessment instruments of their own. This position was supported by EI-Ella et al.
(2004) with providing their reading test to assess dyslexia among Arabic-speaking

schoolchildren.

1.7.3 Overview of Empirical Findings

The overview of empirical findings related to the DDH has been divided into three
sections. The first section contains an overview of studies that support the existence
of the DDH. The second section contains an overview of studies that do not support
of the DDH. The third section contains an overview of studies that provide mixed
support for the DDH. The focus of each section is on providing a general overview

of studies. However, specific studies have been singled out for discussion as well.

Firstly, the research studies supporting the DDH hypothesis of this study: Perhaps
the first truly important empirical study related to the validation of the DDH was that
of Wolf and Bowers (1999). By 1999, there was substantial empirical evidence
related to the DDH as it applied to individuals with developmental dyslexia; much of
this interest likely originated from the earlier work of Bowers and Wolf (1993). Wolf

and Bowers utilized a meta-review approach to evaluate the existing evidence and
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concluded that there was sufficient evidence for the DDH as applied to children with

dyslexia.

Wolf and Bowers (1999) were not alone in reaching an early conclusion about the
applicability of the DDH to dyslexics. Badian (1997) reached the same conclusion on
the basis of a primary research study. In fact, Badian went further, identifying
orthography as a third skill that is lacking in individuals with dyslexia: “Most of the
poorest readers, nearly all of whom qualified as dyslexic, had a double or triple

deficit in phonological, naming-speed, and orthographic skills” (Badian, 1997).

The meta-review conducted by Wolf and Bowers (1999) and the primary study
conducted by Badian (1997) constitute important empirical behalf of the applicability
of the DDH to children with dyslexia. There are numerous other studies of this kind.
A recent and influential study of the predictors and correlates of dyslexia in Arabic-
speaking schoolchildren was that of Layes et al. (2015). The stated purpose of Layes
et al. (2015) study was to distinguish between dyslexic and non-dyslexic children in
terms of three cognitive skills related to reading: (a) Visual attention, (b) RAN, and

(c) working memory.

In order to achieve their intended purpose, Layes et al. (2015) carried out two
experiments. In the first experiment, both normal readers and readers with dyslexia
were given tasks related to literacy, visual attention, and RAN. In this experiment,
Layes et al. (2015) compared dyslexic and non-dyslexic students in terms of their
performance in terms of visual attention, RAN, and working memory. Next, Layes et
al. (2015) determined the extent to which word reading accuracy could be predicted
from visual attention and RAN. In the second experiment, Layes et al. (2015) carried

out correlations of PA, working memory, word recognition, and reading
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comprehension as applied to both dyslexic and non-dyslexic students. The results of
Layes et al. (2015) first experiment indicated support for the DDH, as readers with
dyslexia were found to be inferior to normal readers in terms of both PA and RAN

measures.

Abu-Rabia (2007) conducted a study on various measures of reading performance
among dyslexic and non-dyslexic Arabic-speaking students in grades three, six, nine,
and twelve. This study divided reading measures into i) phonology, ii) morphology
(identification), iii) morphology (production), iv) syntax, v) isolated words, vi)
spelling, and vii) reading comprehension. For grades three, six, nine, and twelve
normal readers were found to exceed readers with dyslexia in all of these measures,
at p < 0.05. As measured of both PA and RAN were included in Abu-Rabia’s study,
this study, like that of Layes et al. (2015), can be taken as confirming the DDH

among a sample of Arabic-speaking schoolchildren.

Saiegh-Haddad (2005) conducted a study on the correlates of reading fluency in
Arabic. Saiegh-Haddad discovered that RAN had a direct and statistically significant
effect on reading fluency (r = 0.36), as did letter record speed (r = 0.75), short-term
memory (r = 0.55), phoneme isolation in vernacular Arabic (r = 0.36), and phoneme
isolation in MSA (r = 0.41). Saiegh-Haddad also created a pooled variable to
represent phoneme isolation in both vernacular Arabic and Modern Standard Arabic
(MSA); this pooled variable was also found to have a direct and statistically

significant effect on reading fluency (r = 0.39).

As such, the study of Saiegh-Haddad also provided support for the DDH. However,
the study was limited insofar as i) dyslexia was not treated as a separate category in

the sample or accommodated in the data analysis, ii) several key regression outputs
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were not reported, iii) no validation information for researcher-developed scales was
provided, and iv) the absence of simultaneous multivariate regression capable of
testing for the independence of the statistical contributions of both PA and RAN
deficits to reading fluency; of these limitations the fourth limitation (iv) is the most
serious regarding testing the DDH. In the absence of partial correlation or
multivariate regression, it is impossible to determine whether the correlational
contributions of RAN and PA as measured by Saiegh-Haddad were truly

independent.

A study conducted by Heikkila, Torppa, Aro, Narhi, and Ahonen (2015) supports the
DDH, which conducted among a sample of Finnish schoolchildren. This study was
part of interest because Finnish has a transparent orthography and, in this respect, is
markedly different from Arabic. Heikkila and co-authors divided their survey sample
into a PA-only group, a RAN-only group, a double-deficit group, and a control group
with neither RAN nor PA deficits. They found that both the prevalence and the
severity of reading disabilities was indeed higher among the double-deficit group.
Moreover, Heikkila and co-authors confirmed that the DDH in a transparent
orthography supports the inference that the DDH applies to multiple languages, and
not merely to languages that lack a transparent orthography. The work of de Groot, van
den Bos, Minnaert, and van den Meulen (2015) was similar to the other relevant
studies but the main point of difference was that the study of the De Groot’s team
tested the DDH concerned with word reading fluency amongst Dutch-speaking
schoolchildren. An analysis of variance found that the lowest word reading fluency

was found among those children who were in the double-deficit group.



29
Several relevant studies are cross-sectional. For instance, Steacy et al. (2014) were
using longitudinal survey across three the grades (kindergarten, first grade, and
second grade) to discover that the DDH exists at all three grade levels, i.e., DDH
found in multiple grade levels over time. This finding provides a form of
triangulation and amplification of the other studies in support of DDH discussed in
this subsection of the literature review. If the DDH were a statistical artefact, it
would not be likely to be detected in the same students followed over time. Thus,
longitudinal findings produced by Steacy’s team did not provide support to the DDH
itself but strengthened the results generated from the cross-sectional studies on the

DDH.

Likewise, Cronin (2013) conducted a longitudinal survey to test the DDH by tracking
the outcomes of the same students across four grade levels to find that the DDH
existed across the three grades. Thus, Cronin suggested that the DDH is likely to
have predictive power for the same students followed over time. So, the longitudinal
survey of both Steacy et al. (2014) and Cronin (2013) could provide a firm support
for the existence of the DDH as an intrinsic handicap faced by the students with

severe dyslexia.

Secondly, the research studies supporting refuting DDH hypothesis of this study: The
findings of Cirino et al. (2005) represent a possible discrepant case. Cirino et al.
(thereafter as the Cirino’s team) conducted an empirical test of the DDH on college
students suffering from reading disabilities of various types including individuals
categorised into PA-deficit-only, RAN-deficit-only, combined PA-and-RAN-deficit,
and no-deficit groups. Nonetheless, the likelihood that many of the participants were

dyslexic, and also the thoroughness of the statistical analyses employed, too make
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the study of the Cirino’s team relevant and also notable because it is one of the

relatively few studies that has not confirmed the DDH.

Cirino’s team also tested the survey participants in four measures of reading
achievement, these are i) Untimed decoding (measured on the WJ-R Letter-Word
Identification Scale and the WJ-R Word Attack), ii) timed coding (measured on the
TOWRE Sight Word Efficiency and Phonemic Decoding Efficiency scales), iii)
untimed comprehension (measured on the WJ-R Passage Comprehension Scale), and
Iv) timed comprehension (measured on both the standard score and % correct score
of the NR Reading Comprehension scale). As part of their first statistical analysis,
Cirino’s team utilised linear regression to measure the independent contributions of
PA and RAN to each of the seven scales in the four categories of reading
comprehensions. PA and RAN were found to be significant (at p < 0.001)
contributors to both measured of untimed decoding (the WJ-R Letter-Word
Identification Scale and the WJ-R Word Attack) and both measures of timed
decoding (the TOWRE Sight Word Efficiency and Phonemic Decoding Efficiency
scales). However, only PA was a significant contributor to untimed comprehension.
Both PA and RAN were significant contributors to the ND Reading Comprehension
standard score, but only PA was a contributor to the % correct score of the NR
Reading Comprehension instrument. Overall, the Cirino’s team found that PA had
far larger effect sizes (measured as R?) than RAN in each of the measures but for the

TOWRE Sight Word Efficiency measure, for which RAN had the greater effect size.

Next, in order to test the DDH, Cirino’s team regressed both PA and RAN on the
dependent variables in the seven tasks associated with untimed decoding, timed

decoding, untimed comprehension, and timed comprehension; moreover, they
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presented the mean scores of the double-deficit, single deficit (PA-deficit-only and
RAN-deficit-only), and no-deficit groups in the various measures of untimed
decoding, timed decoding, untimed comprehension, and timed comprehension. The
Cirino’s team used the multivariate regressions find that the effect sizes of the
combined PA-and-RAN-deficit regressions were lower than the effect sizes of the

individual PA and RAN regressions added together.

If the DDH is correct, then one of the statistical inferences that follows is that the
combination of PA and RAN ought to have more explanatory power over variation in
reading tasks than PA and RAN alone. Had the interaction effect hypothesised under
the DDH existed among the participants in the study of the Cirino’s team. then, the
effect sizes of the joint PA-and-RAN-deficit regressions ought to have been greater
than the individual effect sizes of the PA-deficit-only and RAN-deficit-only
regressions added together. Thus, the regression results of the Cirino’s team did not
validate the existence of the DDH nor distinguish between dyslexic and non-dyslexic

participants in their study.

The descriptive statistical analysis of the Cirino’s team disconfirmed the DDH
among their sample; they reported both the mean and standard deviations of each of
the seven measures of reading performance in the categories of untimed decoding,
timed decoding, untimed comprehension, and timed comprehension. Ideally, the
Cirino’s team ought to have conducted an analysis of variance (ANOVA) with
Tukey’s post hoc test, which would have identified the significance of differences in
mean untimed decoding, timed decoding, untimed/timed comprehension scores
between PA-deficit-only, RAN-deficit-only, combined PA-and-RAN-deficit, and no-

deficit groups.
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Using the mean and standard deviations only, it is still possible to reach statistically
valid inferences about the between-group differences in untimed decoding, timed
decoding, untimed comprehension, and timed comprehension. Specifically, it was
found that 1) the PA-deficit-only and double-deficit groups overlapped in both
measures of untimed decoding, ii) the PA-deficit-only, RAN-deficit-only, and
double-deficit groups overlapped in both measures of timed decoding, iii) the PA-
deficit-only, RAN-deficit-only, and double-deficit groups overlapped in the single
measure of untimed comprehension and iv) the PA-deficit-only, RAN-deficit-only,
and double-deficit groups overlapped in both measures of timed comprehension.
Cumulatively, these findings suggested that the DDH did not possess greater
explanatory power over various measures of reading performance that the two single-

hypothesis alternatives.

Thirdly, the mixed-support studies: In addition to studies that have either found
support or a lack of support for the DDH, there are also studies that have found
mixed support for the DDH. Natour, Darawsheh, Sartawi, Marie, and Efthymiou
(2016) found that PA alone accounted for a statistically significant and substantial
portion of the variation in predicting reading errors. If PA by itself is a significant
predictor of reading deficits, then the DDH might be superfluous; however, as
Natour et al. (2016) did not included RAN in their model, the study did not

unambiguously support or refute the DDH.

Nelson (2015) study also provided mixed support for the DDH. Nelson studied the
DDH in terms of various subskills, including word reading, spelling, reading fluency,
pseudo-word reading, timed reading comprehension, and untimed reading

comprehension. Nelson’s statistical analysis discovered that the DDH applied in the
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subskills of word reading, spelling, and reading fluency. However, lower
performance in the subskills of pseudo-word reading, timed reading comprehension,
and untimed reading comprehension was not more pronounced in the double-deficit
group in comparison to the single-deficit groups. For this reason, Nelson’s study

provided only mixed support for the DDH.

Abu-Rabia and Abu-Rahmoun (2012) conducted a study on differences in measures
of phonological, orthographic, and working memory performance among Arabic
speakers who were dyslexic and normal. The larger number of variables in study of
Abu-Rabia and Abu-Rahmoun, which generated more precise information relating to
the differences between dyslexic and non-dyslexic Arabic-speaking students. In
particular, Abu-Rabia and Abu-Rahmoun (2012) distinction between vowelized and
unvowelised tests took a key feature of Arabic, the optional diacritic indicators of
vowels, into account. Another Arabic-specific adaptation made by Abu-Rabia and
Abu-Rahmoun (2012) was to take Arabic roots into account when designing the
different conditions. Of the various studies consulted for inclusion in the literature
review, Abu-Rabia and Abu-Rahmoun (2012) study appeared to be the one that had
made the most numerous and appropriate testing variations to reflect the specific

characteristics of Arabic.

Abu-Rabia and Abu-Rahmoun (2012) found that normal reading students
outperformed students with dyslexia in vowelized phonology, non-vowelized
phonology, un-vowelized orthography, vowelized syntax, un-vowelized syntax,
vowelized morphology with undisrupted root, un-vowelized morphology with
disrupted root, vowelized morphology with disrupted root, un-vowelized

morphology with disrupted root, vowelized reading comprehension, un-vowelized
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reading comprehension, vowelized word reading, vowelized pseudo-word with real
root, un-vowelized pseudo-word with real root, vowelized pseudo-word with false
root, un-vowelized pseudo-word with false root, vowelized words that did not fit the
context, un-vowelized words that did not fit the context, working memory, spelling,
and un-vowelized word reading. The only measure tested by Abu-Rabia and Abu-
Rahmoun in which normal readers did not outperform the dyslexic group was that of
vowelized orthography. These findings supported the general inference that dyslexia
involve a cascade of deficits that cannot be localized to PA deficits, a finding that

provides mixed support for the DDH.

One of the recurring themes in studies that find mixed or partial support for the DDH
is the use of methods that do not include the grouping of test subjects into double-
deficit groups, but the use of statistical methods that measure the contribution of
either RAN or PA deficits to some measure of reading skill. Because the results of
such studies are conceptually compatible with the DDH, these studies have been
described, in this section of the literature review, as providing partial support for the

DDH. Another of these studies is that of Wolff (2014).

Wolff tested RAN and PA contributions to different measures of reading skill in
order to better isolate the contributions of each deficit. Using a structural equation
model (SEM), Wolff found that RAN deficits were associated with slower reading
speed whereas PA deficits were associated with poorer reading comprehension and
spelling. Theoretically, these results suggest that someone with both RAN and PA
deficits would be the worst reader, because such a person would combine
deficiencies in reading speed, reading comprehension, and spelling. However,

because Wolff did not group the participants of this study into a double-deficit group,
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the study did not technically support the DDH, although the results of the study
certainly appeared to be compatible with the DDH. The same conclusion can be

reached about the study of Abu-Rabia and Abu-Rahmoun.

A critical consideration regarding the validity of DDH sub typing has also been
introduced by studies on languages like German, Dutch, Italian, and Spanish, which
have a consistent orthography. In these languages, grapheme-phoneme
correspondence is rather consistent, and as a result, the main difficulty for children
with dyslexia is not decoding accuracy but, reading speed (e.g. Landerl, 1997; van
Daal & van der Leij, 1999). In line with the results of studies on dyslexia in
orthographically consistent languages, Wimmer et al. (2000) found that all three
deficit groups showed close to ceiling accuracy for text and word reading, and even
non-word reading accuracy was around 90%. For the reading rate, there was a clearer
picture of differences. The phonological deficit group exhibited a reliable reading
rate deficit for text only and showed no rate deficit at all for non-word reading. In
contrast, both the naming deficit and the double-deficit groups exhibited reading rate
impairments for text, words, and non-words and differed significantly from both the

no-deficit and the phonological deficit group.

Some of the studies considered in this section of the literature review drew upon
English, Arabic, Dutch, Italian, Spanish, German and Finish as their base languages.
However, there is also a substantial body of empirical literature in Chinese. A meta-
analysis conducted by Song, Georgiou, Su, and Hua (2015) surveyed findings related
to Chinese reading accuracy and fluency. As a language with a pictographic

structure, Chinese is substantially different from the other, alphabet-based languages
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that are discussed in the research literature. Thus, it is of particular interest to know

how RAN and PA deficits function in Chinese.

