SPACE

https://dspace.org/

Working memory : a comparison between dyslexic and
non-dyslexic children.
Scheepers, Maatje

2010-03-04T09:28:58Z
http://hdl.handle.net/10539/7616

Downloaded from a DSpace repository. https://dspace.org/


https://dspace.org/
http://hdl.handle.net/10539/7616
https://dspace.org

WORKING MEMORY: A COMPARISON
BETWEEN DYSLEXIC ANDNON-DYSLEXIC
CHILDREN.

Maatje Scheepers

(295735)

A research project submitted in partial fulfilment of the requirements for
the degree of MA by coursework and Research Report in theofield
Psychology in the Faculty of Humanities, University of the
Witwatersrand, Johannesbudgine2009



DECLARATION

| herebydeclare that this research report is my own, unaided wadfas not beepresented

for any other degreat any other academic titsition, or published in any form.

It is submitted in partial fulfilment of the requirement for the degree of Masters of Arts in
Research Psychology by Coursework and Research Report at the University of the

Witwatersrand, Johannesburg.

Maatje Sheepers June2009

(295735)



ABSTRACT

Among the variety of deficits that have been related to Dyslexia, impaired working memory has
also been implicated as one of the factors that contribute to the deficits associated with Dyslexia.
Due to enotional difficulties experienced by children with dyslexia and the trend for these
children to behaviourally act out in an attempt to mask their learning problems, there is a need to
identify those individuals with dyslexia at an early age before lowestdem, emotional distress

as a result of inability to keep up with peers and physical distress can occur as a consequence of
late intervention(Fawcett, 2006) In South Africa there has not been as much focus given to
Dyslexia and how impairments in wornkj memory contribute to the disability as there has been
elsewhere. The present study was designed in an attempt to address the relationship between
working memory and Dyslexia and identify aspects that may aid in identifying children with the
disability & a younger age. Furthermore, the study endeavours to provide insight as to how
individuals with Dyslexia could benefit from intervention at the memory level as part of their
remedial programme. dhsequently, a sample of eightstexic chidren and eight on-dyslexic
matched controls completed the Automated Working Memory Assessment (AWMA) and the
Dyslexia Screening Ted Junior (DSTFJ). The data gathered from these assessments were
utilised to investigate two hypotheses. The first hypothesis consideaediytblexic children

would present with verbal sheigrm memory and verbal working memory difficulties when
compared to matched controls. An independent samyibsst tvas conducted to detect group
differences between the two groups. The results indichtgdhe Norword recall subtest and
Verbal shortterm memory collective scador the d/slexic group were significantly poorer
when compared to the control group. Furthermore only the Counting recall subtest of the verbal
working memory measures wasipaired in the gslexic group compared to the controls.
Correlational analysis between the AWMA Verbal scales and theID8Vealed that the control
group presented with considerably more significant relationships than the dyslexic group.
Furthermore, no tationships identified in the dyslexic group overlapped with the control group.
This was indicative of different memory constructs being utilised in dyslexic andystexic
individuals.Qualitative analysis of the reports of the AWMA and the EJS¥as casistent with

the quantitative resultand further revealethatin terms of the performance on the D$The

present South African samppeesented with weak literacy and phonological skill indicative of
difficulties predominantly in the phonological dam. The second hypothesis considered the



difficulties and differences in the visuospatial sktiertn memoryand working memory domains

of dyslexic andnon-dyslexic children. Results revealed that Visuospatial short term memory and
working memory, was aftéedon a greatenumberof subscaleshan the Verbal domairfhe
scores for the Visuospatial short term memory subscales, Dot Matrix and Block re@ll wer
significantly poorer for the yslexic cohort compared to the controls. With regard to the
Visuospatal working memory subscales, only the Odd One Out task presented with marked
differenes between the groups with thgskexic group presenting with lower scores. For both
the Visuospatial short term memory and wogkimemory composite scores thgsléxic goup
performed significantly worse than the control group. As with the Verbal scales, correlational
analysis of the Visuospatial scales revealed a higher ratio of significant relationships for the
control group compared to thgsllexic group with no overfabetween the groups. Overall, the
results ofthe study seem to suggest thgsldxic individuals do have shetérm memory and
working memory difficulties compared to their ndyslexic peers, and further thayslexic
individuals utilise different memorgonstructs in their sheterm memory and working memory
processingwithin both the verbal and visuospatial domaifkese findings have far reaching

implications for early diagnosis and intervention.
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CHAPTER1

LITERATURE REVIEW

1.1INTRODUCTION

There has been extensive enquiry into dyslexia as a reading disorder, what the underlying
impairmentanightbe and whether there are any specific means by which these indivadukls
be identified and diagnosed at an earlier age. However, theoretical perspectives are not in short
supply, ranging from behavioural, biological to cognitive premises asarans for the
reading disordei(Frith, 1999, 2006; Morton & Frith, 1995) From a cognitive perspective,
working memory has been implicated as one of the contributing factors that are associated with
dyslexia (Baddeley, 1986; Goswami, 1999; Helland, 2006rm 1983; Nicolson & Fawcett,
1995; Palmer, 200@nd will be the focus of this study.

The present study aimed to investigate the possible differences in working memory of
dyslexic children compared to their ndgslexic peers. The choice of investigg working
memory draws from the spectrum of theoretical views regarding dyslexia as well as considering
the South African context of the current study. Working memory measures bypass reading or
writing tasks, which is a major distress for children wdifslexia. The opportunity to utilise
working memory measures for early identification before children start the process of learning to
read and write, would provide great possibilities for remediation and intervention for these

individuals.

Dyslexia hasbeen a reading disorder surrounded by controversy that rises every few
years. There has recentigainbeen some debate concerning dyslexia as a reading disability and
whether the condition actually exists. This issue will be discussed first and theieadteler to
logically investigate the vast amount of information relating to both dyslaxé working
memory, an overview of the diverse explanations provided for dyslexia will be expldigidg

the three level framework proposed by Morton and RA®03,1995) The working memory
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model to be employed will be considerbreafter from where the focus will be drawn to a
detailed view of the research investigating the relationship between dyslexia and working

memory.

Consequently, this researchvastigated the working memory differences in a South
African sample of Grade-3 children diagnosed with Dyslexia matched to-dgalexic controls.
Utilising the Automated Working kmory Assessment (AWMA) (Alloway, Gathercole &
Pickering, 2004) and the Digxia Screening Test for Juniors (DSY (Fawcett & Nicolson,
2004),the study aimgo contribute tahe early identification of children with dyslexia through
improved understanding of the role that working memory plays in dyslexia within the South
African context. The following section therefore provides an overview of the theoretical and
empirical findings of both fields of research.

1.2DYSLEXIA

1.2.1THE DYSLEXIADEBATE

The debate regarding the existence of dyslexia has resulted in some hebtrdtaeis.
Shortly after the Channel BispatchegprogrammeThe Dyslexia Mytlin the UK on December
8" 2005a), controversy regarding the existence of dyslexia surfaced. Elliott, who took part in the
programme, suggested that dyslexia does not exist.réiogpto Nicolson (2005), Elliott did
clarify that he does not suggest dyslexic children are ,faking ite but rather that the difficulties
they experience are so widenging that the term dyslexia is not helpful. It appears from his
article in The Psychotpst, in response tdNicolson, thatElliottes view is that the term dyslexia
as a diagnostic label is meaningless due to the wide range of difficulties experienced by dyslexic
individuals. Elliot (2008) believes that there is little value and no reasosptit poor readers
into two group<€ dyslexics and poor readerst the present time, or as he stated fdyslexic sheep

and ordinary poereading goats,, (p729).

Nicolson (2005) pointed out that some of the major flaws in the argument for dyslexia

being amyth is that the experts in the programme stated that the defining characteristic of
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dyslexia is the phonological deficit, yet théollowing up by saying that the phonological
interventions are not working, which poses the question of whether the Kegnislpgy or not.
The phonological deficit theory is a well known and well documented theory that has not been

disproved so far. This broaches the topic of theoretical perspectives, diagnosis and intervention.

However, as Snowling (2005) called attentionthere are very often goorbidities and
behaviours in dyslexic children that are not explained by the phonological theory and are poorly
understood. To address Elliottes concern regarding the-naitiging difficulties of dyslexia,
Snowling (2005) direed awareness to the three level theoretical framework by Morton and
Frith (1993 19%) which separates the biological, cognitive and behavioural levels of
explanation, while acknowledging the environmental contributing factors present at all levels.
Thereare wideranging difficulties and there are certainly manyneorbidities, it is difficult to
gather everything under the term dyslexia and does not always fhelp theory nor practice,
(Snowling, 2005, p. 7300ne of the arguments raised by Elliott (2BD& that there is not a
specific teaching approach that appears more suitable to dyslexic children than for poor readers
in general. Nicolson (2005) deftly addresses this by stating that although both poor readers and
dyslexics may benefit from similar gmventions, it should not be confused with aetiology. The
example Nicolson (2005) uses explains this quite well fAsprin relieves the symptoms of
headache and backache, but theyere not the same affliction, (p. 659). Nonetheless, with the
growing body of ewdence and research into biological, genetic, cognitive, and behavioural
explanations, the construct of dyslexia will in time surely be refined with the perseverance of

experts in the field.

The debate as it stands at the moment seems to be concerndéfimition, diagnostic
symptomatology, and treatment. All of which are important and constantly being investigated
refined and revised. To suggest that dyslexia is a myth as a result of difficulties with definition,
diagnosis and treatment is pretatic, especially with substantiadvidence suggesting that

dyslexia is a very real disability with biological, cognitive and behavioural difficulties.

The field of dyslexic research incorporates a number of different research perspectives

that evolvedn an atempt to understand the underlying causes or deficits of the disability. These
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range from how the disorder presents itself to what the best treatment may be. The theories and
hypotheses dealing with the disability individually all hold valid explanationth®underlying
difficulties experienced and most have the research to substantiate their conclusions. However,
individually these theories may appear to conflict and contradict each otirees. Morton ad

Frith (1993, 1995 proposed thethree levelframeworle which involvesthe description of
reading disability on three levelat the biological, behavioural and cognitiegel and aims to

create a neutral framework to compare different theories of developmental disorders (Frith,
199). For purpose®f discussing the vast amount of literature and theoretical notions with
regard to dyslexia, the three level framework will be applied to the discuseim issues

relating to definition, comorbidity and subtyping has been covered.

1.2.2A DEFINITION OF DYSLEXIA

A problematic area with regard to dyslexia is the difficulty in defining the disorder. The
current definition of dyslexia involves primarily exclusionary criteria, demanding a discrepancy
between the general cognitive ability or intelligenc®)(bf the individual and their reading
ability. Consequently, the standing definition of a reading disorder (dyslexia) given by the DSM

IV-TR (2000) used for diagnostic purposes, is stated as follows:

foral reading is characterised by distortions, stistns, or omissions; both oral and

silent reading are characterised by slowness and errors in comprehensiorZp. 51

Although theworking definition used by the DSNV-TR (2000) was employed in this
study, other definitions should be mentionedhes/tprovide a more idepth understanding of
what dyslexia is, rather than stating what it is not. It seems that it has been well established that
dyslexia is a confined deficit affecting a specific area of the cogtlitigeistic system that
involves aspcts of phonological processing (Boada & Pennington, 2006; Palmer, 2000;
Snowling, 1995).

Hgien and Lundberg (1994s cited in Lundberg, 199proposed a definition of dyslexia

which states that dyslexia is a disturbance in specific linguistic funaifarrgtical importance in
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the encoding of written language according to the alphabetic principle. This disturbance is
usually expressed as difficulty achieving automatised word recognition during the process of
reading. It is evidently manifested in thlividualse spelling even though an acceptable level of
reading may be reached, and it often runs in families, suggesting the involvement of a genetic
predisposition. The definition put forward by the International Dyslexia SocieAp@2 can be
summarisd as dyslexia beingeurological in origina disturbance in the decoding of words in
written language reflecting a deficit in the processing ability in the phonological system of
spoken languagewith difficulty in accurate and fluent word recognition,opaspelling, and

reading comprehension

Lastly, the British Dyslexia Association (BDA) provided an updated definition in 2007
which definedyslexiaas a specific learning difficultyAccording to the definition, difficulties
are present from birth wit persistence throughout the lifespan and affieetdevelopment of
literacy and language skills. Difficultieare further experiencedwith a variety of tasks that
incorporatethe assessment gfhonological processingspeed of processingapid naming,
working memory, and automatskill developmentvhich does notmeasure up tother skills
associated witlrcognitive developmentThe dyslexic hild finds it difficult to adapt tomain
streamteaching methods, however the difficulties experienced camnetheed by utilising
suitableinterventiors specifically designed for the individual in combination withunselling
and equipment such as computers and software programmegublaed from the field of

information technology.

An important consideration thahould be acknowledged with regard to the definition of
dyslexia, which is not specified in a general definition or that of the IDENIR, is the
comorbidity issues anthe different subtypes of dyslexia. Two major distinctions can be made
with regard to gslexia subtypesthe first is acquired dyslexia which results from some known
type of brain damage, and the second is developmental dyslexia where there is no identifiable
indication of brain damage but rather difficulty in the initial learning of readimd) generally
spelling and writing as well (Rayner & Pollatsek, 1989). Both of these two dyslexia subgroups
have different subtypes of dyslexia. Acquired dyslexia will be discussed first before moving to

an examination of developmental dyslexia.
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1.2.3COMORBIDITY ISSUES ANSUBTYPES OFDYSLEXIA

Comorbidity

Comorbidity is common in developmental disord@#§icial studies on the comorbidity
of dyslexia with other disorders are fe@ne of the most recent studies is thaPafic (2005)
who conducted anospective study to examine the comorbidity incidence of a range of disorders.
Thedisorders that were investigatettluded dyslexia, dyspraxiattention deficit hyperactivity
disorder ADHD), obsessive compulsive disord€@CD) and Tourettees syndromk.wasfound
that these disorders tend to appear in patterns of comorbidity, with ADD present in 62% of the
dyslexic group and 38% presented with ADHD. The comorbiddje for OCD was
approximately 17% and 8% for Tourettees syndroffeese findings suggethat some of the
difficulties experiences by dyslexiandividuals may be related to other disorders that affect
performancesuch as brain abnormalities whiaffecta variety of systems involved in attention,
processing, comprehension and storatmvever, thespecifics of these problems that relate to

comorbidity and how to address them is a question that deserves further study.

Acquired Dyslexia

In most cases of acquired dyslexia, the severity of the injury and rough location of injury
is known (Rayrer & Pollatsek, 1989)According to Rains (2002)hé different subtypes of
acquired dyslexia can be clustered itt@ major categoriesvisual word form dyslexias and
central dyslexias. The visual word form dyselxias constitbitee main syndromegvisual
dyslexia or neglect dyslexia, attentional dyslexia, and spelling dyslexia orferonddyslexia)
and the central dyslexiabree additional syndromes that follow from the visual word
dyslexias with an additional processing deficit (surface dysleldap dyslexi€ also known as

phonemic dyslexia, and phonological dyslexRains, 2002Rayner & Pollatsek, 1989).

The first of thevisual wordform dyslexias visual dyslexia is characterised by the
individual misreadhg letters of words They ten substitué the letters theymisread with

different letters in ordeto produce a incorrect,but real word(Marshall & Newcombe, 1973;
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Newcombe & Marshall, 1981; Rains, 200&jtentional dyslexiavas first identified by Shallice
and Warrington (1977and appears to be a very rare conditiGharacteristics of this form of
dyslexia includevisual segmentation errors distingueshby an inability to read words and
letterswhen presented with other written material, while the ability to read words ers|att
isolation is intact. Irword-form dyslexiahe ability to recognise words as a complete visual unit
is dysfunctionalas a resuléach word is read letter by letter either aloud or subvocally before the
word is identified. The reading speed for #@wdividuals is markdd slow and very dependent

on the length of each wof@atterson & Kay, 1982)

Central dyslexias have shared symptoms with the visual word form dyslexias, but tend to
have a processing component that is impaired as Sugtface dyslxicstend to rely orreading
utilising the phonological route, they are able to sound out a word but not recognise words as
wholes. They are able to pronounce words correctly but have difficulty with the semantic
representation of words (Patterson, Cdaitthe& Marshall, 1985). Regular words are pronounced
correctly more often than nonwords (Shallice & Warrington, 1980), with errors in phonic
approximations of the given word i.e. island as izland, disease as decease, (Patterson et al., 1985)
listen as lisbn, begin as beggin (Marshall & Newcombe, 1973). This often appears as failed
attempts to apply the grapheipleoneme correspondence rules (Patterson,et985; Marshall
& Newcombe, 1973) or the use of inappropriate analogies (Henderson, 1982) whneeaitieg
assigned to a word follows from its pronunciation (Rayner & Pollatsek, 18988iculty is
experienced with oral reading of irregularly spelled words where the gragt@neme
correspondence is unfamiliar and written words thay cannot readlaud are not understood,
however, they are able to read nonwords and regularly spelled words (Nolan, Volpe, & Burton,
1997). In other words, individuals with surface dyslexia appear to follow standardopsmind
rules of language when reading text, bamh only manage to read words that follow direct sound
patterns and cannot read words that do not follow attepund correspondence rules (Rains,
2002).

Deep dyslexidas the central feature of individuals making semantic errors when reading
singlewordsaloud(Coltheart, 2000Coltheart, Patterson, & Marshall, 1980), thus errors such as

reading ,strolle as ,walke or  kittene as ,catccur Other errors that eoccur with semantic
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errors include visual errors, reading ,cate as ,cote. A combinationsoal and semantic errors

may occur, thus reading ,cate as ,rate or viseiabrsfollowed by semantic erroréor example
reading ,sympathye as ,orchestras (most probably via symphony) and derivational errors such as
reading ,keepe as kep{Rains, 202). They have an almost complete inability to read nonwords
and have great difficulty reading abstract or function words, often substituting the function words
such as ,alsoeubstituted for ,bye (Coltheart et al1980; Rains, 2002; Rayner & Pollatsek,
1989).

Phonological dyslexias characterised by a marked deficit in reading nonwords or
pseudowords (Beauvois & Derouesne, 1979; Rains, 2002; Rayner & Pollatsek, 1989).
Phonological dyslexgare able to read and understand familiar real words utilsitearned
sight vocabulary, hence why this subtype of dyslexia is also known as ,reading by sight
vocabularysThese individuals have lost taility to convert graphemes to phonemesisethe
letterto-sound conversion rules, thus they are unable tod#ephonetic information (Beauvois
& Derouesne, 1%, Funnd, 1983; Plaut, McClellandSeidenberg& Patterson,1996; Rains,
2002)

Developmental Dyslexia

Developmental subtypes have evolved from the similarities in symptoms presented in the
acquired dysxia subtypes. Developmental dysleRis beendefined as the ability to learn to
read andperform the reading activity sufficiently despite above average intelligence and
adequate education (Heim et al., 200B)btype classification fodevelopmental yslexia has
generally been characterised as having to divide dyslexics into phonological or surface subtypes
(Castles & Coltheart, 1993pirroring the pattern of symptoms from the acquired dyslexias (e.g.
Beauvas & Derousene, 1979; Coltheaat al., 1980)r visual and auditory categorjasilising
the Boders (1973) subtyping system. Thikevelopmental surface dyslexia subtype presents with
difficulty accessing the meaning or semantic representations of words, reading irregular words
are problematic whilenonwords that follow direct lettdo-sound rules can be read.
Developmentalphonological dyslexics haveproblems with nonword reading yet have a

relatively intact ability to read real wordé\s such, they rely on sight vocabulary due to
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difficulties deoding phonological information and the impairment in the capacity to convert
graphemes to phonemes (Castles & Coltheart, 1993; Thomson, B@@@). (1973) classifies
dyslexics into one of three subtypes, dysphonetic, dyseidetic, or mixed. The dysphuabtgpe
presents with grapherghoneme conversion difficulties, the dyseidetic group aithnability

to visually recognie whole words and the mixed subtype presenting with both grapheme

phoneme conversion and visual recognition difficulties.

