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Abstract
A great deal of research has focused on memoryidggbn in children with learning
disabilities. However, findings have been incomsistvhich may be attributed to the
limitations inherent in the approaches previousgdiin this area. Given the
heterogeneous nature of learning disabilitiesctireent study examined performance on
the Wide Range Assessment of Memory and Learniagei®l Edition (WRAML2) to
identify reliable and meaningful memory profilescinildren and adolescents diagnosed
with a learning disability. A total of 101 chikl and adolescents between the ages of 9
and 16 diagnosed with a learning disability weiduded in this study. Participants’
scaled subtest scores on the WRAML2 core subtestshe verbal working memory
subtest were subjected to two-stage hierarchiaghiterative partitioning cluster analysis.
Internal validity of the final cluster solution wastablished using multiple-method
reliability techniques. Comparison of the resoli¢ained using several two-stage cluster
analyses strongly suggested the presence of fiveamesubtypes. Three of the five
clusters were differentiated primarily by levelggrformance (Average, Low Average,
and Borderline scores on the majority of subte3tsg other two clusters were
differentiated by pattern of performance (weak wipatial short term memory and weak
auditory verbal short term memory). The five suletyexhibited distinct patterns of
performance on measures of delayed memory, inteiétunctioning, and academic
achievement. Also, the groups differed in the cdteo-morbid ADHD, the results
together suggesting that the memory profiles alid @ad potentially clinically

meaningful. The findings indicate that reliabletpats of WRAML?2 subtest scores can



be identified in children and adolescents with@ag disabilities. The implications of

the findings are discussed.
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Chapter 1: General Introduction

The capacity to process, store, retain, and sulesgiguecall information is
crucial to support learning. It seems likely, tHere, that children with poor memory
functioning will struggle to succeed in basic leagactivities. Not surprisingly, much
research has focused on memory dysfunction in @hildvith learning disabilities (e.g.,
Fletcher, 1985; Howes, Bigler, Lawson, & Burlingarh899; Kramer, Knee, & Delis,
2000; Liddell & Rasmussen, 2005; Mammarella & Cddh@®005; O’Neill & Douglas,
1991; Pickering & Gathercole, 2004; Siegel & LindE984; Siegel & Ryan, 1989;
Swanson, 1993; van der Sluis, van der Leij, & degJ@005; Vicari, Marotta, Menghini,
Molinari, & Petrosini, 2003).

While research into the cognitive correlates ofri@ay disabilities has exploded
in recent years, the field is plagued by confusioer a conceptualisation and operational
definition of the term “learning disability” (LD)Much of the previous research
examining memory in children with learning disati®i$ has used a traditional model of
LD identification, the discrepancy analysis apptgdo identify children as learning
disabled. Based on this approach, a child is disgd as having a LD if the child
demonstrates a significant discrepancy betweefignteal functioning in the Average
range and poor performance in at least one araeaafemic performance.

Many criticisms of the discrepancy approach to bentification have been
raised (e.g., Berninger, 2001; Francis, Fletchkeay®itz, Shaywitz, & Rourke, 1996;
Lyon, 1995; Semrud-Clikeman, 2005; Siegel, 199an8vich, 1989; Stanovich &
Siegel, 1994; Vellutino, 2001). Classification béea this approach has not facilitated

practitioners’ or researchers’ abilities to comnuaté about such children, has added to



the public’s confusion about these disorders, awdgnovided limited (if any) direction
for treatment recommendations. In addition, redebesed on this limited
conceptualisation of LD has tended to view childngiin learning disabilities as a
homogeneous entity.

Studies that have examined the memory functionfrapibddren with learning
disabilities using this approach have comparediail with generic learning disabilities
to non-learning disabled children (e.g., Sheslowdams, 2003). These studies have
found that children with learning disabilities tetadhave memory functioning that is
inferior to their normally achieving peers. Howewdue to the limitations of this
approach, these findings provide no informationutltloe prevalence of memory
impairments in the LD population and the relatiopsif memory impairment to specific
learning problems.

In contrast, subtyping studies based on sampleslofiduals with learning
disabilities have demonstrated the heterogenedusenaf the LD population. Research
based on this perspective has identified a numbeisbnct LD subtypes that
demonstrate specific profiles of cognitive functran(e.g., Fisk & Rourke, 1979; Rourke
& Finlayson, 1978; Sweeney & Rourke, 1978). Tweibapproaches to subtyping have
been used in the literature. These approachesd@cpriori clinical subtyping and
subtyping based on multivariate (cluster analyaigproaches.

In clinical subtyping schemes, children are idéatifaccording to a priori criteria
such as patterns of intellectual abilities (e@w Verbal 1Q and high Performance 1Q) or
patterns of academic achievement (e.g., poor agticrand satisfactory reading). Three

groups of children with learning disabilities hasansistently been identified using these



clinical subtyping schemes: a reading disabledgran arithmetic disabled group, and a
globally learning disabled group (e.g., Ozols & Ra) 1991; Rourke, 1985, 1989,
1991). Memory research conducted using this metiadD profiling has revealed
different patterns of memory functioning for eadhtese specific LD subtypes (e.g.,
Censabella & Noel, 2005; Fletcher, 1985; JeffrieB\&eratt, 2004; Kibby, Marks,
Morgan, & Long, 2004; Swanson, Howard, & Saez, 20B@wever, there are a number
of limitations to this approach that make it difficto interpret the results clearly. First,
since these subtypes are based on performanceasuras of academic achievement,
intellectual performance, or both, group membershipdiffer depending on the
measures and cut-off scores being used. Secondpéugic LD subtypes typically used
in this approach (e.g., reading disabled, mathbtish are limited, as they do not take
into account children whose profile does not mepeetations (e.g., children who
demonstrate weak spelling and math skills but adegueading abilities). Third, as this
approach groups children according to performamcene set of variables (i.e.,
academic achievement), it is possible that thelodml within each subtype differ on
another set of variables (i.e., memory performartbels obscuring within group results.
Finally, research based on this approach has feoléake into account memory strengths,
which are just as important as the identificatibmemory weaknesses for treatment
planning.

The second approach, multivariate subtyping, asgastering method (i.e., Q-
sort analysis, cluster analysis) to group individuato subtypes based on similar
patterns of academic or cognitive performance. y#iis approach, researchers have

consistently identified at least four different Igpofiles (e.g., D’Amato, Dean, &



Rhodes, 1998; Waxman & Casey, 2006). Research loaisttils approach addresses
some of the limitations of the discrepancy analgsig clinical subtyping approaches. By
grouping the data according to similarities andedénces in test performance, it
recognises the heterogeneity of the LD populatiomddition, as groupings are not set a
priori, it allows the data to lead group identitica, thereby allowing all possible LD
profiles to be included in the analysis. Finally,dvouping individuals on their overall
performance profile on certain cognitive measuttds,approach to LD identification has
paid greater attention to both cognitive assetsdafidits within LD subtypes.

Thus, the multivariate subtyping approach addregsebmitations of the
discrepancy and clinical profiling approaches. Hogrewnhile recent research has
demonstrated that the multivariate subtyping apgr@an be successfully used to
identify memory profiles within a typically develioyg population (Atkinson, Konold, &
Glutting, 2008) and a population of children andladcents with dyslexia (Howes et al.,
1999), no research to date has used this approaotamine whether a group of children
with various learning disabilities can be groupedds on their memory performance
patterns.

The present study will examine memory functionimghildren with learning
disabilities, using a cluster analytic approache Tritroduction is divided into three
chapters. The first chapter will discuss the cartstof memory, including examination of
short-term and long-term memory processes. Thensedapter will then turn to an
examination of assessment batteries available ssare memory in children and

adolescents. The third chapter will discuss thalte$o date of research examining



memory functioning in individuals with learning dslities and will provide a rationale

for the current study.



Chapter 2: Memory

Childhood constitutes a time of rapid skill andWwhedge development. Children
are exposed to vast amounts of information, batfdaand outside of school, and are
expected to retain a large amount of material toea® proficiency in an immense
number of skills. The capacity to attend to, pescestore, retain, and subsequently recall
information is crucial to support learning. It seelikely, therefore, that children with
poor memory functioning will struggle to succeedasic learning activities.
Accordingly, a vast amount of research has beeedih investigating memory
impairments in children with learning disabilitigsg., Fletcher, 1985; Howes et al.,
1999; Kramer et al., 2000; Liddell & Rasmussen,20Mammarella & Cornoldi, 2005;
O’Neill & Douglas, 1991; Pickering & Gathercole,®0 Siegel & Linder, 1984; Siegel
& Ryan, 1989; Swanson, 1993; van der Sluis eR8D5; Vicari et al., 2003). The results
from this research reveal a complex relationshig/ben memory and learning. Part of
the complexity is that fact that memory is notragge concept.

The term ‘memory’ is misleading as researchers ld@veonstrated that there is
no single memory store or system that underpinsiaémonic experiences. Many
separable memory systems have been found thatinatidn relatively independently of
one another. A commonly used method of classifyfirege memory functions is by
temporal storage ability. Short-term memory is mgnior events that have occurred in
the very recent past, in which the delay betweesgntation of the material to be
remembered and remembering is measured in tergexcohds. It also has limited
storage capacity of only about seven items ancethesll bits of information quickly

disappear forever unless we make a conscious éffoetain the material. Long-term



memory is memory for events that occurred in thet,g@yond short-term memory. Its
capacity seems unlimited, and it can last days,thsiyears, or an entire lifetime. What
follows is a more in-depth exploration of the catranderstanding of the concept of
memory in the research literature.
2.1 Short-Term Memory

Short-term memory is thought to be supported bst akdistinct memory
systems. The most complete current specificatioshoft-term memory is the working
memory model of Baddeley and Hitch (1974) revisg®addeley in 1986 and 2000.
Although originally devised to account for adulbgtiterm memory performance, this
model has also proved useful in characterisinglthelopment of memory during the
childhood years (Alloway, Gathercole, Willis, & Aaia, 2004; Gathercole, Pickering,
Ambridge, & Wearing, 2004).

Working memory is the mental process involved wiversay we are “thinking
about something” and it allows us to reflect onphesent and the past (Baddeley, 1992).
Baddeley (1986) described working memory as a didaitapacity central executive
system that interacts with a set of two passiveestystems used for the temporary
storage of different classes of information: theexgh-based phonological loop and the
visuospatial sketchpad. At the core of this modéhe central executive, a supervisory
system responsible for controlling, regulating, amzhitoring complex cognitive
processes (Baddeley & Logie, 1999). The two spisedlslave systems, the phonological
loop and the visuospatial sketchpad, are usedhéstorage of auditory-verbal and

visuospatial information, respectively (Baddeley.&gie, 1999). Both storage systems



are in direct contact with the central executivetegn and all three processes are
subsumed under the heading of working memaory.

Substantial evidence for the basic tripartite madevorking memory is provided
by experimental and neuropsychological findingsliegociations between the presumed
components (Baddeley & Logie, 1999). The workingmaogy model has been further
supported by neuroimaging studies which have ifledtdistinct neuroanatomical loci
for working memory systems (Vallar & Papagno, 206G2jrthermore, recent evidence
suggests that the tripartite separation of workimgmory remains more or less constant
over the childhood years (Gathercole et al., 2004).

To complicate matters, however, Daneman and Caep€®80) adopted
Baddeley and Hitch’s (1974) term “working memorg’differentiate a more active view
of memory from the more classical “slot” conceptafrshort-term memory. The
distinctions made between the central executivetia@gassive slave systems in
Baddeley’s (1986) model parallel the distinctiond@m&etween working memory and
short-term memory in Daneman and Carpenter’'s maxed.to the overlap in terms
provided by these two models, there is a lack afityl in the operational definition of
these concepts in the research literature. To gynphtters, when referring to memory
for information presented in the very recent pidm,present study will focus on
Baddeley's model of working memory, encompassirgcéntral executive, phonological

loop and visuospatial sketchpad.



2.1.1 The Central Executive

The central executive (CE) is a flexible systenpoesible for the control and
regulation of cognitive processes such as the doration of multiple tasks (Baddeley,
Della Sala, Papagno, & Spinnler, 1997), shiftinguaen tasks or retrieval strategies
(Baddeley, 1996), and selective attention and itibib(Baddeley, Emslie, Kolodny, &
Duncan, 1998). Consistent with the co-ordinating eumibiting roles of the CE,
activities linked with the CE have been found taassociated with the dorsolateral
prefrontal cortex and some posterior (mainly pat)edreas (Collette & Van der Linden,
2002).