Song et al. (2015) provided a meta-analysis of 35 studies and reached the
conclusions that PA and RAN are very similarly correlated with reading accuracy.
However, RAN deficits are more predictive of reading dysfluency in Chinese. As
with the findings of Wolff (2014) and Abu Rabia and Abu Rahmoun (2012), the
findings of Song et al. (2015) also appear to suggest that the combination of PA and
RAN deficits would probably cluster in the worst readers, but their study stopped

short of actually testing the DDH.

1.7.4 Gaps in the Literature

The study of Layes et al. (2015) constituted a successful test of the DDH with a
population of young (Grade-4 and Grade-5) Arabic-speaking students, a rationale is
needed to repeat a DDH test within the same population. Despite its research
strengths, Layes et al. (2015) findings also contained weaknesses that can be
improved through the application of improved research design and correspond
analytical procedures. First, because Layes et al. (2015) used an independent-sample
t-test approach in which normal readers and readers with dyslexia were contrasted on
24 different measures, their study was vulnerable to Alpha inflation. Alpha inflation
takes place when the same inferential test is repeated multiple times (Kopalle &
Lehmann, 1997), which is why statisticians prefer to reduce the number of statistical
tests (Natrella, 2013). Given the number of separate independent samples t-tests

conducted by Layes et al. (2015) it is likely that at least one of the tests had a p value.

Second, the independent- samples t test approach chosen by Layes et al. (2015)

meant that measures of PA and RAN were not included simultaneously in any
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models; they were measured separately. Thus, Layes et al. (2015) findings were
unable to measure the distinction between the contributions of PA-deficit-only,
RAN-deficit-only, and combined PA-and-RAN-deficit measures in terms of
dyslexia. Finally, because Layes et al. (2015) chose a means comparison rather than
odds calculation approach, their analysis was not useful in terms of predicting the
relationship between the presence of PA and RAN deficits and the presence of a
dyslexia diagnosis. Thus, the research design of Layes et al. (2015) can be improved

upon.

Another gap in the literature involves the use of regression. Given that the core claim
of the DDH is that PA and RAN deficits make independent contributions to reading
disfluency, and that regression has been frequently utilized as a means of testing this
claim, researchers have omitted to make use of multicollinearity testing within
regression to test the independence of PA and RAN deficits. The approach most
commonly utilized in those empirical studies drawing on regression is to check the p
values of PA and RAN independent variables and to consider these variables as
making independent contributions if their respective p values are below 0.05.
However, in linear regression, the recognized means of testing for the independent
contribution of more than one independent variable is multicollinearity testing by
calculation of the variance inflation factor (VIF) (Mansfield & Helms, 1982). This
approach has been recommended and adopted since the end of the 1970s (Mansfield
& Helms, 1982). However, none of the empirical studies reviewed in this chapter
that utilized regression also reported VIFs or carried out other aspects of

multicollinearity testing.
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1.8 Conclusion

Dyslexia continues to be a serious problem (Bacon et al., 2013; Cutting et al., 2013;
Goswami, 2015; Kronschnabel et al., 2014; Litt & Nation, 2014; Lobier & Valdois,
2015; Moll et al., 2016; Ramus et al., 2013; Zoccolotti et al., 2013). However,
dyslexia is not widely studied among Arabic speakers, despite the fact that Arabic
has nearly 300 million speakers, making it the fourth-largest language group in the
world (Aboudan et al., 2011; Abu-Rabia, 2007; Abu-Rabia & Abu-Rahmoun, 2012;
El-Ella et al., 2004). In addition, the prevalence of dyslexia among Arabic speakers is
relatively high, a fact that might be attributable to some of the unique features of
Arabic Language discussed earlier in this chapter and acknowledged in the literature
(Aboudan et al., 2011; Abu-Rabia, 2007; Abu-Rabia & Abu-Rahmoun, 2012; El-Ella
et al., 2004). There are therefore many rationales to conduct additional research on
dyslexia among Arabic speakers. In this context, the study of the DDH is particularly
relevant, given the substantial evidence for the DDH as an underlying factor in
dyslexia (Badian, 1997; Cirino et al., 2005; Nelson, 2015; Norton et al., 2014;
Pennington et al., 2001; Steacy et al., 2014; Torppa et al., 2012; Torppa et al., 2013;

Vaessen et al., 2009; Wolf & Bowers, 1999).

The literature review part consisted of several distinct subsections in which contents
and themes can be summarized as follows. The first subsection, a historical
overview of dyslexia, provided a chronological context in which current issues
relating to dyslexia—including the DDH—can be understood. In this subsection of
the literature review, it was established that dyslexia and alexia were first
scientifically noted in the late 19" century and that, over time, developmental

dyslexia in particular has come to be understand in neurological terms.
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The second subsection contained an overview of theories related to both dyslexia in
general and the DDH in particular. In this subsection of the literature review, it was
established both that the neurological and genetic bases for dyslexia have been
isolated, and that the DDH and related theories emphasize the combination of

naming skill and PA deficits as important contributors to dyslexia.

The third subsection contained a discussion of empirical studies on the DDH. In this
subsection of the literature review, it was established that there is substantial support
for the validity of the DDH as applied to children with dyslexia. However, the
existence of discrepant studies and studies that offered mixed support for the DDH
were also discussed. Overall, there appears to be more support for DDH than against
DDH in the older or seminal empirical literature. In terms of Arabic in particular, it
was established that i) there is support for the DDH among Arabic speakers,
particularly the young Arabic speakers who also constitute the population of the
current study; and ii) there is some evidence that the characteristics of Arabic will
exacerbate dyslexia among a population of Arabic-speaking schoolchildren. The
fourth subsection was an overview of gaps in the literature. In this subsection of the
literature review, it was established that the absence of multicollinearity testing, and

Alpha inflation are some of the main gaps in the existing literature.

The remainder of the study is structured as follows. The first part of chapter one
introduced the problem, research topic, basic orientation of the study. The second
part of chapter one introduced the literature review, contains a discussion, critical
analysis, and synthesis of both theoretical and empirical findings relevant to the
DDH and dyslexia. The second chapter contains a description and defence of the

research methodology and design of the study. The third chapter contains the
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findings of the study. The fourth chapter contains the discussion of the findings of
the study. The fifth chapter contains the conclusion of the study, including a relation
of the findings of the study to theories and past empirical findings, an
acknowledgement of the limitations of the study, recommendations for future

practice, recommendations for future research, and a summative conclusion.
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Chapter 2: Methods

2.1 Introduction

The purpose of the second chapter of the study is to describe and defend all relevant
aspects of the research methodology and design. In order to do so, the chapter has
been subdivided into several sections. First, a quantitative research methodology was
justified on the basis of the research questions. Second, descriptive statistics was
used and a correlational research design was justified based on the design for the
study. Third, the population and the sample were discussed. Fourth, the
instrumentations and measurements of the study were described. Fifth, threats to
reliability and validity—and the steps taken to mitigate these threats—were
discussed. Sixth, data collection was discussed. Seventh, data analysis was discussed.
Eighth, the possible ethical concerns of the study were described. Finally, a brief

conclusion summarized and defended the orientations of the study’s methodology.

2.2 Research Methodology

There are three commonly recognized research methodologies: Quantitative,
qualitative, and mixed methods (Balnaves & Caputi, 2001; Creswell, 2015; Creswell
& Plano Clark, 2011; Davies & Hughes, 2014; McBurney & White, 2011; McNabb,
2010; Trochim, Donnelly, & Arora, 2015; Zikmund, 2003). Quantitative methods are
recommended when variables can be measured quantitatively and when the focus of
a research question is on the mathematical relationship between objectively defined
variables (Balnaves & Caputi, 2001; Berger, 2013; Bernard & Bernard, 2012; Davies
& Hughes, 2014; Duffy, 1987). The topic of this study was the double-deficit

hypothesis (DDH), and the research questions of the study were as follows:



42
= RQL. Is the mean reading ability score significantly lower for individuals
with a double-deficit than for individuals with RAN-only or PA-only deficits
or individuals with no deficit?
= RQ2. What is the difference between the RAN-only deficit group and the
double-deficit group in the reading ability scores?
= RQ3. What is the difference between the PA-only deficit group and the
double-deficit group in the reading ability scores?
= RQ4. What is the difference between the no-deficit group and the double-

deficit group in the reading ability scores?

The research questions of the study could be answered through the comparison of

reading scores sorted by the RAN and PA deficits of students.

2.3 Research Design

With the tradition of quantitative methodology, there are four commonly recognized
types of designs: Correlational, survey-based, quasi-experimental, and experimental
(Balnaves & Caputi, 2001; Berger, 2013; Bernard & Bernard, 2012; Davies &
Hughes, 2014; Duffy, 1987). In correlational designs, the variables of interest pre-
exist in the population, there is no researcher sorting of subjects into groups, there is
no purposive intervention, and the main statistical technique is correlation between

the X variable(s) and Y variable(s) of a study (Keppel, Saufley, & Tokunaga, 1992).

The distinguishing characteristic of a true experiment is the experimenter’s ability to
isolate the variables of interest and administer the intervention (Balnaves & Capuiti,
2001). In a quasi-experiment, also known as a pseudo-experiment, the researcher has
limited control, because real-world conditions might prevent the sorting of a sample

into treatment and control groups, or because there are other limitations to the design
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and administration of an intervention (Balnaves & Caputi, 2001). Because the current
study did not include an intervention that was designed by the researcher, the study is

best described as correlational.

2.4 Population and Sample

The population of the study consisted of third-grade students in regular classrooms in
the United Arab Emirates (UAE). Selection of the third-grade students was because
they have typically mastered their native language (Kambanaros, Michaelides, &
Grohmann, 2015). Therefore, third-grade students are the youngest students among
whom testing of the DDH would be reliable, as testing among younger students
might result in the mistaking of linguistic immaturity or other unrelated concepts for

the presence of a double deficit.

The sample of the study consisted of 615 students aged 8-9 years. They are chosen
from one private and four public schools who are readers of standard Arabic in the
city of Al Ain. The lowest scoring twenty percent on the Arabic Reading Ability
Scale of the sample were selected to undergo further investigation, to test the DDH.
This selection was supported by World Health Organization (1995) which indicated
that the lowest of the 20% is determined statistically, according to the normal

distribution standardization of people around the world.

From this sample, 313 were female and 302 were male students. All of them were
native Arabic speakers with no reported history of intellectual, speech, language, or
hearing disabilities on file. Four groups were formed; 30 students with a double-
deficit group, 8 were female and 22 were male students; 61 students with two single-
deficit groups, 20 were female and 41 were male students; and 30 students with a no-

deficit group, 8 were male and 22 were female students.



44
An a priori sample size calculation was carried out in order to determine the
appropriate sample size for this study. In carrying out this analysis, the first
consideration was identifying the kind of inferential statistical test to be applied, as
recommended sample sizes vary depending on the kind of test that is chosen (Cohen,
2013). For this study, the choice of inferential statistical test was determined by the
main research question of the study, which was as follows: Is the mean reading score
significantly lower for individuals with RAN and PA deficits than for individuals
with RAN-only or PA-only deficits? In this research question, the dependent variable
that of reading score—as measured on the Arabic reading ability designed for this
study—was continuous in nature, and the independent variable, group membership,
had four possible levels (both RAN and PA deficit, RAN-only deficit, PA-only

deficit, and no deficit).

Thus, the research questions could only be answered by comparing the mean reading
scores for the four groups of students. When comparing the means for a single
dependent variable across an independent variable with more than two levels, the
appropriate parametric approach is Analysis of Variance (ANOVA). As noted,
ANOVA test had four levels; the level of significance was 0.05, the chosen power
was 0.95, and a moderate effect size of 0.25 was chosen. Each of these parameters
was recommended by Cohen (2015) as standard inputs for an a priori sample size
calculation for an ANOVA. G*Power 3.1.5 statistical software (Faul, Erdfelder,
Buchner, & Lang, 2009) was utilized to perform the a priori sample size calculation.
The results, presented in Figure 1 below, indicate that a sample size of 280 was

recommended on the basis of the chosen inputs:
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i G*Power 3.1.5 = %

| File Edit View Tests Calculator Help
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Central and noncentral distributions | Protocol of power analyses

critical F = 2.63731
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0

Test family Statistical test
[F tests vl lANOVA: Fixed effects, omnibus, one-way vJ
Type of power analysis
[A priori: Compute required sample size - given o, power, and effect size ']
Input Parameters Output Parameters
Determine =3 Effect size f 0.25 Noncentrality parameter A 17.5000000
o err prob 0.05 Critical F 2.6373109
Power (1-B err prob) 0.95 Numerator df 3
Number of groups 4 Denominator df 276
Total sample size 280
Actual power 0.9509908

Figure 2: Recommended sample size for the study. Note: original figure generated in
G*Power 3.1.15 software

There is a correlation between the sampling size and the sampling error (Bartlett,
Kotrlik, & Higgins, 2001). For illustration, the greater the sample size, the smaller
the standard error. In other words, the more the sample size, the closer the sample
will be to the actual population. Therefore, the sample in this study is much more
than 280 students, which will result in more reliable, valid and generalizable results.
One of the methodological factors affecting the sample selection in the study is that
the targeted population distributed across hundreds of private and public schools in
Al-Ain city and the researcher has to cover these schools in order to get to each of
the units in the targeted population, which is of course impossible. Accordingly, the

researcher used the cluster random sampling.

Therefore, the study’s sample size of 615 can be considered more than adequate for

the purposes of achieving a 0.25 effect size, a 0.05 level of significance, and a 0.95
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power for a four-group ANOVA. In other words, a sample of 615 people has a very
high chance of (a) detecting the effect of group membership on reading scores and
(b) generalizing beyond the sample of the study. These strengths of the large sample
will be augmented by the randomization of the sampling process, which further
ensures that study participants will be drawn from a representative cross-section of

the population.

2.5 Instrumentation and Measurements

There were three instruments designed for this study: (a) An Arabic reading ability
instrument (Appendix A), (b) a PA instrument (Appendix B), and (c) a RAN
instrument (Appendix C). These instruments were developed by the researcher
because of the absence of equivalent, psychometrically and thematically validated
instruments in the Arabic language. This section of the chapter contains a discussion
of each of these instruments, whereas the next section contains an overview of the
reliability and validity threats associated with each one as well as a discussion of

how these threats were overcome.

The Arabic reading ability scale was developed through a review of Arabic-language
textbooks utilized for the first through the third grades in the UAE. Material was
selected from this grade range in order to reflect the fullest possible range of material
that third-grade students are responsible for understanding, including not only grade-
specific material but also previously covered material. The Arabic reading ability
instrument consisted of 10 questions related to the Arabic alphabet, word / pseudo-
word identification and recognition, spelling, fluency, and comprehension ability.

The Arabic reading ability scale was scored on a continuous scale with a maximum
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possible of 50; higher scores represented higher Arabic reading ability, whereas

lower scores represented lower Arabic reading ability.

The PA instrument consisted of 10 sections, with each section involving 10 questions
and contributing 10% to the total PA scores. The PA instrument contained questions
about word discrimination like (<% «sl)), and the child ought to tell the examiner
whether these two words are rhyme or not; rhyme recognition like what word rhyme
with () from the following two words (a<ls «2i&); rhyme production, the child

ought to tell the examiner a word that rhyme some words like (J8); syllable blending

the fragments together fast, syllable segmentation like (1_...4—% < » &%), the examiner
says the word blocked and the child must break the word into parts; syllable deletion
like (52 0sv bas), the examiner say a word and the child must leave off one part;
phoneme recognition like (<), the examiner says a word and then the child must tell
him another word that starts with the same sound, phoneme blending like ( /—» /==
&), the examiner says the sounds of a word slowly and the child must say the word;
phoneme segmentation, the child must show the examiner the sounds in word
(&=); and phoneme deletion like (z\> )/ &/ osx z\s3), the examiner says a word
and leave off one sound. Cumulatively, these 10 skills encompassed the entire

construct of PA as it is described in the research literature.

The RAN instrument developed for the study contained four subtests for objects,
colours, numbers, and letters. Each of these four RAN subtests contained 50 items
and was arranged in five rows of 10 items each. The 5 different token items for each

subtest were pseudorandomised, with no item appeared consecutively on same line.
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2.5.1 Reliability and Validity

With every research design, instruments chosen for the collection of data must pass
the tests of validity and reliability before they can be considered good measures
(Dikko, 2016). Validity is the precision in which the findings accurately reflect the
data. Reliability, on the other hand, is the consistency of the analytical procedures,
including accounting for personal and research method biases that may have

influenced the findings (Noble & Smith, 2015).

It is important to be able to specify how reliability and validity for each of the
instruments in the study were assured. Reliability and validity will be discussed
separately for each of the instruments. Where necessary, special note were made of
the means utilized to protect against deficiencies in reliability and validity. A pilot

test was carried out in order to measure the specific reliability and validity values.