Consideing that there are different subtypes of dyslexia with specific characteristics
associated with them, investigation in terms of the underlying cause of these difficatiesn
extensively researeldl The three level framework is utilised to aid in tkhiéscussion of the

theoreticapositions with regard to deficits associated with developmental dyslexia.

1.2.4THE THREELEVEL FRAMEWORK FOMDYSLEXIA

Drawing from H...ien and Lundberges (194 cited in Lundberg, 1998nd the BDAes
(2007) definition, gslexia is a multfaceted disability that presents itself at different levels
which links very well with Morton and Frithes (1993995 three level framework. The first
indications of dyslexia are experienced at the behavioural level when teacherseants geal
with children who have difficulty with reading, writing, rhyming, spelling and/or breaking down
words into their constituent sounds and phonentemdberg, 1998 Explanations for the
behavioural aspects seen in dyslexia are explored by loakitig brain or biological aspects as

well as the cognitive processes that may be dysfunctional or different in these individuals.
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Figure 1: Morton and Frithes Three Level Framework depicting a general causal model of
developmental dyslexia adaptéwm Paradoxes in the Definition of Dyslexia (p. 196), by U.
Frith, 1999 Dyslexia, 5192€ 214.

In Figure 1lthe arrows represent the probable causal links of the weaknesses that are
experienced in individuals with dyslex@nd the crossed out fields symbolise the assumed
dysfunction. What the causal modelling of the framework suggests, is that a singular definition
of dyslexia at a specific level is not more desirable than another at a different level. But rather a
given dysfunction at any level would have implications across all levels of functicariag
subsequently would provida deeperunderstanding with regard to comorbiditgefinition,

diagnosis and interventiorlated to dyslexiérith, 199, 2006)

Behavioural level

Dyslexia at the behavioural level incorporates a variety of ,symptomse which dyslexic
readers are agreed to have. These include problems in reading and spelling, difficulty learning
rhymes and they generally are slower to learn to read and wtéa,refversing the orientation of
letters or omitting letters when writing. They present with impairments in balance and motor

development, reading fluency and comprehension, typically exhibiting specific difficulties in
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decoding and recognising single wsrdAbnormalities in phonological processing and
phonological awareness of written and spoken language are evateswami, 2000t.undberg,
1999; Nimlson & Fawecett, 1990; Snowlindl981; Zeffiro & Eden, 2000). The observed
behavioural manifestations aresrgrally due to a combination of underlying causes that
contribute to the observed symptoms along with environmental $athat impact the
behavioural outcome (Friti,999,2006).

Biological level

Investigations into the underlying cause of dyslexaaehfocussed on a variety of aspects
looking at the genetic origin and physiological dysfunction of the dyslexic brain. A brief
overview of the core arguments are discussed below, these include the investigations into the
structure and cortical developmeat the brain, genetic susceptibility to the disorder, the

magnocellular pathway theory and the cerebellar deficit theory.

Genetics, Cortical development and Brain structure

Various structural differences have been identifieedominantly in the left grisylvian
cortexin postmortem analysisvhendyslexic and control brainsere compare@Brown et al.,
2001; Eliez et al., 2000; Galaburda, Sherman, Rosen, Aboitiz, & Geschwind, 1985; Ldonard e
al., 2001; Rae et al., 1998)hd thalamus (Galaburda, Meda& Rosen, 1994) the cerebellum
(Finch, Nicholson, & Fawcett, 2002; Rae et al., 2002) and the corpus callosum (Rumsey et al.,
1996) have also been implicatedt is not yet clear whether all structural differences are
associatedn dyslexia itself or rathr form part of the overarching comorbidity found with
dyslexia and other learning or reading disorders (McArthur, Hogben, Edwards, Heath &
Mengler, 2000). Some of the structural and biological anomalies are discussed in conjunction

with the theoretical mitions of a biological basis for dyslexia below.

Some of the earliest descriptions of developmental dyslexia indicated that there may be a
familial component to the disorder, and it has been largely accepted that dyslexia runs in

families. Twin studies dwve indicated a significantly higher correlation of developmental
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dyslexia in monozygotic compared to dizygotic twins, with heritability estimates ranging from
45 to .61 in processéBlat are associated with readisgch as word recognition, orthographic
coding, phonological decoding and phonological awareness (DeFries, Fulker & La Buda, 1987,
Gayan & Olson, 1999). In addition Plomin and DeFries (1998) indicated that if one identical
twin (monozygotic) is dyslexic, the probability for the other twin talpsiexic is 68% whereas

for fraternal twins (dizygotic) the risk is 38%. Behavioural genetic analyses such as the above
mentioned few fuelled the search for a causative gene by providing irrefutable evidence that
developmental dyslexia may be treated phenotype (Marino & Molteni, 2006).

Evidence of a major gene with dominance was established through segregation analysis
and at least one copy of this alleged allele is carried by 57% of the population (Gilger, Borecki,
DeFries & Pennington, 1994). Segation analysis further revealed that developmental dyslexia
has a transmission pattern consistent with the Mendelian pattern of inhe(fPamrengton et
al., 1991) this simply means that one hasheee out of fouchane of inheriting the gene if a
paent has the homogenous gene for developmental dysMwiacular genetics investigation
into chromosome 15 revealed a dyslexia susceptibility gene DYX1C1/EKN1 (Taipale et al
2003; Wigg et al., 2004). Investigations into the cellular functioning oDWX1C1 protein
indicated that the interruption of this protein expression disrupts normal neuronal migration in
the developing aebral neocortex (LoTurco, Wan§ Paramasivam, 2006). Abnormal cell
migration known as ectopias and microgyri have been fautitki cortex of dyslexic individuals
(Galéburda & Kemper, 1979; Galaburdaal, 1985) as well as the thalamus where cortical areas
are connectedspecifically the lateral geniculate nucleus (Livingstof®sen, Drislone &
Galaburda,1991) and the left nakal geniculate nucleus (Galaburdaal, 1994). It is thought
that these abnormalities are the cause of some of the visual, auditory, attention and phonological

deficits (Ramus2006) present in dyslexic individuals.
Magnocellular pathway theory
The magnocellular theorguggestshat the underlying cause of dyslexmay very likely

not be a difficulty that isanguage specific butould be related ta more general impairmeint

the magnocellular and parvocellulasual and auditorgystens (Hansen Sein, Orde, Winte&
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Talcott 2001; Stein, 2001; Stein & Talcott, 1999; Stein & Walsh, 1997).-mogiem studies

have provided further biological evidence for thagnocellular theory. Galaburea al. (1994)

found that themagnocellular neurons in thesual nuclei in the thalamusere selectiviy
disarrayedin dyslexic individuals. Their magnocells were also significantly more distorted and
smaller than that of nedyslexic controls. The magnocellular pathway is sensitive to low
contrast, rapidly changi moving stimuli, whereas the parvocellular pathway responds to slow
changing information, coloured and detailed stimuli (Everatt,6R0Most of the focus of
magnocellular theory has been with unsteady binocular fixation (Stein, 2001) and reduced

motionsensitivity (Hansen et al., 200Blated to the visual system

According to Stein and Walsh (199the magnocellular systeplays an important role
with the control of eye movements. They suggest that the impaired function of this system in
dyslexics maydestabilise the binocular fixation of the eyes, resulting in convergence of words
during reading. The letters cause visual confusiprappearing to move around on the page
(Stein, 2001; Stein & Walsh, 1997). Cornelissen, Bradley, Fowler and Stein @@$jgsted
thatvisual errors in the form ddinocular instability becoms evident wherdyslexics attempt to
read small lettersThey also find itdifficult to read if letters are very close to each other
(Atkinson, 199).

Cornelissen et al. (1991) fughfound that if these individuals were given larger print,
the frequency of errors was reduced. Studies on the motion sensitivity of dyslexics have shown
that the perception of consistent motion is lower for dyslexics than controls (Cornelissen
Richardsoe, Mason, Fowler & Stein1995; Everaft Bradshaw & Hibbard1999). Eden and
colleagues (1996) reported that the ability to perceive coherent motion is lower in dyslexics than
controls, providing evidence for the notion that there is a lack ofrédatedactivation of the

cortex responsible for motion detection.

Cerebellar deficit hypothesis

The cerebellar deficit hypothesis was first formulated as an automatisation deficit theory

which suggests that dyslexic childrénd it difficult to becone automaic in any skill, not
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exclusively readingdNicolson Fawcett, Moss, Nicolso& Reason, 1999; Nicolson, Fawcéit
Dean,2001; Nicolson & Fawcett, 1990Nicolson et al. 1999,2001) and Nicolson and Fawcett
(1990) suggest that the weakened ability to autsmagprocesses in dyslexic individuals is
related to the observed reading disability. These automatised abilities refer to articulatory and
auditory skills important for graphenpdoneme correspondence and the control of eye
movements (Fawcett, Nicolson, Rean 1996; Niolson, Daum, Schugens, Fawc&tiScultz,

2002). However, the findings in terms thie automaticity hypothesis habeen mixed, with
Ramus, Pidgeon and Frith (2003) and Heim et al. (2008) finding no differences on

automatisation tasks.

Focussing on balancet wasfound that dyslexic childrestrugglewith thebalaneng task
when they argygiven a second tas&t the same timéo stop them fronctoncentrahg on the
balancing activity Also known as the dual task paradigm, the results indidhsgddyslexic
children could balance as well as controls when presented with the dualbtatstended to be
significantly poorer at the balancing task when compared to cor{iditslson & Fawcett,
1990). In contrast, Stoodley, Kaett, Nicolson and Steif2005, 2006) found that dyslexics
tended tgperform worse than controls, howetbke dyslexicchildren significantly differed from
controls with balancing tasks, dropping a foot more often than controls (Stoodley et al., 2005)
while dyslexic adults did ndiffer significantly from controls (Stoodley et.,a006),yet, both
studies reported that the ldevel motor dysfunction may be associated with literacy

developmenand poorer literacy skills.

The search for an underlying cause that would be dblenclude the pattern of
difficulties experienced by dyslexics, such as balance, speed and phonological skill, linked the
automatisation deficit hypothesis to the cerebellum which was brought under scrutiny because of
its involvement in speed, learning anator skill (Fawcett, 2006Nicolson & Fawcett, 1994).

The hypothesis was tested indirectly at first using clinical tests of muscle tone and stability
which provided strong evidence for abnormalities in cerebellar functioning (Faetcett
1996).
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The @rebellar hpothesis was tested by Nicolson and colleadi®99) directlyutilising
a PET study of motor learnirtgsks known to activate the cerebellum, and the results showed
that adults with dyslexia had reduced activation of the cerebellum (onl§y 206 of the
expected level) providing strong support for the cerebellar deficit hypothesis (Nicolson et al.,
1999). It has further been reported that dyslegresent witha variety of dysfunctions such as
eyeblink conditioning (Nicolson et g12002), notor skill (Fawcett & Nicolson, 199%toodley
et al., 2005 2006, and time estimation (Nicolsorf;awcett& Dean 1995) which are all
dependent on cerebellar processing.

Biological evidence supporting the cerebellar deficit hypothesssdiscovered in @2
when Finchet al.(2002) established that the number of large and small cerebellar neurones of
dyslexics and controls were significantly different aftezy re-analysed the brain specimens of
dyslexic individuals originally investigated by Galaburetaal. (1994) The cerebellar deficit
hypothesis therefore proposes that theordyichere is a causal chain linking impairments of the
cerebellum with phonological deficits and difficultiesreading and spelling (Nicolsoet al,
2001).

In sum, theras strong biological evidence that pertain to some of the behavioural signs
associated with dyslexia. The neurobiological brain abnormalities and structural differences
provideinsight into the cognitive deficits associated with the disorder.

Cognitive level

As the present study is concerned with the cognitive difficulties experienced by dyslexic
children in terms of working memory, a brief overview will be provided here before a more
detailed account is discussed in the following sections of this cha&iteéhe cognitive and
biological leve] phonological processing and workingemory are very interdependeas
working memory subserves speech perception and speech production (Single&nBaoo
shortterm memory and working memory have been fournoketgignificant predictors of reading
comprehension (Swanson, 1994) and it is assumed that working memory enables an individual to

hold the constituent sounds and phonological codes in-wrort store until they can be
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recognised as a word or sentence ésidneaning extracted from losigrm memory (Wagner,
Torgesen, Laughon, Simmons & Rashotte, 1993). As a resulhological skills are one of the
most extensively researchadeaswhen considering the cognitive domain in dyslexic research
(Goswami, 1999Rack, 1997; Snowling, 2000).

The relationship between phonological deficits, reading and working memory has been
well established (Baddeley, 1986; Jorm, 1983). It is argued that phonemic processes such as the
alphabetic correspondence between graphantke phoneme, underpins the development of a
recoding strategy in reading that requires working memory involvement (Gathercole &
Baddeley, 1993). With regard to dyslexia the deficits in phonological segmentation, rhyming
(Nicolson & Fawcett, 1995), the radval process within the phonological loop, impaired
language comprehension (Helland, 2006), impaired central executive (Reiter, Tucha, & Lange,
2005) and impaired storage within the verbal store (Helland, 2006) all indicate that working
memory deficits @y an important role in the reading development of dyslexic individuals.
However, deficits in visuospatial shaerm and working memory function have been associated
with difficulties experienced by dyslexic childreRalmer, 2000Poblano, ValadeZepec,de
Lourdes Arias & Garcidedroza, 2000 Swanson, 1999 Furthermore, DeGuidice and
colleagues (2000) indicated that although they did not find any differences on spatial cognition
tasks, they did identify one child with relevant visuospatial defieiisich provides some
evidence for the existence of a visuospatial deficit and visuospatial subtype in developmental

dyslexia.

In view of the above overviewrelating to the cognitive level of the three level
framework working memory deficit@reimplicated in dyslexiaThe following sectiortherefore
will discuss the working memory model within which the relationship with dyslexia may be

contextualised.

1.3THE STRUCTURE ANDFUNCTION OFWORKING MEMORY

Working memory refers to the system in memorgtthas a limited capacity to store

information temporarily and manipulate the stored verbal, visual and spatial information over
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brief periods of time while performing a variety of cognitive tasks (Baddeley, 1986). Working
memory can therefore be thougttas the fmomerib-moment monitoring, processing, and

maintenance of information, (Baddeley & Logie, 1999, p 28).

There are two major theoretical perspectives of how working memory functions, the
domainspecific account and the domajeneral accountWorking memory capacity in the
domainspecific model is supported by two separatebal and visuospatialomainspecific
resourcesthat independenyl manipulates and processes verbal and visuospaf@imation
(Miyake, Friedman, Rettinger, Shah & Hegar®00% Shah & Miyake, 1996 Therefore
proficiency in verbal working memory tasks would not be predictive of visuospatial abilities, nor

would visuospatial ability be indicative of verbal ability (Shah & Miyake, 1996).

However, the multtcomponent modelof working memory is certainlthe most
prominentaccountthat has been providefirst proposed by Baddeley and Hitch (1974) and
further developed by Baddeley (19889Q 2000), which consistof four main components.
These components are the central cetge, the phonological loop (or verbal store), the
visuospatial sketchpad and the episodic buffer. This working memory model supports &domain
general account of working memorin this account there is a domaieneral component
responsible for coordinding information of two independent domainspecific storage
components. The domaspecific storage components aplit into two storage systems

verbal store and a visuospatial store (Pickering, 2001).
1.3.1 BADDELEYSWORKING MEMORYMODEL
The strieture of Baddeless (1986 multi-component working memory model is

schematically presented in Figure 2 below and shows the interaction of the components with

each other as well as long term memory (LTM).
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Figure 2: Baddele»s Multi-component model of Working Memory from Working Memory:
Looking Back and Looking Forwdr(p. 836), by A. Baddeley, 2003Neuroscience,,429839.

As Figure 2 illustrates, Baddeley¢s986 2003) working memory model comprises the
central exective, which functions as the limited capacity attentional controller and its two
subsystems. The phonological logwocessesacoustic and verbal information while the
visuospatial sketchpad is responsible for visual and spatial information. Each of $iistesus
that make up Baddeley and Hitch¢(974 and Baddeleyes (200003) working memory

model is described below.

The Central Executive

Evidence from patients with frontal lobe lesions (Baddeley, Della Sala, magag
Spinnler,1997; Shallice & Brgess, 1991and Alzheimeres Disease (Badely, Bressi, Della
Sala, Logie& Spinnler, 1991) who displayed difficulties with executive control, suggests that

anatomically the central executive appears to reside largely but not exclusively within the frontal
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lobes (Stuss & Knight, 2002.he central executive has most recently been associated with a
supervisory attentional subsystem to account for the focussed attentional control of actions
(Baddeley, Emslie, Kolodny & Duncan, 1998), the executive capacdivige attention in dual

tasks (Baddeley, &ldeley, Bucks & Wilcock, 2001 and switching attention (Baddeley,
Chincotta & Adlam, 2001).

The central executive however is yet to be fully understood,; it is believed to be the most
important component of theorking memory model and can be fractioned into a number of
executive sulprocesses (Baddele®003b). h its current state, the central executive acts as the
domair€general component of working memory and operates as the mechanism that is
responsible forcontrolling cognitive resources, regulating cognitive resources and temporarily
activating and retrieving information from long term memory (Baddeley, 11988 1996). The
central executive is also responsible for the coordination of multiple taskatieg attentional
control, regulating inhibition, monitoring information processing, updating tasks, shifting
between tasks, and shifting between retrieval strategies (Baddeley, 1986; Baddeley, 1996;
Baddeley et al., 1998; Miyake, Emerson & Friedman,0200hese processes have been shown
to be associated with a range of complex cognitive abilities sucbnagrehension danguage
and reading (Baddeley, 2003a; Daneman & Merikle, 1996; Gathercole & Pickering, 2000).

Two ,slave systemse, a verbal stéréhe phonological loop, and a visuospatial sttee
visuospatial sketchpadupplement the central executivEhese two specialised systems are
responsible for the temporary storage and manipulation of information in their respective domain
(Baddeley, 198) with the central executive coordinating the functions of the two subsidiary
systems. The main functions of the different subsystems in the working memory model are

outlined below.
The Phonological Loop
The phonological loop is at this stage the miesteloped component of the working

memory model (Baddeley, 20000jhis verbal storage system igsponsible for thehortterm

storage and manipulation of spedidsed information (Baddeley, 1986). The phonological loop
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comprisa two parts, the first is gemporaryphonological store and the second an articulatory
rehearsal system. The shtetm phonological store is a limited capacity system with the ability
to maintain speeehased information. The phonological store is subject to rapid decay of
informaion, with memory traces fading within a period of approximately two seconds unless
refreshed through swtNmocal rehearsal, which is dependent on the articulatory rehearsal system.
This system acts as the inner ear and helps restore the decaying rejwasesmatinformation

in the phonological store, furthermore it serves the function of registering and encoding visual
information as long as it can be named (Baddeley, ,19863a; Baddeley, Lewis & Vallar,
1984). Therefore while written words or visuallpects must be converted into an articulatory
code within the articulatory rehearsal system befoentersthe phonological storeguditory
information in the form of spoken wordgve direct accestue toacousticinput (Baddeleyet

al., 1984).

The Visuospatial sketchpad

The visuospatial sketchpad is a limited capacity temporary memory system, typically able
to store three to four objects over a short period of time (Baddeley, 2003b). The maintenance and
processing of patterned or spatial stimuli #m& retaining and manipulation of various images is
dealt with by the visuospatial sketchpad. The visuospatial storage system deals with all pictorial
representations which include any visuospatial material, such as colour, movement, object shape,
letter shape, and word shape (Baddeley, 1986; Baddeley & Hitch, 1974). Logie (1995) recently
proposed that the visuospatial sketchpad is fractionated similarly to that of the phonological loop
with two distinguishable subcomponents, the visual store componesmsuad cache and the
inner scribe. The visual cache is a passive system responsible for the temporary storage of visual
information and their spatial locations representing the physical characteristics of objects and
events. The inner scribe tempalarstores spatial information and acts as a rehearsal and
retrieval system to reactivate the decaying information in the visual cache, actively maintaining

the spatial order of locations and planning movements.
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Episodic buffer

Put forward by Baddeley in0B2, the episodic buffeaddsa new element to the original
model. The buffer isconsideredto be responsiblefor the amalgamationand binding of
information across the information domains and memory subsystems. The episodidsbuffer
controlled by the cdral executive andstores informaon in a multidimensional codelhe
episodic buffer forms a temporary interface between the verbal and visuospatial slave systems as
well as long term memories that are consciously retrievable. According to Baddeley, (8602)
episodic buffer may present an important gateway for learning by providing direct inputs into

episodic long term memory.