Individual differences in the capacity of the CEE aommonly assessed using
complex memory paradigms. According to Baddele¥386) working memory model,
the CE is flexible and domain general. Thus, thentg of studies do not differentiate
verbal from visual working memory processes, amicsily use verbal complex memory
tasks to assess CE functioning. Well known measafr€& capacity are complex span
tasks such as digit span backward, reading spamefban & Carpenter, 1980), listening
span (Siegel & Ryan, 1989), and counting span (Gasd¢and, & Goldberg, 1982). In
these tasks, the stimuli that have to be remembaeedot simply presented to the
participants but have to be manipulated beforellteca

However, there has been much controversy in teeatiire over whether the CE
actually reflects a distributed model in which czpes are task specific or a general
model in which capacities reflect a single factorsupport of the modality-specific
perspective, Carpenter and Just (1988) state, “ivMgnkemory capacity cannot be

viewed as some general property or fixed structute this view, it would not be
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surprising if working memory capacity measuredme ¢ask was not predictive of
performance in a different kind of task” (p.22).dmpport of their theory, Seigneuric,
Ehrlich, Oakhill, and Yuill (2000) investigated thelationship between working memory
(CE) capacity and reading comprehension in Frepelalsng children in the fourth
grade. While verbal and numerical working memosksawere both predictors of
reading comprehension, a spatial working memory digs not reach significance. The
authors suggest that the working memory (CE) syssettivided into two separate
components, one for the processing of symboliccmédion, i.e., linguistic and
numerical, and the other for the processing anggtoof visual-spatial information.

In contrast, other researchers have suggesteththaentral executive is a
domain general system that operates across “a k#rigeks involving different
processing codes and different input modalitiesd@eley, 1986, p.35). In support of
this assertion, numerous studies have demonstifze€CE capacity is not dependent on
the particular strategy used to accomplish the @#as$land, suggesting that various CE
tasks tap the same underlying process (e.g., dgeJorne Jong, 1996; Swanson, 2003;
Turner & Engle, 1989).

Regardless of whether the storage capacity of thés@omain-specific or
domain-general, developmental analyses of perfocenan measures conventionally
associated with the CE have provided evidencerfonereased capacity in older children
to conduct CE operations (Bayliss, Jarrold, BaddeBunn, & Leigh, 2005; Case et al.,
1982; Gavens & Barrouillet, 2004). However, theeaxto which processing and storage
factors influence this development has been anatipés of considerable debate. Three

models have been proposed to account for this derednt. In the first theory, the total
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processing space available to an individual caftexély deployed as either processing
or storage space. The suggestion is that tote@ospace remains constant over
development, but that the operational efficiencamindividual increases, releasing
storage space and improving CE functioning (Case. €1982). A second model
proposes that development is due to resource-dedtenomena such as increased
processing efficiency and a greater amount of alskglcognitive resources (Bayliss et
al., 2005). A third possibility is that the devetopnt of other cognitive variables, such as
attention, may play a role in improving CE capa®avens & Barrouillet, 2004).
2.1.2 The Phonological Loop

The phonological loop (PL) is specialised for th@imenance of verbally coded
material and is estimated to retain as much méatsiaan be articulated within 1.5 to 2
seconds (Baddeley, 1986). The PL is hypothesisedrisist of two parts: a phonological
store that holds speech-based information andtarulatory control process that is based
on inner speech (mental verbalization). The phayiodd store retains phonological
representations of verbal information that decagrdwne. Information enters the
phonological store either directly, via auditorggentation of speech stimuli, or
indirectly via internally generated phonologicatles for nonauditory inputs, such as
printed words. The articulatory control processagties the memory trace by means of
subvocal rehearsal (Baddeley, 1986).

Given the linguistic nature of the PL, it is not@sing that research
investigating the neuroanatomical origin of PL adfyahas implicated known language
areas. Neuroimaging research has suggested that tiseserved by a neural circuit in

the left hemisphere spanning inferior parietal sa@arving phonological storage) and
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more anterior temporal frontal areas (associatéd rehearsal), including Broca’s area,
the premotor cortex, and the sensory motor assogiabrtex (Henson, Burgess, & Firth,
2000).

PL capacity is typically measured using simple sjgaks for digits, words,
pseudowords, or sentences. In these tasks, pariisipre presented with a series of
verbally presented stimuli and are required to aeffeem back in the order of
presentation. Children’s level of performance agsthtests of the PL increases
dramatically over the early and middle years ofditood. Verbal memory span (a
measure of the maximum number of unrelated vetbals that can be remembered in
correct sequence) shows an average two- to thtdericrease from between two and
three items at 4 years of age to about six iterd® aears of age (Hulme, Muir,
Thompson, & Lawrence, 1984).

However, research into the development of the iddad subcomponents of the
PL has suggested that the two processes do ndbgewegoarallel. While the
phonological store component appears to be presentin young children, studies have
suggested that the subvocal rehearsal processidbemerge until about 7 years of age
(Gathercole & Hitch, 1993; Johnston, Johnson, &/Gi887). According to Baddeley's
(1990) phonological loop hypothesis, further insesain the rate of subvocal rehearsal
within the phonological loop mediate any furthesrgases in PL capacity. Kail (1992)
elaborated on this model by predicting that devaleptal increases in rehearsal rate are,
in turn, mediated by global processing speed. Rekexamining the link between these

processes and PL capacity suggest that both pingegseed and rehearsal rate are
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important factors in explaining development in Rlpacity in children (Ferguson &
Bowey, 2005; Kail, 1997).
2.1.3 The Visuospatial Sketchpad

The Visuospatial Sketchpad (VSSP) has been deéindlle “work space for
holding and manipulating visuospatial informatigBaddeley & Hitch, 1994, p. 489),
with its functions including executing spatial taskeeping track of changes in the visual
field over time, maintaining orientation in spaaad directing movement through space.
Logie (1994) proposed that the VSSP has two prirmabcomponents: a visual store and
a spatial mechanism. The physical characterisfiobjects and events are thought to be
represented in the visual store. The spatial m@shais purported to be used for
planning movements and may also serve a rehearsztidn by activating the contents of
the visual store.

The dissociation between visual and spatial stimuhe VSSP has been
supported in neuroanatomical and neuropsychologtagies. For example, DeRenzi
(1982) found that patients with parietal occipl&gions could not use vision to guide
their movements, suggesting that damage to thesafrthe brain results in impairments
in spatial processing. Conversely, patients withrior temporal lesions were found to
have difficulties with identifying items: a defigit visual processing. Furthermore,
Pickering, Gathercole, Hall, and Lloyd (2001) teskeand 8-year-old children on
conventional measures of visual span, spatial sppahdigit span. Scores on each task
were uncorrelated with one another, suggestingphanological, visual, and spatial

memory capacities may be dissociable even in yahiidren.
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Due to evidence suggesting a distinction betwe88®/ functions, study of the
VSSP has been largely dominated by the use of psoific kinds of tasks. The Corsi
blocks task involves the presentation of a visubapsequence by tapping a randomly
placed set of nine blocks. Each block is tappedatraetime and can only be identified on
the basis of its spatial location. In contrastyaisshort-term memory has been measured
using pattern recall type tasks, such as the vizatérn task. Tasks of this type typically
involve the presentation of an abstract visualriggor design, and the examinee is
required to identify aspects of the stimuli immeelig after it is removed.

Although the manner in which the operation of WM&SP changes with age has
not been as extensively researched as other wonk@rgory processes, there is now a
body of research providing a basic understandirgpaoie significant developmental
changes in functioning. For example, Pentland, Asale Dye, and Wood (2003) used
the Nine Box Maze Test, a measure of visual-spahiatt-term memory, to address
VSSP capacity development in a sample of healtiigreim aged 5 to 12 years. Their
results suggest a developmental spurt in VSSP tg@d@round seven years of age,
with capacity tending to remain relatively stabétvieen the ages of 8 and 12.

However, if the VSSP is composed of separablemuponents, it is possible that
the two functions do not mature at the same raigid_.and Pearson (1997) investigated
the separability of visual and spatial short-teremmory in children of 5to 6, 7 to 9, and
11 to 12 years of age by administering a visuakepas task and a Corsi block type task
and observing the age-related increase in perforentor each task. They found that
although performance increased with age for batkstathere was a much steeper age-

related increase for the visual pattern task, sstgggthat the visual subcomponent of the
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VSSP develops faster than the spatial subcompamehildren. Similarly, Pickering,
Gathercole, and Peaker (1998) used versions ofithal pattern span and Corsi blocks
task to investigate the relationship between visuainory and spatial memory span.
While there was an age-related increase in sphntimtasks, a much steeper
developmental incline was evident for the pattgransthan spatial span. The authors
propose that the steeper increase in pattern sparage may reflect the increasing use
by older children of non-visual strategies to seppnt their memory for the visual
patterns but not for the temporal order of the elet® in the spatial task. The theory that
improvements in pattern span may be due to inargase of non-visual strategies in
older children is supported by experimental redeéritch, Halliday, Schaafstal, &
Schraagen, 1988), performance on psychometriage€sheslow & Adams, 1990), and
electrophysiological findings (Licht, Bakker, Kok,Bouma, 1992).
2.1.4 The Episodic Buffer

A new component of working memory, the episodidé&ufEB), has been
fractionated from the CE in the most recent revieibthe working memory model
(Baddeley, 2000). The episodic buffer is propogedse multidimensional codes to
integrate representations from components of wgrkiemory and long-term memory
into unitary episodic representations that mayespond to conscious experience. As it
is thought to provide direct inputs into episoding-term memory, it is possible that this
component of working memory may provide an impdrggateway for learning.
Although the neural evidence is limited regardinggible localization of this buffer,

there is some suggestion that the dorsolateralqifl cortex plays a role (Prabhakaran,
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Narayanan, Zhao, & Gabrieli, 2000; Zhang et alZ0However, a detailed structure of
the episodic buffer and methods of assessing taaity have yet to be identified.
2.2 Long-Term Memory

The term “long-term memory” is used to refer to neeynfor events that occurred
hours, days, months, or years ago. Two distinct angrsystems or processes appear to
support long-term memory for previous events: igip(nondeclarative or procedural)
and explicit (declarative). Implicit memory retre\does not carry with it the internal
sensation of ‘remembering’ something. The contehisplicit memory are often
procedures or skills (frequently motor-based) ardeaidenced by more skilled or
precise behaviour as a result of experience (Bad®4). Explicit memory, on the other
hand, permits recall and recognition of names,sjgtlaces, and events, and its operation
is conscious: individuals are aware that the memgpyesentation is based on a past
experience. The current research discussion wilidmn this conscious aspect of long-
term memory.

Research investigating the neural substrate dfa@xmemory in adults has
localised its origins to a multi-component netwarkolving medial temporal and cortical
structures (Eichenbaum & Cohen, 2001; Markowit@€90; Zola & Squire, 2000).
Different areas seem to be involved at each stépeoprocess during which memories
are formed and subsequently retrieved. The pratgsisat turns immediate perceptual
experiences into a memory trace is described agdviimg integration and stabilisation of
the various inputs from different cortical regiomfiese tasks, collectively termed
consolidation, are thought to be performed by mddraporal structures (including the

hippocampus), in concert with other cortical ar@dsel, Martin, Bartsch, Kandel, 1998;
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Eichenbaum & Cohen, 2001; Zola & Squire, 2000). MEetmporal consolidation
processes begin with initial encoding and contifaualays, weeks, and even years. It is
thought that, to the extent that new experiencdsersantact with memories of old ones,
memory representations are continuously activateldre-activated with the result that
consolidation continues virtually for a lifetime §kdel, 1989). However, eventually, the
bonds between and among elements are strengtheffieceatly that hippocampal
activity is no longer necessary for the maintenasfdee memory representations and the
association areas assume the responsibility foag¢oof the trace.

Long-term explicit memory has been further subdididhto verbal versus
nonverbal memory with neuroimaging studies revegtiiiferent patterns of neural
activation depending on the modality of the stinpuésented (Bauer, Kroupina,
Schwade, Dropik, & Wewerka, 1998). The specifidgrat of firing, the energy contained
within a certain neural net profile of activatedirens, contains a representation. The
visual system is able to represent visual stimhiereas the auditory system is able to
create representations of sounds. Furthermoreifisp@gions may carry out different
forms of information processing. Thus, circuitayarily within the left hemisphere may
mediate language processing, whereas nonverba&s@amations may be carried out
primarily within the right hemisphere (Bauer et 4098).

Tasks typically used to assess explicit memorglves participants seeing or
hearing a list of words, listening to a story, eeisig an enactment of an event. The
examinee is asked to recall the stimuli immediasdtgr the presentation and then
following a delay (typically 10-15 minutes) in whiintervening tasks are administered.

After the delay, the examinee is asked to freetpli¢he initial stimuli (i.e., “What



18

words were on the list?”) or is provided with ctiesssess recognition of aspects of the
initial stimuli (i.e., “Was the girl in the storyamed Sally, Lucy, or Suzy?”). As poor
performance on a memory task could reflect faitorencode an appropriate memory
trace (encoding deficiency), trouble retaining tiate (storage deficiency), or
difficulties with accessibility during retrievaldirieval deficiency) all three recall
processes are used to index different aspectspiit#éxmemory. Immediate recall is

often used as an index of initial encoding andagjer Free recall after a delay is typically
used as a method of assessing consolidation amelvedt To separate whether a
difficulty with free recall is due to encoding, sge or retrieval processes, cued recall is
used as it is seen to enhance an individual’stahdiaccess appropriate codes in long-
term memory (Tulving & Thompson, 1973). If cuedakincreases performance to
average levels, one may conclude that performaifiteutties are associated with a
retrieval deficiency.