The construct validity of the PA instrument was measured through a correlation with
the RAN instrument. Because the PA and RAN questionnaires measure conceptually
distinct skills, it is expected that they will not be highly correlated. In fact, these two
scales were not highly correlated with each other in the pilot test, r = -0.175, p =

0.551.

In terms of the RAN scale, a Cronbach’s Alpha test was utilized to test the inter-
correlations between the scale items. Cronbach’s Alpha calculated for the RAN scale
was 0.521, below the cut-off value of 0.7 ordinarily (Creswell, 2015) recommended
for this statistic. However, it should be noted that Cronbach’s Alpha for the RAN
scale was calculated on the basis of results from only 13 students. Even instruments
that have a high Cronbach’s Alpha can yield a low Cronbach’s Alpha when tested on

small samples (Creswell, 2015).
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The Cronbach’s Alpha for RAN is calculated in a post hoc manner. If the Cronbach’s
Alpha for RAN is still below 0.7, this result will be addressed as a limitation of the
study. A Cronbach’s Alpha test was also conducted on the speed achieved on the
four RAN items. The Cronbach’s Alpha of this measure was 0.74, exceeding the cut-
off value of 0.7; therefore, the RAN scale was considered reliable in terms of

processing speed, even on the basis of a 13-person sample.

Thirty third-grade students participated for assessing the reliability of the instruments
used in this study. For the Arabic reading ability scale, an inter-rater reliability
assessment was carried out. Two raters were utilized for this assessment. A Pearson
correlation analysis indicated an extremely high level of correlation between the two
raters’ scores, I = 0.972, p < 0.0001. This analysis indicates that the two raters were
in almost perfect agreement with each other vis-a-vis the Arabic reading ability scale.
For the RAN, the Pearson correlation was carried out by several raters, not a pair of
raters. Nonetheless, the r value for the RAN scores as estimated by any rater was
never less than 0.9, p < 0.001, when compared to the RAN scores as estimated by
other rater. For the PA test, inter-rater reliability was never lower than r = 0.86, p <
0.001. Cumulatively, the inter-rater reliability analyses established the existence of
substantial agreement between raters on the three scales utilized in this study. In
conjunction with the other analyses described in this section of the chapter, there

appeared to be enough evidence that the scales were methodologically appropriate.

2.6 Data Collection

Data collection for the study were discussed in the context of the correlational
procedure. The sequential procedures for the study, and their associated data

collection steps, are as follows:



50
First, a sample of 615 students was assembled with the assistance of
administrators and other managerial personnel at the five schools
participating in this study. For illustration, in each school, every third-grade
section participated in the study gathered in an appropriate room to complete
the Arabic reading ability scale.
Second, each participating student was directed to do the Arabic reading
ability scale. Students were afforded 40 minutes to complete this instrument.
Trained undergraduate examiners from the United Arab Emirates University
were on hand to monitor and manage the testing process. They distributed the
test papers for the participants and they checked that each student has done
the test typically according to the exam instructions.
Third, the data from the Arabic reading ability scale had utilized to form four
groups. The outcomes of each student in the sample were tracked in a
spreadsheet; each student’s Arabic reading ability score was one of the line-
items on the spreadsheet.
Fourth, the PA test was administered individually through the monitoring of
trained examiners who managed the testing process. Students needed 40 to 55
minutes to complete. Each child’s PA score was recorded on a spreadsheet.
Fifth, the RAN test was administered individually under monitoring and
management of trained examiners. This test, like the PA test took 40 and 55
minutes to complete. Each child’s RAN score was recorded on a spreadsheet.

Sixth, the collected data were entered into SPSS 22 for analysis.
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2.7 Data Analysis

In order to answer the research questions, data analysis is determined by the research
questions of the study. And the main research question is as follows: Is the mean
reading score significantly lower for individuals with RAN and PA deficits than for
individuals with RAN-only or PA-only deficits? Because the research questions
posited the existence of (a) a continuous dependent variable and (b) more than two
levels of a nominal independent variable, it was only subject to data analysis through

an ANOVA.

An ANOVA has several assumptions that need to be met for the test to be carried out
(Altman, 1991; Kremelberg, 2010; Moore & McCabe, 2009; Natrella, 2013; Vogt &
Johnson, 2011) . The first assumption of ANOVA is that the chosen independent
variable is nominal (Altman, 1991; Kremelberg, 2010; Moore & McCabe, 2009;
Natrella, 2013; Vogt & Johnson, 2011). In this study, the independent variable is the
membership in one of four groups: A double-deficit group, a RAN-deficit group, a
PA-deficit group, and a no-deficit group. The next assumption of ANOVA is
independence of cases (Altman, 1991; Kremelberg, 2010; Moore & McCabe, 2009;
Natrella, 2013; Vogt & Johnson, 2011). Because each student in the study will
belong to one and only of the four groups, there is independence of cases in the

study.

The students will be tested separately. It means also individual answering to all
scales or tests used in this study and participants did not interact with each other in
any form. Third, ANOVA should possess homogeneity of variances, even though
ANOVAs are relatively robust to the heterogeneity of variances (Altman, 1991,

Kremelberg, 2010; Moore & McCabe, 2009; Natrella, 2013; Vogt & Johnson, 2011).
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In chapter three, the Levene Statistic for the one-way ANOVA is calculated and
presented, on the understanding that a Levene Statistic whose p value is below .05
indicates the possibility of heterogeneity of variance in the ANOVA. Finally, an
ANOVA dependent variable should possess a relatively normal distribution (Altman,
1991; Kremelberg, 2010; Moore & McCabe, 2009; Natrella, 2013; Vogt & Johnson,
2011). In order to test the normality of the Arabic reading ability scores distribution,
both the Shapiro-Wilk and Kolmogorov-Smirnov Statistics were calculated, and

results were presented in the third chapter.

There are two further considerations for data analysis in an ANOVA. The first
consideration pertains to hypothesis testing and results. The p value of an ANOVA
allows ANOVA-based null hypotheses to be rejected or fail to be rejected, but this p
value and the associated results do not indicate which of the levels of the
independent variable are significantly greater or less than the other levels of the
independent variable with respect to their performance on the mean of a dependent
variable (Altman, 1991; Kremelberg, 2010; Moore & McCabe, 2009; Natrella, 2013;
Vogt & Johnson, 2011). In this study, there are four groups: A double-deficit group,
a RAN-only deficit group, a PA-only deficit group, and a no-deficit group. The
research questions of the study imply the following specific comparisons:
= The reading ability score of the RAN-only deficit group is to be compared
with the reading ability score of the double-deficit group.
» The reading ability score of the PA-only deficit group is to be compared with
the reading ability score of the double-deficit group.
= The reading ability score of the no-deficit group is to be compared with the

reading ability score of the double-deficit group.
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= The reading ability scores among PA deficit group, RAN deficit group, and

no deficit group are to be compared.

In order to carry out these four specific comparisons, Tukey’s post hoc test will be
carried out after the ANOVA in case the test was statistically significant. The

Tukey’s post hoc test will provide a p value for each of these pair comparisons.

The final consideration in the ANOVA is to determine the sorting of the groups.
There are four groups in the study: A double-deficit group, a RAN-only deficit
group, a PA-only deficit group, and a no-deficit group. Without the existence of
these groups, the ANOVA itself cannot be carried out. Therefore, it is important to
be able to specify how the groups themselves were determined. Raw scores on these
measures were converted to percentiles in the full sample screened.
= Children with above 50™ percentile scores on PA test and taking normal time
on RAN test were considered to be as No Deficit (ND).
= Children demonstrating a performance below the 50" percentile on PA, and
taking a normal time on RAN performance were considered to have a PAD
and children scoring taking a long time on RAN and above the 50th
percentile on PA test were considered as NSD.
= Children who performed below the 25th percentile on PA test and taking long
time on the performance on the RAN test were identified as having double-
deficit.

All data analysis for the study were carried out in the SPSS software programme.
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2.8 Ethical Considerations

The study is conducted in accordance with the norms of ethical best practices in
research. No data was collected before obtaining institutional approval. Informed
consent has been sought from the schools and the parents of the schoolchildren
targeted for participation in the study. Information gathered for the study are kept
private. None of the information will be disseminated by the researcher. Once the
study is complete, all research information will be discarded by the researcher.
Student privacy is ensured by using alphanumeric coding to track scores on the three
instruments of the study (the Arabic reading ability scale, the RAN measure, and the
PA measure). The use of alphanumeric coding ensured that the identity of students

cannot be inferred from the raw data of the study.

2.9 Conclusion

The purpose of this chapter was to describe and defend all pertinent facets of the
methodology and design of this study. A quantitative, correlational, and ANOVA-
based approach was recommended to answer all of the research questions. The
findings in chapter three were presented in accordance with the methodological and

design approaches articulated in the second chapter of the study.
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Chapter 3: Results

3.1 Introduction

The purpose of this chapter was to present the findings of the study. This purpose
was achieved by (a) presenting the descriptive statistics of the study, (b) answering

the research questions. The research questions were as follows:

RQL. Is the mean reading ability score significantly lower for individuals
with a double-deficit than for individuals with Rapid Automatized Naming
(RAN)-only or Phonological Awareness (PA)-only deficits or individuals with

no deficit?

= RQ2. What is the difference between the RAN-only deficit group and the

double-deficit group in the reading ability scores?

= RQ3. What is the difference between the PA-only deficit group and the

double-deficit group in the reading ability scores?

= RQ4. What is the difference between the no-deficit group and the double-

deficit group in the reading ability scores?

Descriptive statistics were calculated for RAN deficits, PA deficits, and reading
ability scores. The central tendency measured in the study were mean, median,
skewness, standard deviation, Kkurtosis, range (encompassing minimum and
maximum values), and quartile values. For purposes of hypothesis testing, the Alpha
associated with each research question was 0.05. Many numbers can be used for
alpha in theory and in practice, the most commonly used is 0.05. The reason for this

is both because agreement shows that this level is appropriate in many cases, and
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historically, it has been acknowledged as the standard. In addition, measures of effect
size were calculated for each research question. All data analyses for the study were
conducted in SPSS, version 22.0. Effect size calculations were carried out with the
assistance of online software from Psychometrika to assist the internally displaced

persons (IDPs) (Das, Haldar, Gupta, & Mitra, 2016).

3.2 Student Descriptive Statistics

Data were collected from 121 students, of these 121 students, 75 attended ABZ
School, 28 attended G School, and 18 attended N School. The only participants’
gender is stated here. There were 50 females and 71 males in the sample. Thirty
students were in the double-deficit group, 30 students were in the RAN deficit group,

31 students were in the PA deficit group, and 30 students were in the no-deficit

group.
3.2.1 Reading Ability Descriptive Statistics

The reading ability descriptive statistics are presented in Table 1 below. The reading
ability assessment was designed to measure the ability of Arabic-speaking
schoolchildren to decoding and receptive language skills. The test included measures

of alphabet, word recognition, phonics, spelling, passage comprehension, fluency.

Table 1: Reading Ability Descriptive Statistics

Sample Mean Standard Minimum Maximum
Size Deviation
Entire Sample 131 19.32 10.16 15 38
Double-
Deficit Group 30 8.77 3.29 15 13
RAN Group 30 17.14 2 14 22.60
PA Group 31 15.98 2.76 13 23.30

No-Deficit Group 30 35.50 1.25 34 38
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The mean of the reading ability scores of the double-deficit group was lower than the
means of the reading ability scores of each of the other three groups. The reading
ability scores of the RAN- and PA-deficit groups were comparable. The reading
ability scores of the no-deficit group were substantially better than those of the other
three groups. In addition, the standard deviation of the double-deficit group was
bigger than that in other groups which indicates more variation among students in

this group.

3.2.2 Phonological Awareness Descriptive Statistics

The PA descriptive statistics are presented in Table 2 below.

Table 2: PA Descriptive Statistics

Sample Size Mean Standard Deviation Minimum  Maximum
Entire Sample 49.62 27.26 0 99
121

Double-Deficit Group 20.63 4.59 7 26
30

RAN Group 59.40 11.25 49 86
30

PA Group 31.74 10.67 0 45
31

No-Deficit Group 87.30 5.63 25 99
30

Interestingly, the PA scores of the double-deficit group were even lower than the PA
scores of the PA-deficit group. Once again, the no-deficit group was significantly

better on this measure.
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3.2.3 Rapid Automatized Naming Descriptive Statistics

RAN data were collected for four different measures: RAN scores for colours, RAN
scores for objects, RAN scores for numbers, RAN scores for letters, time taken for
colours, time taken for objects, time taken for numbers, and time taken for letters.
For purposes of descriptive statistics, measures of central tendency were obtained for
both RAN scores and RAN times. The RAN descriptive statistics are presented in

Table 3.

Table 3: RAN Descriptive Statistics, the mean and the standard deviation (Based on

Number of RAN Mistakes)

Double- RAN Group PA Group No-Deficit
Deficit Group Group
RAN Colours  1.47 (2.66) 4.67 (14.42) 1.40 (2.04) 0.47 (0.86)
Mean (SD)
RAN Colours  0-13 0-78 0-7 0-3
Range
RAN Objects  3.33(8.93) 1.40 (2.53) 3.37 (5.56) 3.67 (11.44)
Mean (SD)
RAN Objects  0-48 0-9 0-24 0-47
Range
RAN 6.77 (12.61)  1.37(2.02) 2.17 (4.01) 0 (0)
Numbers
Mean (SD)
RAN 0-45 0-8 0-21 0-0
Numbers
Range
RAN Letters  22.17 (19.13) 5.27 (5.21) 8.20 (11.83) 1.27 (6.75)
Mean (SD)
RAN Letters  0-50 0-15 0-45 0-37

Range
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For the RAN deficit group, the mean of RAN Colours mistakes was 4.67 (SD =
14.42), the mean of RAN Objects mistakes was 1.40 (SD = 2.52), the mean of RAN
Numbers mistakes was 1.37 (SD = 2.02), and the mean of RAN Letters mistakes was
5.27 (SD = 5.21). Note that the discrepancy between RAN Letters mistakes and
mistakes in the other RAN tests was much smaller for the RAN deficit group than for
the double-deficit group, which supports the inference that dyslexia was both more
widespread and more pronounced in the double-deficit group. For the PA deficit
group, the mean of RAN Colors mistakes was 1.40 (SD = 2.04), the mean of RAN
Objects mistakes was 3.37 (SD = 5.55), the mean of RAN Numbers mistakes was

2.17 (SD = 4.009), and the mean of RAN Letters mistakes was 8.20 (SD = 11.83).

Note that the discrepancy between RAN Letters mistakes and mistakes in the other
RAN tests was much smaller for the PA deficit group than for the double-deficit
group, which supports the inference that dyslexia was both more widespread and
more pronounced in the double-deficit group. For the no-deficit group, the mean of
RAN Colors mistakes was 0.47 (SD = 0.86), the mean of RAN Objects mistakes was
3.67 (SD = 11.44), the mean of RAN Numbers mistakes was 0.000 (SD = 0.000), and
the mean of RAN Letters mistakes was 1.27 (SD = 6.75). Note that the discrepancy
between RAN Letters mistakes and mistakes in the other RAN tests was much
smaller for the no-deficit group than for the double-deficit group that supports the
inference that dyslexia was both widespread and more pronounced in the double-

deficit group.

Second, descriptive statistics were collected for RAN times. For the double-deficit
group, the mean of RAN Colours time was 75.67 (SD = 16.08), the mean of RAN

Objects time was 91.70 (SD = 39.33), the mean of RAN Numbers time was 85.83
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(SD = 28.47), and the mean of RAN Letters time was 139.47 (SD = 50.10). The
discrepancy between RAN Letters time and time in the other RAN tests is
theoretically predicted, as dyslexia affects letters more so than the other components
of RAN testing and would therefore cause participants to take more time on the RAN
letters test. Note that skewness for all RAN test times was positive, indicating that, in
each case, there were more individuals to the left rather than to the right of the

respective RAN time means.