1.4WORKING MEMORY DEFICITS ANDDYSLEXIA

The process of reading, especially early reading is by no means easy and is wften slo
and effortful for the beginning reader. The novice reader has to recognise letters in the alphabetic
system and associate them with their sounds while blending the sounds to reach an understanding
of how sounds are put together to form words. The chiketefore is required to form
connectionsbetween letters and sounds of spoken words, and with spelkogde the
information by pulling the sounds of words apart in order to associate the letters with their

respective sounds (Hatcher & Snowling, €00

Working memory is intrinsically involved in the reading process as the child is required
to converge the graphemes (letters) and phonemes (sounds) of a segment of a word while
holding the remaining segment in memory (Seidenberg & McClelland, 1989). Lgaoniead
can therefore be seen as the phonological decoding of printed text (Adams, 1990). The complex
working memory demand of text and language comprehension becomes an essential component
in the task of reading and in order to understand the combiraftiwords and sentences, as well
as comprehend the text, words and sentences must be held in memory (Nation, Adams, Bowyer
Crane & Snowling, 1999; Seigneuric, Ehrlich, Oakhill & Yuill, 2000).



33

Dyslexia is a reading disability and is commonly thought ©faaproblem with the
decoding of written language regardless of average intelligence, normal education and a
reasonable socioeconomic statudDerfionet, Taylor & Chaix, 2004Ramus, 2003Ramus
Rosen,et al, 2003 Vellutino, Fletcher, Snowling & Saéon, 2004. One of the st widely
accepted views of dyslexia is that it is a language disorder with a specific deficit in phonological
and verbal tasksRamus Rosengt al., 2003, Snowling, 1995). The most consistently reported
findings are those of an impaired verbal memwith deficits in phonological awareness that
stem from limitations in phonological coding (Hulme & Roodenrys, 199%ras been reported
that children with dyslexia are inclined to have phonological decoding deficits in processing
written as well as sgken words. They struggle to pronounce nonwords and have difficulty
identifying the ,odde word in a series three or four spoken words sudatasiattap bat
(Hatcher & Snowling, 20Q6Rack, Snowling & Olson, 1992 The dyslexic child also has
difficulty with retrieval of phonological information, they frequently take longer to retrieve the
verbal codes from lorterm memory McDougall & Donohoe 2002 Wagner et al., 1993and
struggle with vocabulary acquisition (Gathercole & Baddeley, 1990; Gathercolés &
Baddeley, 1991)Considering theifficulty in coding anddecoding of written languager
reading, working memory seesto play acrucialrole. Several studies investigating differences
between skilled readers and less skilled readers with thefusognitive measures, have found
that there are deficits in the working memory domains of the less skilled readers (De Jong, 1998;
Passolunghi & Siegel, 2004; Swanson, 28anson, Howard, & Saez, 2006

Investigatingthe specificity of working memg deficits of 10yearold reading disabled
children matched to two control groups on reading age and chronological age respantively
utilising a variety of working memory measurd3e Jong (1998) identifiedhat deficits in
working memory capacity werevident in the reading disabled group and appeared to be
generalised over various academic domains. This was reveatduldrgn performing worse in
complex span taskassociatedvith both language and numerical domains when compared to
normal reading pers. Additionally, the findings revealed that the deficits obsewiditin the
working memorysystem of children with aeading disaltity, could not beexplained due to
deficits in processing or verbal memory span, but seem to suggest that there ralargsnkty

to concomitantly process and store verbal informatiSwanson and colleagues (2006)nd
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that there are different working memory components that underlie difficulties experienced in
different subgroups of reading disabled childr&killed readers outperformed less skilled
readers, children with comprehension difficulties outperformed children with reading disabilities
and those with reading disabilities outperformed children who were poor readéfferent
areas of working memory, sliderm memory, executive processing, phonological processing,
processing speed and updating taskswever, with all group comparisons, working memory
appeared tainderlie the disparity in reading performance. It was further suggestethéat
differencesin working memory of the less skilled readers were restrainesl siprage system

and executive processing that was spécifically related to phonological skills or reading.
Unfortunately measures of working memory appertaining to the visuospatial dee@@mot

included ineither ofthe above studs

As stated earlier, @onsiderable body of evidence indicates that dyslexic individuals have
various shorterm and working memory problems (Brunswick, McCrory, Price, Frith & Frith,
1999; Griffiths & Snowling, 2002;McDougall & Donohoe, 2002; Pennington, Carddsartins,

Green & Lefly, 2001; Plaza, Cohe& ChevrieMuller, 2002; Roodenrys & Stokes, 2001
Stanovich, Siegel & Gottardo, 199With impaired workingmemorybeinga principalfeatureof
dyslexia (McLoughlin, Fitzgibbon& Young, 1994) The ,passives shoterm memory sre of
dyslexic individuals hadeen investigated extensively with the use of simple verbal memory
span tasks revealing deficits in the phonological loopes storage capacity (PAlaterSmith

Spark, Fisk, Fawcet& Nicolson, 2003; Helland & Asbjornsen, 2004). SmB8park and
colleagues (2003) provided evidencattimpairments are apparent igstexics on shofterm

verbal memory tasks and letter updating tasks which tap problemnsuiround phonological

loop and serial order memory. Furthermore, impairments in the articulatory rehearsal system
within the phonological loop was identified in two out of threegsabps of gslexic children

this wasa resultof a lack of therecencyeffect ina backward recaltaskanda serial recalltask

when the working memory task demands increased. These deficits are thought to present
behaviourally as the misreading and misspelling of the last section of long words or numbers, or
as difficultiesin sequencing letters and digits together with difficulties readmywriting word
endings (Helnd & Asbjornsen, 2004).
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Some of the most difficult memory tasks for dyslexic children are reported to be word
repetition, digit repetition and sentenc@ettion tasks (in order of first to third most difficult
task), all requiring immediate verbal memory. Word repetition presented with difficulty
retrieving phonological codes and encoding the full phonological representations and planning
the articulatorymovements that coincide with the phonological sequence. Digit repetition
required the storage function of working memory, while sentence repetition required the ability
to maintain items, order information and plan articulation (Plaza et al., 2002) pfemation for
the variation in the difficulty of and performance on these tasks, appears to be related to
accessing phonological representatiatithin thelong-term memorystore which can be used to
support memory span performance and acquisition ofuzeabulary (McDougall & Donohoe,
2002). Familiar words and digits in the digit repetition and sentence repetition tasks (Plaza et al.,
2002) are familiar to items stored in long term memory while the unfamiliar words in the word
repetition task however dwot have the familiar item representation in lkiagm memory. This
differentiation in retrieval of information from lortgrm memory is thought to provide a good
measure of the operation of the articulatory loop of working memory (Hulme, Maugham &
Brown, 1991).

The exact source of the shterm and working memory problems is however still
unclear, thus whether the deficits identified are purely verbal working memory in nature or a
deficit in phonological processing remains questionable. Some furthizowensy arose posing
the question whether the working memory deficits observed were a result of phonetic processes
or working memory processes, leading to the argument over how much group variance could be
attributed to impairments in phonological proess®r memory processes (Gathercole, 1994;
Gathercole, Willis, Emslie & Baddeley, 1991; Snowling, Chiat & Hulme, 1991).

Many reading disabilities are evidenced to have a deficient phonological processing
ability as an underlyig deficit (Gottardo, Stanash & Siegel, 1996; Siegel, 1993; Snowling,
2000; Wagner et al., 1997). It is therefore not surprising that the phonological deficit has been
connected to verbal short term memory impairment (Baddeley, 1986) as well as working
memory impairment in childrewith reading disability (Swanson, 1994). Less skilled readers

have been shown to be impaired in a variety of phonological awareness tasks (Gathercole &
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Baddeley, 1993; Wagner et al., 1997) and that a deficit in phonological processing as well as
phonologi@l short term memory contributes to reading impairment and reading ability
(Goswami & Bryant, 1990; Vellutin@t al, 2004, Swanson, 2003; Swanson & Howell, 2001).
Moreover, a number of deficits in working memory have been linked to deficits in phomeics, th
ability to recognise words (Siegel & Ryan, 1989) and difficulty in understgnaritten text
(Swanson, 1992004; Siegel & Ryan, 1989).

Investigating the contribution of working memory in comprehension, Seigneuric et al.,
(2000) established that whencabulary and decoding were controlled for, verbal and numerical
working memory tasks revealed unique variance in reading comprehension of normal readers,
tapping working memory resources specialised for language processing. Considering then that
working memory tasks are significant predictors of and contribute to reading comprehéresion,
deficits in working memory would result in poorer comprehension. Nation and colleagues (1999)
suggested that the memory skills of children with poor reading comprehemsre not related
to poor generalised processing capacity or verbal &t recall, but rather to those memory
tasks that placed stress on semanticgssing skills. Nation et als8ndings however, may be
attributable to the specific poor readeartipants. These children did not have a specific
reading disability however were 1 year below the expected level for their age in terms of their
readingcomprehension. Nevertheless, children with reading disabilities do present with working
memory deftits related to poor processing capacity (Gottadal, 1996) as well as deficits in
verbal short term memory (Snowling 2000), however the processing deficit in the reading
disabled are due to a phonological processing deficit independent of lgaoggitive deficits
(Gottardo et a).1996; Siegel, 1993).

With regard tophonological processesyidence indicateshat slow articulation rate
could explain the memory span differences obsebetdieen dyslexic individuals and controls
(Avons & Hanna, 1995Hulme, Roodenrys, Brown & Mercer, 1995; McDougall & Donohoe,
2002; Roodenrys & Stokes, 2001). However, impairments in encoding, learning or using
phonological representations have been implicated as possible explanations for the memory span
differences m phonological processing as well (Carroll & Snowling, 2004; Kramer, Knee &

Delis, 2000; Tijms, 2004). In contrast to simple span tasks that require the passive storage of
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information in short term memory, working memory span tasks necesbahieformaion held

in memory be concurrently storatid processd For the successful performance of the dynamic
processing demands of these tasks, the individual drawessonrces from theentral executive
andthe associated slave systems (Baddeley, 1986; Spdfk & Fisk, 2007).

When controlling for simple span tasks, it is possiblegtablish whether the deficits in
working memory are due to demands of maintenance or procedsinfprmation in dyslexic
individuals (Smith-Spark & Fisk, 2007). Considegmnsome of the different span tasks that have
been developed such as the computation span task (Salthouse & Babcock, 1991), reading span
task (Daneman & Carpenter, 1980), and spatial span task (Shah & Miyake, 1996), the literature
indicates that working meony span tasks require the use of a factor independent of tasks related
to simple span performance (Conway, Kane & Engle, 2003). Baddeley (1986) in his working
memory model argues that the modality free central executive controls the two slave systems
respnsible for the storage and processing of visuospatial and verbal information from the
sensory modalities. The phonological loop holds and preselssiguag€based verbal
information while the visuospatial sketchpad stores and maintains visual andisfmati@tion.

It is therefore argued that the role of the central executive may be an essential component
to the process of readinti.has been argued that working memory functioning can be assessed
very well with reading or sentence span tasks (Swardork & Bocian, 1999).Thesetasks
require the phonological loop to process the phonological information andnaldge the
central executive for strategy selection in read{Bgddeley, 1990)Similarly, measures of
computation and reading span seemtiitcsa the same limited capacity working memory system.
Computation span tasks provide evidence that working memespurces such as the
phonological loop and the central executivelrawn on andnvolved in varous components of
mental mathgyde Rammelare, Stuyven & Vandierendonck, 2001; Logie, Gilhholy & Wynn,
1994).Consequentlyif performance in the phonological domain on simple and complex tasks is
comparedthe source of the deficits could possibly be determined by establishing wtiether
deficits in dyslexia are due to a working memory system problem in general or restricted to the
phonological domain (Daneman & Mirikle, 1996). Recent research has provided support for the

working memory processing deficit in dyslexia, implicating a central execuhpairment in
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these individuals (Jeffries & Everatt, 2004; Swanson, 1999; Swanson & Saeehse001;
Smith-Spark, Fawcett, Nicolson & Fisk, 2004) which would imply mwgperformance of

dyslexics orverbal and visuospatial working memaagks

To investigate the contribution of the phonological loop and central executive to verbal
memory impairment evident in dggia, SmithSpark and colleagu€2003) administered three
phonological working memory tasks consisting of simple steorh memory digitand word
span tasksas well asa letter updating taskhoughtto be involved in the central executive
component. The successful completion of the tasks required the participants to recall the six most
recent items from a list of 6, 8, 10 and 12 conson#ntsore than six items were present in a list
participants had to drop the least recent items in the list and update their string of items in
memory with the newer items in the list. Thereafter they were promptey tim remembethe
last six items inthe same order that it was initialpresentd The task therefore required the
articulatory rehearsal function of the phonological loop. Si&jthrk et al (2003) uncovered
deficits inverbal working memoryhat wereconsistent with previous research (Jpaf83) in
dyslexic individuals on both digit and word span tasks. The dyslexic group in the Suaitk et
al. study, performed significantly worse on the letter updating task, but was unaffected by the list
length whichdid not provide much evidence thhe central executive is involveout ratherthat
the articulatory control procesailed due to poor performance at the early serial positions that
were compromised by an impaired phonological loop (S@ark et al., 2003). The findings
therefore prowde evidence for a phonological impairment and less so for deficient executive

functioning.

Morris and Jones (1990) using a similar task, found that the updating task was
independent of memory load and that these updating tasks tend to be similar takihg wo
memory demands found in day to day life wherelowsr pieces of information nedd be
managed in working memory compared to simple serial recall of one string of information.
Considering that dyslexic children in a classroom environment need townitbpa variety of
tasks in the learning environment, updating information is very important. Compiled with
deficits in verbal memory, the lag that may appear is rather evi@dontvay & Gathercole
2006)



39

It is very difficult to separate phonological mery from phonological processing
(Snowling,1991) and phonological deficits otiheir own do not provide sufficient clarification
for literacy difficulties experienced by dyslexics (Snowling, 20G6&nce, to addressyslexia
deficits further and determinehether it is restricted by an impaired phonological loop it is
necessary to consider performance on visuospatial tasks. The visuospatial domain was
investigated by Velluntino (1979) who concluded that dyslexics were unimpaired in visuospatial
tasks. Asa result, investigations into this modality by dyslexia researchers have been largely

ignored.

In an attempt to try and separate the phonological deficits from central executive deficits
in dyslexia, researchers have shifted attention again to the p&iadsdomain for some
clarification. In recat research conducted by Winner, French, Seliger, Ross and \(266&),
youngdyslexicadultsperformed worse than natyslexic controls on several visuospatial tasks.
Winner et al. (2001) posited that it mag teasonable to assume that the visuospatial tasks used
on previous occasions may not have been challenging enough to reduce significant differences.
Rose Feldman, Jankowski and Futerwgli®99) found that croamodal performance, the ability
to match andntegrate auditory and visual information, was worse in poor readers and they
generally had difficulty with perceiving temporal patterns (the sequencing, grouping and pauses
within a pattern of stimuli)The findings further indicated that the impairmel@ntified was due
to thetask demand oworking memory and not a universal visuospatial processing defiah

suggest central executive involvem@robseet al, 1999)

It has been argued that the separable visual cache and the inner scribe ceulsitive
to the passive and dynamic features of a visuospatial stimulus within the visuospatial subsystem
of working memory (Logie & Pearson, 1997; Pickering, 2001; Pickering, Gathercole, Hall &
Lloyd, 2001). Passive memory tasks require the gbkomt sbrage of information presented at
the same time within visuospatial working memory, secondly the dynamic tasks involve the
individual to recall the location and order of the stimulus presented serial order (Pickering, 2001;

Pickering et al., 2001). The ugithg of new information in working memory requires both the
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storage and concurrent processing of information which entail central executive capacity (Morris
& Jones, 1990).

Smith-Spark et al(2003) did not find differences in the performance betweeslekyc
and nondyslexic participant®n simple visual and spatial sptasks;they did however find a
central executive deficit in spatial updating for dyslexic individuals. Within the visuospatial
domain, recent research has had mixed findiAgsariety of spatial working memory tasks have
not revealedny significant differences between dyslexic and controls (Jeffries & Everatt, 2003,
2004; Kibby, Marks, Morgan & Long, 2004rurthermorethere may be reason to suggest that
dyslexic individuals have anda@antage in visuospatial processing as a consequence of their
disability (Von Karolyi, Winner, Gray & Sherman, 2003). For example, Von Karolyi and
colleagues (2003) discovered that dyslexic children were considerably faster in their ability to
identify that a figure wasmpossiblecompared to their nedyslexic counterpartdeficits in
visuospatial shotterm and working memory function in dyslexic children has been identified in
terms ofdifficulty with visual encodingPalmer, 200pabnormal processing sisual movement
(Del-Guidice et al., 2000), and puzzle assen(Blgblanoet al., 2000)The nature of the tasks
that assess visuospatial shemm and working memory differed across all studies. The

differences observed in these studies could therbfoettributed to task related issues.

On the other side of the continuum, there is evidence that deficits do exist in the
visuospatial domain of dyslexic childreand adults For example,Olson and Datta (2002)
reportedthat there are impairments on vispatial memory tasks that require skHertm storage
of visual information andisual processingf information forcomplex patterns, while Helland
and Asbjornsen, (2003) and Winner et al. (2001) reported visuospatial sketchpad impairments on
the ReyOstereith Test. SmitFSpark and Fisk (2007) recently found that performance on both
phonological and visuospatial modalities in dyslexic individuals were impaired as well as central
executive functioning in addition to the storage problems in the two subsystemorking
memory. The degree of the reported deficits may not be as vast and broad as the phonological
working memory deficits, but it does provide grounds for further investigation into this domain.
Some feel that Dyslexia is mainly a phonologicallgdzh deficit (Stanovich, 1988; Velluntino,

1979), while others argue for a dom@eneral deficit of impairments in executive processing
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skill (Swanson, 19931999; Swanson & Sachdee, 2001). The evidence provided however,
certainly argues for a wider wieof dyslexia that encompass verbal, visuospatial as well as
central executive deficits (Nicolson & Fawcett, 1980¢olsonet al, 1995; Wolf & Bowers,
1999; SmithSpark & Fisk, 2007).

1.5RATIONAL FOR THE PREENT STUDY

The literature presented abollestrates that dyslexia has a variety of associated working
memory problems outside of the various neurological and genetic differences. In South Africa
we are confronted with a lack of research in the dyslexia domain and currently the debate as in
otherparts of the world rages on whether dyslexia actually exists. The major concern however
revolves around those children and parents who face the difficult road of reading disability and
coping in the classroom environment. The emotional effects of dyslexianportant to consider
as much as the deficits associated with the disorder. Although the teacher is there to teach and
facilitate learning, consideration of the pupilse emotional state should not be disregarded.
Dyslexic children entering the schoolsssm are often only identified once they start struggling
with reading, writing and spelling in the classroom. It is therefore imperative to try and find a
way to identify those children who are likely to have a problem before they start the process of
learning and subsequently failing to read, write and spell. Maysfexic children experience
emotional trauma, low self esteem, and tendencies to resort to disruptive behaviour and clowning
in order to mask their learning problems (Fawcett,6200he earlyscreening of dyslexia and
working memory ability for the identification of potential problems would certainly aid in the
provision of early intervention not only on an educational level for the child but emotionally as

well.

Focussing then on the relatsinp between deficits in working memory and dyslexia, the
present study aimed to establish whether it would be possible to use a working memory
assessment as a screening tool for working memory impairments in the South African
population. In addition, usgha screening tool for Dyslexia utilised in the United Kingdom to
establish whether children are -j@gke for dyslexia, the present research evaluate its

effectiveness in the South African context. The study more specifically aimed to establish
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whether tlere is a relationship between working memory and dyslexia. The study examined this
relationship with the use of a computerised working memory measure; the Automated Working

Memory Assessment (AWMA) in order to evaluate differences between dyslexic and non
dyslexic childrenes working memory ability.
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CHAPTER?2

METHOD

The method of the present study is discussed below. The aim and hypotheses are
presented first, starting with the design, sample, instruments, procedure, ethstdéretions,

threats to validity, and data analysis.