The development of long-term explicit memory isupbt to differ depending on
the modality of stimuli presentation and recall.ridg the early stages of the acquisition
of language, infants and young children typicalig@de information in a nonverbal way
(Bauer et al., 1998; Hayne & Rovee-Collier, 19¥3)en children as old as four rely
more heavily on nonverbal representations tharhem emerging language skills
(Simcock & Hayne, 2003). By school age, the typatald shows good skills both at
verbally recalling details of prior experiences at@rganising those details into a
coherent narrative form (Bauer et al., 1998). Ferrttevelopmental increases in long-

term explicit memory capacity are thought to be ttumcreased usage of strategic
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processing, which are conscious activities thaaaner uses to facilitate memory, such as
specific strategy use (Murphy, McKone, & Slee, 2003

Now that | have completed an examination of som&@icomponents of
memory, | will now turn to an exploration of thesassment tools commonly used to
assess memory functioning. As the goal of thisqutos to examine memory in school-
aged individuals, I will focus on assessment tasksd within the child and adolescent

population.
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Chapter 3: Assessment of Memory Functioning

Spreen and Strauss (1998) recommend that a thorougstigation of memory
functioning for diagnostic hypotheses testing anthtilitate rehabilitation planning
should include the assessment of “immediate ortdban retention, rate and pattern of
acquisition of new information, efficiency of en@ogd under both explicit and implicit
conditions, rate of decay of information, and ptoecand retroactive interference” (p.
260). These processes should also be evaluatédttonverbal and nonverbal abilities
and using both recall and recognition techniquasaddition, they recommend that the
assessment of memory should attempt to establigthvaspects of memory are
compromised and which are spared, and whether myefmoction is complicated by
problems in other domains, such as in the are#eritson and information processing.
Therefore, in order to examine the complexity andtifactorial structure of memory, a
battery of tests is often used. The use of a sibgteery of memory and learning tests
allows a more coherent evaluation of memory fumitig, as well as the potential to
identify memory profiles that can be interpreted anmpared because the same
standardized sample is used for all tests. A nurabezlatively comprehensive memory
batteries have been developed for children andceadehts and will be discussed in turn

below.

3.1 Children's Memory Scale

The Children’s Memory Scale (CMS; Cohen, 1997 nisralividually
administered instrument developed to evaluate iegremd memory in individuals
ranging in age from 5 to 16. The CMS was develogdg the "Milkjug of Memory"

model (Cohen, 1997), a sequential model in whichatied attention promotes short-term
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immediate memory, which is divided into the Audjtdferbal and Visual-Nonverbal
domains. Data from each domain are maintained nkiwg memory, which leads to new
learning. Information is then stored in long-terramory, which is further divided into
declarative and procedural memory. Declarative mgnsoagain subdivided into
episodic memory and semantic memory, whereas puoakchemory is subdivided into
skills learning and classical conditioning. Proaadlmemory is not assessed by the

CMS.

Consistent with this model, the complete CMS cdasi$ nine subtests that
assess functioning in three domains: auditory/Mextsual/nonverbal, and
attention/concentration. Each subtest in the angiterbal domain and the
visual/nonverbal domain contains both an immediaenory component and a delayed
memory component. Subtests are combined to yighd endex scores: Verbal
Immediate, Verbal Delayed, Delayed Recognition rheey, Visual Immediate, Visual
Delayed, Attention/Concentration, and General Mgmdtach domain is assessed
through two core subtests and one supplementasiubCore subtests include: Stories,
Word Pairs, Dot Locations, Faces, Numbers, and §emps. Supplemental subtests

consist of Word Lists, Family Pictures, and Pictuogations.

The CMS is individually administered and can beduse a part of psycho-
educational, psychological, neuropsychologicabtber clinical evaluation requiring the
evaluation of learning and memory. The core batteay be administered in
approximately 30-35 minutes and the supplementattety adds an additional 10-15
minutes of testing time. As this memory test wasighed with children and adolescents

in mind, the tasks are engaging and child friendly.
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The standardization sample consisted of 1000 @mnldr 10 age groups from 5
through 16 years of age, matched to the 1995 Ue8s@ report. Using confirmatory
factor analysis, a three-factor model consistinthefattention/concentration subtests and
the delayed subtests of the verbal and visual stgteas the best model. However, it
should be noted that the immediate memory subteseés, not the delayed subtest
scores, are used in the calculation for the Gemdeahory Index score. Reliability
coefficients are generally acceptable for the @@ttery subtest scores and indexes
(ranging from .61 to .94) but fall to .47 on som@plemental subtests (i.e., immediate
word pairs). Test-retest coefficients for ages B twere .54 to .85, for ages 9 to 12 were
.56 to .89, and for ages 13 to 16 were .29 toT88&.lowest stability over time was in the
delayed recognition subtests across the age grogassion consistency reliability
coefficients are relatively stable over time witldéx scores generally showing greater
decision consistency then the subtest scores. I@bores between subtests within
domains were found to be low to moderate. The Visimmory subtests had the lowest
correlation across the age groups (.06 to .16).Géreral Memory Index exhibited

moderate-to-high correlations with all of the inec

3.2 Test of Memory and Learning
The Test of Memory and Learning (TOMAL; ReynoldB&ler, 1994) was
designed to provide an in-depth of analysis of ngmunctioning in the preschool to
high school age range. The TOMAL is a battery ofriBediate memory, repeated trials
learning, and delayed recall subtests that yigldaposite Memory Index, Verbal
Memory Index, Nonverbal Memory Index, and Delayest &l Index. Each of these

domains provides additional data beyond memorytianing that are important in
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educational interventions and programming, witlpees to specifying manner of recall
(i.e., sequentially, free, or associative), atmmtnd concentration, and ability to learn a
novel task. Verbal memory subtests include MemonyStories, Word Selective
Reminding, Object Recall, Digits Forward, Paireat&k Digits Backward, Letters
Forward, and Letters Backward. Nonverbal subtast$acial Memory, Visual Selective
Reminding, Abstract Visual Memory, Visual Sequdnii@mory, Memory for Location,
and Manual Imitation. Delayed recall tests are Mgnfior Stories Delayed, Word
Selective Reminding Delayed, Facial Memory Delayed] Visual Selective Reminding
Delayed. Although the manual presents a histodndltheoretical overview of the
evaluation of memory, it does not provide a cléaotetical rationale outlining the
TOMAL test construct.

The norming sample (N = 1342) was based on the 28801992 United States
Census. Population proportionate sampling was weitlal consideration of age, gender,
ethnicity, socioeconomic status, geographic regioresidence, and urban/rural
residence. Because the standardization samplelaht®t match the U.S. Census in
terms of geographical region of residence, weightu#as used to correct for the lack of
representativeness. The reliability of the instrotrveas determined using internal
consistency, reported by age, and test-retest metidedian internal consistency
coefficient alphas ranged from .84 to .97 for trexbal and Nonverbal subtests and .67 to
.88 for the Delayed Recall subtests. The Core Imdkabilities ranged from .85 to .96,

whereas the Supplemental Indexes ranged from .9®to
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3.3 Wide Range Assessment of Memory and Learngogn8 Edition

The Wide Range Assessment of Memory and Learniegoi®@l Edition
(WRAML2; Sheslow & Adams, 2003) is the update te 1990 instrument that was first
designed to assess memory in children, but thatlhmsanorms from age 5 to 90. This
instrument is administered individually and consasix core subtests: Story Memory,
Verbal Learning, Design Memory, Picture Memory,dénWindows, and
Number/Letter. Optional subtests include Verbal Kifey Memory, Symbolic Working
Memory, Sentence Memory, and Sound-Symbol. DelagedH subtests are included for
Story Memory, Verbal Learning, and Sound-Symbolesiis in order to assess forgetting
over time. Also available is a recognition forf@tdelayed retention of the Story
Memory, Verbal Learning, Picture Memory, and Dedifmory subtests so that the
examiner can explore issues of storage versugvatror the verbal subtests and delayed
recognition for the visual subtests. From the siresubtests, three Index scores can be
derived: Verbal Memory (Story Memory and Verbal treag subtests), Visual Memory
(Design Memory and Picture Memory subtests), artdriibn/Concentration (Finger

Windows and Number/Letter subtests).

The updated version of the WRAML2 was based orrin&tion from cognitive
sciences, neuropsychology, and developmental idse@ad includes elements of all of
the following memory and learning concepts: primany recency effects, immediate
and delayed recall, recall of rote versus meaninghterial, visual and verbal memory,
semantic versus acoustic memory errors, working omgnsustained attention, short-

term memory, recognition versus retrieval systangemental trial learning, learning
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curve, and memory decay. The time required to adteinthe WRAML?2 is about 45

minutes and may extend to 1 hour if all DelayeddReasks are presented.

The WRAML2 was standardised on 1200 children andtsdwith 80 individuals
allotted to each of 15 age groups, matched to @4 2).S. Census in terms of gender,
race/ethnicity, educational attainment, and gedgcap area. Slight variations in the
normative sample from census data were correctétanstatistical weighting procedure.
Internal validity was assessed via investigatioiteyh content, subtest intercorrelations,
exploratory factor analyses, confirmatory factoalgsis, and differential item
functioning. Results from factor analysis studiegport the internal validity of the
WRAML2. Reliability data from the WRAML2 indicatexeellent person separation
reliabilities with Rasch statistics ranging frond i® .94 on the core subtests. Internal
consistency is also shown to be very good, witmBaah’s alpha coefficients ranging

from .82 to .96 on the core index scores, and frohto .95 across the six core subtests.

The advantages of the above three batteries aréhthareview a number of
different components of memory and allow for intétest comparisons. While a battery
of memory tests can be time consuming to adminigternumber and variety of tasks
presented allows greater confidence when spea&iag tndividual’s memory strengths
or weaknesses. This information is particularlyplfidl when designing an intervention or
rehabilitation program to ensure that memory stifegrgng activities and compensatory
strategies are targeted at the appropriate memocgegses and take into account areas of

strength.
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While clinicians have a few options in terms of nogynbatteries when
attempting to identify potential memory deficitsetstrengths and weaknesses of each of
the individual memory assessment battery must peikenind. For example, while the
CMS is engaging and child-friendly, and has adegjteltability and validity, it can take
a great deal of time to administer, especially wigmentary-age children with
neuropsychological problems, which may comprontgeproper administration of
delayed tasks. The TOMAL allows for the assessmaentultiple memory processes, but
it lacks psychometric evidence of validity. Thig@rticularly troublesome as the manual
states that the content validity was determinehieytést authors themselves. Finally, the
test does not appear to be based on any cleaeti@bframework. The WRAML?2 is
attractive to children, has adequate reliability &alidity, and can typically be
administered within the standardized time frame2005, the Wide Range Assessment of
Memory and Learning (WRAML; Sheslow & Adams, 199@®)s identified in a survey
of clinical neuropsychologists as being one ofrtiest commonly used
neuropsychological instruments (Rabin, Barr, & Bart2005). The WRAML2 is largely
an update of the original WRAML but extends thefulsess of the measure from 5-17
years to 5-85 years of age. The recent update nitatkesmost up-to-date battery of
memory and learning in children and adolescentd jimcorporates the most recent

findings from research in the field of memory aadrhing.

Now that | have completed an examination of som@batteries available for
the assessment of memory and learning in childreil now turn to an exploration of
the findings from research examining memory fumgtig in children and adolescents

with learning disabilities.
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Chapter 4: Memory and Learning Disabilities

It seems likely that children with poor capacitiegprocess, store, retain, or
subsequently retrieve information will strugglestecceed in the learning activities that
represent crucial steps in the acquisition of kmealge and complex skills. For example,
preschool children are expected to learn the namésounds of the letters of the
alphabet, and subsequent literacy developmentnegythis basic knowledge.
Accordingly, the role of memory dysfunction as asmof problems in academic
performance is receiving increased attention inagsessment of children’s cognitive
functioning.