Table 4: RAN Descriptive Statistics, the mean and the standard deviation (Based on

RAN Times)

Double- RAN Group PA Group No-Deficit

Deficit Group Group
RAN Colors 75.67 (16.09) 77.00 (25.97) 52.63 (4.98) 41.97 (6.03)
Mean (SD)
RAN Colors 53-123 2-140 43-61 30-57
Range
RAN Objects  91.70(39.33) 84.20 (21.47) 54.90 (12.27) 41.47
Mean (SD) (13.27)
RAN Objects  48-251 38-130 3-69 0-61
Range
RAN 85.83(28.47) 82.23(31.64) 51.20 (6.80) 38.97 (9.59)
Numbers
Mean (SD)
RAN 49-180 55-210 39-64 28-60
Numbers
Range
RAN Letters  139.47 100.77 (34.07) 54.47 (9.10) 42.87
Mean (SD) (50.10) (13.55)
RAN Letters  77-270 51-195 40-90 0-71

Range
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For the RAN deficit group, the mean of RAN Colours time was 77.00 (SD = 25.96),
the mean of RAN Objects time was 84.20 (SD = 21.47), the mean of RAN Numbers
time was 82.23 (SD = 31.63), and the mean of RAN Letters time was 100.77 (SD =
34.07). Note that the discrepancy between RAN Letters time and time in the other
RAN tests was much smaller for the RAN deficit group than for the double-deficit
group, which supports the inference that dyslexia was both more widespread and

more pronounced in the double-deficit group.

For the PA deficit group, the mean of RAN Colours time was 52.63 (SD = 4.97), the
mean of RAN Objects time was 54.90 (SD = 12.26), the mean of RAN Numbers time
was 51.20 (SD = 6.80), and the mean of RAN Letters time was 54.47 (SD = 9.10).
Note that the discrepancy between RAN Letters time and time in the other RAN tests
was much smaller for the PA deficit group than for the double-deficit group, which
supports the inference that dyslexia was both more widespread and more pronounced
in the double-deficit group. In addition, it should be noted that the PA deficit group
completed the RAN tasks faster than the RAN deficit group, which is theoretically
expected, and which also validates the procedure utilized to sort study participants

into the RAN deficit group.

For the no-deficit group, the mean of RAN Colours time was 41.97 (SD = 6.02), the
mean of RAN Objects time was 41.47 (SD = 13.26), the mean of RAN Numbers time
was 38.97 (SD = 9.58), and the mean of RAN Letters time was 42.87 (SD = 13.55).
Note that the discrepancy between RAN Letters time and time in the other RAN tests
was much smaller for the no-deficit group than for the double-deficit group, which
supports the inference that dyslexia was both more widespread and more pronounced

in the double-deficit group.
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The roles of RAN and PA scores will be discussed further in the assumptions testing
that follows at the end of the chapter. With respect to the double-deficit, one point of
special interest—and an assumption underlying the separation of the sample into four
groups- was that RAN, and PA deficits would be at least as large in the double-
deficit group as in the RAN-only and PA-only deficit groups, respectively. An

ANOVA procedure provided the means to test this critical assumption of the study.

3.3 Research Questions Answers

3.3.1 RQ1 Answer

Is the mean reading ability score significantly lower for individuals with a double-
deficit than for individuals with RAN-only or PA-only deficits or individuals with no
deficit?

This question was answered by using one-way analysis of variance (ANOVA) in
which the predictor variable was the groups (no-deficit, the double-deficit, the RAN

deficit, and the PA deficit) and the dependent variable was the reading ability score.

The results indicated that ANOVA was significant, F (3, 117) = 645.973, p < 0.001.
Then, this significant result was followed by post hoc pairwise comparisons. The
results of Tukey’s test indicated that there were significant differences between (a)
the double-deficit group and the RAN deficit group, (b) the double-deficit group and
the PA deficit group, and (c) the double-deficit group and the no-deficit group. The
double-deficit group’s reading ability was 8.36 points lower than the RAN deficit
group, 7.20 points lower than the PA deficit group, and 26.73 points lower than the

no-deficit group.
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The Cohen’s d measure of effect size was calculated for these results. In order to
calculate Cohen’s d, it was first necessary to calculate means, standard deviations,
and sample sizes for each of the comparison groups. These data have been presented
in Table 5 below and were input into IDP’s (2016) effect size calculator for Cohen’s
d. Each of the effect sizes was large, indicating that the differences are not merely

statistically significant but also practically meaningful.

Table 5: Effect Sizes, RQ1

No-Deficit RAN Deficit PA Deficit Double Deficit

No-Deficit

RAN Deficit d=-10.97
(large effect)

PA Deficit d=-9.05 d=-0.48
(large effect)  (large effect)

Double Deficit d=-10.74 d=-3.36 d=-2.37
(large effect)  (large effect)  (large effect)

3.3.2 RQ2 Answer

What is the difference between the RAN-only deficit group and the double-deficit
group in the reading ability scores?

This question was answered through the same Tukey’s post hoc test applied after
ANOVA test. For RQ2, it was noted that the double-deficit group’s reading ability
was 8.36 points worse than the RAN deficit group, and that this difference was
statistically significant at p < 0.001. As calculated earlier, the Cohen’s d effect size

of this comparison was -3.36, meaning a large difference (as d > 0.8).
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3.3.3 RQ3 Answer

What is the difference between the PA-only deficit group and the double-deficit
group in the reading ability scores?

This question was answered through the same Tukey’s post hoc test applied after
ANOVA test. For RQ3, it was noted that the double-deficit group’s reading ability
was 7.20 points worse than the PA deficit group, and that this difference was
statistically significant at p < 0.001. As calculated earlier, the Cohen’s d effect size of

this comparison was -2.37, meaning a large difference (as d > 0.8).

3.3.4 RQ4 Answer

What is the difference between the no-deficit group and the double-deficit group in
the reading ability scores?

This question was answered through the same Tukey’s post hoc test applied after
ANOVA test. For RQ4, it was noted that the double-deficit group’s reading ability
was 26.73 points worse than the no-deficit group, and that this difference was
statistically significant at p < 0.001. As calculated earlier, the Cohen’s d effect size of

this comparison was -10.74, meaning a large difference (as d > 0.8).

3.4 PA and RAN Difference

The purpose of this section of the chapter is to explore the PA and RAN differences
among the four groups in the study. A secondary purpose is to determine how well
the double-deficit performed in PA and RAN measures when compared against the
remainder of the sample. The first step in the analysis was to conduct an ANOVA,

the results of which are presented in Table 6 below. As mentioned earlier, RAN test
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has two types of measures; the number of mistakes and the length of time as well as

each of them has four subscales while PA test has only one total score.

Table 6: ANOVA, Group Comparisons by RAN and PA Measures

Sum of df Mean F Sig.
Squares Square
Between 80578.110 3 26859.370  364.632 0.000
PA Score Gr_o ups
Within Groups  8618.402 117 73.662
Total 89196.512 120
Between
303.200 3 101.067 1.837 0.144
RAN Colors Groups
(Mistakes) Within Groups  6380.800 116 55.007
Total 6684.000 119
Between
RAN Objects Groups 97.092 3 32.364 0.522 0.668
(Mistakes) Within Groups  7191.500 116 61.996
Total 7288.592 119
Between
RAN Numbers Groups 774.825 3 258.275 5.763 0.001
(Mistakes) Within Groups  5198.500 116 44.815
Total 5973.325 119
Between
7426.22 2475.4 17.1 .
RAN Letters Groups 6.225 3 5.408 08 0.000
(Mistakes) Within Groups 16784.700 116 144.696
Total 24210.925 119
gf;"uvggn 27021.367 3 9007.122  36.240  0.000
RAN Colors (TiMe) \viihin Groups 28830.600 116 248.540
Total 55851.967 119
Between
RAN Objects Groups 50992.200 3 16997.400 29.124  0.000
(Time) Within Groups 67701.267 116 583.632
Total 118693.467 119
Between
47952.292 3 15984.097 32.791  0.000
RAN Numbers Groups
(Time) Within Groups  56545.300 116 487.459
Total 104497.592 119
Between
RAN Letters Groups 177636.825 3 59212.275 60.154 0.000
(Time) Within Groups  114183.767 116 984.343
Total 291820.592 119

Seven out of nine ANOVAs were statistically significant; particularly, found that:

= There was a significant difference in PA score between the four groups, F (3,

117) = 364.63, p < 0.001.
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= There was a significant difference in RAN Numbers (mistakes) between the
four groups, F (3, 116) = 5.76, p = 0.001.

= There was a significant difference in RAN Letters (mistakes) score between
the four groups, F (3, 117) = 17.11, p < 0.001.

= There was a significant difference in RAN Colours (time) between the four
groups, F (3, 117) = 36.24, p < 0.001.

= There was a significant difference in RAN Objects (time) between the four
groups, F (3, 116) = 29.13, p < 0.001.

= There was a significant difference in RAN Numbers (time) between the four
groups, F (3, 116) = 32.79, p < 0.001.

= There was a significant difference in RAN Letters (time) between the four

groups, F (3, 116) = 60.15, p < 0.001.

Conducted on PA Score, Tukey’s post hoc test revealed two points of interest. First,
the double-deficit group did significantly worse on PA than every other group,
including the PA deficit group. Second, the PA deficit group did significantly worse
on PA than the RAN deficit and no-deficit groups. Thus, the study was well-designed
in terms of distinguishing the PA deficit group from the RAN deficit group, and the
study found evidence that individuals with double-deficits have significantly worse
PA than individuals who have PA deficits but not RAN deficits. This finding is
important in its own right and has been discussed in greater detail in the fourth

chapter of the study.



Table 7: Tukey’s Results, PA Differences
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Multiple Comparisons

Dependent Variable: PA Score

Tukey HSD
(1) Group (J) Group Mean Std. Sig. 95% Confidence
Difference Error Interval
(1-J) Lower Upper
Bound Bound
RAN Deficit Group -38.767°  2.216 0.000 -44.54 -32.99
Double Deficit Group  PA Deficit Group -11.109°  2.198 0.000 -16.84 -5.38
No Deficit Group -66.667°  2.216 0.000 -72.44 -60.89
Double Deficit Group 38.767° 2216 0.000 32.99 44.54
RAN Deficit Group PA Deficit Group 27.658"  2.198 0.000 21.93 33.39
No Deficit Group -27.900°  2.216 0.000 -33.68 -22.12
Double Deficit Group 11.109"  2.198 0.000 5.38 16.84
PA Deficit Group RAN Deficit Group -27.658"  2.198 0.000 -33.39 -21.93
No Deficit Group -55,558"  2.198 0.000 -61.29 -49.83
Double Deficit Group 66.667"  2.216 0.000 60.89 72.44
No Deficit Group RAN Deficit Group 27.900° 2216 0.000 22.12 33.68
PA Deficit Group 55.558"  2.198 0.000 49.83 61.29

*. The mean difference is significant at the 0.05 level.

Next, Tukey’s post hoc analyses were conducted on two of the six RAN measures

that the ANOVA found to be significant. The Tukey’s test appearing in Table 8

indicates that the double-deficit group had significantly more mistakes for RAN

Numbers and RAN Letters than any of the other groups.



Table 8: Tukey’s Results, RAN Numbers (Mistakes) and Letters (Mistakes)

differences
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Multiple Comparisons

Tukey HSD
Dependen (1) Group (J) Group Mean Std. Sig.  95% Confidence
t Variable Differenc  Error Interval
e (1)) Lower  Upper
Bound Bound
Double Deficit RAN D_ef_icit Group 5.400: 1.728 0.012 0.89 9.91
Group PA Def.IC.It Group 4.600* 1.728 0.043 0.09 9.11
No Deficit Group 6.767 1.728 0.001 2.26 11.27
Double Deficit x
RAN Deficit Group -5.400 1.728 0.012 -9.91 -0.89
Group PA Deficit Group -0.800 1.728 0.967 -5.31 3.71
No Deficit Group 1.367 1.728 0.859 -3.14 5.87
RAN Double Deficit N
Numbers PA Deficit Group -4.600 1.728 0.043 -9.11 -0.09
Group RAN Deficit Group 0.800 1.728 0.967 -3.71 531
No Deficit Group 2.167 1.728 0.594 -2.34 6.67
Double Deficit 6767° 1728 0001 -11.27  -2.26
No Deficit Group Group .-
RAN Deficit Group -1.367 1.728 0.859 -5.87 3.14
PA Deficit Group -2.167 1.728 0.594 -6.67 2.34
Double Deficit RAN D_efjcit Group 16.900: 3.106 0.000 8.80  25.00
Group PA Def_lc_lt Group 13.967* 3.106  0.000 5.87 22.06
No Deficit Group 20.900 3.106 0.000 12.80 29.00
Double Deficit .
RAN Deficit Group -16.900 3.106 0.000 -25.00 -8.80
Group PA Deficit Group -2.933 3.106 0.781 -11.03 5.16
No Deficit Group 4.000 3.106 0.572 -4.10 12.10
Eﬁtgrs Double Deficit -13.967° 3106 0000 -22.06  -5.87
PA Deficit Group ' ' ' ' '
Group RAN Deficit Group 2.933 3.106 0.781 -5.16 11.03
No Deficit Group 6.933 3.106 0.121 -1.16 15.03
Double Deficit -20.900°  3.106 0000 -29.00 -12.80
No Deficit Group Group -
RAN Deficit Group -4.000 3.106 0572 -12.10 4.10
PA Deficit Group -6.933 3.106 0.121 -15.03 1.16

*. The mean difference is significant at the 0.05 level.

In terms of the time taken for the RAN tests, it was found that the double-deficit

group was significantly slower than the PA and no-deficit groups for RAN Colours,

RAN Objects, and RAN Numbers. The double-deficit group was significantly slower

than each of the three other groups in the time taken for RAN Letters.



Table 9: Tukey’s Results, RAN Time Differences
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Multiple Comparisons

Tukey HSD
Dependent (1) Group (J) Group Mean Std. Sig. 95% C.1.
Variable Difference  Error Lower  Upper
Double Deficit RAN Dgf_icit Group -1.33% 4.071 0.988 -11.94 9.28
Group PA Deficit Group 23.033" 4.071 0.000 1242 3364
No Deficit Group 33.700" 4.071 0.000 23.09 4431
RAN Deficit Double'D_eficit Group 1.33% 4,071 0.988 -9.28 11.94
Group PA Deficit Group 24.367° 4.071 0.000 13.76 3498
RAN Colors No Deficit Group 35.033" 4.071 0.000 2442 4564
(Time) Double Deficit Group -23.033*  4.071 0.000 -33.64 -12.42
PA Deficit Group RAN Deficit Group -24.367°  4.071 0.000 -3498 -13.76
No Deficit Group 10.667° 4.071 0.048 0.06 21.28
Double Deficit Group -33.700" 4.071 0.000 -4431  -23.09
No Deficit Group RAN Deficit Group -35.033" 4.071 0.000 -45.64  -24.42
PA Deficit Group -10.667" 4.071 0.048 -21.28 -0.06
Double Deficit RAN Dgf_icit Group 7.50(2 6.238 0.627 -8.76  23.76
Group PA Def_lc_ltGroup 36.800* 6.238 0.000 20.54  53.06
No Deficit Group 50.233" 6.238 0.000 33.97  66.49
- Double Deficit Group -7.500 6.238 0.627 -23.76 8.76
RAN Deficit . *
. Group PA Def_lc_ltGroup 29.300* 6.238 0.000 13.04 4556
RAN Objects No Deficit Group 427337 6.238 0.000 26.47  58.99
(Time) Double Deficit Group -36.800" 6.238 0.000 -53.06  -20.54
PA Deficit Group RAN Deficit Group -29.300" 6.238 0.000 -4556  -13.04
No Deficit Group 13433 6.238 0.143 -2.83  29.69
Double Deficit Group -50.233"  6.238 0.000 -66.49  -33.97
No Deficit Group RAN Deficit Group -42.733"  6.238 0.000 -58.99  -26.47
PA Deficit Group -13.433  6.238 0.143 -29.69 2.83
Double Deficit RAN D_ef_icit Group 3.609 5.701 0.922 -11.26  18.46
Group PA Deficit Group 34.633" 5.701 0.000 19.77 4949
No Deficit Group 46.867" 5.701 0.000 32.01  61.73
RAN Deficit Double_D_eficit Group -3.609 5.701 0.922 -18.46  11.26
Group PA Deficit Group 31.033" 5.701 0.000 16.17  45.89
RAN Numbers No Deficit Group 43.267" 5.701 0.000 28.41 58.13
(Time) Double Deficit Group -34.633" 5.701 0.000 -49.49  -19.77
PA Deficit Group RAN Deficit Group -31.033" 5.701 0.000 -4589 -16.17
No Deficit Group 12.233 5.701 0.145 -2.63  27.09
Double Deficit Group -46.867" 5.701 0.000 -61.73  -32.01
No Deficit Group RAN Deficit Group -43.267" 5.701 0.000 -58.13  -2841
PA Deficit Group -12.233 5701 0.145 -27.09 2.63
Double Deficit RAN D_ef_icit Group 38.700: 8.101 0.000 1758  59.82
Group PA Deficit Group 85.000" 8.101 0.000 63.88 106.12
No Deficit Group 96.600" 8.101 0.000 75.48 117.72
- Double Deficit Group -38.700" 8.101 0.000 -59.82  -17.58
RAN Deficit .. *
Group PA Def_lc_ltGroup 46.300* 8.101 0.000 2518 67.42
RAN Letters No Deficit Group 57.900° 8.101 0.000 36.78 79.02
(Time) Double Deficit Group -85.000" 8.101 0.000 -106.12 -63.88
PA Deficit Group RAN Deficit Group -46.300" 8.101 0.000 -67.42  -25.18
No Deficit Group 11.600 8.101 0.482 -952 3272
Double Deficit Group -96.600" 8.101 0.000 -117.72 -75.48
No Deficit Group RAN Deficit Group -57.900" 8.101 0.000 -79.02  -36.78
PA Deficit Group -11.600 8.101 0.482 -32.72 9.52

*. The mean difference is significant at the 0.05 level.
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3.5 Summary of Findings

The main findings of the study were as follows, presented in order of the research

questions of the study.