2.1 AIM AND HYPOTHESES

The purpose of the present study was to investigate differences in working memory

between children with dyslexia and a matched group without dyslexia.

Two specific hypothesesease generated to investigate the relationship between working

memory and dyslexia:

1) Dyslexic children will show significant differences in their verbal stemn and verbal
working memory when compared to Rdyslexic children.
2) There will be significantifferences between dyslexic and rdyslexic children in their

visuospatial shotterm and visuospatial working memory.

2.2 RESEARCHDESIGN

Due to the fact that an existing variable was used to define the groups, no random
assignment was employed andedt causal relationships could not be investigated as a product
of manipulation of the independent variable. For this reason the study utilised a correlational
quastexperimental design as there was no manipulation of the independent variable. Instead,

working memory ability was assessed and compared in two groups. The present study considered



44

the relationship between two variables, the independent variable dyslexia (dyslexrliggiedic)

and the dependent variable working memory (working memory scotles to groups).

2.3 SAMPLE

The sample was a ngrobability, convenience sample and consisted of 8 children
attending a private remedial school or facility (dyslexia group), and 8 children from a
mainstream private school (nolyslexic group). The chee of using participants at a private
school or facility was motivated for the following reasons: firstly, difficulty with accessibility,
since there are few government remedial schools and secondly, to source children from a similar
sociaeconomic groupA sample selected from this group would optimise the probability of

obtaining a cohort receiving the same standard of education.

The parents and children were invited to participate in the research. A written informed
consent form (see Appendix A) wabtained from parents after written and verbal explanation,
in the form of an explanatory statement, of the purpose and requirements of the study was
provided (see Appendix B). Written assent was obtained from the participating children after

verbally expaining the requirements and reason for the assessment (see Appendix C).

2.3.1EXPERIMENTALGROUP

The size of the experimental group was very small due to the difficulty in finding
diagnosed dyslexic children in the specific age group€(® years). Coreguently the
experimental group consisted of only 8 children with diagnosed dyslexia. The children were
diagnosed through psychological and educational evaluations at the remedial facility or through a
private psychologist. These children were betweerages of 72 and 113 months (M =95.87,

SD =7.07) and received remedial education at a private remedial school or facility in the
Johannesburg area. One child hadhrarbid ADD and Petit Mal Epilepsy, and a second co
morbid ADHD. Both children were receivingeatment and were on medication for these

conditions.
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2.3.2CONTROLGROUP

The control group comprised 8 children, matched to the experimental group in terms of
age, gender, education level and home language. These children had no officially diagnosed
learning, speech, language or auditory difficulties. All participants in the control group received
main stream schooling at a private school in the Johannesburg area. In an attempt to match
participants on the same so@oonomic level, participants wereusoed as far as possible from
the same or similar geographic location as the experimental group.

2.3.3AGE OF PARTICIPANTS

Participants were matched as far as possible on age. The means and standard deviations

as well as age range of participants intthe groups are presented in the table below.

Table 1:
Mean age of participant in months, standard deviations, age range and language distribution

for all groups.

Age range Standard _ _

_ Mean o P-value  Afrikaans English

in months deviation
Dyslexic 87€ 106 95.87 7.07 4 (50 %) 4 (50 %)
Non-dyslexic ~ 87€113 97.12 7.79 0.742 1(87.5%) 7 (12.5%)

Afrikaans participants were bilingual, they either attended an English school or attended
English classes as a subject if at an Afrikaans school. They wertoalmeerstand, write and

speak English.

2.3.4DISTRIBUTION OF HOMBEANGUAGE

Although every effort was made to match the two groups on home language, it was not
entirely possible. There was as a result uneven distribution of home language in the pgo grou
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The Afrikaans children had sufficient proficiency in English to have the test administered in
English. For one child (due to anxiety levels) the test was administered in English and if the child
was unsure of what was required, the instructions weesated in Afrikaans. Table 1 shows the

distribution of home language for both groups.
2.3.5DISTRIBUTION OFGENDER IN SAMPLE

There was an uneven distribution of sexes in the overall sample, the sample comprised
more female than male participants, whishatypical as the prevalence of dyslexia has been
shown to be approximately a 2:1 male to female ratio (Miles, HagtuMWheeler1998).
However, the present sample ratio was probably a result of the small samplathizemale to
female ratio of 1:2Thenature of the matching paradigm meant that the sexes between groups
would be the same.
2.3.6 ETHNICITY OF PARTICIRNTS OF ALL GROUPS

All participants in the groups were Caucasian.

2.3.7EDUCATION LEVEL OF PRTICIPANTS

The level of education rangdibtween Grade 1 and Grade 3, and dyslexic and non
dyslexic subjects were matched on this variable.

2.4INSTRUMENTS
2.4.1 BIOGRAPHICALQUESTIONNAIRE

The biographical questionnaire (see Appendix D) was constructed by the researcher in
order to obtainrelevant background information, as well as whether the child has had any

previous educational and psychological assessments. The information was needed to ascertain
how the dyslexic children were diagnosed and whether thelysiaxic children had any ath
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learning or reading difficulties that may influence the results of the assessments. The information

was also used in the matching of the dyslexic children tedystexic children.

2.4.2\WORKING MEMORY ASSEBIENT

The Automated Working Memory AssessmdAWMA) is fully computerised and
assesses working memory skills utilising a computer software prograhim@edministration of
the assessment takes approximately 60 to 80 minutes and is statabiesshildrenwho are
agedbetween4 and 11 years (Adway, Gathercole, & Pickering2004) and consists of 12
subtests. The AWMA assesses stterin as well as working memory. Shtetm memory refexr
to the ability to store information for brief periods of time, while working memory refers to the
capacity tahold and manipulate information in the mind for short periods of time. Thetshrt
and working memory tests are separated twio sets, those of theerbal and visuospati&pe,
allowing for four aspects of memory to be assessed with three meaacheS ke AWMA was
standardised in England and has not been used extensively in South Africa, however, given the
nature of the tasks it was not anticipated that there would be any foreseeable problems with the

use of this measure on school children in tiiegpe sector.

The AWMA consists of the following subsections:

Verbal Shorterm Memory.To assess verbal shdaerm memory, liree measures were
administered. These included ttigit recall, word recall and nonword recall tasks. In diggt
recalltak a sequence afpokendigits are presented to the chilbegiming with 1 number and
increasingto a maximum of 9 numbers. The chiflinstructed taemembereach sequenaef
digitsin the correct order. For example a 4 digit sequen®&9b88+smust be ecalled as 9138,
for the sequence to be given a correct score.

In theword recalltask aseriesof spokernwordsare presented to the chilokeginning with
1 word and increasg to a maximunseriesof 7 words. The child has to recall each sequence of
spolenwordsas they were presentadthe correct order. For example a 3 word sequence such

as€lot palm tellemust be recalled a®t palm tellf for the child to receive a correct score.
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In the nonword recalltask the child is provided with @equence ofpokennonwords

(nonsense words) beginning with 1 nonword and inargde a maximum of 6 nonwords. The
child has tacorrectlyrecallthe serial order of eacleguenceof nonwords For example a 3 word
sequence ofleet mip dortemust be recalled gkeet mip dortf for the child to receive a correct
score. Testetest reliability for UK children aged 4.5 to 11.5 years isfa5ligit recall .76for
word recall and .64 for the nonword rdctasks(Alloway et al, 2004).

Visuospatial Shofterm Memory.Three measures to assess vigiospatial shotterm
memorycomponentvereadministeredthe dot matrix, mazes memory and block recall tasks. In
the dot matrixtaska 4x 4 matrix is presented on the screka,child is shown the position of a
red dotin one of the squareghe child has toecollectthe position(s) of each dot by touching
the correctsquare on the computer screen. For example if the position of the dot was in square 7
and 15, the child must touch square 7 and 15 in the same order whenegadonrecall the dotes
position for a correct score to be given. The trials started with 1 dot being presented moving up
to a sequence of 9 dotEvery dot ispresentedn its position on the computer screen for 2
seconds. Therder of each sequence wasdomand none of the positions of the dots were
repeatednore than once within each trial.

In the mazes memoryask a maze with a red pathy is shown to the childThe path

which represents the way ogmains there for 3 seconds, the child is thémddo tracewith
their fingerthe same patthey were shown when provided with a blank maze on the computer
screen The task begins with small mazes and increases to larger mazes. A correct score is given
if the child is able to trace the route on thenklanaze exactly as it was in the test maze.

In theblock recalltask the childs shownatray of blocks that arbeing touched (tapped)
in a specific orderThe child is asked to repeat the exsmtiesthat were tappeth the correct
order by touchinghte computer screen on an image of the blocks. The trials start with 1 block
moving up to a sequence of 9 blocks. Therefore if blocks 1, 6 and 4 were touched (tapped) the
child must reproduce the sequence on the image by touching (tapping) blocks 1, i dmat 4
same order. Each block was touched (tapped) at a rate of one block per second.

Testretest reliability for UK children aged 4.5 to 11.5 years isfo83he dot matrix task
.81 for the mazes memory tasind .83 for the block relkaask (Alloway et al.,2004) with
British children.
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Verbal Working MemoryThree measures were administeitbése included thistening
recall, counting recall and backward digit recall tasksthe listening recall taska series of

spoken sentencese presented tie child, who theias to state whether each sentence is ,truee
or falsee. At the end of each trial the child is asked to redadit thelast word of each sentence
wasin the orderthat it was presentedror example if two sentences are presegtehdars lay
eggse and €Bananas have teeththe child should respond ,falses to each sentence in this
instance and then after the sequence recall the @getgys fnd,teethf in that order. The trials
starts with onlyone sentence and increases to 6 sentevitdtes correct score given for the truee
or ,falsee response (a precision score) and for the words recalled in the correct order.

In the counting recaltask a visual display of red circles and blue triangkespresented

on the computer screefihe chid is asked to count the number of cirabes loudwhile tapping

each circle as it is being countethe childis then required toecollectthe total number of

circles for each display of circles and triangles that were presented. Therefore if two sets of
circles and triangles were shown, the first with 4 circles and the second with 7 circles, the child
needs to recall ,4 and 7 in that order for a correct response. The task begins with 1 set of circles
and triangles and increases to 7 sets. Each visspllagliis kept on the screen until the child
indicatesthat theyfinishedcounting the circles.

In thebackward digit recallask aseriesof spoken digitsare presented to the child, who

then has torememberthe digits in the reverse order. The task bgguith two numbers and
increases to 7 numbers. For a sequence of 4 €igjt$, 7, 3the recall should bg, 7, 1, 6f, a
correct score will only be given if the digits were recalled in the correct backwards order.

Testretest reliability for UK childra aged 4.5 to 11.5 yeafsr the respective taskae
.81 for listening recall .79for counting recalland .64 for backward digit rdtgAlloway et al,
2004).

Visuospatial Working Memorythree measures for visuospatial working memory were
administeredthese included thedd one out, Mr X and spatial span tasks. Indtié one out
task the child views row of three boxes each containing a sh@pe.child is required tpoint
to the shape that is the ,odmeoute. At the end of everirial, the childis asked to recalthe
correct orderand point to the corretdcationin the boxes on the screehwhere theodd shape
was locatedFor example if the oddneout shape was in box 1 in the first set and box 2 in the

next set, the child will point to bok and then 2 when the blank boxes appear. The task begins
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with 1 set of shapes and increases to 7 sets of shapes. A correct score is awarded for identifying
each odd shape and correctly recalling the position of each odd shape in sequence.

In theMr X task the child views a picture of two Mister X figurbelding a red ball, one
with a blue hat and the other with a yellow hat. The child is asked to identifyMisiter X with
the blue hat is holding the ball in the same or different hand as the Misiith ¥he yellow hat.

The Mister X with the blue has rotatedto presenthe ball on one of 8 locations. After each trial

the childis asked to remembéhne location of each ball in the correct order by pointing to the
position of the ball on a picture ®ling 8 compass points. The task begins with 1 set of Mr Xes
and increases to 7 sets of Mr Xes. A correct score is given for correctly identifying whether the
ball is held in the same or different hand and for the correct recollection if the positienbailth

in sequence.

In the spatial spartask a picture of two shapés shown to the child on the computer
screen The shape on the righst displayed witha red dot above it. The chtkltask is to correctly
identify whether the shape with the red dothis same or differerib the shapeavithout the red
dot The shape with the red dstrotatedto display theed dot in 1 of 3 locations. At the end of
each trial the location of each red douist be recalled ithe correct order by pointing to the
position of thedot on a picture showing three compass points. A correct score is given for
correctly identifying whether the shapéth the red dots the same or differend the shape on
the left and for the correct recollection if the position ofrdeedotin sequence.

Testretest reliability is .8Tor the odd one out task77for the Mr X task and .82 for the
spatial pan taskor UK children aged 4.5 to 11.5 yedAdloway et al, 2004).

2.4.3DYSLEXIA SCREENING A&SSMENT

The Dyslexia Screening Te€tJunior (DSTHJ) is designed to screen for and identify
children who may be at risk of developing dyslexia. The administration of the test takes
approximately 30 to 40 minutes and is suitable for childrged betwee.6 and 11.5 years
(Fawcett & Nicolson2004). The DSTJ consists of 12 subtests each tapping into various aspects
of dyslexia. The DS is not a diagnostic tool and was used in this study as a control to mainly
screen for children in the control group who may present with reading diffcdlieg may

influence results and to have a measure ofidgreeof dyslexiapresent inthe dyslexic group.
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The DSTFJ has not been used extensively in the South African population and there is no
published literature on its use in South Africa. Therefovgas used as an experimental measure

in the present study. The DSTshows very good reliability and validity with British children,

with tes€retest reliability for the various clusters of subtests ranging between satisfactory (0.7
and above) for beadrigading, postural stability and semantic fluency, good to very good (0.8, to
0.88) for verbal fluency, backwards digit span, rapid naming, and phonemic segmentation, and
excellent for tests of attainment (reading, spelling, nonsense passage readindiagwirich

was above 0.9 (0.910.99).

The DSTFJ consists of the following subtests:

Rapid Namingln the rapid naming test the childgs/en an A4 sized card arasked to
name a series of line drawings under timed conditions. The aim of this teskneasure how
long the child takes to name all the pictures. There is evidaatsuiggest dyslexic children on
averagdend totake longer namg familiar pictures when compared with ndgslexic children
(Denckla & Rudel, 1976; Wolf & Bowers, 1999)

Bead threadingThe bead threading task requires the child to thread as many beads as he
or she can in 30 seconds. It involves fine motor skill and assessesy®ndordination and
manipulative skill. Dyslexic children often have a mild degree omslness or motor skill
deficits (Fawcett & Nicolson, 1995).

One minute readingin the one minute reading task developed by Fawcett and Nicolson
(2009 to measure the speed as well as the accuracy of reading, the child is asked to read a
passage under ted conditions. This demands that the child produce a speeded as well as

accurate performance which is difficult and problematic even for successful dyslexic individuals.

Postural Stability This test has been specifically developed to provide an aedookx
of balance ability following the discovery in dyslexic children of abnormalities in the

cerebellum, shown to be closely involved in motor skill, balance,eg@dmovement control
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(Nicolsonet al.,19%). The childes balance is assessed by givimgrarolled push to the back
while blindfolded.

Phonemic Segmentation and Rhyfbonemic segmentation assesses the ability of the
child to segmentvords into theibasicsounds and manipulating those sounds. The rhyming test
assesses phonological abilityslexic children have been shown to have difficulties with
phonological coding and with the ability to detect rhynf@athercole et gl 1991; Goswami,
1999)

Two minute spellingThe two minute spelling test involves speed of writing as well as
accuracyof the spelling. The child is asked to spell a certain amount of words within two
minutes. Dyslexic children often struggle with speed of writing and their spelling, which is often

worse than their readin{@rawcett & Nicolson, 2004)

Backwards digit spamA seriesof spokendigits are presented to the child. The child is
then asked to repeat the sequeindeackward order. Forward digit span tasks seem to be a task
that dyslexic individuals struggle with normally, backward digit span has been showewverbe

more sensitive to dyslexia (Miles, 198% cited in Fawcett & Nicolson, 2004

Nonsense passage readirig the nonsense passage reading taskchild is asked to
read a passage out loud that has nonsense word mixed into the sentences of seBlysiesdc
individuals often have difficulty reading words that they are not familiar with even though they
may score within average standards on other tests of reading. Problems reading nonsense words
indicate that there may be difficulties in orthograpdmalysis skill{Fawcett & Nicolson, 2004;
Gathercole et al., 1991)

One minute writing The child is asked to copy a passage (length is age dependant) as
neatly and accurately as possible in one minute. Dyslexic children tend to write slowly and have
difficulty completing their work in time. The test therefore examines the speed and accuracy of
copying a short passage without having to give too much thought to spelling to give an accurate

estimate of speed of writingrawcett & Nicolson, 2004)
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Verbalfluency This test assesses the verbal fluency of the child, he or she is required to
think of as many words in a minute that start with the letter S. the implications for dyslexic
children is that there is evidence that suggest that dyslexic childrisxnpgroorly on verbal

fluency butwell on semantic fluency (Frith, Landerl & Frith, 1995).

Semantic fluencyThis test is similar to that of verbal fluency, but instead of thinking
about letters, they think of words. The child is asked to think of as ar@mals as they can in a
minute. Dyslexic children tend to perform much better on the semantic task than the verbal task
(Fawcett & Nicolson, 2004)

Vocabulary The vocabulary test was designed to assess receptive vocabulary in a multi
choice format, wh some words included to check reasoning ability. The child is given three
pages with rows (1 to 16) of four pictures each. There are 16 words to match with the correct
picture. The child is given the word and has to circle the correct pidtarecett & Ncolson,

2004)

2.5 PROCEDURE

Once clearance was obtained from the Human Research Ethics Committee of the
university (NonMedical, Protocol Number: HO70612) (see Appendix E) as well as the Graduate
School, Faculty of Humanities, participants were coeth@nd times were arranged with the
schools, remedial facilities or parents.

Testing for the control group took place at a mainstream private school in the
Johannesburg area, and testing of the dyslexic participants (experimental group) took place in a
guiet room either at the private remedial school, the remedial facility or in cases where the parent
felt that the child would be more comfortable at home. Letters were sent out to the parents of the
children informing them of the study and inquiring whettiey would be willing to have their
children participate or alternatively (given the circumstances) they were contacted directly by the

researcher after the teacher had spoken with the parents about the study and they had given their
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permission to be cdacted. An envelope with the consent form (Appendix A), subject
information sheet (Appendix B) and biographical questionnaire (Appendix D) was sent or given
to those parents who indicated that they would like to have their children participate in the study
The parents were asked to complete the biographical questionnaire and consent form and return

it to the researcher.

Each child was assessed individually in a quiet area of the school, remedial facility or
home environment in two sessions lasting up26 minutes in total. Before commencing with
the assessments the child was given an explanation of what the testing was about and asked to
complete an assent form by writing their name on the form (see Appendix C). It was stressed that
they may stop the asssment at any time if they would like to have a break or did not understand
what was required of them. The D3Twas administered first following the standardised
instructions for both the practice trials and the main test in the predetermined ordetest &
to 12. The childes responses were recorded and scored on the scoring sheets that accompanied
the DSTFJ. Administration took approximately 30 to 40 minutes after which a short break was

given before commencing with the AWMA assessment.

A laptop @mputer with a screen resolution set at 800 x 600 pixatsused to present all
tests of the AWMA Instructions were automated and were followed by practice trials. Scoring of
the AWMA was fully automated and the testing sequencesgireThe researcheeaorced the
childes responses using the left and right arrow keys on the keybdsdight arrow key1)
recorded aorrect response and the left arrow k&y &n incorrect response; the scoregere
automatically recorded and calculated by the progradmiAistration took approximately 60 to

80 minutes.