The term learning disability (LD) is a classificatifor academic learning
difficulties in one or more core academic area.(@gading, writing, mathematics), given
adequate intelligence and educational opportuifite incidence of specific LD in North
America is between 3-10% (Statistics Canada, 20@@)ever, despite the high
prevalence of learning disabilities and the assediabundance of research into learning
difficulties, there remains a state of confusiogareling the definition of learning
disabilities in the literature. A formal LD defironh continues to be contentious because
of its failure to provide closure on “two criticelements: understanding—a clear and
unobscured sense of what a LD is—and explanatiorati@nal exposition of the reasons
why a particular student is learning disabled” (Klav& Forness, 2000, p. 240).
Although a number of alternative LD definitions baween proposed, none has been
universally accepted, meaning that there is ndeisigitement describing the LD
condition. Clinicians and researchers have tendesé one of two methods to define

learning disabilities, one that views learning disaes as a homogeneous entity and one
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that views learning disabilities as heterogenebwdl examine the rationale and
research emerging from each of these approaches.bel
4.1 LD as a Homogeneous Concept

The central component of the LD construct is trstdnically prominent notion of
“unexpected underachievement,” representing childred adults who should be able to
learn yet do not attain levels that would be expattased on their apparent abilities.
Based on this conceptualisation, children withrieeg disabilities have been identified
according to the presence of a discrepancy betim#nmeasured intelligence (1Q) and
their level of attainment in academic achievemantapproach termed the ability-
achievement discrepancy method. According to thps@ach, an individual is identified
as having a LD based upon the difference betwemmthividual’s presumed potential
for reading, spelling or performing arithmetic,iagicated by an IQ score, and his or her
actual academic achievement, as indicated by theitdual’s score on standardized
measures of reading, spelling or arithmetic. Asiifieation based on this approach can
be easily determined based solely on the admitiztraf a measure of intelligence and a
measure of academic achievement, this method atieBtification is frequently used
within school boards. In fact, measures of inteltige and tests of academic achievement
are commonly normed together to provide the clamavith a simple statistical method
of determining whether a significant ability-achéewvent discrepancy exists.

While this approach is seemingly reasonable, rekeas and clinicians have
noted six serious problems with discrepancy-batessifications (Berninger, 2001;
Francis et al., 1996; Lyon, 1995; Semrud-Cliken205; Siegel, 1992; Stanovich, 1989;

Stanovich & Siegel, 1994; Vellutino, 2001). Firstilyis approach to LD identification is
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based on the conceptualization that the underlgogmitive problems affecting reading,
spelling, or arithmetic (language skills, workingmory, visual processing) somehow
have no impact upon performance on an 1Q test.cArggproblem noted is that poor
reading skills and reduced exposure to informaitioprint will, over time, likely lower
measured 1Q, reducing any measurable discrepamiydlif, discrepancy definitions
assume that 1Q is a good predictor of reading lisgelor arithmetic skill, although in
actuality the relationship is not so clear. Forreghke, Aaron (1995) found that 1Q
predicts only 16 to 25% of the variance in readiki). A fourth criticism is the floor
effect of many academic achievement tests, makingry difficult to find a statistically
significant discrepancy between ability and achmeset in young children. A fifth
criticism of this approach is that it leads to asseents that are too narrow, ignoring the
cognitive factors that are impacting poor academiievement and failing to provide
specific information to guide remediation. Finallysixth criticism is that discrepancy
strategies have been found to under-identify candwith learning difficulties from
ethnic minorities, who may score lower on IQ tekis to cultural differences (Siegel,
1989, 1992) and thus will not display the discrepyarequired for a learning disability
diagnosis. The problems associated with this agbrt@a LD conceptualisation and
identification have led to the recommendation bywyn@esearchers to abandon this
method (Francis et al., 1996; Fuchs, Mock, Morgalvoung, 2003; Semrud-Clikeman,
2005).

In addition to clinical problems associated witls timplistic approach to LD
classification, research emerging from this tradithas resulted in comparison of “the

learning disabled child” to non-learning disablédldren on different cognitive factors.
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Children who display a statistically significansdiepancy between ability and
achievement are termed learning disabled, withifierdntiation between children based
on the type of difficulty shown. They are then carga to non-learning disabled
children (i.e., children who do not display a stally significant discrepancy) and any
differences between the groups are interpretediar eleterminants or outcomes of
having a learning disability. This approach to egsk on children with learning
disabilities was used almost exclusively in therlture prior to the late 1970s (Rourke,
1989) and can still be found in current researatdiss (e.g., Sheslow & Adams, 2003).

Due to the problems inherent in research basetismapproach, little attention
will be devoted to an exploration of the memoryegrsh emerging from this tradition. It
is sufficient to say that researchers utilising tgpproach have demonstrated that children
with learning disabilities score significantly belaheir peers in all areas of memory
functioning (Sheslow & Adams, 2003). As can beataded from our previous
discussion, memory research based on this “geneee/ of learning disabilities does
not help to increase understanding of the role en@ry impairment in learning
disabilities or guide specific remediation for midiuals with memory impairment. It is
probable that grouping children with diverse leagndifficulties into one group
contributes to uneven results that restrict intetigdvility and obscure within-group
differences (Tsatsanis, Fuerst, & Rourke, 1997addition, research based on this
approach fails to reveal whether children with sigetearning disabilities are more
likely to display memory impairment, whether specthemory problems are related to
specific academic difficulties, and how memory innpeent might change with

development and interact with other cognitive fext®ue to all of the problems
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associated with this type of research, the majafitstudies investigating learning
disabilities today have abandoned this approathki® a more heterogeneous view of
children with learning disabilities.
4.2 LD as a Heterogeneous Concept

A primary focus of research within the disciplifieneuropsychology of learning
disabilities has centred on the variability of reasychological skills within the LD
population. Using a “process” approach and baseal rmeuropsychological perspective,
Rourke, Hayman-Abello, and Collins (2003) descrilezatning disabilities as “specific
patterns (subtypes) of neuropsychological assetslaficits that eventuate in specific
patterns of formal (e.g., academic) and informal.(esocial) learning assets and deficits”
(p. 630). In general, the neuropsychology of leggrdisabilities literature suggests that
the LD population is not homogeneous but rathesist® of a number of distinct
subgroups that have varying patterns of abiliteeg.( Fisk & Rourke, 1979; Rourke &
Finlayson, 1978; Sweeney & Rourke, 1978). On agrindividual level, different
cognitive functions, such as language (readingjvg;i spelling and/or speaking),
thinking and problem solving, mathematical abiitisocial interaction, and
communication, can be affected to varying degr®asan intraindividual level, the
disability can be very specific (e.g., languagdgenance is fine but math performance
is poor) or global, involving all academic areas.

The growing recognition among researchers thahiegrdisabilities represent a
heterogeneous group of disorders rather than aryrphenomenon has elicited a change
in research methodology. As a result, significaterdgion has been paid to the

identification of distinct subtypes of children tvitearning disabilities. Two methods of
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subtyping have been used in the literature: 1)ygiiiy based on clinical inferences
about symptom presentation and 2) subtyping basedeoresults of multivariate
statistical models that separate children accortbrgatterns of test scores. | will now
turn to an examination of these two approacheftsbtyping and examine the
memory research that has emerged from each of thessfication schemes.
4.2.1Clinical Subtyping

In clinical subtyping schemes, children are id&diaccording to a priori criteria
such as patterns of intellectual abilities (e@w Verbal 1Q and high Performance 1Q) or
patterns of academic achievement (e.g., poor aeiticrand satisfactory reading). These
subtypes are then examined for neuropsychologitfatehces. The goal of this
examination is to delineate homogeneous subtypesilofren with learning disabilities
who seem to have similar neuropsychological stienhghd weaknesses that may account
for their academic problems. Following the idecafion of homogeneous subtypes,
these children theoretically can be grouped farircsional purposes and remedial
activities tailored to their specific needs.

Rourke and his colleagues found that Wechslerligégice Scale for Children
Verbal 1Q- Performance 1Q (VIQ-PIQ) discrepancyg(gFuerst, Fisk & Rourke, 1990;
Rourke, Young & Flewelling, 1971) and patterns eBRing, Spelling, and Arithmetic
performance (Rourke, 1985, 1989, 1991) were adsaktiaith reliable patterns of
performance on a number of neuropsychological nreasihree groups of children have
consistently been identified using these clinicddtgping schemes: a primarily reading
disabled group, a primarily arithmetic disabledugyrpand a heterogeneous group of

children displaying global academic difficultiesgg Ozols & Rourke, 1991; Rourke &
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Finlayson, 1978; Rourke & Strang, 1978). Variougestigations have demonstrated the
considerable consistency of these general acadrrbtgpes. For example, Rourke and
his colleagues reported subtype characteristiosénof their initial studies of academic
subtypes (Rourke & Finlayson, 1978) that were gahesupported in subsequent studies
(Rourke & Strang, 1978; Strang & Rourke, 1983). lRRewand colleagues also
established the consistency of subtypes acrosgrages (Ozols & Rourke, 1991).
Moreover, subtyping efforts have revealed thatlsingroportions of children fall into
these general subtypes including a) a very larbéype of children with reading
disabilities associated with language-based defuigs, b) a substantial subtype of
children with mixed neuropsychological deficitsdas) a relatively small subtype
displaying visually-based deficiencies. These csinacies have lent a great deal of
credence to clinical classification schemes. | mallv turn to a brief examination of each
of these LD subtypes and examine the findings fstudies examining the memory
functioning of children classified into each of sgbtypes.

The primarily reading disabled (RD) subtype is elategrised by “a specific
pattern of relative assets and deficits in acad€nac poorly developed single-word
reading and spelling relative to mechanical arittich@nd social (e.g., more efficient use
of nonverbal than verbal information in social atians) learning” (Rourke, 2005, p.
111). Children with reading disabilities, alsoaméd to as Reading-Spelling Disabled
(R-S) or Basic Phonological Processing Deficit (Bpkh the literature, exhibit relatively
deficient psycholinguistic skills in conjunctiontwivery well-developed visual-spatial-
organisational, tactile-perceptual, psychomotod aonverbal problem-solving skills.

Rourke (1989) found that children with this acadeprofile tend to have verbal abilities
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significantly less developed than performance tdsli(Verbal IQ < Performance 1Q) on
the Wechsler Intelligence Scales for Children -Redi(WISC-R).

Consistent with their underlying difficulties withnguage processing, research
investigating the memory functioning of childrerthvieading disabilities has revealed
generally impaired performance on verbal long-texplicit memory tasks. When
compared to same-aged non-reading disabled conttoldren with reading disabilities
have been shown to have inferior performance aty sezall (O’Neill & Douglas, 1991),
paired-associate learning (Helfgott, Rudel, & Kayd®86), verbal list learning tasks
(Fletcher, 1985; Kramer et al., 2000), and redafv@ryday information (McNamara &
Wong, 2003).

However, research attempting to explain the podsalenemory performance of
children with reading disabilities has found mixedults. Kramer et al. (2000)
demonstrated that children with reading disabgitiave proportionately lower middle-
region recall of verbally presented lists and atgedegree of confusion between target
items and semantically similar foils, suggestinaf tthildren with reading disabilities
exhibit primarily an encoding impairment. In corstreFletcher (1985) found that subjects
with reading and spelling difficulties did not difffrom controls on a storage measure,
but were poorer on a retrieval index, suggestiag tthe locus of memory impairment in
reading disabilities is at the level of retriev@bnsistent with this finding, Swanson,
Reffel, & Trahan (1991) found that when childrenhwieading disabilities were provided
with cues, their ability to recall previously leachverbal stimuli increased to the level of
their peers without learning disabilities, agaiggesting a difficulty with retrieval.

Further support comes from McNamara and Wong (2@0®) demonstrated that when
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students with learning disabilities with impairezhding scores were provided with cues
that their recall of everyday tasks increased ¢olélel of their non-learning disabled
peers.

In contrast to the relatively consistent findingropaired verbal long-term
memory in children with reading disabilities, resgafindings have been less consistent
for measures of working memory. Children with readdisabilities have been shown to
have inferior PL capacity (Howes et al., 1999; de$f & Everatt, 2004; Swanson, 1999;
Watson & Willows, 1995) and central executive céyace Jong, 1998; Jeffries &
Everatt, 2004; Swanson, 1993, 1999; Swanson & Agh2000) in studies that did not
take into account their scores on tests of mathemathus, it is probable that these
studies combined children from the RD and globatreng disability subtypes. In studies
that classified children with reading disabilitees having specific impairment solely in
reading and spelling, the results have been instargi A number of studies found that
children with reading disabilities performed sigreintly below age-matched peers on
tasks assessing PL capacity (Kibby, 2009; Kibbgle2004; Swanson et al., 2006),
while others found no difference (van der Sluialet2005). This inconsistency of
findings is also present in research examining V&3PCE capacity in children with
reading disabilities. Several researchers havedauact VSSP functioning in children
with reading difficulties (e.qg., Jeffries & Evera®004; Kibby, 2009; Kibby et al., 2004),
whereas others have found VSSP impairment even wiag stimuli that cannot be
verbally coded (e.g., Howes et al., 1999; KaplaewBy, Crawford, & Fisher, 1998).
Although studies have found significantly lowerfoemance on measures of the CE in

children with reading disabilities (Siegel & Rydr889; Swanson, 1993) others have
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found no difference (Geary, Hamson, & Hoard, 2(iBpy et al., 2004; van der Sluis et
al., 2005).