1)

2)

3)

4)

The first research question was as follows: Is the mean reading ability score
significantly lower for individuals with a double-deficit than for individuals
with RAN-only or PA-only deficits or individuals with no deficit? It was
found that the double-deficit group’s reading ability was significantly worse

than that of all of the other groups.

The second research question was as follows: What is the difference between
the RAN-only deficit group and the double-deficit group in the reading ability
scores? The double-deficit group’s reading ability was significantly worse

than the RAN deficit group

The third research question was as follows: What is the difference between
the PA-only deficit group and the double-deficit group in the reading ability
scores? The double-deficit group’s reading ability was significantly worse

than the PA deficit group.

The fourth research question was as follows: What is the difference between
the no-deficit group and the double-deficit group in the reading ability
scores? The double-deficit group’s reading ability was significantly worse

than the no-deficit group.
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Chapter 4: Discussion

The specific focus of the study was on the double-deficit hypothesis as applied to a
sample of third-grade Arabic-speaking students in the UAE. The double-deficit
hypothesis (Aboudan, Eapen, Bayshak, Al-Mansouri, & Al-Shamsi, 2011; Badian,
1997; Castles & Friedmann, 2014; Denckla & Cutting, 1999; Ehri, 1980; Landerl,
Wimmer, & Frith, 1997; Mannai & Everatt, 2005; Moody et al., 2000; Pennington,
Cardoso-Martins, Green, & Lefly, 2001; Ramus, Marshall, Rosen, & van der Lely,
2013; Siegel, 2006; Steacy, Kirby, Parrila, & Compton, 2014; Thambirajah, 2010;
Torppa et al., 2013; Vaessen, Gerretsen, & Blomert, 2009) is the claim that
individuals who have both RAN and PA deficits will be worse readers than (a) those
readers who have RAN deficits only, (b) those readers who have PA deficits only,

and (c) those readers who have neither RAN deficits nor PA deficits.

There is theoretical support for the existence of the double-deficit effect. In Morton’s
(2004) model, PA deficits are considered cognitive, whereas RAN deficits are
considered behaviour. Thus, in Morton’s theory, an individual with a double deficit
would be more likely to have a higher intensity of dyslexia, given the combination of
a cognitive and a behavioural deficit. Cutting et al. (2013) review of neuroimaging
data established that individuals with the most severe dyslexia have detectable
deficits in areas associated with both PA and RAN in the brain. Thus, the theoretical

support for the double-deficit hypothesis is also neuroanatomical in nature.

Another means of testing the double-deficit hypothesis involves measuring reading
abilities across numerous groups, typically (a) those readers with a double deficit, (b)
those readers who have RAN deficits only, (c) those readers who have PA deficits

only, and (d) those readers who have neither RAN deficits nor PA deficits. Using



72
statistical techniques such as analysis of variance (ANOVA), it is possible to
determine whether, as predicted by the double-deficit hypothesis, individuals who

have the double deficit are worse than all other groups of readers.

The main finding of the dissertation was that, in fact, individuals with double deficits
have lower reading abilities in Arabic. Specifically, it was found that the double-
deficit group’s reading ability was 8.36 points lower than the RAN deficit group
(Cohen’s d = -3.36, 95% confidence interval = -4.14 to -2.57), 7.20 points worse than
the PA deficit group (Cohen’s d = -2.37, 95% confidence interval = -3.03 to -1.71),
26.73 points lower than the no-deficit group (Cohen’s d = -10.73, 95% confidence
interval = -12.72 to -8.75), and that each of these pairwise differences was
statistically significant at p < 0.001. These findings confirmed the double-deficit
hypothesis with respect to the sample of the study, consisting of third-grade Arabic

readers from UAE.

The findings of the study added to the body of existing empirical findings (Abu-
Rabia, 2007; Badian, 1997; Cronin, 2013; de Groot et al., 2015; Heikkila et al., 2015;
Layes et al., 2015; Saiegh-Haddad, 2005; Steacy et al., 2014; Wolf & Bowers, 1999)
that provided unqualified support for the double-deficit hypothesis. The findings
contradicted the results of Cirino et al. (2005), because Cirino et al. (2005) study
refuted the double-deficit hypothesis and the current study confirmed the double-

deficit hypothesis.

This study did not only confirm existing findings but also added to the body of
knowledge on the double-deficit hypothesis. First, the findings included the effect
sizes of group membership on reading ability, adding a measure of quantification of

the double-deficit hypothesis that does not exist in the recent and seminal literature
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(Abu-Rabia, 2007; Badian, 1997; Cronin, 2013; de Groot et al., 2015; Heikkila et al.,
2015; Layes et al., 2015; Saiegh-Haddad, 2005; Steacy et al., 2014; Wolf & Bowers,
1999) in support of the double-deficit hypothesis. The Cohen’s d effect sizes were

reported in chapter three and also repeated at the beginning of chapter four.

Second, the findings included insights from Tukey’s post hoc tests that were able to
quantify group-by-group differences. This approach has not been followed in
previous studies (Abu-Rabia, 2007; Badian, 1997; Cronin, 2013; de Groot et al.,
2015; Heikkila et al., 2015; Layes et al., 2015; Saiegh-Haddad, 2005; Steacy et al.,
2014; Wolf & Bowers, 1999) in support of the double-deficit hypothesis. The use of
Tukey’s posts hoc test meant that the study’s findings were more reliable than
previous findings in which neither covariate impacts, nor specific between-groups
differences were quantified by researchers (Abu-Rabia, 2007; Badian, 1997; Cronin,
2013; de Groot et al., 2015; Heikkila et al., 2015; Layes et al., 2015; Saiegh-Haddad,
2005; Steacy et al., 2014; Wolf & Bowers, 1999) who otherwise found support for

the double-deficit hypothesis.

Third, the findings added to the relatively small empirical knowledge base on the
double deficit in Arabic (Abu-Rabia, 2007; Abu-Rabia & Abu-Rahmoun, 2012;
Layes et al., 2015; Natour et al., 2016; Saiegh-Haddad, 2005). The study triangulated
three previous (Abu-Rabia, 2007; Layes et al.,, 2015; Saiegh-Haddad, 2005)
confirmations of the double-deficit hypothesis in Arabic. Some of the specific
findings of these studies, in relation to the current study, are presented below;
because these studies were also carried out among Arabic-speaking schoolchildren,
their results are particularly relevant to the results of the current study as presented

earlier in the fourth chapter.
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Layes et al. (2015) created a sub-sample of 108 normal readers and 23 readers with
dyslexia. The intelligence of the normal readings and readers with dyslexia was
adjusted to be statistically insignificant, on the basis of an application of the
Coloured Progressive Matrices to each group. The members of both the case and
control group of the first experiment were drawn from the 4" and 5" grades. After an
administration of the appropriate instruments, Layes et al. (2015) compared the
normal and readers with dyslexia in three clustered measures: (a) Reading word
accuracy, (b) reading word speed, and (c) cognitive skills. Using independent
samples t-tests to calculate both a t and p value, and Cohen’s d as a measure of effect
size, Layes et al. (2015) discovered the existence of substantial differences between

the normal reading group and the readers with dyslexia.

The normal reading group was found, at p < 0.01, to outperform the dyslexic reading
group in every measure of reading accuracy: Total words (t = 14.59, p < 0.001,
Cohen’s d = 2.55); frequent simple words (t = 8.28, p < 0.001, Cohen’s d = 1.45);
frequent complex words (t = 10.33, p < 0.001, Cohen’s d = 1.81); infrequent simple
words (t = 2.45, p < 0.01, Cohen’s d = 0.42); infrequent complex words (t =4.22, p
< 0.001, Cohen’s d = 0.74); and pseudo-words (t = 7.05, p < 0.001, Cohen’s d =
1.23). As reading accuracy is a measure of PA, these results indicated that the
students with dyslexia in Layes et al. (2015) study had substantially less PA than the
normal reading group, and this finding was confirmed in the current study. Layes et
al. (2015) hypothesized that the scope of the discrepancies between the normal
readers and the readers with dyslexia was exacerbated by the special features of the
Arabic language—in particular, Arabic’s non-transparent nature—that render reading
difficult. This aspect of Layes et al. (2015) finding was also hypothesized to be

correct in the context of the current study.
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Abu-Rabia (2007) conducted a study on various measures of reading performance
among dyslexic and non-dyslexic Arabic-speaking students in grades three, six, nine,
and twelve. This study divided reading measures into (a) phonology; (b) morphology
(identification); (c) morphology (production); (d) syntax; (e) isolated words, (f)
spelling, and (g) reading comprehension. For grades 3, 6, 9, and 12 normal readers
were found to exceed readers with dyslexia in all of these measures, at p < 0.05. As
measures of both PA and RAN were included in Abu-Rabia’s study, this study, like
that of Layes et al. (2015), can be taken as confirming the DDH among a sample of
Arabic-speaking schoolchildren. Abu-Rabia’s (2007) findings were also confirmed in

the current study.

Saiegh-Haddad (2005) conducted a study on the correlates of reading fluency in
Arabic. This study was notable for its testing of the triple-deficit hypothesis, as, in
addition to tests of PA (based in phoneme discrimination and phoneme isolation) and
RAN, Saiegh-Haddad (2005) also testing for letter recoding speed, an orthographic
skill. Saiegh-Haddad (2005) also tested for short-term working memory. In addition,
Saiegh-Haddad’s study was particularly relevant to Arabic diglossia, as the study
was conducted on both spoken vernacular and MSA. Saiegh-Haddad (2005) study
was carried out with a sample of 42 first-grade students from an Arab village in
Palestine; these participants all spoke the same vernacular variant of Arabic. Despite
its applicability as a test of the DDH, Saiegh-Haddad (2005) study was neither
delimited to students with dyslexia nor distinguished between dyslexic and non-
dyslexic students in its data analysis. These features of Saiegh-Haddad (2005) study

were duplicated in the methodology of the current study.
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Saiegh-Haddad (2005) discovered that RAN had a direct and statistically significant
effect on reading fluency (r = 0.36), as did letter record speed (r = 0.75), short-term
memory (r = 0.55), phoneme isolation in vernacular Arabic (r = 0.36), and phoneme
isolation in MSA (r = 0.41). Saiegh-Haddad (2005) also created a pooled variable to
represent phoneme isolation in both vernacular Arabic and MSA,; this pooled
variable was also found to have a direct and statistically significant effect on reading
fluency (r = 0.39). As such, Saiegh-Haddad (2005) study provided support for both
the DDH and the triple-deficit hypothesis. Saiegh-Haddad (2005) support for the
DDH was confirmed in the current study. Like Layes et al. (2015); Saiegh-Haddad
(2005) hypothesized that double-deficit students would have a particularly difficult
time in the context of Arabic’s non-transparent orthography, a hypothesis that was

also upheld in the current study.

In addition, the current study contributed two novel statistical approaches; Tukey’s
post hoc tests, and effect size calculation to rule out demographic effects, which were
not employed in previous confirmations of the double-deficit in Arabic. Thus, the
study provided not only a confirmation of past findings but also a methodological
expansion; because of the steps taken in the dissertation, the findings are likely to be
more reliable than those obtained in past studies of the double-deficit hypothesis in
Arabic. Ultimately, the findings of the study confirmed the existence of the DDH
among a sample of Arabic schoolchildren and provided measures of the magnitude
of the DDH—in terms of effect size—that do not appear to have been calculated

before.
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Chapter 5: Conclusion

5.1 Implications of the Study

The main implication of the study is that additional work needs to be done to support
Arabic schoolchildren who have a double deficit. The validity of the double-deficit
hypothesis suggests that schoolchildren with both RAN and PA deficits are likely to
be dyslexic or, if not dyslexic, to fall into the category of the lowest-performing
readers. This group of readers needs added support in order to overcome their
deficits. While dyslexia cannot be cured per se, there are cases in which dyslexics
have been able to reduce—and, in some cases, actually eliminate—their symptoms
(Badian, 1997; Castles & Friedmann, 2014; Denckla & Cutting, 1999; Kline, 1978;
Mugnaini, Lassi, La Malfa, & Albertini, 2009; Olson, 2002; Paulesu et al., 2001,
Thambirajah, 2010; Wolf & Bowers, 1999; Wolff & Lundberg, 2002). If children
with dyslexia with double deficits are given additional support, they might be more

likely to experience reduced dyslexia symptoms or impairments over time.

For such an educational policy to be applied, however, schools need a simple and
reliable way of identifying students who are more at risk. One of the contributions of
this dissertation was the design of an Arabic-language reading ability scale, as well
as PA and RAN measures, which can be utilized by schools to (a) identify students
with a double-deficit and (b) quantify the impact of a double deficit on reading
performance. Using such materials, schools in Arabic-speaking countries ought to
attempt early detections of, and interventions against, dyslexia, with initial efforts
focused on attending to the needs of students with double deficits. The findings of
the study can be discussed in light of theories as well as part empirical findings

related to the double-deficit hypothesis. The study was grounded in previous studies,
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discussed exhaustively in chapter one, that found an objective basis for the existing
of reading disorder, which is also known as dyslexia. The findings of the study
confirmed that, among any sufficiently large sample of readers, some will have
pronounced difficulty in reading; this finding was predicted by nearly all of the

literature reviewed in the first chapter of the study.

5.2 Limitations of the Study

The study had some limitations. One of the limitations of the study was that reading
ability was measured as a single index variable rather than through numerous
component scores. Similarly, PA was measured by an index variable, and RAN was
measured through four tests. Elsewhere in the literature, researchers have measured
more variables. For example, Abu-Rabia and Abu-Rahmoun (2012) incorporated
measures relating to vowelized and un-vowelized phonology, un-vowelized
orthography, vowelized and un-vowelized syntax, vowelized and un-vowelized
morphology with undisrupted root, vowelized and un-vowelized morphology with
disrupted root, vowelized and un-vowelized reading comprehension, vowelized word
reading, vowelized and un-vowelized pseudo-word with real root, vowelized and un-
vowelized words that did not fit the context, working memory, spelling, un-

vowelized word reading, and vowelized orthography.

Another limitation of the study was its cross-sectional nature. The cross-sectional
nature of the study meant that the findings were only applicable to the context of the
third grade; the study’s findings did not address the question of whether individuals
with double deficits experience worsening reading performance over time. If the
impact of the double-deficit worsens over time, then there would be a strong

empirical case for adopting early-intervention strategies to work with students who
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have the double deficit. Thus, there is a need for longitudinal studies of the kind
carried out by (Cronin, 2013) that can answer the question of whether individuals

with double deficits experience worsening reading performance over time.

5.3 Recommendations for Professional Practice

The results indicated that students in the DD group were the most impaired readers.
This is an important finding, because it suggests that students with both deficits may
be in most need of identification and intervention. One recommendation supported
by the study results is that Arabic-language schools ought to administer the
appropriate RAN, PA, and reading ability tests. Doing so will not only allow schools
to identify students who are most vulnerable to dyslexia, but also give schools the

data needed to measure aggregate performance over time.

The results from this study also indicated that students in the NDG, PAD, and DDG
groups performed differently on the Arabic Reading Ability Scale. The fact that the
ND group outperformed the PAD, the RAND, and the DD groups on the reading
ability, suggests that students in the RAND group need remediation in areas other
than PAD decoding skills. Arabic-language schools ought to identify specific
domains of reading with which students have difficulty and ensure that specialized
support is provided within such domains. Such support should take into
consideration specific orthographic features of Arabic that can affect the speed of

visual word recognition as compared with other languages.