2.6 ETHICAL CONSIDERATIONS

In keeping with appropriate research ethics, the following steps were taken to ensure that
the participants in the present study were not recruited under duress or causeatnany h
Permission from the participating schools and remedial facilities was obtained before contacting

and inviting the parents and children to participate through a teacher or remedial therapist. The
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headmaster/headmistress sent out a letter to all pavehta reply slip to indicate their interest

to participate in the research. A subject information sheet, consent form and biographical
guestionnaire were sent to the parents who were interested. As the children were minors, the
parents provided voluntampformed consent on behalf of their children to participate in the
study. Although parents provided consent, the children were individually asked if they were
willing to participate and it was verbally explained that they were under no obligation to take
part in the assessments, if the children agreed they were asked to write their name on the assent
form indicating their willingness to continue. It was made clear to the children that they may stop

at any time if they did not want to continue with the assent or if they changed their mind

about taking part in the study.

It was made known to the parents that participation in this study was completely
voluntary and that they were under no obligation to have their children participate. If they chose
to allow their children to participate or decline to participate in this research project, their
relationship with the school or remedial facility would not be affectéua.the event that a
memory related problem or deficit was observed during the assessthenthild and the

parents would be referred to the school psychologist for further assessment.

Furthermore, no findings that could identify any individual participant would be
published or made known to anyone. Only the combined results of all patscipanld be
reported. The raw data collected will be stored for 5 years in a secure place and will contain no
personal information as per University regulations. Electronic data would be kept on a password
protected computer should other researchers woslverify the findings (as per HPCSA
regulations). Only the researcher involved in this study will have access to the data and know the

identities of participants.

2.7 THREATS TO VALIDITY AND DATA ANALYSIS

The final sample of the study was very smalh&ture which is likely to affect statistical

validity with regard to the types of analyses that could be carried out. Due to the fact that a

convenient, nomandom sampling method was utilised in a group of individuals from a certain
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sociceconomic statysexternal validity was possibly negatively affected. The ,privilegeds small
sample able to afford a high level of education and/or remedial help for their children, may not
accurately reflect the nature and context of the general salged child in thei foundation

years of education. Thus, the results may not be generalisable to other groups.

Once data collection was completed, it was necessary to assess the distributions of the
data and whether the data was suitable for parametric analysis or redsiisst of normality
was done using histograms (see Appendix F), measures of central tendency andV&ilkapiro

Tests of Normality. In all analyses equality of variance checks were carried out.

To identify whether the ages of participants in the two gsodiffered significantly
between the two groups, an independent samgks tvas utilised. Pearsones Chi square was
used to consider ratio of home language dispersion. The Dyslexia quotient obtained forthe DST
J was subjected to an independent samptesttto check whether true differences between
groups were analysed using both a parametric anepaametric equivalent. An independent
samples test comprised the parametric analysis and the Wilcoxin Sank test the nen
parametric analysis. It hagén noted however that a disadvantage ofpsrametric tests are
that they may have lower power in comparison to the parametric equivalent, potentially leading

to more Type Il Errors (Howell, 2002), thus effect sizes should also be calculated.

To facilitate further understanding of the quantitative data, content analysis of the reports
generated for the assessments were carried out. The purpose was to see if certain themes were
present with regard to the tasks the participants found difficult in the AWAM& DSTJ
respectively.
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CHAPTERS3
RESULTS

3.1 INTRODUCTION

The study investigated the differences in working memory of dyslexic andysbexic
children, utilising a new computéased working memory assessment measure (Automated
Working Memoy Assessmen€ AWMA) to investigate two hypotheses. The first hypothesis
was that differences would be observed in verbal short term memory and verbal working
memory in dyslexic individuals when compared to -dgslexic matched controls. The second
hypothesis was that there would be significant differences between the experimental and control

groups in terms of their visuospatial short term memory and visuospatial working memory.

As discussed in chapt@r two measures were utilised, the first a dyslegi@ening test
and the second a working memory assessment. The dyslexia screening test is a measure that
indicates the ,at riske status of a child for dyslexia. The measure was administered to both the
diagnosed dyslexic cohort as well as the-dgslexic ontrols. The Dyslexia Screening Tést
Junior (DSHJ) consists of 12 subtests each administered individually. Each subtest was scored
and the raw scores used for analyses. The computerised working memory assessment includes 12
subtests, each administeredlividually and divided into 4 composite categories (3 subtests in
each category), which is the overall Verbal Short Term Memory score, Verbal Working Memory
score, Visuospatial Short Term Memory score and Visuospatial Working Memory score.
Performance wasieasured for the AWMA measures in terms of raw scores for each subtest and
composite scores, higher scores being indicative of better performance. For thle HfBEr
scores on the Rapid Naming and Postural Stability subtests indicated poorer performance

however high scores on the remaining subtests indicated better performance.

Inferential and descriptive statistical techniques as well as frequency anabrEs w
performed on all variables to assess the suitability of the data for parametric anallgsigdf

by appropriate statistical techniques designed to address the research question and hypotheses of
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the study using SPSS version The data for the independent variadléyslexia€ consisted of
dichotomous nominal data, Group (Dyslexic/Ndyslexc) and the DS) met a ratio scale of
measure. The dependent variablgVorking Memory data met an interval scale of measure.
Independent samplegtdsts were calculated to determine if there were significant differences
between the experimental and cohtfyooups in terms of dyslexia and working memory. Effect
sizes were calculated to assess the degree of difference observed. Correlational analysis was
performed to examine the relationship between working memory (AWMA) and the dyslexia
screening subtestOET-J) for both groups. Lastly, content analysis was utilised to identify
whether any themes with regard to task difficulty could be identified from the reports for the

measures.

3.2 NORMALITY

To utilise parametric techniques it is necessary to meetndeuof assumptions, namely
that data for dependent variable(s) should be at least an interval scale of measure, sampling
should be independent and random, homogeneity of variance should be present and the
distribution should be reasonably normal (How2002). Although a convenience sample was
used and thus was not independent and random, the order of the measures was alternated for

each subiject to eliminate possible effects due to the order of presentation.

Due to the small sample size (16) it was kel that normality of distribution would be
achieved. Normality of the data was therefore assessed with the use of histograms, measures of
central tendency and ShapWdilk Tests of Normality. It is important to check for normality of
distribution as thex is firstly an important link between distributions and probabilities (Howell,
2002), if information is known about the distribution of events, something may be known of the
probability of one of these eventse likelihood to occur. Secondly, most of dfistical
techniques have had an assumption of a normally distributed population in their origin (Howell,
2002).

Examination of the histograms (see Appendix F) for all 12 subscales of the AWMA as

well asthe 4 composite scores of the rayslexic grouprevealed generally normally distributed
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raw scores when considering the superimposed normal curve. The only subtests that were
slightly positively skewed, on visual inspection, were the data for Block Recall. The data for the
Listening Recall, Dot Matrixand Mazes Memory subtest were sligmegatively skewed. For

the dyslexic group, distribution of raw scores were generally normal, with the exception of the
Digit Recall and Counting Recall subtests and the Verbal Working Memory and Visuospatial
Sort TermMemory composite scores being slightly positively skewed. The Nonword Recall and

Backwards Digit Span subtests appeared slightly negatively skewed.

The 12 subtests of the DSITrevealed normal distribution of data for then-dyslexic
group. Examinatiomf the histograms (see Appendix F) revealed that the Dyslexia quotient was
positively skewed, which was expected as most of the participants for tketysleric group
received a 0.00 score as a ,not at riske status, also the Semantic Fluency subshghtiias
positively skewed. The Rhyming, Phonemic segmentation, Two Minute Spelling, and

Vocabulary subtests were slightly negatively skewed.

For the ¢slexic group, examination of the histograms (see Appendix F) for theJDST
indicated that the Rapid Nang, Bead threading, One Minute Reading, and Nonsense Reading
subtests were slightly positively skewed. The Semantic Fluency, Two Minute Spelling and
Vocabulary subtests appeared slightly negatively skewed. The remaining subtests were relatively
normally dstributed. Table 2 below provides the measures of central tendency for the AWMA
subtests and composite scores as well as the-DSlbtests, for both the experimental and

control groups.



Table 2:

Simple descriptive statstics for the AWMA and DST-J by group.

6C

Dyslexic (N=8)

Non-dyslexic (N=8)

Variable
AWMA

Digit Recall

Word Recall
Nonword Recall
VSTM comp
Listening recall
Counting recall
Backwarddigit span
VWM comp

Dot Matrix

Mazes memory
Block Recall
VSSTM comp
Odd-oneout

Mr X

Spatial Span
VSWM comp
DST-J

Dyslexia quotient
Rapid Naming
Bead Threading
One Min Reading
Posture

Phonemic Segmentation
Rhyming

Two min Spelling
Backwards Digit Span
Nonsense reading
One min Writing
Verbal fluency
Semantic fluency

Vocabulary

Mean

100.25
121.5
114.25
115.13
106
97.38
99.88
101.38
99.63
120
97.63
107.38
98.63
94.75
102
98.25

1.03
50.38
7.13
7.25
2.88

6.25

3.88
17.13
7.13
7.25
16.25
12.12

Median

98
122.5
115.5
115.5
104.5
92
104
100
99.5
119
97
103
98

92
102
100

36

4.5

7.5

13.75
6.5
7.5
17
12.5

Std.Dev

11.88
12.76
17.25
155
19.87
13.93
13.08
12.57
11.52
12.4
16.67
13.34
9.1
13.38
19.57
14.25

0.44
36.78
0.99
6.63
1.46
2.39
19
2.33
1.25
12.72
3.18
3.1
3.3%
136

Variance

141.07
162.86
297.64
240.41
394.86
193.98
170.98
157.98
132.55
153.71
277.98
177.98
82.84

179.07
382.86
203.07

0.19
1353.13
0.98
43.93
2.13
5.71
3.64
5.43
1.55
161.77
10.13
9.64
13.3%
1.84

Minimum

86
106
85
90
76
81
81
86
77
101
77
94
87
70
64
77

0.4

(AJ(A)U'II\)I\)&U‘II—‘I—‘@@

e
SIS

Maximum

126
138
133
141
139
126
116
116
115
137
133
135
116
111
129
124

1.7
140

20

12

38
11
12
23
14

Mean Median Std.Dev
113.5 113 17.45
130.5 130.5 6.05
133.63 133 3.25
132.38 132 7.84
106.75 108.5 19.43
115.13 1155 14.71
105.75 106.5 9.2
111.25 111 9.78
123.5 125 111
1235 125 13.77
119 118 14.99
124.75 1255 7.29
122.25 123.5 16.15
109.63 1145 21.1
115.75 115 11.55
119.63 118.5 8.77
0.03 0.00 0.05
325 32 3.89
7.13 75 1.64
41.63 56 25.3
1.38 1.5 1.41
9.38 10.5 2.33
7.25 7 0.71
7.25 8 1.49
3.88 4 1.25
42.5 51 15.67
12.75 12.5 3.69
115 11 2.83
17.25 17 2.71
13 13 1.07

Variance

304.57
36.57
10.55
61.41
377.36
216.41
84.79
95.64
123.14
189.55
22457
53.07
260.78
445.12
113.36
76.84

0.002
15.14
2.7
639.98
1.98
5.4
0.5
2.2
1.55
245.43
13.64
8

7.36
1.14

Minimum

90
120
127
120
71
95
92
95
105
94
101
115
08
78
100
106

Maximum

146
140
137
147
127
136
118
125
137
137
146
135
146
139
133
132

0.1
38

70

12

58
19
16
23
14
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The measures of central tendency indicated acceptable normality of the data for the
subtests. However, a more stringent analysis was required; therefore tyonwadi further
assessed using ShapWilk Test of Normality. Table 3hows theD statistic and significance
levels obtained. It can be assumed that normality is achieved whebtthieed significance
level is smallethan 0.05 Coakes& Steed, 2001).



Table 3:
Shapiro-Wilk Test for Normality for AWMA and DST -J subtests and composite construct scores.
Dyslexic Non-dyslexic

Statistic (D) P-Value Statistic (D) P-Value
AWMA
Digit Recall .86 p>0.05 .94 p >0.05
Word Recall .90 p >0.05 .96 p >0.05
Nonword Recall .93 p >0.05 .83 p >0.05
VSTM comp .99 p>0.05 .95 p>0.05
Listening recall .97 p>0.05 .92 p>0.05
Counting recall .89 p>0.05 .96 p>0.05
Backwards digit span 91 p>0.05 .96 p>0.05
VWM comp .86 p>0.05 .99 p >0.05
Dot Matrix .93 p>0.05 .95 p > 005
Mazes memory .93 p>0.05 .86 p >0.05
Block Recall .87 p > 0.05 .94 p >0.05
VSSTM comp .86 p>0.05 .92 p>0.05
Odd-oneout .96 p>0.05 .99 p >0.05
Mr X 91 p > 0.05 .96 p >0.05
Spatial Span .95 p>0.05 .90 p >0.05
VSWM comp .93 p>0.05 .95 p >0.05
DST-J
Dyslexia quotient .57 p >0.05 .97 p < 0.001
Rapid Naming .58 p>0.05 .96 p <0.001
Bead Threading .87 p >0.05 .89 p >0.05
One Min Reading .80 p <0.05 .80 p>0.05
Posture .93 p>0.05 .86 p>0.05
Phonemic Segmentation .92 p>0.05 .84 p>0.05
Rhyming .75 p>0.05 .83 p <0.05
Two min Spelling .90 p <0.001 .60 p >0.05
Backwards Digit Span .96 p >0.05 .96 p>0.05
Nonsense reading .84 p >0.05 .83 p >0.05
One min Writing .90 p > 005 .99 p >0.05
Verbal fluency .97 p>0.05 .97 p>0.05
Semantic fluency .94 p <0.05 .80 p>0.05
Vocabulary .93 p>0.05 .86 p>0.05

62
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The results of the ShapHwilk test in Table 3 indicate that all the subtests and composite
scores for ta AWMA could be considered normally distributed for both dyslexic and non
dyslexic groups. Although Neword Recall for thenon-dyslexic group appears to be negatively
skewed when examining the histograms (see Appendix F), results fall just short of being
regarded as nenormal in the ShapirdVilk test. The ShapiraVilk results for tke dyslexic group
indicate that normality may be assumed for the AWMA, however examining the histograms (see

Appendix F) Digit recall appears to be slightly positively skewed.

The Shapirewilk results for he DSFJ revealed that for theydlexic group, the subtests
One Minute Readinglwo Minute Spellingand Semantic Fluencgre not normally distributed.
The ron-dyslexic group presented with a naormal distribution for theDyslexia quotient,
Rapid Naming and Rhymingubtests. However, after examining the data, the reason for the non
normal distribution is due to the manner in which the quotient on theJdStalculated, with a
score of 0.0& 0.5 being ,not at riske for dyskia). Two participants of the eight ndgslexic
participants had scores of 0.1 while the remaining six had scores of 0.00 (see Appendix F for the
histograms).

Homogeneity of variance was established with Leveness test for equality of variance, it
wasestablished that equality of variances may be assumed for all variables except for the Word
Recall and Nosword Recall subtests. Equality of variance was established 8t01.

Howell (2002) points out that an advantage of the nonparametric technitya¢ itsdoes
not rely on very stringent and restrictive assumptions concerning the shape of the distribution of
the sample data. One of the major disadvantages attributed to nonparametric tests however is
their apparent lower power relative to the paraimetquivalent; therefore nonparametric tests
may lead to more Type Il Errors (Howell 2002). Howell (2002) further states that it is generally
very difficult to know whether the nonparametric test would have greater or less power
compared to correspondirmarametric tests. Using both parametric and nonparametric tests,
would thus provide a means of verification of the results. However, despite the normality, and
the small sample size in the current study, it was ultimately decided that the parametizattatis

technique (which is more stringent) would be utilised (although thgpaametric analyses may
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be viewed in Appendix G) as both the parametric andpasametric analyses produced the
same final results. Effect sizes were also calculated to fuatimérol for Type 1l errors.

3.3 DEMOGRAPHIC FINDINGS

As mentioned in the Method section, 16 individuals participated in the present study. In
an attempt to control for confounding variables, the 8 dyslexic children were matched to 8 non
dyslexic childre. Every effort was made to match participants in terms of age, gender, ethnicity,
home language and education level. The two groups were compared on some of these
demographic variables.

3.3.1 AGE ANDHOME LANGUAGEOF PARTICIPANTS

Using a two tailed indeendent samplestést, no significant differencg14) = 0.74p >
0.05, was obtained for age of participants between dyslexic (M = 95.87, SD = 7.07) and non
dyslexic groups (M = 97.12, SD = 7.79). No significant difference was found between the
Afrikaans: English home language ratio for both groups using Pearsones chi square (p = 0.106),
although two cells had lower than expected numbers.

3.4 DYSLEXIA SCREENINGTEST FORJUNIORS (DST-J),QUOTIENT SCORES FOR
DYSLEXIC AND NON-DYSLEXIC CHILDREN.

All participants were assessed on the BKEven though the natyslexic children had
no reported learningraeading difficulties and theydlexic children had been diagnosed with
Dyslexia by an educational or clinical psychologist. A Dyslexia quotient wasebtadicating
whether the child is at risk for dyslexia. Each test score was allocated to one of five normed
categories or ,at risk indicese (calculated by the computer software provided), ranging from poor
performance for the relevant age (bottom 4%adating a strong risk for dyslexia), well below
average (bottom-%1%), below average performance (bottorr222), midrange performance
(23-77%) and above average performance (top 22%). The Dyslexia quotient is the ,at risk indexe

derived at by working outhe numbers of ,at risk indicese, an At Risk Quotient (ARQ) of 1.2
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indicates that the child has a strong risk for Dyslexia, an ARQ df 0.2 indicates risk and an
ARQ of 0.6€ 0.8 indicates mild risk, anything between 0.0 and 0.5 indicated that tdeschibt
at risk. A two sample independentest was used to investigate group differences between the

dyslexia quotients of the two groups.

Analysis of the dyslexia quotient obtained revealed that, as expedtiedhis screening
measure theydlexic group (M = 1.03, SD = 0.44) scored significantly higher on the -DST
(t(14) =-6.44 p < 0.001) to the nowlyslexic group (M = 0.025, SD = 0.05). Thus, thenon
dyslexic group did not present with any difficulties the measure was sensitive to, while the

dydexic groupes deficits were readily identified.

3.5 WORKING MEMORY DIFFERENCES BEWEEN DYSLEXIC AND NON-DYSLEXIC
GROUPS

An independent samplededst was conducted (as well as the Wilcoxin R&akn Tests,
results available in Appendix G) to test the diyyesis that there would be a significant
difference in working memory performance between dyslexic anedyslexic children in their
foundation years (grade 1 and 2). The present study examined the differences between scores
obtained on the AWMA in chileen diagnosed with dyslexia and matched controls with no
known learning disability.

Leveness test for equality of variance was performed on the data and indicated that for
most variables equality of variance between groups may be assumed, howeveeyanarc
not equal for Word Recall and Navord Recall. Therefore, for the latter 2 variables the Welch

Satterthwaite adjustment was used. Equality of variance was establigite.atl.

The parametric analyses of the data are presented in Table 4 tatmuns$values and

Cohened when each subtest on the AWMA is compared across the two groups.
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Table 4:
Independent samples test comparisons between dyslexic and nedyslexic groups, and

effect sizes.

Subtest t-value Cohen€s d
Digit Recall 1.78 0.94
Word Recall 1.8 0.96
Nonword Recall 3.12* 1.65
VSTM comp 2.81* 1.49
Listening recall 0.08 0.4
Counting recall 2.48 * 1.31
Backwards digit span 1.04 0.55
VWM comp 1.75 0.93
Dot Matrix 4.22 ** 2.24
Mazes memory 0.48 0.25
Block Recall 2.7% 1.43
VSSTM comp 2.23 ** 1.71
Oddoneout 3.61 ** 1.91
Mr X 1.68 0.89
Spatial Span 1.71 0.91
VSWM comp 3.61 ** 1.92

Note:* =p<0.05; * =p<0.01

Two tailed, independent samplegests revealed that there was a significant difference
between th dyslexic and noedyslexic groups on the Nemord recall taskt(14) = 3.12,p <
.05), Verbal short term memory composite scdqtéist) = 2.81,p < .05), Counting recall task
(t(14) = 2.48p < .05) and Block recall tagt(14) = 2.69p < .05) with = = 0.05.