Therefore, although these studies have attemptgddspecific memory
impairments that co-occur with RD, either as a eaxfor as a result of their learning
difficulty, few consistencies in the literature ledyeen found. Thus, a predictable pattern
of memory and learning difficulties associated witading problems is challenging to
infer from the existing literature. One explanatfonthe discrepancies among findings is
that subtypes of LD readers are often combinedrnm fa general “reading disabled”
group. According to Boder (1973) children with regddisabilities can be separated into
at least two groups, exhibiting primarily dysphooetr dysdeidetic difficulties. Although
larger study groups theoretically increase staasfpower, combining two or more
subgroups that have dissimilar patterns of defisitéely to obscure critical differences
between study and control groups.

The second subtype, the primarily arithmetic blisd subtype (AD), is
characterised by “a specific pattern of relativeess and deficits in academic (well-
developed single-word reading and spelling relavemechanical arithmetic) and social
(e.g., more efficient use of verbal than nonvembfmirmation in social situations)
learning” (Rourke, 2005, p. 11). Children with anitetic disabilities, also known as
having a Nonverbal Learning Disability (NLD) in theerature, exhibit outstanding
problems in visual-spatial-organisational, tacfilrceptual, psychomotor, and nonverbal
problem solving skills within a context of proficierote psycholinguistic skills (Rourke,

1989, 1993; Rourke & Conway, 1997). Rourke (1988t that children with this
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academic profile tend to have verbal abilities gighificantly exceed their performance
abilities (Verbal 1Q > Performance 1Q) on the WIRC-

Consistent with their impairment in processing rerval material, research
investigating memory functioning in children withthmetic disabilities has revealed
generally impaired performance on visual memorkda€hildren with arithmetic
disabilities have been shown to demonstrate staadeetrieval difficulties on a visual
selective reminding task (Fletcher, 1985), difftgudrganising visual information and
developing an efficient encoding strategy (Bran&lyRourke, 1991), and impaired
memory for faces (Liddell & Rasmussen, 2005). Gndther hand, verbal memory in
children with arithmetic disabilities has consistgibeen found to be intact (Liddell &
Rasmussen, 2005; Mammarella & Cornoldi, 2005).

In terms of working memory functioning, when congzito their non-arithmetic
disabled peers, children with arithmetic disal@bthave demonstrated significantly lower
performance on measures of VSSP capacity (Corrieidgni, & Tressoldi, 1999;
Gathercole & Pickering, 2000; Mammarella & CornpRDO5; McLean & Hitch, 1999;
Siegel & Linder, 1984; van der Sluis et al., 2008hile some studies have revealed
central executive impairment in children with amigtic disabilities (Bull & Scerif, 2001,
Geary, Hoard, Byrd-Craven, & DeSoto, 2004; Keeleg&anson, 2001; Mayringer &
Wimmer, 2000; Passolunghi, Cornoldi, & De Libert®99; Passolunghi & Siegel, 2001,
Siegel & Ryan, 1988; Swanson, 1993), more recagareh has indicated that once
intelligence is controlled for, the AD group doex differ from controls (Geary et al.,
2000; van der Sluis et al., 2005). Another possiglanation for the inconsistency is the

finding that specific visual-spatial deficits mag inplicated in only some instances of
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arithmetic disabilities (Rourke, 1993). Research fogused on at least three sources of
mathematical disability: difficulty in retrievingasic arithmetic facts from long-term
memory, use of developmentally immature calculagioscedures (Barrouillet, Fayol, &
Lathuliere, 1997; Geary, Brown, & Samaranayake1198rdan & Montani, 1997), and
difficulty with visuospatial representation of nuneal information (Geary, 1993). Thus,
it is possible that CE impairment is a contributfagtor in only some children with
arithmetic disabilities, depending on their spec#tithmetic deficit.

A third group has also been consistently founcesearch utilising groups based
on patterns of academic performance. This globedlyning disabled group, known as
Reading, Spelling, and Arithmetic Disability (R-S-&r Reading and Arithmetic
Disabled (RAD) in the literature, exhibit much bg&tcognitive profile of the RD group.
They demonstrate relatively poor psycholinguiskitisin conjunction with relatively
better developed visual-spatial-organisationaljleaperceptual, psychomotor, and
nonverbal problem-solving skills and abilities. Aeaically, this group exhibits a
pattern of uniformly deficient reading (word recdgm), spelling, and
mechanical/arithmetic skills. This group is thoughbe composed of several different
subgroups of children with learning disabilitieo(Rke, 1991) but has not been the focus
of much research.

No research was found that compared a globallyileg@ disabled group to either
non-disabled controls or other LD subtype groupsn@asures of long-term memory.
Research comparing children with global learnirgabilities against their non-disabled
peers has revealed inferior performance on meastitbe PL (Geary et al., 2000;

Pickering & Gathercole, 2004; Siegel & Linder, 1984egel & Ryan, 1988), VSSP
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(Pickering & Gathercole, 2004; Siegel & Linder, #98and CE (Censabella & Noel,
2005; Geary, Bow-Thomas, & Yao, 1992; Geary etl&191; Geary et al., 2000;
Pickering & Gathercole, 2004; Siegel & Ryan, 1988).

Although the clinical subtyping approach to mem@search has improved our
ability to examine the role that memory plays ie@fic learning difficulties, there are a
number of limitations to this approach. First, sittisese subtypes are based on
performance on measures of intellectual abilitpcademic achievement, group
membership will differ depending on the measureksa@ut-off scores being used,
resulting in variability of group membership acrgssdies. In addition, results are also
affected by whether the researcher takes into axttc¢be performance pattern of the
individual (i.e., scores on reading and math) oethbr they focus solely on one area of
impairment (i.e., reading only). Second, LD subsypased on this approach are limited
as they do not take into account children whosélprdoes not meet expectations. Thus,
a child who demonstrates impaired spelling but whesding and arithmetic skills are
within the average range for their age would noinisided in the investigations. Third,
as this approach to LD subtyping groups childresoeding to performance on one set of
variables (i.e., academic achievement), it is fodsghat the children within a group
differ on another set of variables under study,(memory performance), thereby
obscuring within group results. Finally, an addiabproblem in the interpretation and
practical application of the previously discusseskarch is the selection of memory
measures. The typical research design in thisiachades the use of two or three specific
memory tasks, with the memory tests selected feibesng conceptually related to the

primary variable under investigation. This hastiethe use of various experimentally
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derived measures to examine specific memory presesgich differ across studies,
making comparisons between research findings diffitn addition, this means that
measures being used in studies are often entiryeht from those administered in a
neuropsychological, psychological or educationaéstigation of LD. This makes it
difficult for clinicians to draw parallels from thesearch to their clinical practice. A
review of the literature failed to uncover a singfledy that compared children with
learning disabilities, differentiated by subtypa,aclinically administered battery of
memory and learning. Thus, while the clinical splotg approach to LD research is an
improvement over the discrepancy based methodafipsoach has failed to yield
memory research that can be used to enhance oerstadding of LD and increase our
ability to remediate specific learning difficulties

4.2.2 Cluster Analytic Subtyping

A second method used to develop classificatiorehibiren with learning
disabilities focuses on patterns of performance@uropsychological and cognitive tests.
This empirical classification approach involves sit@istical manipulation through factor
analysis of correlations among participants (efactor) or multivariate procedures
(i.e., cluster analysis) to increase homogeneitys Thethod clusters persons (rather than
test variables) with similar test score patterns.

Clusters of persons with similar profiles have sédras empirical evidence for
clinicians’ hypotheses regarding the neuropsychosbddpasis for learning disabilities
(Fisk & Rourke, 1983). Research conducted to dairly indicates that there is no
single pattern of test results that characterilehédren with learning disabilities (e.g.,

D’Amato et al., 1998; Joschko & Rourke, 1985; WarndaCasey, 2006). The
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proposition that that profile analysis can actuadlyeal reliable and meaningful patterns
of intellectual strengths and weaknesses has sghavhest of investigations regarding
learning disability subtypes.

Using cluster analysis, researchers have condigidentified four clusters or
subgroups of children with learning disabilitiefieTfirst consistent cluster, similar to the
RD group already discussed, comprise a group deinading global language
impairment in the face of relatively well developggual-perceptual skills (D’Amato et
al., 1998; Lyon, 1985; Snow, Cohen, & Holliman, £98nd somewhat better developed
mathematical skills than reading and spelling skWaxman & Casey, 2006). A second
cluster consistently found, similar to the AD grqueviously discussed, demonstrates
impaired visual-spatial skills in relation to relay well developed verbal skills (Lyon,
1985; Snow et al., 1985) and somewhat strongeingaudbility than arithmetic skills
(Waxman & Casey, 2006). Consistent with the gldéatning disabled group previously
discussed, a third group with mixed language amdgp¢ual impairment has consistently
been found (D’Amato et al., 1998; Lyon, 1985; Sretval., 1985) with globally low
academic performance (Waxman & Casey, 2006). Attiognoup with high verbal and
perceptual-reasoning skills and no identifiable &amments has also been consistently
identified (D’Amato et al., 1998; Lyon, 1985; Snetval., 1985). Children found in this
cluster appeared to have problems that were natlgleelated to the neuropsychological,
intellectual, or achievement measures utilisedh@se studies.

Research based on this empirical approach is aroirament to the traditional
LD classification method as it recognises the logfeneity of the LD population. In

addition, as groupings are not set a priori, &8 the data to lead group identification,
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thereby allowing all possible LD profiles to belumted in the analysis. Finally, by
grouping individuals on their overall performancgefple on the variables under
investigation, this approach has paid a greatewainaf attention to both cognitive assets
and deficits within LD subtypes.

Recent research has demonstrated that a multiwagtroach can be used to
group individuals into memory subtypes based oir ffexformance on a battery of
memory and learning. Atkinson, Konold, and Glutt{2608) attempted to identify a
normative taxonomy of profiles likely to be founeh@ng typically developing
individuals using the six core subtests of the WRA&Mhat serve as measures of Verbal
Memory, Visual Memory, and Attention/Concentratidimey applied cluster analysis to
data from the WRAML2 standardization sample of wdlials ranging from 5 to 85
years of age. Their analysis revealed nine profilesight to represent the natural
variation of individual memory disparity typical amg the general population. While
four of their groups presented with above averageary skills in specific areas with
the remainder of the memory scores falling witlthie Average range, more than half,
five, of the groups displayed some memory impairmen

To date, little research has been conducted tisatided a multivariate approach
to examine specific memory profiles in individualgh learning disabilities. One or two
variables assessing memory (i.e., Digit Span, L&ttenber Sequencing) have been
included in previous empirical studies attemptiagdentify individual subtypes of
learning disabilities (D’Amato et al., 1998). Hovegythese measures were usually
included due to convenience (i.e., subtests witienWISC) and memory was not the

focus of the study. In a review of the literatuwedtaite, only one research paper was found
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that was primarily concerned with memory profilashildren with learning disabilities,
using a standardised battery of memory and learnitmves et al. (1999) conducted two
studies to examine the performance of specificingadisability subtypes on the Test of
Memory and Learning (TOMAL). In the first study,ilclien diagnosed with either
dysphonetic dyslexia or dysdeidetic dyslexia, ¢feeskby Boder (1973) criteria, were
compared to age and reading-level matched cordgroteie Composite Memory Index
(CMI) score from the TOMAL. The CMI scores werersfgantly lower for children
with dyslexia when compared to matched control#) wearly identical memory profiles
in the two dyslexia groups. The plotting of meahtsst score profiles for all readers
revealed auditory sequential memory impairmentdéih types of readers with dyslexia
and multiple memory strengths in the good readers.

The TOMAL subtest scores from Study 1 were thenesid to cluster analysis.
Six clusters emerged. Cluster One, the “Good Readeas composed of children with
no reading deficits, no memory deficits, and atredastrength in memory for meaningful
verbal narratives, tests associated with verbahieg using drill and practice, and motor
sequences. Cluster Two was composed of childrdnreéding disabilities, the majority
of whom were classified as having dysphonetic dyalé/Nhile their nonverbal memory
skills on the TOMAL were average, they demonstrgiederally depressed scores on
verbal memory subtests. Additionally, they dematstt weak verbal working
memory/attention skills. Seventy-six percent ofstdu three consisted of children with
reading disabilities. Like the children in Clusgrchildren with reading disabilities in
this group demonstrated auditory sequential menmpairments and weak performance

on verbal working memory/attention tests. Howewerytevidenced poorer performance
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on a measure thought to be related to memory fetradi visual/spatial relationships, and
they exhibited verbal strengths similar to thos€hfster One on memory for verbal
narratives and learning verbal information overeapd trials. Normal readers in this
cluster performed quite similarly to children wrtading disabilities, except that none of
their memory subtest scores were in the impairadeaCluster Four was quite small and
was comprised of two-thirds (66.7%) of childrentwieading disabilities. Children with
reading problems in this group were very similathtose in Cluster Two, showing
generally depressed verbal memory scores and nogdv@emory performance in the
average range. Poor readers in this cluster shaneaired memory performance for
verbal learning tasks, auditory sequential memamnyg, delayed recall of learned verbal
material with weak skills in verbal working memattention. Cluster Five was
composed of only two subjects with dyslexia wh@liiged severe impairment on tests
related to nonverbal learning and memory for vigpaltial relationships with an
additional moderate impairment on verbal tasks Iwiag learning word associations.
Auditory sequential memory/discrimination was algeak. The final cluster was
composed of 81% children from the control group wieme 2 years younger, on average,
than the readers with dyslexia who were capturdgtigcluster. They demonstrated
memory strengths on nearly all nonverbal teststatladditional strengths on verbal
learning tasks. Children with reading disabilitresrored their performance, but at a
lower level, showing impairments in auditory sedi@mmemory but normal nonverbal
memory scores. This finding suggests a possibleldpmental memory pattern
characteristic of normal children at an early staigeeading development. Overall the

results of the Howes et al. (1999) study demoresdrttat readers with dyslexia can be
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characterized into distinct, qualitatively diffeteubtypes by their performance on a
battery of memory and learning tests.