Arabic is a language written in an alphabetic system of 29 letters. All of these letters
are consonants except for three, the long vowels | (aa) 5 (00) < (ee). Most Arabic
letters have more than one written form, depending on the letter’s place in a word:

Beginning, middle, or end as shown down in table 10, (Friedmann and Hanna, 2012).
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In addition, the letters are divided into categories according to basic letter shapes,
and the difference between them lies in the number of dots on, in, or under the letter.
Dots appear with 15 letters, of which 10 have one dot as follows: < (b), z (9) & (x) 2
() 3 (2) & (2) o= (d) ¢ (Gha) < (f) © (N) three have two dots < (T) & (q) « (j/i), and
two have three dots & (e) Ui (J'). Some of the letters can be connected with former
and subsequent letters within the same word, while other letters can be connected

only with former letters within the same word.
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Table 10: The Arabic Letters-Different Positions

Final Final Medial Initial IPA
non ligated ligated ligated (or medial
non ligated)

| L L | a
- — - 2 b
5 /& i/ A 3 t
& i A 5 0

& & — o dz/g
€ c — = h
¢ & = : x
a & A a d
3 A % A 3
3 > > 3 r
J > > J Z
o o~ =8 = S
o U - & [
o U e o g
Ua o = aa ¢
L L L L t
I i N I o
d & - = S
d g 5 : ’
- a e H f
3 & = 5 q
el Sl = < k
J J 5E ] 1
¢ ~ - “ m
o o3 - 2 n
° 4 < A h

5 re 5 3 w/u
S < - 2 ji

These conditions can produce different types of written words namely full connected
words (connected letters); partially connected words; and non-connected words
(Taha, 2013). The following are examples of each of these types of words:

A non-connected word = ¢ 5 (Planting)

A partially connected word= _ 4 (Flowers)

A fully connected word = =—<— (Collect).
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It should also be noted that most Arabic letters have more than one shape. The shape
of each letter can differ according to its place and its connectivity with former and
subsequent letters, as indicated in the table above. For instance, the basic and non-
connected shape of the grapheme (& could change according to its placement within
the word: «3Se 35 Jise « Jua, Some authors postulate that the orthographic
features of written Arabic can produce a visual load and thereby retard orthographic
processing (Eviatar & Ibrahim, 2000). Taha, Ibrahim and Khateb (2012) indicated
that the recognition of non-connected words by experienced normal readers is more
time-consuming. This finding was supported by analysis brain activity, which was
measured by electrophysiological measures and which showed processing

differences between non-connected and connected words.

Therefore, teachers, practitioners, and educators ought to be aware of Arabic
orthography, phonology, and morphology in order to direct their remediation time on
different aspects of reading. The findings of the study provide evidence of the need

for differentiated instruction for students in each subgroup of the DDH.

Arabic-speaking students with double-deficits will benefit from instructional and
intervention models focusing on PA; however, due to their double-deficit status,
remediation might be less successful. In addition to Arabic’s diglossic nature
(Saiegh-Haddad, 2005), two other features play essential roles in assessing reading
and examining the predicative power of different processes of the Arabic language;
morphology and orthography (Abu Rabia, Abu Ramouh, 2012). Most existing
research has been conducted on the English language, which, unlike the transparent
orthography of Arabic, which is classified as a deep orthography language (Raphiq

Ibrahim, 2015). The results showed both NS measures were significantly correlated
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with fluency. These results indicate that naming speed ability is crucial for the
fluency aspect of reading (Raphiqg Ibrahim, 2015). Research on the remediation of
deficits in rapid naming is effective, indicating that students continue to improve in

fluency (Meyers et al., 1998a).

It is important to mention that the remediation research in Arabic focuses on PA and
does not address the specific needs of a RAN deficit. Specifically, students with
some RAN deficit need interventions that address fluency and automaticity. With
regard to the intervention for students with a RAN deficit, intervention needs to
focus on the development of fluency in reading subskills and the development of
fluency-based models of instruction and intervention. Therefore, it is essential to add
rapid naming remediation as recommended by Wolf and Bowers (1999). It is
especially significant for teachers to understand that students with slow processing
and PA deficits might be their neediest students and therefore require different types

of instruction to address their specific needs.

The Arabic speakers with DD need teaching and interventions that address the
double nature of their deficit status and incorporate fluency and automaticity as well
as PA and decoding, and such teaching and interventions also need to take specific
Arabic features into consideration. One important feature of the Arabic language
that ought to be taken into attention is the way in which different words with
different roots share the same pattern and thereby possess common functional
meaning. The following words: —=l (Playground) ¢S« (Residence) 2= (Temple)
share the same pattern J=iz, etc. More research in Arabic is recommended to develop

a fluency-based approach to reading intervention.
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Such an approach ought to be designed to supplement PA instruction in the same
many manner as has been developed in English and other languages. Other language
programmes have been found to have potentially positive effects on fluency.
Additionally, a number of repetition-based activities have been recommended. For
instance, the teacher reads first, then the student reads with the teacher, followed by
the student reading to the teacher. Recorded passages provide an alternative to
paired-reading to improve reading fluency. In repeated reading, the student re-reads
the same passage several times; in supported reading, the student reads along with a

more fluent reader in such activities as paired reading.

In order to achieve this goal, teachers must have the resources and knowledge to
accurately identify not only those students in need of extra help with PA, but also
those students who are dysfluent and therefore in need of extra help with fluency and
automaticity. Further, teachers will need assistance in matching the deficit with the
most appropriate instructional model. Using only the phonological lens to assess
students and employing instructional models that only focus on remediating PA
deficiencies will continue to miss students who are deficient in rapid naming and will

only partially remediate students with double deficits.

5.4 Recommendations for Future Scholarship

There are some recommendations for future scholarship that can be made based on
the results of the current study. The first recommendation for researchers working
with Arabic measures is to adopt a broader set of measures. Abu-Rabia and Abu-
Rahmoun (2012) incorporated measures relating to vowelized and vowelized
phonology, un-vowelized orthography, vowelized and un-vowelized syntax,

vowelized and un-vowelized morphology with undisrupted root, vowelized and un-
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vowelized morphology with disrupted root, vowelized and un-vowelized reading
comprehension, vowelized word reading, vowelized and un-vowelized pseudo-word
with real root, vowelized and un-vowelized words that did not fit the context,
working memory, spelling, un-vowelized word reading, and vowelized orthography.

Future researchers should adopt these measures and other measures as appropriate.

Another recommendation for future scholarship is for researchers to adopt
longitudinal as well as cross-sectional approaches. Only one study (Cronin, 2013)
identified in the literature review took a longitudinal approach to the double-deficit
hypothesis. Longitudinal approaches are important because, using the tools and
techniques of time-series analysis, they can answer the question of whether
individuals with double deficits experience worsening reading performance over
time. The barriers of time and cost involved in longitudinal research could explain
why only Cronin (2013), of all the scholars whose work was evaluated in the

literature review, carried out longitudinal rather than cross-sectional research.

5.5 Conclusion

This dissertation was concerned with an assessment of the double-deficit hypothesis.
The double-deficit hypothesis postulates that individuals with a combination of RAN
and PA deficits will tend to have worse reading ability than individuals with either a
RAN deficit, a PA deficit, or no deficit. Thus, the double-deficit hypothesis has been
advanced as an explanation of dyslexia. The purpose of this dissertation was to
determine the validity of the double-deficit hypothesis as applied to a sample of
third-grade Arabic-speaking students in the UAE. Some descriptive statistics with a

correlational study design was applied to determine whether reading ability scores
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are significantly lower for a double-deficit group than those of RAN deficit group, a

PA deficit group, and a no-deficit group.

The findings of this research study onfirmed that students who had a double deficit
had significantly lower reading ability scores than other groups. The study
contributed to the sparse body of empirical research on the double-deficit hypothesis
among young Arabic students. The study also pinpointed differences in RAN and PA
performance across groups, using an approach to post hoc analysis that has not been
attempted in previous studies of this kind. The data suggest that Arabic-language
educators must make an added effort to address the special needs of students with
double deficits, especially in light of special orthographic and other features of the

Arabic language.



87

References

Aboudan, R., Eapen, V., Bayshak, M., Al-Mansouri, M., & Al-Shamsi, M. (2011).
Dyslexia in the United Arab Emirates university-A study of prevalence in
English and Arabic. International Journal of English Linguistics, 1(2), 64-72.
doi:10.5539/ijel.vin2p64

Abu-Rabia, S. (2007). The role of morphology and short vowelization in reading
Arabic among normal and dyslexic readers in grades 3, 6, 9, and 12. Journal
of Psycholinguistic Research, 36(2), 89-106.

Abu-Rabia, S., & Abu-Rahmoun, N. (2012). The role of phonology and morphology
in the development of basic reading skills of dyslexic and normal native
Arabic readers. Creative Education, 3(7), 1259-1268.

Abu-Rabia, S., & Siegel, L. S. (2002). Reading, syntactic, orthographic, and working
memory skills of bilingual Arabic-English speaking Canadian children.
Journal of Psycholinguistic Research, 31(6), 661-678.

ADA. (2017). Dyslexia. Retrieved from http://www.american-dyslexia-
association.com/Dyslexia.html

Altman, D. G. (1991). Practical statistics for medical research. London, U.K.:
Chapman and Hall.

Bacon, A. M., Parmentier, F. B., & Barr, P. (2013). Visuospatial memory in
dyslexia: Evidence for strategic deficits. Memory, 21(2), 189-2009.

Badian, N. A. (1997). Dyslexia and the double deficit hypothesis. Annals of
Dyslexia, 47(1), 69-87. doi:10.1007/s11881-997-0021-y

Balnaves, M., & Caputi, P. (2001). Introduction to quantitative research methods:
An investigative approach. Thousand Oaks, CA: Sage.

BDA. (2016). Definitions. Retrieved from
http://www.bdadyslexia.org.uk/dyslexic/definitions

Beeson, P. M., & Insalaco, D. (1998). Acquired alexia: Lessons from successful
treatment. Journal of the International Neuropsychological Society, 4(6),
621-635.

Bellini, G., Bravaccio, C., Calamoneri, F., Cocuzza, M. D., Fiorillo, P., Gagliano, A.,
... Militerni, R. (2005). No evidence for association between dyslexia and
DY X1C1 functional variants in a group of children and adolescents from
Southern Italy. Journal of Molecular Neuroscience, 27(3), 311-314.



88

Berger, A. A. (2013). Media and communication research methods: An introduction
to qualitative and quantitative approaches. Thousand Oaks, CA: Sage.

Bernard, H. R., & Bernard, H. R. (2012). Social research methods: Qualitative and
quantitative approaches. Thousand Oaks, CA: Sage.

Binder, M. D. (2009). Broca's aphasia. In N. Hirokawa (Ed.), Encyclopedia of
neuroscience (pp. 498). New York, NY: Springer.

Bowers, P. G., & Wolf, M. (1993). Theoretical links among naming speed, precise
timing mechanisms and orthographic skill in dyslexia. Reading and Writing,
5(1), 69-85.

Castles, A., & Friedmann, N. (2014). Developmental dyslexia and the phonological
deficit hypothesis. Mind & Language, 29(3), 270-285.

Chan, D. W., Ho, C. S. h,, Tsang, S. m., Lee, S. h., & Chung, K. K. (2007).
Prevalence, gender ratio and gender differences in reading-related cognitive
abilities among Chinese children with dyslexia in Hong Kong. Educational
Studies, 33(2), 249-265.

Chen, M.-Y. (2011). Predicting corporate financial distress based on integration of
decision tree classification and logistic regression. Expert Systems with
Applications, 38(9), 11261-11272.

Chow, G. C. (1960). Tests of equality between sets of coefficients in two linear
regressions. Econometrica: Journal of the Econometric Society, 28(3), 591-
605.

Cirino, P. T., Israelian, M. K., Morris, M. K., & Morris, R. D. (2005). Evaluation of
the double-deficit hypothesis in college students referred for learning
difficulties. Journal of Learning Disabilities, 38(1), 29-43.

Cohen, J. (2013). Statistical power analysis for the behavioral sciences. New York,
NY: Routledge.

Creswell, J. W. (2015). Research methods. Thousand Oaks, CA: Sage.

Creswell, J. W., & Plano Clark, V. (2011). Designing and conducting mixed methods
research. Thousand Oaks, CA: Sage.

Cronin, V. S. (2013). RAN and double-deficit theory. Journal of Learning
Disabilities, 46(2), 182-190.

Cutting, L. E., Clements-Stephens, A., Pugh, K. R., Burns, S., Cao, A., Pekar, J. J., ..
. Rimrodt, S. L. (2013). Not all reading disabilities are dyslexia: distinct
neurobiology of specific comprehension deficits. Brain Connectivity, 3(2),
199-211.



89

Dahdouh, F., Anthoni, H., Tapia-Paez, I., Peyrard-Janvid, M., Schulte-Kérne, G.,
Warnke, A., . . . Miller-Myhsok, B. (2009). Further evidence for DYX1C1 as
a susceptibility factor for dyslexia. Psychiatric Genetics, 19(2), 59-63.

Darki, F., Peyrard-Janvid, M., Matsson, H., Kere, J., & Klingberg, T. (2012). Three
dyslexia susceptibility genes, DY X1C1, DCDC2, and KIAA0319, affect
temporo-parietal white matter structure. Biological Psychiatry, 72(8), 671-
676.

Das, T. K., Haldar, S. K., Gupta, I. D., & Mitra, S. (2016). Conflict, Displacement,
and Inequality of Opportunity. Asian Journal of Peacebuilding, 4(2), 137-
159.

Davies, M. B., & Hughes, N. (2014). Doing a successful research project: Using
qualitative or quantitative methods. New York, NY: Palgrave Macmillan.

De Groot, B. J., van den Bos, K. P., Minnaert, A. E., & van der Meulen, B. F. (2015).
Phonological processing and word reading in typically developing and
reading disabled children: Severity matters. Scientific Studies of
Reading, 19(2), 166-181.

De Jong, P. F., & van der Leij, A. (1999). Specific contributions of phonological
abilities to early reading acquisition: Results from a Dutch latent variable
longitudinal study. Journal of Educational Psychology, 91, 3, 450.

Demidenko, E. (2007). Sample size determination for logistic regression revisited.
Statistics in Medicine, 26(18), 3385-3397.

Denckla, M. B., & Cutting, L. E. (1999). History and significance of rapid
automatized naming. Annals of Dyslexia, 49(1), 29-42.

Duffy, F. H., & McAnulty, G. (1990). Neurophysiological heterogeneity and the
definition of dyslexia: Preliminary evidence for plasticity. Neuropsychologia,
28(6), 555-571.

Duffy, M. E. (1987). Methodological triangulation: a vehicle for merging
quantitative and qualitative research methods. Image: The Journal of Nursing
Scholarship, 19(3), 130-133.

Ehri, L. C. (1980). The role of orthographic images in learning printed words. In J. F.
Kavanagh & R. L. Venezky (Eds.), Orthography, reading, and dyslexia (pp.
155-170). Baltimore, MD: University Park Press.

Eisenhauer, J. G. (2003). Regression through the origin. Teaching Statistics, 25(3),
76-80.

Elbeheri, G., Everatt, J., Reid, G., & Mannai, H. A. (2006). Dyslexia assessment in
Arabic. Journal of Research in Special Educational Needs, 6(3), 143-152.



90

El-Ella, M. Y. A,, Sayed, E. M., Farghaly, W. M., Abdel-Haleem, E. K., & Hussein,
E. S. (2004). Construction of an Arabic reading test for assessment of
dyslexic children. Neurosciences, 9(3), 199-206.

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical power analyses
using G* Power 3.1: Tests for correlation and regression analyses. Behavior
Research Methods, 41(4), 1149-1160.

Fortes, I. S., Paula, C. S., Oliveira, M. C., Bordin, I. A., de Jesus Mari, J., & Rohde,
L. A. (2016). A cross-sectional study to assess the prevalence of DSM-5
specific learning disorders in representative school samples from the second
to sixth grade in Brazil. European Child & Adolescent Psychiatry, 25(2),
195-207.

Fridriksson, J., Bonilha, L., & Rorden, C. (2007). Severe Broca's aphasia without
Broca's area damage. Behavioral Neurology, 18(4), 237-238.

Fu, F. Q., Richards, K. A., & Jones, E. (2009). The motivation hub: effects of goal
setting and self-efficacy on effort and new product sales. The Journal of
Personal Selling & Sales Management, 29(3), 277-292.

Georgiou, G. K., Aro, M., Liao, C.-H., & Parrila, R. (2016). Modeling the
relationship between rapid automatized naming and literacy skills across
languages varying in orthographic consistency. Journal of Experimental
Child Psychology, 143, 48-64.

Goswami, U. (2015). Visual attention span deficits and assessing causality in
developmental dyslexia. Nature Reviews Neuroscience, 16(4), 225-226.

Graff-Radford, J., Benarroch, E. E., Duffy, J. R., & Drubach, D. A. (2014).
Fluorodeoxyglucose F18 positron emission tomography in a case of slowly
progressive pure alexia. Neurocase, 20(4), 476-479.