Further, there were significant differences between the two groups on the Dot matrix
(t(14) = 4.22p < .01), Visuospatial short term memory composite scifie) = 2.23p < .01),



67

Odd-oneout (t(14) = 3.61p < .01), and Visuospatiaiorking memory composite scofl14) =
3.61,p < .01) with ~ = 0.01. In all cases the dyslexic group performed at a lower level than the

nondyslexic cohort (means and standard deviations are presented in Table 2).

No significant statistical differensewere found between the Digit recall task, Word
recall task, Listening recall task, Backwards Digit span task, Verbal working memory composite

score, Mazes memory task, Mr X task, and Spatial span task.

Significant differences were obtained betweentiy® groups on at least one measure for
each of the four constructs assessed by the AWMA. Considering that both the parametric and
nonparametric tests identified the same statistically significant differences on the AWMA
measure between the dyslexic cohantd nordyslexic cohort, the sample size may not have

influenced the results as much as may have been expected.

3.6 EFFECT SIZES

The practical significance of calculating effect sizes is that effect size measurements
provide the researcher with the tela magnitude of the experimental effect, while statistical
tests offer information about the likelihood that the experimental results differ from chance
(Thalheimer & Cook, 2002). As such, effect sizes were calculated to establish the relative
magnitudeof the statistical differences observed. Cohenes déjtavds utilised to calculate the
effect sizes of the obtained results. Cohen (1992) suggested three lalels effect size of 0.2
is small, 0.5 is medium, and 0.8 is large. Power was set at01= 0

Large effect sizes (above 0.8) wereirid for the difference between dyslexic and-non
dyslexic cohorts on the Nonword Recall subtes$t=( 1.65), Verbal Short Term Memory
composite scored(= 1.49), Counting Recall subtest £ 1.31), Dot Matrix subteqd = 2.24),
Block Recall subtestd(= 1.43), Visuospatial Short Term Memory composite scdre {.71),
Odd One Out subtesd = 1.91), Visuospatial Working Memory composite scate=(1.92).

These large effect sizes suggest that the results obtainedfeiceently deviant to suggest that
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there are practical or meaningful shtatm memory and working memory differences between

non-dyslexic and dyslexic children.

3.7 CORRELATIONAL RELATIONSHIPS BETWEENAWMA AND DST-JSUBTESTS

In order to assess to ahextent the AWMA memory subtests were related to the subtests
of the DSFJ, these variables were correlated for the dyslexic andlyslexic cohorts. A series
of parametric Pearsones Correlation Coefficientsvas utilised. A Spearmanes Correlationswa
also conducted as the nonparametric equivalent and since both analyses yielded very similar
significant relationships, only the Pearsones results are reported to avoid repetition (the

nonparametric Spearmanes correlational analyses appear in Appendix G).

Table 5 presents the correlations between the verbal subtests of the AWMA and all
subtests of the DSJ for both groups, while Table 6 presents the relationships for the
visuospatial subtests and all subtests of the-D&3r the dyslexic and nedhyslexc groups. For

all analyses significance was determined at ~ = 0.05.
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Table 5:

Pearsones Correlation Coefficients for Verbal AWMA subtests and DS subtests fornon-dyslexic anddyslexic participants.

DST-J Subtests

Rapid Bead One Min Phonemic ) Two min Backwards Nonsense Onemin Verbal Semantic
) ) ) Posture . Rhyming ) = . . Vocabulary
Naming  Threading Reading Segmentation Spelling Digit Span reading Writing fluency fluency
Digit Recall -.19 -.14 .28 15 .18 -14 .56 .81* .40 -.55 72* .18 .26
Word Recall 41 .08 -.65 .35 -.69 -.67 -71* .45 - 75% -.24 -12 -.36 -.18
Nonword Recall .04 12 -.53 .16 -51 -45 -.36 -.01 -.54 -31 .04 .27 -.62
VSTM comp -.06 -.07 -.03 .28 -13 -41 .22 .87 .05 -.62 .64 A1 .09
Listening recall -.85% .45 .82* .16 .76* .39 .29 .13 .65 42 A1 .60 74
o Counting recall -.02 -42 45 .40 31 .24 4% .39 567 -.64 .37 .65 13
]
a Backwards digit
= -.84** -.05 -42 44 .23 -.03 -.10 .27 -42 -.18 -31 -.26 -.32
Q span
]
2 VWM comp -.36 A1 79* .57 72% A7 .64 437 71 -11 42 .78* .56
% Digit Recall .32 -.37 -.30 .45 -.10 .27 .16 .23 -22 .03 -.48 -.26 -.52
<
Word Recall -.03 .27 44 -.27 .45 43 .36 -.02 .54 A1 .20 -.26 .02
Nonword Recall -21 .15 .55 -.06 44 .82* -.046 -11 .50 .16 .19 -.02 -.04
VSTM comp -.01 .03 .30 .03 31 .62 .15 .01 .33 12 -.01 -.18 -.19
Listening recall .16 -.35 -.01 A2 .24 .46 21 .35 .06 .15 -15 -.05 -.09
Counting recall -.26 -.18 -22 .56 -.28 A7 -53 .10 -42 .01 -.03 .70 .05
Backwards digit
41 -.02 .36 .06 .64 .48 .03 76 .35 .13 .24 A7 .29
span
VWM comp 17 -31 .04 .35 .30 .57 -.09 .61 -.00 .14 -.01 .35 .09
* p<0.05 Bold font denotes dyslexic group

**p<0.01 Normal font denotes nedyslexic group
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The results presented in Table 5, indicate that there seems d@owlder pattern of
relationship between the subtests for the verbal subtests of the AWMA and the subtests of the

DST-J of thenon-dyslexic group, with markedly fewer relationships for digelexic cohort.

3.7.1NON-DYSLEXIC GROUP

A strong negative rationship exists between Listening Recall and Rapid Namiag- (
0.85;p < 0.01), Backwards Digit Span on the AWMA and Rapid Naming {0.84;p < 0.01)
on the DS1J. Statistically significant negative relationships were observed for Word Recall and
Two Minute Spelling ( =- 0.71;p < 0.05), and Word Recall and Nonsense Reading 0.75;
p < 0.05). This suggests that good performance on the AWMA subtests is associated with poorer
performance on the DST subtests and implies that different skills lbegng drawn on in these

tasks.

Verbal Short Term Memory and Backwards Digit Span (B3 presented with a very
strong positive relationship € 0.87;p < 0.01). A statistically significant positive relationship
was observed for Listening Recall (AWMAh@ One Minute Reading (DST) = 0.82;p <
0.05), Verbal Working Memory (AWMA) and One Minute Reading (BT = 0.79;p < 0.05)
and Listening Recall (AWMA) and Phonemic Segmentation @DBT = 0.76; p < 0.05).
Furthermore, Verbal Working Memory (AWA) and Phonemic Segmentation (DS)r = 0.72;

p < 0.05), Digit Recall (AWMA) and Backwards Digit Span (BD3)T = 0.81;p < 0.05), as well

as Counting Recall (AWMA) and Two Minute Spelling (DIY ¢ = 0.74;p < 0.05) were
positively related. Positive laionships existed for Verbal Working Memory (AWMA) and
Nonsense Reading (DSJ) (¢ = 0.71;p < 0.05), Digit Recall (AWMA) and Verbal Fluency
(DST-J) = 0.72;p < 0.05), Verbal Working Memory (AWMA) and Semantic Fluency (BBT

(r = 0.78;p < 0.05), andastly Listening Recall (AWMA) and Vocabulary (DSJ) = 0.74;p <
0.05).The positive relationships would suggest there is overlap in the processing skills used in
these tasks.
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3.7.2DYSLEXIC GROUP

Fewer statistically significant relationships weybserved for the dyslexic group and
none were similar to the natdyslexic group. Statistically significant relationships were observed
between Nonword Recall (AWMA) and Rhyming (DSY ¢ = 0.82;p < 0.05), in addition to
Backwards Digit Span (AWMA) anddkwards Digit Span (DSJ) ( = 0.76;p < 0.05).

The results presented in Table 6, indicate that as with the verbal subtests of the AWMA,
there seems to be a wider pattern of relationship between the subtests for the visuospatial
subtests of the AWMA ahthe subtests of the DST of the n-dyslexic group, with only two
significantrelationships for theyslexic cohort.



Table 6:

Pearsones Correlation Coefficients for Visuospatial AWMA sbtests and DSTJ subtests for ron-dyslexic anddyslexic participants.

12

DST-J Subtests

Rapid Bead One Min Phonemic ) Two min Backwards Nonsense Onemin  Verbal Semantic
Naming Threading Reading Posture Segmentation Rhyming Spelling Digit Span reading Writing fluency fluency Vocabulary

Dot Matrix 12 21 .40 .51 .38 .00 .70 .65 .55 -.28 .63 .49 .54
Mazes memory -.66 .61 .05 -.14 .07 -31 .05 .09 .08 A1 .63 A7 .03
Block Recall .26 .18 27 .90%* .25 .01 41 .67 .27 -.35 .37 .63 37
VSSTM comp -.08 .46 .24 .29 .34 -.07 .61 .53 .38 -.14 72* 48 .26
Odd-oneout -.01 .38 .10 -.03 41 .37 .20 .04 .04 .39 .03 -.10 -11

% Mr X .81* -.45 -.63 .29 - 73 -.57 -.18 .35 -47 =71 -.10 -.28 -.34

g Spatial Span -57 .45 .58 .40 .45 -13 .54 .68 .62 -.18 .92%* a7 .69

]

2 VSWM comp A7 .10 -.30 44 -.22 -.40 .22 73* -.16 -.50 42 .03 -11

§ Dot Matrix -72*% .49 21 .35 .18 44 41 -.55 .26 75*% .21 .53 13

<
Mazes memory -12 .13 -.04 41 .23 .25 .26 .49 -.01 .29 .23 .68 .35
Block Recall .20 .15 -22 .62 -.07 a2 .22 .29 -.16 .06 -.19 .10 -31
VSSTM comp -.20 .30 -.06 .61 A1 31 .35 .15 -.01 41 .06 .51 .03
Odd-one-out -.32 -.06 -11 .78* .01 .62 .05 -.04 -.14 .54 -.16 .55 -.16
Mr X -.02 11 .28 .27 17 .65 -.35 .38 12 -.27 .19 .29 -.05
Spatial Span -72% .07 .03 17 -11 .46 17 -.59 .05 .33 -.02 .24 -12
VSWM comp -51 .08 .10 41 .00 .68 -.03 -.20 .04 .22 .02 .40 -14

* =p<0.05 Bold font denotes dyslexic group
** = p<0.01 Normal font denotes nedyslexic group
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3.7.3NON-DYSLEXIC

Block Recall and Posture presented with a statisticallyfszgnt positive relationshipr (
=0.90;p< 0.01), as did Spatial Span (AWMA) and Verbal Fluency (B33T = 0.92;p < 0.01).
A statistically significant correlation was observed between Mr X (AWMA) and Rapid Naming
(DST-J) ( = 0.81;p < 0.05), and alsdor Visuospatial Working Memory (AWMA) and
Backwards Digit Span (DSJ) ( = 0.73;p < 0.05). Visuospatial Short Term Memory (AWMA)
and Verbal Fluency (DSJ) ¢ = 0.72;p < 0.05), in addition to Spatial Span (AWMA) and
Semantic Fluency (DSJ) (
relationship. A statistically significant negative relationship was observed between the Mr X
(AWMA) and one Phonemic Segmentation tasks (3T = - 0.73; p < 0.05), and Mr X
(AWMA) and One MinutéNriting tasks (DSTJ)  =- 0.71;p < 0.05).

0.77;p < 0.05) revealed a statistically significant positive

3.7.4DYSLEXIC

Two significantly positive relationships were identified, the first between Dot Matrix
(AWMA) and One Minute Writing (DS9) ( = 0.75;p < 0.05) and the second between the Odd
One Out (AWMA) and Posture tasks (DSX) = 0.78;p < 0.05). Statistically significant
negative relationships existed for Dot Matrix (AWMA) and Rapid Naming @B = - 0.72;p
< 0.05), and lastly Spatial Span (AWMA) and Rapid Naming (f3yfad a significant negaév
relationship { =- 0.72;p < 0.05).

3.8 CONTENT ANALYSIS

Thematic content analysis of the D3Teports for the dyslexic cohort, revealed that they
had below average scores on six subscales in varying degrees of consistency. These subscales

(presentd in Table 7) were identified as needing attention with remediation.
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Table 7:
Subtest Difficulties experienced by the dyslexic group for the DSJ.

Subtests of DSTJ Number

One minute reading

Rhyme

Two minute spelling

Nonsense passageding

One minute Writing

Wl | O O W N

Verbal Fluency

Considering the subscales identified, two additional themes were identified, weak literacy

skills and weak phonological skills.

Table 8:
Themes identified from the reports for the dyslexic cohort for theDST-J.

Specific difficulty Number
Weak Literacy 8
Weak phonological skill 5

Weak literacy skills refer to below average performance on the one minute reading, and
two minute spelling. Poor performance in rhyming and verbal fluency was indicativeaf
phonological skills. These themes suggest that the dyslexic cohort struggled with tasks of

phonetic ability and difficulty in learning to read, write and spell.

3.9 CONCLUSION

This section has explored the differences and correlations betweeregar@tatistically
significant differences between the experimental and control groups were identified and
significant relationships between the two measures for both groups were investigated. The
overall task difficulty of the AWMA and the DSJ was repded in terms of the dyslexic and
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nondyslexic groups. The findings that emerged for the dyslexic group in this study are
consistent with what has been observed in some prior studies (e.g. Boada & Pennington, 2006;
Brunswick et al., 1999; McDougall & Donobp2002; Pennigton et al., 2001; Plaza et &Q02;
Roodenrys & Stokes, 2001), however provides further insight into children of this particular age
group within South Africa. Interpretation of the findings presented in this chapter, and with
cognisanceof the literature presented in the introductory chapter, will be presented in the next

chapter.
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CHAPTER4
DISCUSSION

Research has identified working memory differences in both the verbal and visuospatial
domains of dyslexic individals relative to notlyslexic controls (Brunswick et al., 1999;
Daneman & Mirikle, 1996; Helland & Asbjornsen, 2003; McDougall & Donoho822®@Ison
& Datta, 2002; Plaza et aR002; Roodenrys & Stokes, 2001; Srfpark & Fisk, 2007; Smith
Spark et al.2003; Winner et al., 2001). The importance of research within the South African
population with regard to dyslexia is focussed around early identification of these individuals in
order to provide intervention at the academic as well as psychological Teeetcreening for
dyslexia without a written component would therefore be useful especially before formal

education begins.

The main aim of the present study therefore was to compare the working memory of
dyslexic and nosdyslexic children in the Soutlfrican population. To do this, the study
endeavoured to evaluate the working memory performance of children with dyslexia by
comparing their performance to a carefully matched -ahystexic control group. More
specifically, working and short term memarfthe verbal and visuospatial typeere examined
with the use of a new computerised measure, the Automated Working Memory Assessment
(AWMA) developed by Alloway, Gathercole and Pickering (2006). To this end, the relationship
between working memory and dysi@ was explored by considering two hypotheses. Firstly,
dyslexic children would present with significant differences in verbal 4eort and verbal
working memory when compared to Rdyslexic children, and secondly, visuospatial stenmn
and visuospal working memory will be significantly different in dyslexic children compared to

nondyslexic children.

One may recall from chapter three, that the AWMA consists of 12 subscales assessing
four aspects of memory. Two domains are assessed, namely aadbaisuospatial. Within
these domains, the AWMA assesdoth the shorterm memory construct and the working
memory construct. As stated previously in chapter one, in the verbal memory domain, the short
term memory construct consists of tasks that reqomly the shofterm storage of verbal
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information in the phonological store of the phonological loop, while the working memory
construct consist of tasks that require storage, processing and manipulation of verbal
information with the help of the artitatory rehearsal system in the phonological loop. The
visuospatial memory domain too consists of both the gbort construct, responsible for short
term storage of visuospatial information in the inner scribe and -gigatal cache, and the
working memaoy construct responsible for the storage, processing and manipulation of

visuospatial information in the visuospatial sketchpad (Baddeley, 1986).

In this chapter a general overview of the sample will be provided first. This will be
followed by a discussioof the diferences observed betweeyskxic andnon-dyslexic groups
on the verbal shoterm memory and working memory tasks. The relationship between the
verbal tasks and the DSItasks will be considered next. The visuospatial gkamt memory
and working memory tasks will then be examined following the same sequence as with the

verbal memory discussion.

As discussed in chaptéwo, the size of the experimental group was constrained by the
limited number of available diagnosed dyslexic childrethaspecified age group. Of the total
number of participants, only eight had been diagnosed as dyslexic individuals and eight were
carefully matched controls with no known learning or reading difficulties. It was necessary to
establish equivalence betweie dyslexic and control sample on as many variables as possible
to ensure that the results obtained were due to actual differences between the groups, reducing
chances of a Type | error, and not due to confounding variables that may lead to an increase i
the chance of making a Type Il error. Thus, the participants were matched as far as possible on
age, home language, gender, ethnicity and education. No significant differences were found
between the dyslexic and control groups (p > 0.05) in terms ofJmgwen distribution of home
language existed between the groups, with the dyslexic group consisting of four Afrikaans and
four English speaking participants while the fdyslexic group consisted of one Afrikaans and
seven English speaking participant@n@er was unevenly distributed for the overall sample, and
Is atypical to the prevalence of dyslexia reported in the literature, the typical male to female ratio
being 2:1 ér dyslexic individuals (Miles et al198). The present sample comprised more
female than male participants, with a male to female ratio of 1:2. Education level ranged between

Grade 1 and Grade 3, and all participants were Caucasian.
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Consequently, with the general outline of the sample in mind the results obtained for the
verbal shorterm memory, verbal working memory, visuospatial skemn memory, as well as
visuospatial working memory tasks and composite scores within the framework of Baddeleyes

working memory model are discussed.

4.1VERBAL SHORT TERM MEMORY AND WORKING MEMORY TEST PERFORMANCE

Researchers have found that in terms of cognitive abilities, children with reading
disabilities and specifically Dyslexia show deficits in a variety of stewh memory and
working memory tasksBrunswick et al., 1999; McDougall & Donobp2002; Palmer, 2000;
Pennington et al., 2001; Plaza et al., 208&novichet al, 1997;Roodenrys & Stokes, 2001;
Smith-Spark et al., 2003Smith-Spark & Fisk, 2007 Snowling, 2008 Swanson 1994 These
difficulties impact their reading acquisitionaaing ability, text comprehension and classroom
functioning @lloway & Gathercole, 2006 While the verbal shoterm and working memoryes
role has been extensively investigated, the visuospatial domain has been largely neglected until
recently €.g. Smith-Spark et al., 2003, 20D7The findings of the current study found both
verbal and visuospatial memory diféeices in the present sample gsléxic children. A better
understanding of the contributions of these differences may aid the identificatidressf t
children at an earlier age if the differences amssestently established withiryslexic children

and understood.

In order to provide more clarity in this regard, each component oft&nortand working
memory was examined separateMerbal shorterm memory specializes in the temporary
storage ofverbal informationand verbal working memory is involved with the maintenance,
processing and retrieval of verbal informatidine AWMA tasksused toassess the shetrm
memory constructvere Digit Reall, Word Recall and Nonword Recall, while the working
memory construct was assessed with the Listening Recall, Counting Recall and Digit Recall

tasks.

The group differences in verbal short term and working memory between the dyslexic

and nonrdyslexic graips in the present study were analysed using an independent sataptes t
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The dyslexic and nedyslexic groups differed significantly from each other on several of the
verbal subscaled he first hypothesis of the present study was therefore only pgutigid. The

mean scores of the dyslexic group were overall lower than that of the control group. In terms of
specific test differences, the scores of the dyslexic grarpsignificantly lower hanthat of the

control group on the Nonword Recall subta$i4) = 3.12,p < .05), the Verbal Short Term
memory Composite scorg14) = 2.81p < .05), and the Counting recall subte§i4) = 2.48p

< .05) of the AWMA.Thus, indicating that theydlexic groupse functioning was significantly
different to contrad on some taskd shortterm and working memory.