Although the multivariate method of LD conceptuaitisn is clearly an
improvement on the homogeneous conceptualisatidraddresses some of the
limitations of the clinical subtyping approach,amwber of methodological difficulties
exist in research studying memory functioning idividuals with learning disabilities
from this multivariate approach. Most researchis airea has utilised a limited range of
measures and rather small sample sizes (Rourk®).18&elation to the former
criticism, the use of a select number of measunesen from a neuropsychology battery
offers methodological concerns. These concerngeradahe narrow band of skills
assessed, or the inherent bias in the post-hoctsgleln relation to the latter criticism,
McKinney (1985) has argued that cluster analysisappropriate in studies for which
the ratio of subjects to the number of variabldess than 10 to 1. Furthermore, only one
study to date has used a memory battery to inastigubtypes of children with learning
disabilities, and this study focused solely onataih with reading disabilities (Howes et
al., 1999).

The purpose of the present investigation was testigate the extent and nature
of memory impairments in children with learningabdities. The performance of
children with learning disabilities on a batterynoémory and learning was submitted to a
multivariate analysis to identify individual subggs with specific memory profiles.
Specifically, data reduction was completed by @uahalysing subtest scores of a group

of children with learning disabilities on the WRAMLIn essence, cluster analysis allows
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the characterization of children’s performance dtfiaccording to their pattern of
responses by increasing the homogeneity of groups.

As discussed above, although we have some knowleakggsl on the literature of
how individuals with specific learning disabilitygdiles should function on memory
tasks, the findings to date have been inconsistém&.current research extends our
knowledge in this area by correcting for limitatsoin previous research. Evidence from
the multivariate approach to LD classification sesig that there may be more LD
profiles than are recognised using the common Lol classification schemes.
Therefore, the multivariate approach to the prestrty allowed for a more inclusive
examination to ensure that children with varyingrmitive and academic profiles are
included. Additionally, a large sample was usedllow the appropriate use of advanced
statistical procedures that require a student-takbe ratio of 10 to 1. Finally, although
experimentally derived measures have revealechdtstiemory deficits in the various
LD subtypes, the present study utilized a battéme@mory and learning tests commonly
used clinically to examine memory functioning inldren and adolescents with learning
disabilities. The WRAML2 was selected following swheration of the strengths and
weaknesses reviewed above of the various memotgriast available for children and
adolescents. The goal of this research is to imgpoawr understanding of memory
functioning in children with learning disabilities.

Based on the results from the Atkinson et al. (2@@&dy that found specific
memory subtypes within the standardization sampi¢hie WRAML2 and results from
the Howes et al. (1999) study that identified distisubtypes of memory performance in

a group of children with dyslexia, it was hypotlzesi that the present study would yield
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a reliable memory typology. However, while fourtbé& nine memory subtypes identified
in the Atkinson et al. (2008) study presented waibove average memory skills, it is not
predicted that such a high prevalence of subtypésswell developed memory skills
would be found in the present sample of childres @folescents with learning
disabilities, owing to the body of research idemti§ various memory deficits in
individuals with learning disabilities (e.g., BdllScerif, 2001; Censabella & Noel, 2005;
Geary et al., 2000; Howes et al., 1999; Passolu&dbiegel, 2001; Pickering &
Gathercole, 2004). In addition, given the differdatnographic (Atkinson et al., 2008)
and learning profiles (Howes et al., 1999) ideatlfin the various memory subtypes
identified in the previous memory subtyping studiewas hypothesized that variables
that were not used to form the clusters but woel@xpected to vary across the clusters,
such as prevalence of ADHD comorbidity, delayed mgnperformance, intellectual

functioning, and academic achievement, would déf®ongst the clusters.
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Chapter 5: Method
5.1 Participants

In order to be considered for this study childnad to be first diagnosed with a
LD, as verified through their psychological repdihe sample included 101 children (57
boys, 44 girls) between the ages of 9 and 16 yealgsive. To operationalize the
diagnosis, each participant also had to meet th@fimg criteria: 1) deficient in at least
one school subject area, defined as an age-adjssted on a subtest of the WIAT-II
below the 28 percentile; 2) obtain a Wechsler Intelligence $dor Children- Fourth
Edition Full Scale 1Q, Verbal Comprehension IndexPerceptual Organization Index
score within the standard error of measurementh®verage range (i.e., 95%
confidence interval); 3) did not present with sfgrant mental health issues (e.g., anxiety
or depression) that could account for their deg@scademic scores; 4) had adequate
visual and auditory acuity to enable standardizsgssment with the WISC-1V,
WRAML2, and WIAT-II; 5) attended school regularlyse the age of 5% or 6 years of
age; and 6) spoke English as their native languBlge screening for English language
proficiency was especially important given the higincophone population in the region
where the data was collected (40.3% of the pomrdiased on the 2001 census by
Statistics Canada). Each child received a compsbeipsycho-educational evaluation
(by a licensed psychologist, psychological assec@t supervised psychometrist) that
included the WISC-1V, WRAMLZ2, WIAT-Il and other meares of language and visual-
spatial processing. Children diagnosed as havirgxesiing significant attentional
problems consistent with Attention Deficit Hypersgity Disorder (ADHD) were

included in the sample, but were identified as hg\ ADHD within the analysis.
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Information about co-morbid diagnoses other tharHBDwvas not available. The
protocol for the current study received approvairfrthe University of Windsor Research
Ethics Board, and the parents of all participamatgegwritten consent for their children’s
participation in the study.
5.2 Procedure

Permission was obtained from the school board rmidtrators and chief
psychologists of a large public school board int&asOntario for children identified as
having a LD to participate in this study. When dcctvas assessed with the WISC-IV,
WRAML2, and WIAT-II and was subsequently diagnosschaving a LD, a letter was
sent by school board personnel to the child’s garwviting them to participate in the
study. The letter described the study and requébkegarents’ permission for the
researcher to obtain the child’s test scores fiosir school board psychological file. If
the parent agreed to their child’s participatidngyt were asked to sign the permission
form and to place the form in the mail to be retarto the researcher. Of the 257 parents
contacted, 103 returned the permission form allgwire researcher to access their
child’s data for coding. This resulted in a retuate of 40%. As the researcher was
unable to access data on the individuals who chos# participate in the study,
comparison between the children of responders aner@sponders was not possible. The
data from two children were excluded from the asedyfor not meeting the inclusionary
criteria of English being their native languageisTitesulted in a final sample size of 101

participants.
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5.3 Measures
5.3.1 Internal Criteria

5.3.1.1 Wide Range Assessment of Memory and lbgar@econd editiorhe
Wide Range Assessment of Memory and Learning- SkEdition (WRAML2; Sheslow
& Adams, 2003) is an individually administered tleattery designed for the clinical
assessment of memory, including the evaluatiomofédiate and delayed recall, as well
as verbal, visual, and global memory. It has beéandardised for use with individuals 5
to 90 years of age. The WRAML2 consists of six cubtests, four optional subtests and
seven delayed memory tasks (three free recall@ndrécognition subtests). Raw scores
on each of the subtests can be converted to sseteds, based on standardization data,
each with a mean of 10 and a standard deviati@ ©hese standard scaled scores were
used for all statistical analyses. The WRAML?2 akofer the calculation of six Index
scores, as well as a General Memory Index (GMI)a@Eneral Recognition Index
score. Each Index score yields a standard scoheanmtean of 100 and a standard
deviation of 15.

The focus of the present study was on the six sobtests that are most often
administered during individual clinical evaluatias, well as an additional optional
subtest which assesses the central executive (Maftiking Memory). The brief
descriptions of the three primary Indices and thatterlying subtests, as well as the
verbal working memory subtest, were obtained froe\WRAML2 administration and
technical manual (Sheslow & Adams, 2003).

The Verbal Memory Index (VBI) score, which provideglobal measure of

explicit long-term verbal memory, includes the $thtemory and Verbal Learning
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subtests. In the Story Memory subtest, a parti¢igaread two short stories and is
immediately asked to recall as many aspects aofeta@ing passages as possible. Points
are earned for verbatim recall of specific wordd phrases for most story elements, with
some gist recall permitted. The difficulty of tlesk changes based on the participant’s
age, with individuals 8 years and younger beingl itaries consisting of 25 and 36
separate aspects, while those 9 years and oldesadtestories with 36 and 40 aspects,
respectively. The Verbal Learning subtest involaesally presenting a participant a list
of simple words, followed by immediate free-rec@lree additional presentations and
recall trials follow. Again the difficulty of theask changes from 13 items for children 8
years or younger to 16 items for those 9 or ol@&meglow & Adams, 2003).

The Visual Memory Index (VMI) score, a global me@saf explicit long-term
visual memory, consists of Design Memory and Petdemory subtests. The Design
Memory subtest involves the 5 second exposuresefias of five cards with various
geometric forms. After this brief exposure, anddas&cond delay, the individual is asked
to draw all aspects of the image that they are t@btecall. In the Picture Memory
subtest, participants are shown four separateléétscenes of familiar settings, with a
10 second exposure to each image. After each pidiue child is given a similar picture
and told to mark the objects that are differente&ow & Adams, 2003).

The Attention/Concentration Index (ACI) score catsbf Finger Windows and
Number-Letter subtests. The Finger Windows sulptestents participants with a
vertically resting card containing asymmetricatigated holes. In each trial, the
examiner demonstrates a pattern by placing the&adgencil in a sequence of holes and

then asking the individual to duplicate the seqedmncplacing their finger in each hole
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according to the order of presentation. The lewngtine sequence increases with each
trial. The Number Letter subtest is similar to gidspan task; participants are aurally
presented with sequences of alternating numbersettieds and then asked to recall this
information in the order it was presented (Shestoiadams, 2003).

The optional Verbal Working Memory subtest was amsuded in the cluster
analysis as a measure of the central executivbelfirst half of this subtest, the
individual is read a list of animals (e.qg., tigethale, cat) and non-animals (e.g., hat,
house, pencil) and is asked to repeat the list,lakng the animals first, in order from
smallest to largest, and then the non-animals ynoader. The list of animals and non-
animals increases with each trial. In the secottidoidghe task, the individual is again
read lists of animals and non-animals of increakngth and is required to repeat back
both the animals in order from the smallest tol#ingest, but also the non-animals in
order from smallest to largest. This subtest iy @nviilable for individuals 9 years of age
and older (Sheslow & Adams, 2003).

The participant's obtained Index score (M = 100,=SI») for General Memory
(GMI), Verbal Memory (VBI), Visual Memory (VMI), aoh Attention/Concentration
(ACI) were used to help describe and interpreffited typology. As prescribed by the
WRAML2 manual (Sheslow & Adams, 2003), these valuese based on core subtests
only, thus excluding the Verbal Working Memory sesit

The psychometric properties of the six primary eatst are favourable (Sheslow
& Adams, 2003). Internal consistency measures wettge high to excellent range (.86-
.93) for the majority of subtest€onfirmatory factor analysis (CFA) demonstrated,tha

consistent with the hypothesized framework, a tfiaeéor model best represents the six
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core subtests. Multi-group structural analyses iglex¥ evidence that the three-factor
solution was invariant across groups reflectingdgenethnicity, age, and level of
education. In addition, various subtests of the WRA demonstrated an acceptable
degree of correlation with other instruments desibfor the measurement of memory,
including the Wechsler Memory Scale- Third Edit{or= .60), Children’s Memory Scale
(r =.49), Test of Memory and Learning (r = .69 California Verbal Learning Test (r =
.64), and the California Verbal Learning Test- Set&dition (r = .68).
5.3.2 External criteria

Unlike deviation Index measures that are actualggformed linear composites
of the subtests themselves, certain test measndegaaiables, such as ADHD co-
morbidity, were used both to describe and lenditglio the typology. The test
measures included delayed memory WRAML?2 subtesesawot used to compute Index
measures and results from the WISC-IV and WIATh#Httwere co-administered at the
time of the WRAML2 assessment.