Grigorenko, E. L. (2001). Developmental dyslexia: An update on genes, brains, and
environments. Journal of Child Psychology and Psychiatry, 42(1), 91-125.

Hancock, R., Richlan, F., & Hoeft, F. (2017). Possible roles for fronto-striatal
circuits in reading disorder. Neuroscience & Biobehavioral Reviews, 72, 243-
260.

Heikkil&, R., Torppa, M., Aro, M., Narhi, V., & Ahonen, T. (2016). Double-deficit
hypothesis in a clinical sample: Extension beyond reading. Journal of
Learning Disabilities, 49(5), 546-560.

Henderikus, S. (2010). Theory. In N. J. Salkind (Ed.), Encyclopedia of research
design (pp. 1498-1502). Thousand Oaks, CA: Sage.



91

Hua, Z., Wang, Y., Xu, X., Zhang, B., & Liang, L. (2007). Predicting corporate
financial distress based on integration of support vector machine and logistic
regression. Expert Systems with Applications, 33(2), 434-440.

IDP. (2016). Effect sizes. Retrieved from
http://www.psychometrica.de/effect_size.html

IDRE. (2014). Deciphering interactions in logistic regression. Retrieved from
http://www.ats.ucla.edu/stat/stata/seminars/interaction_sem/interaction_sem.h
tm

Jackson, S. (2015). Research methods and statistics: A critical thinking approach.
New York, NY: Cengage Learning.

Jiménez, J. E., Rodriguez, C., & Ramirez, G. (2009). Spanish developmental
dyslexia: Prevalence, cognitive profile, and home literacy experiences.
Journal of Experimental Child Psychology, 103(2), 167-185.

Kambanaros, M., Michaelides, M., & Grohmann, K. K. (2015). Measuring word
retrieval deficits in a multilingual child with SLI: Is there a better language?
Journal of Neurolinguistics, 34, 112-130.

Keppel, G., Saufley, W. H., & Tokunaga, H. (1992). Introduction to design and
analysis. New York, NY: Macmillan.

Kopalle, P. K., & Lehmann, D. R. (1997). Alpha inflation? The impact of eliminating
scale items on Cronbach's alpha. Organizational Behavior and Human
Decision Processes, 70(3), 189-197.

Kremelberg, D. (2010). Practical statistics: A quick and easy guide. Thousand Oaks,
CA: Sage.

Kronschnabel, J., Brem, S., Maurer, U., & Brandeis, D. (2014). The level of
audiovisual print-speech integration deficits in dyslexia. Neuropsychologia,
62, 245-261.

Lagae, L. (2008). Learning disabilities: definitions, epidemiology, diagnosis, and
intervention strategies. Pediatric Clinics of North America, 55(6), 1259-1268.

Landerl, K., Wimmer, H., & Frith, U. (1997). The impact of orthographic
consistency on dyslexia: A German-English comparison. Cognition, 63(3),
315-334.

Layes, S., Lalonde, R., Mecheri, S., & Rebai, M. (2015). Phonological and cognitive
reading related skills as predictors of word reading and reading
comprehension among Arabic dyslexic children. Psychology, 6(1), 20-38.



92

Leikin, M., Ibrahim, R., & Eghbaria, H. (2014). The influence of diglossia in Arabic
on narrative ability: evidence from analysis of the linguistic and narrative
structure of discourse among pre-school children. Reading and Writing,
27(4), 733-747.

Lindberg, E., Wincent, J., Ortqvist, D., Handelshogskolan vid Umea, u.,
Samhallsvetenskapliga, f., & Umea, u. (2013). Turning stressors into
something productive: an empirical study revealing nonlinear influences of
role stressors on self-efficacy. Journal of Applied Social Psychology, 43(2),
263-274.

Litt, R. A., & Nation, K. (2014). The nature and specificity of paired associate
learning deficits in children with dyslexia. Journal of Memory and Language,
71(1), 71-88.

Lobier, M., & Valdois, S. (2015). Visual attention deficits in developmental dyslexia
cannot be ascribed solely to poor reading experience. Nature Reviews
Neuroscience, 16(4), 225-225.

Lyon, G. R. (1995). Toward a definition of dyslexia. Annals of Dyslexia, 45(1), 1-27.

Lyon, G. R., Shaywitz, S. E., & Shaywitz, B. A. (2003). A definition of dyslexia.
Annals of Dyslexia, 53(1), 1-14.

Lyytinen, H., Ahonen, T., Eklund, K., Guttorm, T. K., Laakso, M.-L., Leinonen, S., .
.. Puolakanaho, A. (2001). Developmental pathways of children with and
without familial risk for dyslexia during the first years of life. Developmental
Neuropsychology, 20(2), 535-554.

Mannai, H. a., & Everatt, J. (2005). Phonological processing skills as predictors of
literacy amongst Arabic speaking Bahraini children. Dyslexia, 11(4), 269-
291.

Mansfield, E. R., & Helms, B. P. (1982). Detecting multicollinearity. The American
Statistician, 36(3a), 158-160.

Marino, C., Giorda, R., Lorusso, M. L., Vanzin, L., Salandi, N., Nobile, M., . ..
Battaglia, M. (2005). A family-based association study does not support
DYX1C1 on 15g21. 3 as a candidate gene in developmental dyslexia.
European Journal of Human Genetics, 13(4), 491-499.

Mascheretti, S., Bureau, A., Battaglia, M., Simone, D., Quadrelli, E., Croteau, J., . . .
Maziade, M. (2013). An assessment of gene-by-environment interactions in
developmental dyslexia-related phenotypes. Genes, Brain and Behavior,
12(1), 47-55.

McBurney, D., & White, T. (2011). Research methods. New York, NY: Cengage.



93

McNabb, D. E. (2010). Research methods for political science. Thousand Oaks, CA:
Sage.

Meuse, S., & Marquardt, T. P. (1985). Communicative effectiveness in Broca's
aphasia. Journal of Communication Disorders, 18(1), 21-34.

Moll, K., Hasko, S., Groth, K., Bartling, J., & Schulte-Kérne, G. (2016). Letter-
sound processing deficits in children with developmental dyslexia: An ERP
study. Clinical Neurophysiology, 127(4), 1989-2000.

Moody, K., Holzer 3rd, C., Roman, M., Paulsen, K., Freeman, D., Haynes, M., &
James, T. (2000). Prevalence of dyslexia among Texas prison inmates. Texas
Medicine, 96(6), 69-75.

Moore, D. S., & McCabe, G. (2009). Introduction to the practice of statistics. New
York, NY: W.H. Freeman.

Morton, J. (2004). Understanding developmental disorders: A causal model
approach. London, U.K.: Blackwell.

Natour, Y. S., Darawsheh, W., Sartawi, A. M., Marie, B. A., & Efthymiou, E.
(2016). Reading error patterns prevailing in Arab Emirati first graders.
Cogent Education, 3(1), 1-17.

Natrella, M. G. (2013). Experimental statistics. New York, NY: Courier Corporation.

Nelson, J. M. (2015). Examination of the double-deficit hypothesis with adolescents
and young adults with dyslexia. Annals of Dyslexia, 65(3), 159-177.

NINDS. (2016). What are reading disorders? Retrieved from
https://www.nichd.nih.gov/health/topics/reading/conditioninfo/pages/disorder
s.aspx

Norton, E. S., Black, J. M., Stanley, L. M., Tanaka, H., Gabrieli, J. D., Sawyer, C., &
Hoeft, F. (2014). Functional neuroanatomical evidence for the double-deficit
hypothesis of developmental dyslexia. Neuropsychologia, 61, 235-246.

O'Connell, A. A. (2006). Logistic regression models for ordinal response variables.
Thousand Oaks, CA: Sage.

Olson, R. K. (2002). Dyslexia: nature and nurture. Dyslexia, 8(3), 143-159.

Paulesu, E., Démonet, J.-F., Fazio, F., McCrory, E., Chanoine, V., Brunswick, N., . .
. Frith, C. D. (2001). Dyslexia: cultural diversity and biological unity.
Science, 291(5511), 2165-2167.



94

Pennington, B. F., Cardoso-Martins, C., Green, P. A., & Lefly, D. L. (2001).
Comparing the phonological and double deficit hypotheses for developmental
dyslexia. Reading and Writing, 14(7-8), 707-755.

Pugh, K. R., Mencl, W. E., Jenner, A. R., Katz, L., Frost, S. J., Lee, J.R,, . ..
Shaywitz, B. A. (2000). Functional neuroimaging studies of reading and
reading disability(developmental dyslexia). Mental Retardation and
Developmental Disabilities Research Reviews, 6(3), 207-213.

Ramus, F., Marshall, C. R., Rosen, S., & van der Lely, H. K. (2013). Phonological
deficits in specific language impairment and developmental dyslexia: towards
a multidimensional model. Brain, 136(2), 630-645.

Richards, T. L., Dager, S. R., Corina, D., Serafini, S., Heide, A. C., Steury, K, . ..
Craft, S. (1999). Dyslexic children have abnormal brain lactate response to
reading-related language tasks. American Journal of Neuroradiology, 20(8),
1393-1398.

Russell, G., Ryder, D., Norwich, B., & Ford, T. (2015). Behavioural difficulties that
co-occur with specific word reading difficulties: A UK population-based
cohort study. Dyslexia, 21(2), 123-141. doi:10.1002/dys.1496

Ryan, N. P., Catroppa, C., Beare, R., Coleman, L., Ditchfield, M., Crossley, L., ... &
Anderson, V. A. (2015). Predictors of longitudinal outcome and recovery of
pragmatic language and its relation to externalizing behaviour after pediatric
traumatic brain injury. Brain and Language, 142, 86-95.

Saiegh-Haddad, E. (2003). Linguistic distance and initial reading acquisition: The
case of Arabic diglossia. Applied Psycholinguistics, 24(03), 431-451.

Saiegh-Haddad, E. (2004). The impact of phonemic and lexical distance on the
phonological analysis of words and pseudowords in a diglossic context.
Applied Psycholinguistics, 25(04), 495-512.

Saiegh-Haddad, E. (2005). Correlates of reading fluency in Arabic: Diglossic and
orthographic factors. Reading and Writing, 18(6), 559-582.

Saiegh-Haddad, E. (2007). Linguistic constraints on children's ability to isolate
phonemes in Arabic. Applied Psycholinguistics, 28(04), 607-625.

Saiegh-Haddad, E., & Geva, E. (2008). Morphological awareness, phonological
awareness, and reading in English—Arabic bilingual children. Reading and
Writing, 21(5), 481-504.

Saiegh-Haddad, E., Levin, I., Hende, N., & Ziv, M. (2011). The linguistic affiliation
constraint and phoneme recognition in diglossic Arabic. Journal of Child
Language, 38(02), 297-315.



95

Sartawi, A., Al-Hilawani, Y. A., & Easterbrooks, S. R. (1998). A pilot study of
reading comprehension strategies of students who are deaf/hard of hearing in
a non-English-speaking country. Journal of Children's Communication
Development, 20(1), 27-32.

Sartawi, A., Natour, Y.S., & Smadi, J.M. (2014). Efficacy of reading strategies for
female school age children: Typical children versus children with mental
handicap. University of Sharjah Journal of Humanities and Social Sciences,
12(2), 1-21.

Share, D. L., & Daniels, P. T. (2016). Aksharas, alphasyllabaries, abugidas,
alphabets and orthographic depth: Reflections on Rimzhim, Katz and Fowler
(2014). Writing Systems Research, 8(1), 17-31.

Shaywitz, S. E. (1998). Dyslexia. New England Journal of Medicine, 338(5), 307-
312.

Shaywitz, S. E., & Shaywitz, B. A. (2008). Paying attention to reading: the
neurobiology of reading and dyslexia. Development and Psychopathology,
20(04), 1329-1349.

Siegel, L. S. (2006). Perspectives on dyslexia. Paediatrics & child health, 11(9),
581-587.

Simos, P. G., Fletcher, J. M., Bergman, E., Breier, J., Foorman, B., Castillo, E., . . .
Papanicolaou, A. (2002). Dyslexia-specific brain activation profile becomes
normal following successful remedial training. Neurology, 58(8), 1203-1213.

Song, S., Georgiou, G. K., Su, M., & Hua, S. (2016). How well do phonological
awareness and rapid automatized naming correlate with Chinese reading
accuracy and fluency? A meta-analysis. Scientific Studies of Reading, 20(2),
99-123.

Sprenger-Charolles, L., Siegel, L. S., Jimenez, J. E., & Ziegler, J. C. (2011).
Prevalence and reliability of phonological, surface, and mixed profiles in
dyslexia: A review of studies conducted in languages varying in orthographic
depth. Scientific Studies of Reading, 15(6), 498-521.

Stanovich, K. E. (1996). Toward a more inclusive definition of dyslexia. Dyslexia,
2(3), 154-166.

Steacy, L. M., Kirby, J. R., Parrila, R., & Compton, D. L. (2014). Classification of
double deficit groups across time: An analysis of group stability from
kindergarten to second grade. Scientific Studies of Reading, 18(4), 255-273.

Tammimies, K., Tapia-Péaez, I., Riiegg, J., Rosin, G., Kere, J., Gustafsson, J.-A., &
Nalvarte, 1. (2012). The rs3743205 SNP is important for the regulation of the



96

dyslexia candidate gene DYX1C1 by estrogen receptor  and DNA
methylation. Molecular Endocrinology, 26(4), 619-629.

Thambirajah, M. S. (2010). Developmental dyslexia: an overview. Advances in
Psychiatric Treatment, 16(4), 299-307.

Torppa, M., Georgiou, G., Salmi, P., EKlund, K., & Lyytinen, H. (2012). Examining
the double-deficit hypothesis in an orthographically consistent language.
Scientific Studies of Reading, 16(4), 287-315.

Torppa, M., Parrila, R., Niemi, P., Lerkkanen, M.-K., Poikkeus, A.-M., & Nurmi, J.-
E. (2013). The double deficit hypothesis in the transparent Finnish
orthography: a longitudinal study from kindergarten to Grade 2. Reading and
Writing, 26(8), 1353-1380.

Trochim, W., Donnelly, J., & Arora, K. (2015). Research methods: The essential
knowledge base. Boston, MA: Nelson Education.

Turkeltaub, P. E., Goldberg, E. M., Postman-Caucheteux, W. A., Palovcak, M.,
Quinn, C., Cantor, C., & Coslett, H. B. (2014). Alexia due to ischemic stroke
of the visual word form area. Neurocase, 20(2), 230-235.

UNESCO. (2017). Dyslexia. Retrieved from http://mgiep.unesco.org/tag/dyslexia/

Vaessen, A., Gerretsen, P., & Blomert, L. (2009). Naming problems do not reflect a
second independent core deficit in dyslexia: Double deficits explored.
Journal of Experimental Child Psychology, 103(2), 202-221.
doi:10.1016/j.jecp.2008.12.004

van Bergen, E., de Jong, P. F., Regtvoort, A., Oort, F., van Otterloo, S., & van der
Leij, A. (2011). Dutch children at family risk of dyslexia: Precursors, reading
development, and parental effects. Dyslexia, 17(1), 2-18.

Vogt, W. P., & Johnson, R. B. (2011). Dictionary of statistics & methodology: A
nontechnical guide for the social sciences. Thousand Oaks, CA: Sage.

Wagner, R. K., & Torgesen, J. K. (1987). The nature of phonological processing and
its causal role in the acquisition of reading skills. Psychological Bulletin,
101(2), 192-212.

Wang, L.-C., Yang, H.-M., Tasi, H.-J., & Chan, S.-Y. (2013). Learner-generated
drawing for phonological and orthographic dyslexic readers. Research in
Developmental Disabilities, 34(1), 228-233.

Wolf, M., & Bowers, P. G. (1999). The double-deficit hypothesis for the
developmental dyslexias. Journal of Educational Psychology, 91(3), 415. do



97

Wolff, U. (2014). RAN as a predictor of reading skills, and vice versa: results from a
randomised reading intervention. Annals of Dyslexia, 64(2), 151-165.

Wolff, U., & Lundberg, I. (2002). The prevalence of dyslexia among art students.
Dyslexia, 8(1), 34-42.

Ziegler, J. C., & Goswami, U. (2005). Reading acquisition, developmental dyslexia,
and skilled reading across languages: a psycholinguistic grain size theory.
Psychological Bulletin, 131(1), 3-29.

Zikmund, W. G. (2003). Business research methods. Mason, OH: Southwestern.