Overall Verbal short term memory differences assessed by simple span tasks such as
Word Recall, Digit recalland Pseudoword/Nonword recall V& been shown to be present in
dyslexic individuals when comped to normal controls (Hellan®l Asbjornsen, 2004; Palmer,
2000; Rose et al., 1999; Smiipark& Fisk, 2007; SmitiSpark et al., 2003). The verbal short
term memory composite score of thgstexic group was significantly poorénan that of the
Controls.The dsslexic group performed worse than the control group on all measuregtat ve
short term memorythe combined scores of the Word Recall, Digit Recall and Nonword Recall
tasks, may reflect the significant difference obtained for the verbal shonrtenmory composite
score. Yet, when the verbal short term memory scores were separated out, differences were only
found to exist on the Nonword Recall taSkese findings can be reconciled in termsegfular
words that can be recognised directly and tftividual does not have to employ phonological
processes, while with irregular nonwordse phonetic structure is unfamiliar and require an

unfamiliar spoken response utilising their phonetic processitig Stanovich et al., 1997)

The differences betwaethe groups on the Nonword Recall subtest are supported by the
findings of Boada and Pennington (2006) who considered as part of a larger study, the
relationship between implicit phonological representation and Nonvegretition in 11€ 13
year old gslexic twin pairs. Similarly to the present findings with regard to Nonword recall,
Boada and Pennington found that theslexic group scored worse than the chronological age
twin pairs and reading age matched controls on the measure of Nonword repetié@dwoTh
measures are essentially the same task with the only difference between the present study and
Boada and Penningtones study relating to the scoring of the two tasks, which was slightly more

lenient in the present study compared to that of Boada amuirfggon (2006). The nonwords
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recalled by the participants in the present study merely had to be repeated and sound as similar as
possible to the word provided, while the Nonword repetition task in Boada and Penningtones
study was scored in terms of thealonumber of correct phonemes pronounced correctly for a
four-syllable word. Although these tasks differed slightly in scoring, the core differences were
still acknowledged. It is evident that the Nonword/Pseudoword repetition or recall task is a skill
that dyslexic children experience difficulty with relative to rayslexic children (Brunswick et

al., 1999; Gathercole & Baddeley, 1990; Ramkal, 1992; Roodenrys & Stokes, 2001).
Difficulty with this skill suggests that there is a problem within thengthagical store of the
phonological loop in terms of the phonological trade lbgy increased rapid decay irygexic
individuals for coding, segmenting and idéyitig phonological information (Gathercole &
Baddeley, 1990; Pennington et al., 2001).

Thefindingswith regard to verbal working memory only revealed significant differences
between the two groups on tl@ounting Recalltask, which requires the maintenance and
reproduction of digits while counting.he above findings have built on the resufterf Siegel
and Ryan (1989) in terms of counting span tasks where reading disabled children performed
worse than normal achieving children. Furthermore, the prdéiseinigs aresuppored by De
Jonges (1998) research. De Jasmgessedeficits in woking mamory of 10-year old reading
disabled children matched to two control groups on reading age and chronological age. His
findings suggested th#tose children, who haveraading disaitity, may present witha general
working memory deficitThese deficits @auld bedue to the deficits in complex span tasks that do
not reflect specific tasks tapping either the language or numerical domaithermore,
specifically with regard tothe Counting Span task, which is methodologically similar to the
Counting Recalltask with the only exception being that the present studiese task was
computerised, de Jonges findings revealed that the reading disabled group performed worse than
controls. Overall verbal working memory differences were not present in the current studies
sample, although differences in overall verbal working memory have been identified elsewhere
(Jefferies& Everatt, 2004; Kibby et al., 2004; Smifipark& Fisk, 2007).

According to Baddeleys1989 working memory model, the differences observed thus
far reflect poorer abilities withithe phonological loop of theyslexic group, these differences

varying from possible storage problems, capacity problems, phonological coding problems and
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processing problems. Considering these differences aphbrimg the findings further, the
memory constructs employed for the AWMA and D$Tasks were investigated by considering

the relationships between the subscales of the two measures.

A Pearsones correlation analysis aimed to establish whether dyslexic ailgstexic
participants utilised similar memory constructs to access and process information. This analysis
formed part of further examination of the group differences observed between the two groups on
the AWMA. To this end the relationship between the AWM#Al dhe DSTJ subscales were

investigated.

In terms of relationships between the verbal subtests of the AWMA and thd,0B&
control group presented with considerably more significant correlations between the two
measuresThe DSTFJ utilises a varietyof measures to assess thgslexia at risk status of
children these meases includefor exampleassessments of shderm memory, working
memory, reading ability, phoneme awareness, semantic knowledge, motor control and balance.
If tasks that tap spéic skill within short term or working memory are positively related, it
would suggest that the same skills are utilised to successfully complete a givéMitaskgard
to the verbal subscales of the AWMA, the control group amudar utilize the samenemory
construct with a variety of thBST-J subscales, suggested by the positive correlations. Also, the
negative correlationgould indicate that as the memory construct is utilized for a specific task,
performance of the other decreases. Thus, if wardsrequired to be stored in short term
memory for recall (Word Recal AWMA), the constructs employed for timed spelling (DT
and nonsense reading (DSY were not actively engaged’he same can be seen for rapid
naming (DSHJ) and listening recallAlWMA), and rapid naming (DSU) and backwards digit
span (AWMA). The latter two correlations are a prime example where both visual recognition
and a verbal response was engaged in the rapid naming task compared to auditory input and
verbal response requddy the listening recall (AWMA) and backwards digit span (AWMA)

response.

Positive correlationsn terms of the use of the phonological loop were identlietiveen
verbal short term memory composite score (AWMA) and backwards digit spanJD&Td
similarly correlatiors betweendigit recall (AWMA) andthe backwards digit span (DSJ) as
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well asverbal fluency(DST-J) tasks. These tasks are consistent with accessing the phonological
store of the Phonological loop, requiring storage of the verbal iattom For backwards digit

span the articulatory rehearsal system is activated to rehearse and maintain the initial information
in the phonological store in order to repeat the sequence backwards. The verbal fluency task is
dependent on accessing long temmemory toretrieveknown words that begin with a specific

sound/letter/phonemand plae themin the shorterm phonological store.

In terms of the verbal working memory tasks, tis¢ening recalltask (AWMA) was
significantly correlated with one miteireading (DSJ), phonemic segmentation (DSJJ, and
vocabulary (DSTJ). Listening recall is a complex working memory measure utilising auditory
input that requires comprehension and maintenance of information and a subsequent verbal
response. Phonemie@mentation assesses the ability to split words into their constituent sounds
and a sensve measure of phonological decoding and recoding ability, while the Vocabulary
task evaluateseceptive vocabularypy associating a word with picture. Similarly caunting
recall (AWMA) and two minute spelling (DSJ) were significantly correlated, with counting
recall storing and rehearsing digits and two minute spelling storing, rehearsing and decoding
words. In all tasks the Iponological loopes storage component &orage of information and
phonological coding is utilised, and secondly the articulatory rehearsal system for the
maintenance of the phonological trace in the phonological ,stoogh contributing to
comprehension of verbaput (Daneman & Merikle, 195).

The findings thatverbal working memory composite score (AWMMA) significantly
correlated with the one minute reading (BHT phonemic segmentation (DSJ), nonsense
reading (DSHJ), and semantic fluency (DSJ) tasks suggests that all four of tH2ST-J tasks
utilise verbal working memory which engages with both the phonological storage and
articulatory rehearsal systems of the phonological loop. Thus the significant relations between
the shortterm or working memory tasks and the D$Tasks prowle an indication thathe
control group accessed thiengdar memory construct for these taskbich requireeither verbal
storage, verbal processing or phonetic decodingpmprehensionand in many tasks a

combinationof the phonological loopse storage girdcessing abilities



83

The dyslexic group presented with only two statistically significant correlations and both
were positive. This in itself is interesting as it suggests that very few of the tasks estpoy
same constructs. The statistically sigraht correlation between backwards digit span (AWMA)
and backwards digit span (DS} occurred understandably because these are the same tasks and
suggests that the dyslexic group drew on the same skills for both subtestsignificant
correlation betwen nonword reading (AWMA) and the rhyming subtest (3pTvas very
interesting. The phonological deficit in dyslexia is often assessed with the use of nonword
reading tasks or rhyming (Griffiths & Snowling, 2002; Rack et al., 1992), and these tasks are
hdpful in detecting phonological processing and phonological awareness respetixsexic
children have difficulty recognizing nonwords (these are all words that do not exist),
furthermore, it has been shown that dyslexic individuals have difficulti wiyming, or
identifying rhyming wordgGathercole et 311991;Ramus, 2003Ramus Pidgeongt al., 2003
Sensitivity to phonological awareness and the ability to decode phonological information has
repeatedly been demonstrated witlonword repetition tasks wittdyslexics consistently
performingworse than controls (Gathercadé al, 1991;Ramus, 2003Ramus Pidgeon,et al.,

2003 Snowling 2008)The findings thus indicate that both rhyming and nonword recall seem to
tap the same skills responsible for identifying newdsoor nonwords and breaking them up in

their phonemic segments.

The verbal shosterm and working memory differences observed thus far, suggest that
phonological decoding skills and the articulatory rehearsal system may be implicated in this
sample. Semndly, considering subtype classification, the findings are consistent with the

phonological subtype of dyslexia that has difficulty decoding nonwords

Qualitative analysis of the reports revealed that consistent with the quantitative findings,
the dysleic cohort performed worse on many of the subtests of the AWMA. However, more
than two of the dyslexic children performed better than their matched controls on the digit recall,
word-recall, listening recall, mazes memory, Mr. X, and spatial span subtgsiugh not
statistically significantly different. For the DSJ it appears that the scores of the one minute
reading, rhyme, two minute spelling, nonsense reading, and one minute writing subtests were
identified as problematic in at least half of theléyic children. This suggests that this particular

group presented with difficulties predominantly in the phonological domain according to the
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DST-J assessment. Further analysis of the D3®@&ports yielded consistently that weak literacy
and weak phonopical skill were the underlying problems in this particular sample. These
findings appear to be consistent with previous findings in dyslexic sangda®most dyslexic
individuals present with a phonological defi(fitalmer, 2000; Smitspark et al., 2003Smith-
Spark & Fisk, 2007Stanovich et al., 1997

4.2VISUOSPATIAL SHORT TERM MEMORY AND WORKING MEMORY TEST
PERFORMANCE

In terms of visuospatial short term and working memory group difference between the
dyslexic and nomyslexic groups, the prederstudy analysed these differences using an

independent samplegdst.

The dyslexic and nedyslexic group differed significantly from each other on several of
the visuospatial subscales. Thus, the second hypothesis of the present study was partly upheld
The nondyslexic groupes-tesults were generally higher when compared to-tlestilts of the
dyslexic group as with the verbal tests. Furthermore, the mean scores of the dyslexic group were
significantly poorer to that of the control group. With regtodspecific test differences, the
scores of the dyslexic group was significantly poorer to that of the control group on the Dot
Matrix subtest {(14) = 2.23,p < .01, the Block Recall subtest(14) = 2.69,p < .05, the
Visuospatial Short Term memory @posite scoret(14) = 3.61,p < .01), the Odd One Out
subtest (14) = 3.61,p < .01) and the Visuospatial Working memory Composite sctffiel) =
4.22,p < .01) of the AWMA.

Consistent with the findings of Smidpark and Fisk (2007), who found diffeces in
the Corsi block span measure of dyslexic adults when compared to the controls, the present study
found significant visuospatial differences on the Block Recall task which is very similar to the
Corsi block task between dyslexic and fdyslexic grops. The composite score differences for
visuospatial shofterm memory and working memory supports findings from Helland and
Asbjornsen (2003), Olson and Datta (2002), and SByidwrk and Fisk (2007). Winner and
colleagues (2001) found that dyslexic adydesformed significantly worse than controls on a
range of visuospatial tasks that assess similar components of Visuospatigkershoand
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working memory to the Odd One Out, Block recall and Dot Matrix subtests of the AWMA.
Although SmithSpark and Fisk2003) and Winner et al. (2001) found visuospatial differences
in adult dyslexicsPel Giudice and colleagues (2000) and Poblano et al. (2000) found evidence
for a visuospatial deficit in dyslexic childrenh& present findingghereforeprovide valuable
insight into the differences that exist for dyslexic children in this don@ansequentlythese
results contribue to the findings of Poblanoet al. (2000) who suggested that visuospatial
working memory alterations may result in both auditory and visuespficits in dyslexic
children and to that of Del Guice et al.(2000) who found a child who had significant

visuospatial deficits

The present findings were further contradictory to those of Jeffries and Everatt (2003;
2004), and Kibby et al. (23@), who found no significant differences in visuospatial tasks of
dyslexic children when compared to control(on Karolyi (2001) and Von Karolyi and
colleagues (2003) have suggested that dyslexics have global visuospatial strengths in terms of
the speedat which they recognise impossible figures. This may not be in contradiction to the
present findings as the tasks in the present study required focussing on specific aspects of the
visuospatial stimulithat were not timedand not a global figure recognitiotask. However,
dyslexic participants were outperformed by the controls when they had to match specific figures
(Von Karolyi, 2001; Von Karolyi et gl 2003) which is consistent with the present findings
Reconciling the different findings is not easyths differences may be due to developmental,
co-morbitity or task issues. Also, most of tlierature doesiot distinguish between dyslexic
subtypes which could reflect the predominantly phonological deficit and igtiee@tuospatial
deficit.

Consideing then that although the literature has been divided, it has been suggested that
the visuospatial differences observed previously, may be related to domain general deficits in
executive processing skills of the central executive and not merely contaireederbal or
visuospatial domain specific impairment (blison & Fawcett, 1990; Nicolsoat al, 1995;
Palmer, 2000; Smitspark & Fisk, 2007; Swanson, 1993, 1999; Swanson & Sdahese?001;

Wolf & Bowers, 1999).Thee is evidence that thexecutive proessing of the centraixecutive
providesa unigue contribution to reading comprehension and word recognition (Swanson, 1999;

Palmer, 2000)However the findingsof the current studyould not dissociate whether the
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differences observed were purely a restildomain specific differences or more domain general
differences with aspects of the central executive being affected or even whether there may have

been differences in attention that could be attributed to the observed differences.

Further examinatio of the group differences observed for the scores of the AWMA was
conducted to investigate whether similar memory constructs are utilized to access and process
information for visuospatial tasks. To this end the relationship between the AWMA and the
DST-Jsulscales for gslexic and control groups were investigated.

In terms of the visuospatial subtests of the AWMA and the-DSfe findings revealed
that the control group presented with considerably more significant correlations than the dyslexic
groupbetween the two measures, as with the verbal subtests. Negative correlations were found
between the Mr X (AWMA) and Phonemic segmentation tasks, and Mr. X (AWMA) and one
minute writing (DSHJ) tasks. The Mr. X task requires visuospatial manipulation ofrirdtion
with a visuospatial response, while the phonemic segmentation and one minute reading tasks
require verbal or written input and a verbal or written response, thus accounting for the negative

correlation.

A significant positive correlation as observed between block call (AWMA) and
posture (DSTJ). The block recall task measures visuospatial shortrtegmory, thus accessing
the visu& cache for storage of visual and spatial information. The relation between the block
recall task and the postutask, which was designed to provide a measure of balance to detect
cerebellar abnormalities, is unexpected. It could possibly be related to theskilbtandcontrol
of eye movements, which is also associated with cerebellar sensitivity, requiredhblodke
recall task by following the hand and finger tapping the blocks and subsequently pointing to the
blocks(Stoodley et al., 2006)

Interestingly,MR. X (AWMA) and rapid naming (DST) was significantly correlated
and spatial span (AWMA)was significatly related toverbal fluency (DSTJ) and semantic
fluency (DSHJ). The MR. X and Spatial span tasks both require the storage of visual and spatial
information in terms of the visual representation and location of the objects in the visual cache

and mainénance, rehearsal and retrieval of the decaying information by the inner Yeribal.
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and semantic fluency are tasks associated with verbal information, as such the correlations
observed between visuospatial working memory tasks and these verbal tgdis duge to the
children visually representing the words in mind by associating the words with pictures or
symbolically visualising the words they retrieve from long term memory. Similarly the
significant relationship between thésuospatial shotterm menory composite score (AWA)

and verbal fluency (DST), and thevisuospatial working memory composite score (AWMA)

and backwards digit span (D) could be due to mentally creating a visuospatial representation

of the words and digits

None of the sigriicant correlations observed for the control group were observed for the
dyslexic group, again suggesting that the dyslexic group utilises different components of
memory for the tasks compared to their matched controls. The dot matrix (AWMA) task and the
rapid naming (DSJ) task, as well as the spatial span (AWMA) task and the rapid naming
(DST-J) task was negatively correlated. Positive correlations existed between the dot matrix
(AWMA) task and one minute writing (DSJ), and odd one out (AWMA) and posty(DST-J).

These correlations are consistent with what the tasks require at the cognitive level, separating the
visual input and output of information from verbal output of information. The positive
correlation between the dot matrix (AWMA) task and oneute writing (DSFJ) task could be

due to the one minute writing task requiring merely copying the sentence or paragraphing as
quickly as possible. The dyslexic children may simply tap their visuospatial store by copying the

words as pictures instead abpessing the sentence through their verbal store while writing.

Poor posture has been implicated as one of the main indicators of being at risk for
dyslexia due to abnormalities in the cerebellum (Nicolabmal, 1995; Stoodley et al., 2005;
Stoodley eal., 2006). The cerebellum affects reading in a variety of ways; it is involved in the
control of various motor movement, which includes control of eye movements, visuospatial
attention and peripheral vision, all of which are important for reading #ed tecognition and
for maintaining good posture (Fawcett et al., 1996; Stein & Walsh, 1997). For this reason, it was
interesting to see that the odd one out task which requires the participant to point to the odd
picture and thereafter remembering whtre odd picture was and pointing to its location in
empty boxes, was positively related to posture as assessed by the Posture task orJthé DST

supports the notion that there would be @nment in the cerebellum thaifects eye movement
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and motor cotmol as posited by Nicolsoat al. (1995), Fawcett et al. (1996), Stoodley et al.
(2005), and Stoodley et al. (2008)lthough Stoodley and colleague005 2006) established

that dyslexic adults and children tend to perform worse than controls on nseaEiaance,

speed and accuracy of pointing tasks, differences for the pointing tasks were only obtained when
speed and accuracy were combinederé€hhas been mixed support for teeebellar hypothesis

with Heim et al.(2008)andRamus Rosengt al.(2003 who found no differences on a variety of
caebellar tasks that includethalance, finger tapping, bead threadirfqnger to thumb

movements, and rhythm imitation.

The results indicatingisuospatial shorterm and working memory differencestween
dyslexicsand controls, implies that the cognitive difficulties expeced by dyslexic individuals
arenot exclusively due to verbal storagigprocessing deficits. Both visuospatial storage systems
and visuospatial maintenance and rehearsal systems affect dyssf@iformance on taskisat
require the storage amdaintenance of visual and spatial informati®hus, although there may
be difficulties associated with the phonological decoding and processing of written text, the
ability to store the visual writtemnformation would be affected by the differences within

visuospatial shosterm and working memory.

4.3LIMITATIONS OF THE STUDY

Despite the value these findings may have within the South African context, a number of

limitations were noted. These limitans relate to both the sample and instruments used.

Firstly, the sample utilized in the study was decidedly problematic. The small sample size
and the method of sampling may have threatened the validity of the findings as a small sample
size reduces thpower of the statistical tests. In the attempt to include only children from a
similar socieeconomic background, convenience sampling and the matching paradigm resulted
in the sample being obtained from a private mainstream school and private remedial
schools/facilities in the Johannesburg area. Thus, the findings may only be generalised to pupils
attending urban private schools. Further, in terms of the dyslexic group, no subtypes were
specified in their diagnosis as provided in the Biographical questice. Hence the findings

may not be generalised to specific subtypes, but only to Dyslexia in general within this socio
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economic group. This could possibly have been controlled for by asking the parents to specify
which subtype of Dyslexia their child haComorbid ADD, ADHD and epilepsy itwo of the
dyslexic children, could have influenced the findings. These children however have been
receiving treatment for the @uorbid disorders. However, it is not clear to what degree the

cognitive abilities of tk children were affected.