5.3.2.1 Wide Range Assessment of Memory and Legargetond edition-
delayed memory subtesBelayed recall subtests from the WRAML2 were useddlp
describe and validate the typologies created usiegore subtests of the WRAML2 and
Verbal Working Memory subtest. As the delayed residbtests are correlated with the
immediate recall scores from the core subtestsgtheores were not used exclusively to
validate the typology and were primarily used tdaHar explore the specific memory
subtype characteristics. Two free recall and fegognition memory subtests were used.
The Story Memory Free Recall subtest examines dngcgpant’s ability to recall details

from the two stories presented as part of the Stagnory core subtest, after a delay in
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which the participant was engaged in interveningnory tasks. In the Story Memory
Recognition subtest, the participant is presentiéld mwultiple choice questions probing
specific details from the stories. The Verbal LéagrFree Recall subtest assesses the
participant’s ability to freely recall the list @fords initially presented in the core Verbal
Learning subtest after a delay of approximatelyriQutes. In the Verbal Learning
Recognition subtest, the individual is read adistvords, some of which were on the
initial word list and some of which are not, and tharticipant is asked to identify the
words belonging to the original list. In the Desigemory Recognition subtest, the
participant is presented with a series of drawisgsje of which were part of the initial
designs presented in the core Design Memory suatessome not. The participant is
asked to identify those that were in the initiabgeetric designs. On the Picture Memory
Recognition subtest participants are asked to iiyeindbm a series of pictures those
which were part of the detailed pictures preseiigtie core Picture Memory subtest
(Sheslow & Adams, 2003).

Raw scores on each of the subtests can be conversedled scores, based on
standardization data, each with a mean of 10 atdralard deviation of 3, based on age
specific technical manual conversion tables. Tis¢aedard scaled scores were used for
all statistical analyses. Average reliability cog#nts across age groups are generally
good, with scores on the delayed memory subtestgefbal information (ranging from
.66 to .96) being somewhat stronger than the aeer@@bility coefficients for the
delayed memory subtests for visual information gnag from .49 to .71). However, the

lower reliabilities of the visual recognition taskie mostly due to the structure of the
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subtests (yes, no format) and the nature of theldamg performed (Sheslow & Adams,
2003).

5.3.2.2 Wechsler Intelligence Scale for Childrenufh edition.The Wechsler
Intelligence Scale for Children- Fourth Edition (8@-1V; Wechsler, 2003) was used as
a measure of intellectual functioning. The WISCedhsists of 10 core subtests that
comprise a Verbal Comprehension Index, Perceptaak&ing Index, Working Memory
Index, and a Processing Speed Index score. TheaMédmprehension Index score is
comprised of tasks that assess vocabulary, veeaabning, and knowledge of social
conventions. The Perceptual Reasoning Index is deetpof tasks that assess visual-
constructional ability, visual reasoning, and viquettern recognition. The Working
Memory Index is comprised of tasks which asses#iigidual’'s auditory attention and
working memory. The Processing Speed Index scarengrised of two timed visual-
motor processing tasks. These four index scoreswamened to produce a Full Scale 1Q
score, reflecting a child’s overall intellectuahfttioning. Each Index score and the Full
Scale 1Q score yield a standard score with a méaf®and a standard deviation of 15.

Average reliability coefficients across age groaps generally good, ranging
from .88 (Processing Speed Index) to .94 (Verbah@rehension Index). The WISC-IV
Index scores were used to validate the typologytaragsist with the description of
specific subtypes.

5.3.2.3 Wechsler Individual Achievement Test- Skedition.The Wechsler
Individual Achievement Test- Second Edition (WIAITAWechsler, 2002) was used as a
measure of academic achievement. The WIAT-II ispased of seven academic

subtests including three measures of reading whiito measures of writing ability, and
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two measures of arithmetic. The reading subtestade: Pseudoword Decoding, a
measure of the ability to read a list of non-woM&rd Reading, a measure of the ability
to read words presented in isolation; and Readimgehension, a measure of the
ability to answer questions based on a paragrdpile. writing subtests include: Spelling,
a measure of single word spelling ability, and WntExpression, which assesses the
ability to write sentences, paragraphs, and essi#igng proper grammar, spelling and
punctuation. The arithmetic subtests include: NucaéOperations, a measure of the
ability to solve paper-and-pencil arithmetic probk and Math Reasoning, a measure of
the ability to solve aurally presented mathematigaidd problems. All of the subtest
scores yield a standard score with a mean of 18@Gatandard deviation of 15.

Internal consistency reliability estimates of th&AN-1l subtests are generally
high (above .70). Test-retest correlations fordhietests were consistently above .85
(Wechsler, 2002). The WIAT-II subtest scores wesed to validate the typology
produced by the WRAML2 subtests, as well as assiktthe description of the
individual subtypes identified. The Written Expriesssubtest was not included in the
analyses due to the low rate of administration»man@ners in the study.

5.4 General Rationale of Analysis

5.4.1 Phase 1: Initial Cluster Analysis

Classification can be conceptualized as the prooefgsming groups from a
large set of entities or units based on the siitiggrand dissimilarities of the individual
entities (Morris & Fletcher, 1988). Statistical slar-analytic techniques provide one
empirical approach to the development of clasdifics. There are two common types of

cluster analytic techniques: hierarchical and ni@manchical.
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Hierarchical cluster techniques form groups in sgetve steps, starting with each
individual as its own cluster and building intodar nested clusters. Due to the early
determination of grouping rules in this technigearly ineffective combinations of data
may mislead the further analyses and the finalltesNon-hierarchical cluster
technigues, also known as partitioning, requireuber to specify the expected number of
clusters for the data. On the basis of this infdroma this method calculates centroids for
a set of trial clusters, places each case in tsten with the nearest centroid, and then
recalculates the centroids and reallocates thescabés process iterates until there is no
change in cluster membership. As this approachigesvmultiple opportunities to assign
cases to specific clusters, and thus can compefsagteor initial cluster assignments,
the non-hierarchical techniques are less sengdiweitliers than are hierarchical methods
(Lange, Iverson, Senior, & Chelune, 2002). Howeder to the fact that the number of
clusters must be assigned a priori in this approach-hierarchical cluster analysis is not
recommended as an exploratory technique when tmdauof clusters contained within
a data set is not known (Lange et al., 2002).

Due to the limitations of hierarchical and nonrharehical techniques on their
own, a combination of the two techniques has beeammended as the most appropriate
means of determining the cluster structure of a dat (Borgen & Barnett, 1987;
DiStefano & Kamphaus, 2006; Lange et al., 20025tRE hierarchical technique is used
to identify the number of clusters in a data sabsgquently, a k-means cluster analysis
is employed, whereby the number of clusters regdestthe analysis is based on the

results from the hierarchical analysis. This metbbdlustering has been found to be
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superior to hierarchical methodology alone, aral pgocedure that has been validated by
numerous researchers in the area of psychology @ogders, 1996; Fisher et al., 1996).

In this study, each child’s profile was based caled scores (M = 10, SD = 3) for
seven WRAML2 subtests, including the core six ssiisteStory Memory, Design
Memory, Verbal Learning, Picture Memory, Finger \dmvs, and Number Letter, and
the supplementary Verbal Working Memory subtestwA-step procedure that combined
Ward’'s method and K-means algorithms was usedemat to overcome the limitations
of each method when selected as the sole methadlk liirst stage, a hierarchical cluster
analysis, Ward’s minimum variance method of graokdge, was applied to the data to
estimate the number of clusters present in the Earyfard’s method is an agglomerative
hierarchical procedure that extracts clusters byimnsing error variance within each
cluster and maximising the error variance betweeasters (Milligan & Cooper, 1987). In
other words, Ward’'s method attempts to maximizedifferences among potential
clusters by using changes in between and withirssafrsquared measures to determine
the best cluster for an individual profile. Thisigfering technique has been extensively
investigated and has generally been found to beobtlee more accurate and effective
methods available (Borgen & Barnett, 1987). Squ&edidean distance was used as a
measure of similarity because it is known to besiéme to profile elevation and pattern,
and it preserves the shape, elevation, and scdttlee data (Aldenderfer & Blashfield,
1984; Donders, 1996; Morris & Fletcher, 1988).

Although cluster analysis is a frequently used métfor determining subtypes
within populations based on test performance, stiteen criticized for the lack of clear

benchmarks or statistics for determining how wadl $olution fits the data. As such, the
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selection of a final cluster solution in clusteabysis is somewhat arbitrary (Vermunt &
Magdison, 2002). Thus, several different approatheeciding on the optimal number
of clusters were used that have proven usefulemipus studies of children with learning
disabilities (e.g., Morris, Balshfield, & Satz, 198Vlorris et al., 1998). These approaches
included: a) a review of changes in the clustedoefficients, which measure within and
between cluster variability; b) visual inspectidrtiee full hierarchical trees that track the
formation of clusters; c) inspection of the chaiggituster profiles as clusters are
merged; and d) visual inspection of individual diprofiles within and across clusters.
Additionally, solutions were reviewed to ensuret ttlasters consisted of a sufficient
number of cases to ensure that outlying cases mggrexerting undue influence on the
cluster solution. Using these methods, two possihister solutions were identified.

After possible cluster solutions were identifieshgsthe methods listed above, a
non-hierarchical clustering approach (k-means) ugzsl to clarify and refine the initial
solutions by correcting fusion errors and impraopéral assignment. This method re-
evaluates each participant within each cluster,thad examines whether a specific child
best fits into the original cluster or another tdusThe mean centroids resulting from the
initial cluster solutions using Ward's minimum \eaate method were used as seeds for
determining the final cluster centres for the k-ngeanalysis.

5.4.2 Phase 2: Replication and Cross-Classification

To examine the replicability (internal validity) ithe derived solutions, the data
were subjected to three additional two-stage diustalyses. The methods included three
hierarchical agglomerative algorithms, which wesedito identify the initial cluster

solutions (complete linkage, average linkage-witioups, and average linkage-between
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groups), and were subsequently subjected to aatiiterpartitioning method (k-means).
The latter step was used to clarify and refineititeal solutions produced by the three
hierarchical methods. These three algorithms wieosen for replication as they
represent some of the most widely used and evauma&thods in the area (e.g., Morris et
al., 1998; Waxman & Casey, 2006).

In the complete linkage agglomerative method diktances between clusters are
determined by the greatest distance between anglyezts in the different clusters (also
known as Furthest Neighbour). This algorithm usesprofile from the most different
individuals in a cluster for comparison purposdssimethod works well when the
plotted clusters form distinct clumps (not elongatbains). Average linkage-within
groups method emphasises the mean distance bealgassible inter- or intra-cluster
pairs. The average distance between all pairsaimebulting cluster is made to be as
small as possible. This method is therefore usefdn the research purpose is
homogeneity within clusters. In the average linkbgveen groups method, also called
UPGMA linkage (unweighted pair-group method usiagrages), the distance between
two clusters is the average distance betweentall-gluster pairs. In other words, a
cluster of participants is defined as the averagéle of all of the individuals already in
the cluster, with individuals being added or rentbfrem the cluster on the basis of the
similarity of the individual’'s profile to the avega profile. This method works well for
both elongated chain-type and with clumpy typetelss

Agreement within cluster solutions was calculatgekamining misclassification
rates between the cluster solutions generated tisengierarchical method and k-means

analysis for each method. Participants’ cluster benship following hierarchical cluster
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analysis and cluster membership following k-mearadysis were examined and the
percentage of participants misclassified was catedl, with lower numbers representing
greater agreement between the clusters.

Agreement between the cluster methods was calculeieg Cohen’s kapp&;(
Cohen, 1960), a chance corrected measure of agnéénaé captures the degree of
consensus between two raters (in this case, fo@pendent attempts at categorization
into possible cluster solutions). If the proportmfirobserved agreements exceeds the
expected agreement, kappa is larger than zera apprioaches one if the proportion of
observed agreements reaches unity. According tdisamd Koch (1977), kappa values
of .41 to .60 can be considered “moderate,” vabfe§1 to .80 can be considered
“substantial,” and values of .80 to 1.00 are “altrpesfect.”