Appendix A

Scww/ S/JS//

The Screen Instrument

Student NamMme:....ooooeeeeeeeeeee

Academic Year:

98



99

(4/ ) s Al g adh 31 g5 Jigad

Al ) iy sl aaall ) g all
i @
= z
—A s
& D
3 &l
O d
) 3
L o
¢ o
: c
o 0
¢ L
] -

(7/ ) :4dasauabel B 400 cilalsl) 81 ;o g

LAl 2,




&.‘L‘:‘—"‘j

(3/ ) AUl ) guall 4 fad oA Ciad) s i i)

S

(5/

—aald <Al — la A
J g e 9 _a 3 A e A




101

(5/ ) (e Cild CilalS AU Cig adl (e S ; aaldl) Jiigud

b =24 oo dg g b, erooay

(4] ) : b S B AdliEaal) dals) Jga 3000 puda : gutbadl Jisud

D> e e gy
A - aLs Al

5 < i< 5% 5 &
g Hha g g

e dee dile dale

20 & gk &)
él_'a ;3\_'\ ;3\_'\ ;3\_'\
&M k) 2 2

I I I




102

(8/ ). phliagcign ) 40l clalsh) Jla satd) gigud

Jalal) Zalsl)

(4] )z 4l sladf Lgad A1 clalSl) Jga 3 40a guda 3 opalill Jiigaad
Q\JLA\J\ ¢ @Hﬁu\ ¢ QAL?.E ¢ &.&bﬁ\
el o hae o Al Ll

(5/ ) Al ALl ge qaal Al palll |8 L autall Jigad
:\M\;Q;t._lu\u.ujdgggﬂ\JAA‘@&‘%}JM&E‘B)&&\
@\M\}é\y\J\g@q}Lﬁglmhy}ﬁﬁjcsﬁ\éj\
@-@)Sus_mii\sg&;dbQE\JMY\mJjﬁ)‘meU
ciall g g oall g daal 8 a3 ¢ 358y dtile (dga g yexi da il 5 agllidinl
JERTEE daa] O dua GJMY\‘;U_\J\S L;_m BJ\:\J\ olaily ebd\ﬁj




103
.................................... 2 ot el Gladld S

4 .3

t_lﬂ\-c uq)Aﬂ\-u ?\.».m.@\_i u.auégmiu\s(z
O pakall 2

BJAGM -z 2l -@ Q\JLA:)“ _ : 3~.ul+ uﬁ daa] N @3

g_r""’)"‘ -3

P r bl ALl ke syl Gl
3 yalall o

Liie - Whr Wia-o luewdd D488 oS

lalSl) 1585 o lia by i ¢ Adda 8 clalS daild dlalal ;1 dtal gl
(5/ ) : Ealsy e S

il B 1

&8 17 etaca 2

— 8 Jdi—s 3

35539 by - 4




104

Appendix B

Aana il 51aY)

The Diagnostic Instrument

Phonological Awareness

Student’s Name:...............cc.oenenn... s Ul ol

Grade: ............. ; —uall

AQE: .ol
TestDate: ... D Gl 7 )

Total SCOre: .o, ; Aagiill



105
.yl s 6 Shsa (LAl 31N 0dd Craaa

. ULJ\ ‘—’L'}SAS\ e ds 3\3‘2“ Y uA.a..a.u <

LY

el sl

e L IS L)
IS (3 5 aaliall o
adalie ) il Jas
Ll (e adaliall Cada
) g Sl

PR e

ol gual) Jalas

<l pall Cada 10

oRR-"NNE . NEEO N N VOR

Sladaill o

sl Ol jall o snial) g (pe S ) gl (3 A2 Ll i oy 8 ¢ llaglad Ly 5958 S (panal
ALY ) pasll (4 pasaiall sielue uaily JLEAY) Gudad ladad e dld i Y
13 58l G gniall agh (ya ST ey SLEAY) (g o ST bl Tl | ladat Al i dsgaall
dapmia A8yl LS Bl | 58 Bukl cuiad ¢ aie lhaall Ll agd (e saiall iy o
CAladl S g plac) e XU g (55T 5 e gl acf Aalall ie ¢ cUadlf o ga daial g
B PR

b 5,880 slanall ALY Bubai G gadall adiisg ol 13) Gkl e (B85 QLAY (e e IS
Aalliie LS &0 Uadl

@Mﬂ\ o<
. ua ndall dadaldl) U.al.ﬁ;‘;{\M@‘&&\LQQJP}@&A\LQQJEA;UR;JACJA



106
LSl s 1

¢35 ¢ e, (pidline ol Gigliie | S o (A3 o e )l ¢ S Jsile (pagmidl 8
it B il " Levie Wl niglitie " 3 B (ligiite (lidlS 7 5
QUASL&ch\.'u.uAi;dﬁc:‘»g;:\md\:\.ﬁ;}!\ua;ﬂd\«ﬂ)gsi\.J‘\_EJL&‘&JLZ;L;_)J :LdSc._a_);
S g 5L g it Ji e dlsadl o g al S daimin o il ) S 13) | gl
damas dlila) Lus ¢ J8 ¢ damaa Ala) pasadall Glal 1)) 88 0 paS s AT Jlie | (il
Adacly 4330 ¢ glhall (o gndall agdy &l 1) | QLN Lo 200 Baa] e g | liliag ikl
Abla e sadall dla) il 13 (qaad i€ ) (GBSl e GO ) e dudla) Al A5 ) cpllia
L OHERY) G e el 138 ot e g ¢ ALY e g ol

Ll 58 Lo elad J g iy g g 580 3 Jlse JS 0l -

Mol M (¢ il ) M iglie (335 ¢ By ) ;ALY

Sl
ik ¢ gl 2
b a3
G gt
e ¢ 4ae 5
iy 6

adlac dah 7
DY ki 8
sde 2.9
Ay¢als .10

L g sl




el sl 2

sl Alilaie sl U Gl & g of 4ie 3 s delel ClalS G J s @bl ¢ G gadall JB
il 8 Ablae ol dgline il GialSl e ol ¢ Ol Lanie b J8 | Al adaial) 8 dgiliie
Ghaill & 4LEE a5 il OY O JsE Ol dlile € Gl Bl a1 o) M AKS e Y
¢ a2l " " e Al ol Al cilai (Sl (e gl ey 00 Y1 AN adaddll b
Lﬂ:\cqu\UA}A&A\?@AJ?E\J\eumde\e.m)ce.m\@:&@u&aﬁshﬁm\wé\s
Al ol Bhla e padall Clla) ClS 1) ¢ § e Glan e Alilaie Sl dglite ciilas LK)

R e il 138 Bkl e 5 ¢ g

e oY) akaidl) b Gl 8 dglin) ol Alaiall AadS) Le 38N e e IS ) -
Al S ey D8 55

¢ el owas "ama " oy Al Cam "o " ALY

éeb.“élé.:éju_l

DA QDR Hed 2

Gl B 3l 3

. .
Sl ¢ Gpadus 4

b ela GE 5

GGG 6

e ¢ Jier e 7

lacad,yr L) 8

OR st Cne 9

Cawa ¢ HuS: o 10

;g el

107



L oY) ki) 3l 8 il Al Lagd il J sl 1 apniall (8

abcl ¢ pasndall aghy al 13 €l pe 4L AW ol @y oY) e
G Ol O ¢l ¢ ed a4l ) AWK Lo Dla | ADE ) Gl ¢ ARV (e 1y 3
a5 Ay e Gang ol o Al s Gasadal) Glal 1) Jine D ()5S89 5 a andall Lgalas,y

OHRY) e e ol e Guki (e

\A.j LﬂhSc‘j.:.m

e gl Al Lo 5l g e IS Tl -

de .1
@) .2
Jrs3

Ae 4

;g sl

108



109
S S adaliall e sl 4

Aoy Al B 5 any pe adalial) gand ¢ LS gt 0 5S55 ) 6l a0 sl G saiall 8
b sl s S gagin Aoy b L sl AR Gl 1Y) | adaie JS il ) A0 sl a3
G @A e " AN L AdS ot Y " " osSie )
oG, ga) e odd e opuid B 5l llie abael ¢ (o gniall sl ol 1) | o gaiall cuny
Ga e a8 Gulal e g e sl Lo cung ol o) Uad Gasadall Ala) calS 1Y) L (g

L okEY)

¢ A ol A5 ,S) RS L 5 e Jpes S Tl -

Guy L — 4
G .5
e L — .6

e —.10




110
| elia ) LS st 5

" RS e () 5S5 1 adalial ) Lah pa3 pi) LSl (e e pana )85 s ¢ G paall (B
LI Ja " i Les lakaiall ¢ lag Gigal s ans e padaiall Jaal ¢ uadalia (e (5SS
OsSE A alalially oAl & ysn (V) pasaall BB | 4agd e 3SU 5 asaiall alal Leakalia ) dalll
(A ol ¢ iy ) ;AL DG ) Galliey 4y i ae ¢ pasadall agl ol 1352 €1 A Leia

L JHERYI G e ad) 13 (il e il ¢ ALY o iy a5 4k ol (g gl g o113

. Al L (05855 A adalially i pdl s 80 e g IS T -
oAl cqualy ¢ (S ¢ Al




111
G (e il i3 6
A i ol e ada) M b gl " ALS | Lgie Ladale Cadain ¢ Al clalal J gl ¢ pa gndall B

A IO g ASH Jy f pasniall 8 DLl il M al MRS JE Nl oY) ks
Gasaiall Clal 13 | (Tosed ¢ Ausde cali B) D ¢ i A6 G Gallie abael ¢ (a gaial agdy
L OLERYD (e e el 13a Bl e (il g ALY e Cang ol ol AdalA Als)

O S Ji 0 JUERY) e s 8l e g IS T -

n LQ“ O}J—j "(JALC" us .1

"w" O}J-.' n :w "y SS .2

n J/_Q“ OJJ-J n J’—Qw n us .3

"95‘"0‘53:\"‘)1.;»;1" :;\.Als_4

"Lc L O}J—J n %.&ALC "w .5

n uj L O}J—J n um n 2&&5 _6

"dA" OJJ:\ n dALQ llus.7

".J._.\A"O}A.}"A*&"us_g

ll‘) ’i "w.g

n IA n O}J—J n d\jl—ﬂ n w .10

L g sl




112

G sl jud 7

el g 1A A4y Tas Al @ geall Gty Tag ASy 5 o) elde &5 ALK cldld J gl ¢ pasadall 8
c s OY LT L el R o) e el " A 4 T ) G geally o AdS e
¢Aagaia dlidal J8 ¢ dagaia 4aS o gadall JU 13 ¢ " 001 ALK 4 o o3 @ geally Tas AWl s
o Ll 8 dilaia WK [ gadall JIB13) ¢ 1 30 1 AIS 4y Tas (621 @ gual) iy fag PN
4 fa (A @ gl (puiiy o AalS g 1 ¢ ARl a4y i 63 o pacall 8 AL 138 1 4 (8 ¢ 3laxall 4l
J (pae g ) Jof o iSayal JB ¢ ang ol 5l Ahala Ails) gl sl 1) dalS
o sadall agiy al 13 €1 Casa " AalS 4 fasi o3 @ gaaall iy fasi A 4GS e | g AT Al i 4l
Al sl Al Als) G gniall Clal 1) (e e Jha ) ¢ ADE S Gallie ¢ ALY e I e Ao s ¢

DAY e e dall 138 Gl e i 5 ¢y

S 4 o A @ geall iy Tag AadS 3 B 380 e e IS T -

(L e ) s Al

¢ el




113
) gl man sl 8

RS a3y 503 of e ¢ eday LS aal Lgie ) 5S5 ) Cl paal) el J il ¢ (asadall 8
aan) | Csa S 2y AN Gl Le a8 g5 ¢ AR A ey (Bhaii 3 A8 plally i sea) oda J s o clile
gty al 13870 /U il s AN L e @ Y T sl M 8 e s ol s
s asnddl el 1Y) (T /e ¢ T /e /b ) A i) s 4 ¢ pasaidall

LAY (e e ) 138 Gl e i g5 g ol gl AkalA

¢ I ) gl (sS3  ASN e s e I ST -

("o / =/ Jba

U/ =) e

DY 3]

/b 3

R Y

J-/2/5

/=6

e/ T

/S8

N3/ 9

/s /—.10




114
) geal S Jlas lasl 9

O paa¥) (e sSE " Ja ) M AR LS L () 5S5 A Ol a5 51 Dald padinle ¢ a sadall 8
Jied ¥ Td/a/s A" daa A JE e &Y sl pu b o A/ s/ )
Oallia ¢ ALY e 1y e adae ¢ ate slladll (o sniall agiy ol 13| S ) AalS Lgia () 5S5 3 C uay)
OS5 Gl @ ga) ) lalSl Jlag G pasadall e ¢ dagaiall DU (S8 ¢l ) Dl A8

L OHERY) e e all ol Gadai e (a5 ang ol ol AhlA s e sadal) Gilal 1) LIS i

ONCQ PR PR Jpgi| JGH PO P VRN LIS -1 PR (W) (g KV

Sl Al

10

D & el




115

) pall Cada 10

Clf 13 | adia clie ey 3 Cgeall Gidad of clle ¢ Sl e de sane @l J il ¢ G padall B
M el L RS Gl B 1 Y " e Ll s/ e Ll L S el

Go e adiel e il agds ol 13/ 5/ 52"

»

(e

" uSdgcé‘)}JO;}“_"Cu"@ABL@S}é

Al sl Al s G pndall Glal 1) (T e call ¢ 5 gam e o5 ) AN Gallie ¢ iy il

SEL]

L OLERY) e 88l oda Balal e (g5 g
S g8 3l el he Jlee JSB.J\_

() / o/ osnglss @ b

(H)/ o/ osnd——1B

(/. @/osnell 3

() / —a/ s daa,
(sl) /B oA,
(d2)/ D/ usnd—s.
(LB)/d/osmals,
(=) / 3/ Csn a8,
(cL)/ =/ osvgloia,

(=) / o/ O s,

.8

9

() /3/osned 15 10

e\




C Al 5 SE LAY e S o aad) ) LSS
coRll 5l I LAY e JS oA meall <l jLaa)
) 5 el LEaY) e JS o Jilail el las)
cokal) g Guldl JLERY) e JS 8 sl el jlas)
bl 5 Y)Y (e OS o sl S ) Ll

X/
L X4

(6 T NI N

116



117

Appendix C

Janaiidll 31aY)

The Diagnostic Instrument

Rapid Automatized Naming

Student’s Name: ...............c..oenen.... illall ol

Grade: ............. (<l

AQE: .ol
TestDate: ...oovvieiiei, : Gl o )l

Total SCOre: .o, ; Aagill



dasdal | ‘;ILA.A.M o

L8 dSy e sadall e i) Guki by ]

¢ Gagn e alil e ol ) alal (mpas Al e dpens e o) pasadall pal 2
colladl s 5 San g g puly (L

LAY 38 a8 Sen ¢ el am pmidl s Leic 3

¢Red ¢ (Sl 9 oala " MW ¢ Ry Tadie il LS ()5 5 pasaidl kel 4
il KV PR IR ' I iy P P

et s il el ¢ Ala) ol pasadall ey Lexie cud gl ) 5
Y] 8 G saiall 48 3kl A Jan ¢ die llas 3 dadeall a paiall

118



119

. &Um‘ . eu‘g\

S OSaa clg g gl dlalal Al Ol o) slady (A pd Al ¢ dadial) ) i) o
. sldadl g0

: cady -l gl




120

T o)

;o)

G4 9 OSan cdg £ iy dalal AN B Y1 slaly A il & ¢ dadaal) ) B3

6

2

5

. sladl

2. 6/9(8 518529

502/ 8, 6/9/5/8/6/29

689 2|/5/8/6|9]5

812(5/9/6 92|56 8

6|9 25/ 8,6 2|98

- gl

- eldady)




121

2 oY)

D Gl

S5 OSan g £ opuly dalal AN Cig Al slandy (A il a5 ¢ dadial) ) S o

. sl o0

A Gual 3

D IEAEEIRCEEEY

S

3

SRR I e

C

S g ol d| g Giue 87

;Lﬁ)l\

- eldady)




122

: &.Um‘ : eu‘g\

JOSMG;\'QJ&JM;&ALA‘L}:MJM‘nggjﬁi?zcw‘é!ﬂ‘ 3
. slad) g

Digitally signed by

Shrieen
. DN: cn=Shrieen,
ey ot @ o=United Arab Emirates
i University, ou=UAEU
UAEU Libraries Library Digitizatio,
DigitizationDepatment il=shri
United Arab Emirates email=shrieen@uaeu.ac.
ae, c=AE

Date: 2020.12.17
10:23:54 +04'00"



	TESTING THE DOUBLE-DEFICIT HYPOTHESIS IN ARABIC LANGUAGE AMONG EMIRATI STUDENTS IN GRADE-3
	Recommended Citation

	tmp.1608186281.pdf.kAsfu

		2020-12-17T10:23:54+0400
	Shrieen