Secondly, the cultural fairness of the instruments may be questioned. Limitations in this
regard in general would be that both measures were in English and although all participants
could speak, understand and write Englishs¢heho were bilingual could possibly have been at
an added disadvantage even though they were matched to bilingual controls. Specifically for the
AWMA, the test instructions are given in British English and the accent may have influenced the
childrenes undrstanding, or it may have resulted in a cognitive distraction from the task being
explained. Furthermore, not being able to access the individual scores for each completed task,
lead to loss of data that could have provided further insight into whetiffdrences started to
occur, i.e. at a specific level of difficulty, or the number of errors made. With regard to the DST
J, some of the terminology and vocabulary used, South African children have not been exposed

to, whereas British children have morgesure to terminology used in their culture.

4.4FUTURE DIRECTIONS

In South Africa working memory differences in dyslexic children have largely been
unexplored, and children who do present with reading difficulty in their early years of schooling
do nd always get the remedial intervention they require. This in turn provides the foundation for
these children who go unidentified or unaided to develop problems with academic achievement

which in turns leads to low sedisteem and acting out behaviourally.

The most useful aspect of this research is the basis it provides for future research within
this area in the South African context. The findings provides a general view of dyslexic deficits
in a limited sample, which presents the possibility to explavekiwvg memory deficits in not
only the private setting but in government school settings as well. Other possibilities include
identifying specific subtypes of dyslexia and considering which differences in working memory

could be associated with the sperifsubtypes that exist. Further research in this area,
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specifically with children in their foundation years of schooling, could provide valuable
information on how creative ways of intervention for dyslexic children could be implemented

bearing in mind worikg with their specific working memory difficulty.

4.5 CONCLUSION

In conclusion the aim of the study was to investigate whether there was a significant
difference between the shdéerm and working memory performance of children with dyslexia
and a mateed control group. Sheterm memory and working memory ability of the children
were assessed using the AWMA. The results of the study have identified significant
discrepancies in the performance on selected tasks tapping verbalesmorhemory, verbal
working memory, visuospatial sheagrm memory, and visuospatial working memory between
the dyslexic and control groups. It was also established that the two groups utilise different
memory constructs to complete a task when the subtests of the AWMA abibThé were
correlated, suggesting thdyslexic children may utilise different skills to compensate for their
difficulty in specific tasks.The main finding is that working memory and skerm memory
difficulties are present in children diagnosed witsldxia. Thus, utilising measures to assess
working memory and developing strategies to implement learning support programmes to
address the working memory difficulties would certainly benefit these children.
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School of Human and Community Development
Private Bag 3, Wits 2050, Johannesburg, South Africa
Tel: (011) 7174500 Fax: (011) 714559

Email: 018lucy@muse.wits.ac.za

Consent Form
,Working Memory: A Comparison between Dyslexic and NorDyslexic Childrenf

NOTE: This consent form will remain with the University of the Witwatersrand researcher fo
their records

| agree to take part in the University of the Witwatersrand research project specified above. | have had the
project explained to me, and | have read the Subject Information Sheet that | will keep for my records. |
understand that agregj to take part means that | am willing to:

0- Agree tohave my child assessed by the researcher

0- Agree to have my child complete the Automated Working Memory Assessment relating to
their Short term and working memory functioning.

8- Agree to have my childcomplete the Dyslexia Screening Test Junior which screens for
indications of dyslexia.

8- Agree tocomplete the Biographical Questionnaire that records information about my own and
my childes demographic and biographic details.

8- | agree to have the data allected used for further research that may be published provided
that all information that could identify me be coded and kept confidential with restricted
access to the researcher.

| understand that data collected will be kept in secure restrictedyestaral accessible to the researcher,
Maatje Scheepers.

| understand that any information | provide is confidential, and that no information that could lead to the
identification of any individual will be disclosed in any reports on the project, or tothewymarty.

| understand that any data that the researcher extracts from the questionnaires and assessments for use in
reports or published findings will not, under any circumstances, contain names or identifying characteristics.

| understand that my ddes participation is voluntary, that | can choose that my child not participate in part
of or the entire project and that | can withdraw my child at any stage of the project without being penalised or
disadvantaged in any way.

PartiCipanteS NAIME ... e e e e e

Signature ........oooveiiiii Date ...ccovveiie
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APPENDIXB: SUBJECTINFORMATION SHEET

School of Human and Community Development

Private Bag 3, Wits 2050,Johannesburg, South Africa
Tel: (011) 7174500 Fax(011) 7174559

Email: 018lucy@muse.wits.ac.za

Subject Information Sheet
\Working Memory: A comparison between Dyslexic andNon-dyslexic Childrenf

Dear Parent

My name isMaatje Scheeperand | am conducting a research project with Dr. Kate Coftkas my
supervisor in the Department Bychology at the Universitgf the Witwatersrand towards Mastersin
Research Psychology.

The aim of this study is to determine what differences and relationships exist in the working memory of
individuals whohave dyslexia and who do not have dyslexia. The ,normale functioning of working memory

is essential given the amount of information processing required in the classroom setting. The present study
will focus specifically on the relationship between workingmory and dyslexia as a learning and reading
impairment in children. The data generated from this will provide further insight into the underlying deficits

in working memory of individuals with dyslexia and provide valuable information with regard to the
effectiveness of the Automated Working Memory Assessment (AWMA) as a screening tool for working
memory impairments in the South African population. This data will help researchers understand the various
underlying deficits that exist on a working memoryelein learning disabled populations and aid in the
development of an intervention programme for these individuals.

| would like to invite your child to participate in the study. Participation will invehe2completion of three
assessments/questionmesiy the first assessing the working memory components of the children (the
Automated Working Memory Assessment, (AWMA)), the second screening for dyslexia in order to have a
baseline for both groups (the Dyslexia Screening Téshior), and the third, Biographical Questionnaire,

to be completedby parents in order to collect demographic information for matching purposes. The AWMA

is a computerised assessment administered by the researcher and the trained research assistants. The othe
two assessmentseaadministered and scored by the researcher or the trained research assistants and the
Biographical Questionnaire is completed by the childes parent(s)/guardian.

The completion of the two assessments will take a maximum of 120 minutes of the childfssessment

will take place at a time negotiated with the parents and the school. This will be conducted at the school in a
quiet environment across two separate sessions to reduce fatigue in the children. The Biographical
Questionnaire will take approxately 15 minutes to complete and may be returned to the researcher in a
sealed envelope that will be provided. | will be using the results of these assessments for my research project.

No findings that could identify any individual participant will bebfsshed, only those findings of the
combined results of all participants will be used. The data collected from you and your child will be stored
by the University in a secure place and will contain no personal information or identifying information. Only
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| will have access to the data and identities of the data and this will be destroyed as soon as the data has been
captured.

A report of the study other than the thesis may be disseminated to interested parties, or published in a
professional journal, bubdividual participants will not be identifiable in such a report.

Participation in this study is completely voluntary and you are under no obligation to consent to have your
child participate. If you choose to have your child participate or declingrticipate in this research project,

your relationship with the school will not be affected. If you agree to participate, you may withdraw at any
time without prejudice. The data collected may be used for other purposes (i.e. further study) but will remain
confidential and no individual participant will be identifiable in the publication of any findings that result
from further use of the data. If the researcher finds any result from the assessment that is of concern for any
individual child, the child wilbe referred to the school psychologist for further assessment and guidance.

A general feedback session will be held at the school after completion of the research project to give
feedback of the overall findings of the study. Written feedback for battsasients will be provided for

each child and given to the parents. These reports are part of a research project and the assessment measures
used are under investigation as well. Thus the feedback given should not be used as an educational or
scholastic asessment of your child. Should you find after completion of the assessments that you would like

to discuss anything relevant to the study or the contents of the questionnaires/assessments further, please feel
free to contact us.

If you would like to contet the researchersabout| If you have acomplaint concerning the manner |
any aspect of this study, please contact the { which this researckproject number: HO70612 is

Investigator: being conductedlease contact:
Prof. Kate Cockcroft Human Ethics Officer
Tel: 011 717 4511 Human Research EtlicCommittee (HREC)

E-mail: kate.cockcroft@wits.ac.za

Tel: 011717 1234
Ms. Maatje Scheepers
Tel: 011 795 1596
Fax: 086 607 7971

E-mail: maatjeci@gmail.com

Kind Regards

Maatje Scheepers
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APPENDIXC: ASSENTFORM-CHILDREN

School of Human and Community Development
Private Bag 3, Wits 2050, Johannesburg, South Africa
Tel: (011) 7174500 Fax:(011) 7174559

Email: 018lucy@muse.wits.ac.za

Assent Form- children

.Working Memory: A comparison between Dyslexic and Nondyslexic
Childrenf

Date: %0%0%0%0%0%0%o

This is to confirm that | (the researcher) have explained the processss¥rmasaeand what is required of the

child to them, also that | have explained that they are allowed to stop me at any time if they do not want to
participate further, are tired, do not understand what they have to do, or would like to have a break without
any consequences. The following statement is what would be told to the child:

fl would like to do an assessment with you, this assessment is like an exercise to see how well you remember
things. It doesnst matter if you get the answers wrong, just dobgstr If you want to stop you can tell me

and we will stop. If you are tired and would like a break, you can tell me and we will have a break. If you
donet understand something in the exercise you are welcome to ask me. Is it alright if | do this assessmen
with you, would you help me?,

| %60%0%0%0%0%60 %0 %0%0%60%0 %60 %60 %60%60 %0 %0960 %60 %0 %0%60 %0 %0 . agrEE O participate.
Name of child

%0%0%0%0%0%0%0%0%0%0%0%o0
Maatje Scheepers

9%60%0%0%0%0%0%0%0%0%0%0%0
Childes name
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APPENDIXD: BIOGRAPHICAL QUESTIONNAIRE

Biographical Questionnaire

This questionnaire is ianded to collect information for matching purposes only. All information will be
kept strictly confidential. Only the researcher will have access to this data.)

1.

2.

. Has your child had psychological/educational evaluations? Yes No

. Has your child beerniagnosed with a learning or reading disorder? Yes No

Name of pare nt/g uardian %0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0 %0 %o

Name of child %0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0 %0%60%0 %0 %60%860%0%60%0%o.

. Date of birth (Chl|d) 960%60%0%60%60%60%0%0%60 %60 %0 %60 %0 %60 %60 %00 %00 %60 %60 %60 %00 %00 %60 %60 %60 %00

. Gender of child | Ml Female
. Population group | Black Coloured Indian White Other
. Home language %o0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%c%c%c%0%0%o. .

. If you answeregiesto numbei8 above, please state what learning or reading disorder

i.e. dyslexia

960%60%60%60 %60 %60 %60 %6060 %60%60 %60 %60 %60 %60 %60 %6060 %60 %60 %60 %60 %60 %6060 %60 %60 %60 %60 %60 %60 %60 %00 J60. .

10. Has your child had any other therapy such asottening?

11. Has your child repeated a year at school?

Speech Occupational Physio Remedial Other
Therapy Therapy lessons

If Other please SpeCify%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o%o..

Yes No
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APPENDIXE: ETHICAL CLEARANCE CERTIFICATE
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APPENDIXF: HISTOGRAMS OFNORMALITY PLOTS FOR

AWMA AND DST-J

Histograms of normality for Non-dyslexic cohort

Figure3: Digit Recall (AWMA) Figure4: Word Recall (AWMA)

Figure5: Nonword Recall (AWMA) Figure6: Listening Recall (AWMA)
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Figure7: Counting RecallAWMA) Figure8: Backwards Digit Span (AWMA)

Figure9: Dot Matrix (AWMA) Figure1l0: Mazes Memory (AWMA)
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Figure 11 Block Recall (AWMA) Figure P: Odd One Out (AWMA)

Figure B: Mr X (AWMA) Figure #: Spatial Span (AWMA)




Figure B: Verbal Short Term Memory (AWMA)Figure 16 Verbal Working Memory (AWMA)

Figure 17: VisuospatialShort Term Memory (AWMA) Figure B: Visuospatial Working Memory (AWMA)
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Figure B: Dyslexia Quotient (DSD) Figure 20 Rapid Naming (DST)

Figure21: Bead Threading (DSJ) Figure 2: One Minute Reading (DSJ)
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Figure B: Phonemic Segmentation (DY Figure 2: Postural Stability (DSTD)

Figure : Rhyming (DSTFJ) Figure 3: Two Minute Spelling (DST)
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Figure27: Backward Digit Span (DSJ) Figure B: Nonsense Reading (DSJ)

Figure @: One Minute Writing (DS1J) Figure 30 Semantic Fluency (DSJ)
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Figure31: Verbal Fluency (DST) Figure 2: Vocabulary (DST))
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Histograms of normality for Dyslexic cohort

Figure 3: Digit Recall (AWMA) Figure 3: Word Recall (AWMA)

Figure 35 Nonword Recall (AWMA) Figure &: Listening Recall (AWMA)
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Figure ¥F: Counting Recall (AWMA) Figure 3. Backwards Digit Span (AWMA)

Figure 39 Dot Matrix (AWMA) Figure40: Mazes Mempoy (AWMA)
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Figure41l Block Recall (AWMA) Figure £: Odd One Out (AWMA)

Figure 8: Mr X (AWMA) Figure 4: Spatial Span (AWMA)
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Figure &: Verbd Short Term Memory (AWMA)  Figure %: Verbal Working Memory (AWMA)

Figure 4: Visuospatial Short Term Memory (AWMAYigure 8: Visuospatial Working Memory (AWMA)
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Figure ®: Dyslexia Quotient (DSD) Figure 50. Rapid Naming (DST)

Figure51: Bead Threading (DSJ) Figure 2: One Minute Reading (DSJ)




Figure 3: Phonemic Segmentation (DY

Figure %: Rhyming (DSTFJ)

Figure 3 Postural Stability (DSD)

Figure ®: Two Minute Spelling (DS3)
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Figure &¥: Backward Digit Span (DSJ) Figure B: Nonsense Reading (DS])

Figure ®: One MinuteWriting (DST-J) Figure 60 Semantic Fluency (DST
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Figure61: Verbal Fluency (DST) Figure @: Vocabulary (DST))
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APPENDIXG: NON-PARAMETRIC ANALYSIS

Table 9: Wilcoxon Rank-Sum test zscores, pvalue and effect sizes for AWMA group differences

for dyslexic and nondyslexic children.

Wilcoxon W ) Cohen€s d
Digit Recall 1.477 0.78
Word Recall 1.480 0.78
Nonword Recall 2.698** 1.43
VSTM comp 2.417* 1.28
Listening recall 0.053 0.03
Counting recall 2.266* 1.2
Backwards digit span 0.999 0.53
VWM comp 1.578 0.84
Dot Matrix 2.998** 1.59
Mazes memory 0.743 0.39
Block Recall 2.530* 1.34
VSSTM comp 2.579* 1.37
Odd-one-out 2.739** 1.45
Mr X 1.526 0.81
Spatial Span 1.581 0.84
VSWM comp 2.688** 1.42

Note: *=p<0.05;* =p<0.01



Table 10:

Spearmanes Correlation Coefficients for Verbal AWMA subtests and DSTFJ subtests for ron-dyslexic anddyslexic participants.
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DSTJ Subscales

AWMA Suscales

Digit Recall
Word Recall
Nonword Recall
VSTM comp
Listening recall

Counting recall

Backwards digit
span

VWM comp
Digit Recall
Word Recall
Nonword Recall
VSTM comp
Listening recall

Counting recall

Backwards digit
span

VWM comp

Rapid
Naming

-163
327
353
-.054
-.831*
072
814
-.443
733+
675
361
539
407
-.540
265

.188

Bead
Threading

-.287
.110
-.046
-.152
.341
-424
-.109
.194
-.601
.186
.199
.153
-.447
-.288
-.096

-.278

One Min
Reading

327
- 713
-.620
061
733
554
-446
747+
-618
108
367
228
-.252
-110
181

.061

Posture

126

.329

.242

.302

151

.300

551

501

.166

-.159

.024

-.085

.073

.646

.006

423

Phonemic
Segmentation

.148
- 721*
-.553
-.247
.692
.147
-172
577
-.226
.327
.382
.386
.133
-.247
.661

.287

Rhyming

.007

- 779*

-.469

-.459

439

.209

-.065

.365

.064

.539

.887**

.756*

315

-.065

AT75

.638

Two min
Spelling

.659

- 718*

-.334

.353

.486

.764*

.062

733

.025

.238

-.024

.145

.170

-.335

.195

-.123

Backwards
Digit Span

.630
.385
-.026
.834*
.154
405
.282
466
211
.056
-.062
.000
417
.013
.741*

.609

Nonsense
reading

247
- 876%
-579
-.080
704
528
-.466
687
-.349
419
419
429
-.095
-.464
275

-.036

On_e_ min
Writing
-551
-.120
-.358
-.755*
.228
-.667
-.071
-.119
-.333
-.042
.229
132
-.072
.245
.169

.055

Verbal
fluency

.528
.012
-.092
712*
417
.317
-.342
488
-.578
.108
.252
.167
-.214
-.220
.240

.024

Semantic
fluency

.378
-.532
.081
.353
.705
.601
-.350
.801*
-.679
-.356
-.025
-.220
-.317
.525
.061

.161

Vocabulary
.252
-.215
-.644
.201
.642
.250
-.150
.726*
-.596
-.123
-.006
-.061
-.147
-.075
.309

.000

*

= significant at the 0.05 level

** = gignificant at the 0.01 level

Bold font denotes dyslexic group



Table 11;

Spearmanes Correlation Coefficients for visuospatial AWMA sibtests and DSFJ subtests for nondyslexic and d/slexic participants.
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DSTJ Subscales

AWMA Suscales

Dot Matrix
Mazes memory
Block Recall
VSSTM comp
Odd-oneout

Mr X

Spatial Span
VSWM comp
Dot Matrix
Mazes memory
Block Recall
VSSTM comp
Odd-one-out
Mr X

Spatial Span

VSWM comp

Rapid
Naming

.084
-.703
.228
-.187
-.060
.790*
- 712*
.503
-.060
-.267
.582
-.247
-.265
.279
.012

-.074

Bead

Threading

.255

736

.279

.549

449

-.521

472

-.012

.527

.239

.220

.604

-.058

.226

-.141

.118

One Min
Reading

.349
134
.169
.182
=277
-.374
531
-.265
301
297
-.109
452
.084
279
-.096

.184

Posture

.601

-.127

.901**

277

.050

.200

.103

551

476

.399

AT72

.378

.805*

.239

.244

.509

Phonemic
Segmentation

.246
.360
.184
445
.503
-.761*
.365
-.307
.370
482
.165
424
.079
.195
-.261

-.123

Rhyming

-.039

-.125

.000

.007

274

-.574

-.080

-.469

475

.287

.096

317

.507

542

.349

.516

Two min
Spelling

.655

.229

452

.659

312

-.203

447

.265

.390

.337

.067

.360

-.067

-.160

.000

-.261

Backwards
Digit Span

T73*
.155
.687
531
-.049
442
.528
.810*
-.358
.553
491
.253
.006
.460
-.408

-.063

Nonsense
reading

.270
.205
.074
222
-.135
-.503
465
-.368
431
.253
.108
443
-.108
217
-.120

-.024

One min
Writing

-.333

.108

-.167

-.096

429

-.667

-.146

-571

.705

.315

-.261

.295

494

-.273

127

.012

Verbal
fluency

.610

753

.293

.700

-.024

-.024

.900**

415

132

.301

-.060

419

-.096

277

-.228

.049

Semantic
fluency

.501

.684

401

.630

.150

-.501

.718*

.050

.552

.679

.037

.749*

.614

161

-.037

.350

Vocabulary
701
.329
.551
.516
-.100
-.200
.718*
.150
.012
391
-.267
.346
-.099
.019
-.309

-.164

= significant at the 0.05 level

** = significant at the 0.01 level

Bold font denotes dyslexic group