As a second measure of agreement between therahustieods, intraclass
correlation coefficients (ICCs) that tested for@bte agreement{level analyses) were
computed to examine agreement between the subsgignanents generated across the
different hierachical methods, resulting in largerrelations in situations where test
scores are more similar and smaller correlationsrevthey are different. Cluster
solutions generated were also examined for theadetongruity, conceptual distinction,
and practical significance. These techniques wseel to determine the most replicable
and clinically meaningful cluster solution. Once thptimal cluster solution was chosen,
descriptive labels summarizing the major featufeb® WRAML?2 profiles were then

assigned to each cluster.
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5.4.3 Phase 3: Examining the External Validityled Derived Typology

To determine the external validity of the derivedmory subtypes, variables
were selected that were not used to form the alsibigt would be predicted to vary
across the clusters. Without external validatiocluatering solution is no more than a
possible hypothesis (Skinner, 1981). ADHD co-maitgjdVRAML2 delayed memory
subtests, WISC-1V Index scores, and WIAT-II subtesires were compared between the
groups. In cases where the data were categoricp] ADHD co-morbidity), chi-square
analysis was used for comparison. If an omnibus XN@est illustrated statistically
significant differences among the clusters, follop/tests were run with Bonferroni’s
post hoc procedure, controlling the error ratéfg to identify statistically different (as
well as similar) clusters. It should be noted that goal of these analyses was primarily
descriptive, particularly because it is difficudtdketch other than fairly broad
conclusions from these comparisons. To ensuresthatgent subtype differences reflect
more than decisions about alpha levels, effecsgiziiecting the size of the mean group
differences were also computed by calculating tiaea within-groups standard
deviations for each variable. All statistical arssy were conducted using SPSS Version

11.5 (SPSS Inc., 2002).



63

Chapter 6: Results
Demographic and participant variables for the sanapé presented in Table 1.
The overall WISC-IV FSIQ score of the sample wathimmLow Average range. The
Table 1

Sample Characteristics

Overall Male Female

N 101 57 44
Age

M 142.36 140.89 144.25

SD 26.93 27.30 26.63

Range 109-195 109-192 109-195
FSIQ

M 87.34 88.04 86.43

SD 9.01 10.28 7.04

Range 68-118 68-118 74-105
VClI

M 91.77 93.21 89.91

SD 11.00 12.41 8.62

Range 55-130 55-130 75-108
PRI

M 92.45 93.76 90.70

SD 12.00 12.23 11.59

Range 64-120 68-120 64-120
WMI

M 85.29 85.44 85.09

SD 10.90 11.24 10.58

Range 56-111 56-111 59-103
PSI

M 89.71 88.30 91.55

SD 11.37 11.95 10.42

Range 68-123 68-121 75-123

Note: N = number of cases; Age = age at testinganths; FSIQ = WISC-IV Full Scale IQ; VCI = WISC-
IV Verbal Comprehension Index score; PRI = WISCH¥frceptual Reasoning Index score
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mean Verbal Comprehension, Perceptual ReasoninggilgoMemory, and Processing
Speed Index scores were generally within the LowrAge to Average range. Given that
the sample was selected due to identified leardiffigulties, it is not surprising that the
mean academic achievement scores for the samplevhsle were below the 95
percentile, or within the Low Average to Borderlirmage of functioning, across the
WIAT-II subtests, including Phonological Decodirg € 81.25,SD= 13.43), Word
Reading M = 77.98,SD = 15.64), Reading Comprehensidn £ 83.37,SD= 15.76),
Spelling M = 76.72,SD= 14.99), Numerical Operationsl(= 75.74,SD= 15.78), and
Mathematical Reasonin§yl(= 78.96,SD = 14.09).

Means and standard deviations for the global Irmexes on the WRAML2, as
well as the individual subtest scores which weeua the cluster analyses, are
presented in Table 2. The mean WRAML2 General Mgmmaex score for the sample
was within the Low Average range. The General Menhodex score is comprised of the
Verbal Memory, Visual Memory, and Attention/Conaaiiobn Index scores. The mean
Verbal Memory Index, Visual Memory Index, and Atien/Concentration Index scores
were within the Low Average to Average range. Asshbtest scores are already in the
same metric (scaled scordé= 10,SD = 3), no standardization procedure was required.
Because the present sample was thought to be thidrad by heterogeneity, univariate
outliers were considered part of the target pomrend retained for further analyses.

6.1 Phase 1: Initial Cluster Analysis

Examination of the agglomeration coefficients, diggrams, changing cluster

profiles, and individual cluster profiles generabgdthe Ward’s analysis strongly

suggested that either five- or eight- clusters wqubvide the best description of the
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data. To correct for fusion errors, a k-means @gioo pass was applied to the first stage
cluster centroids from each solution.
Table 2

Mean WRAML?2 Index and Subtest Scores for the Er8amenple

WRAML2 Index and Subtest Scores M SD
General Memory Index 87.10 11.99
Verbal Memory Index 91.41 12.90
Story Memory Subtest 8.51 291
Verbal Learning Subtest 8.59 2.48
Visual Memory Index 94.07 13.50
Picture Memory Subtest 9.69 2.48
Design Memory Subtest 8.34 3.15
Attention/Concentration Index 85.97 11.43
Number Letter Subtest 8.37 2.82
Finger Windows Subtest 6.96 2.74
Verbal Working Memory 7.85 2.47
Note. N = 101

6.2 Phase 2: Replication and Cross-Classification

To establish the replicability (internal validitgj the WRAML2 taxonomy, three
additional two-stage cluster analyses were perfdrtaeenable comparisons of solutions
derived through different clustering methods: castslinkage, average linkage-within
groups, and average linkage-between groups. Bas#tkadnitial Ward’s analysis, five-
and eight-cluster solutions were generated for eaethod. A k-means relocation pass
was applied to the first stage cluster centroidsfeach solution. Each of the four
hierarchical methods was then compared separatefivé- and eight-cluster solutions

and the resulting mean profiles were examinedritarpretability.
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Comparison of the initial Ward’s analysis to Hwution generated following k-
means analysis resulted in the fewest number ¢drem being reassigned to other
clusters (10.9% and 7.9% for the five- and eighst@r solutions, respectively). Only
slightly more children were reclassified when therage linkage-within groups method
was used (10.9% and 12.9% for the five- and eigidter solutions, respectively). A
greater number of children were reassigned wittctimeplete linkage (16.8% and 19.8%
for the five- and eight-cluster solutions, respeadi) and average linkage-between
groups methods (34.6% and 20.1% for the five- aglt-eluster solutions, respectively).

The level of agreement between cluster soluti@meated using the various
methods was examined using Cohen's kappa. Fdwv#ieluster solution, the highest
level of agreement was obtained for Ward’s methdH substantial agreement with the
complete linkage(= 0.624, SE = .057), average-linkage betwaen Q.635, SE = .057),
and average linkage withir € 0.737, SE = .051) methods. The agreement bettheen
complete linkage method and the average linkagedsat ¢ = 0.653, SE = .058), and
within (x = 0.476, SE = .061) methods was moderate-to-suisitalhe agreement
between the average-linkage between groups anthvgtbups methods was within the
moderate rangex(= 0.536, SE = .060).

The agreement for the eight-cluster solution was @anging fromc = 0.148 to
k = 0.238) and the solutions derived from each nthere varied, making matched
comparison difficult. The solutions generated iy tomplete linkage, average linkage-
between groups, and average linkage- within graliggenerated at least one cluster

which contained only one individual. Based on thesellts, the eight-cluster solution
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was eliminated from remaining analyses and thudivieecluster solution was chosen as
the best solution for the data.

As a second measure of agreement between therchadtitions, intraclass
correlations were calculated between the clussgasents derived through the four
hierarchical methods. Ward’'s method demonstratedhiphest correlations with each of
the other hierarchical methods, with correlaticarsging from .626 to .837.

Collectively, these results indicate that all fbigrarchical methods produced
subtypes with similar WRAML2 profiles for the fivduster solution. The Ward’s five-
cluster solution was chosen for subsequent anabeesuse it demonstrated the greatest
correspondence with each of the comparison mettaoasbecause the resultant mean
WRAMLZ2 profiles appeared to be clinically meaningfDue to the moderate agreement
with other clustering methods, the five-clustemusion generated by Ward’s method,
followed by k-means correction, was judged to lermally consistent.

Prevalence, mean age, and mean General Memory (&MR, Verbal Memory
Index (VBI), Visual Memory Index (VMI), and Attermn/Concentration Index (ACI)
scores for each subtype are presented in Tablee8ewere no differences in gender
distribution,y?(4) = 1.347, p = .853, or age distributién(4, 96) = .669, p = .615, based
on cluster membership. Descriptive labels weregassi to the five clusters based on the
most salient features of each profile. Mean WRAMIuBtest scores by subtype are
presented in Figure 1.

The first cluster, characterizing 22.8% of the jggraints (n = 23; 14 males, 9
females), demonstrated Low Average performancesadiee WRAML?2 Index scores,

with performance on the Design Memory subtestrfgltwo standard deviations below



68

the mean, and performance on the Story Memoryyriddlemory, and Finger Window

subtest scores falling at least one standard deribelow the mean. Due to their

consistent Low Average performance on the Indexescdhe first cluster was labelled

Low Average Memory.

The second cluster was comprised of 24.7% of thigcgzants (n = 25; 13 males,

12 females). The profile was characterized byescarithin the Average range on all of

the subtests with the exception of Extremely Lowfgrenance on the Finger Windows

subtest. Given the intact functioning across mensabtests, with an isolated weakness

on the Finger Windows subtest, which is a meastagtention and short-term memory

in the visual domain, this subtype was designatedk\Wisuospatial Sketchpad.

Table 3

Prevalence, Age, and Mean General Memory Index §GWdrbal Memory Index (VBI),

Visual Memory Index (VMI), and Attention/Conceniat Index (ACI) Scores for Each

Subtype
Prevalence
Cluster n (%)
1 Low Average 23 (22.8)M
Memory SD
2 Weak Visuospatial 25 (24.7)M
Sketchpad SD
3 Weak Phonological 26 (25.7M
Loop and Central SD
Executive

4 Borderline Memory 17 (16.8)M
SD

5 Average Memory 10(9.9) M
SD

Age

135.57
28.91

140.88
25.99

146.38
26.70
143.88
24.48

148.60
30.81

GMI

80.87
5.45

90.84
6.47

91.27
5.23
70.65
5.52

109.20
6.41

VBI

86.74
7.01

96.44
8.77

92.69
9.02

75.71
7.37

112.90

9.60

VMI ACI
81.26 89.43
9.33 .861
97.96 85.96

7.13 10.13
103.23 85.81
7.20 7.98
82.65 74.18
9.87 8.99
109.40 ©8.5
12.18 6.82

Note: N = 101; Age = age at testing in months
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The third cluster was comprised of 25.7% of pgoaaits (n = 26; 13 males, 13
females). These participants were characterizeal significant discrepancy between the
Average Visual Memory Index score and Low AveragteAtion/Concentration Index
score.Examination of the individual subtests revealed this subtype performed within
the Average range on all of the subtests with #oegtion of performance more than one
standard deviation below the mean on the Letter b&armand Verbal Working Memory
subtests. Due to their weaker performance on measiirauditory attention, short-term
memory, and working memory, this cluster was lazeWeak Phonological Loop and

Central Executive.

14

NN

10

Story Memory Design Memory Verbal Learning Picture Memn Finger Windows Letter Number  Verbal Working
Memory

—e— Low Average Memorﬁ/

—=— Weak Visuospatial Sketchpad )
Weak Phonological Loop and Central Executive
Borderline Memory

—*— Average Memory

Figure 1. Mean WRAML?2 Profile by Subtype

The fourth cluster comprised 16.8% of the partiotpgn = 17; 11 males, 6
females). Participants in this cluster were chiaréged by generally poor memory

performance. Although the majority of the subtéslisswo or more standard deviations
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below the mean, performance on the Picture Memayest fell within the Average
range. This cluster was labelled Borderline Menthrg to the overall level of
performance within the Borderline range of funciimn

The fifth cluster was the smallest and was coreprisf 9.9% of the participants
(n = 10; 6 males, 4 females). This cluster wasatttarized by Average performance with
all of the Index scores falling within the Averagage. Due to the unimpaired nature of
the memory performance of the participants, theteluwvas labelled Average Memory.

6.3 Phase 3: Examining the External Validity of Derived Typology

ADHD co-morbidity, WRAML?2 delayed memory subtesbees, WISC-IV Index
scores, and WIAT-II subtest scores were comparealdas the groups to determine the
external validity of the derived memory subtypesyell as to assist with further
description of the specific clusters.

The percentage of children diagnosed with ADHD wiewe classified in the
various subtypes is presented in Table 4. Of raggproximately one-third of the children
classified within the Weak Visuospatial Sketchpad ®eak Phonological Loop and
Central Executive subtypes had been diagnosedosithorbid ADHD. In contrast, no
children with ADHD were classified into the Averalglemory subtype.

A chi-square analysis examined whether the thagav‘good fit” between the
observed data and an even distribution of childvith ADHD across the clusters of
children with LD. The chi square statistic was #igant X2 (4) = 9.855, p = .043,
indicating that the distribution of children withDAD was different from that which
would be expected if there was even distributiontofdren with ADHD in the five

cluster solution.
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Table 4

ADHD Co-morbidity for Participants in Each of thev& WRAML2 Subtypes

WRAML2 Cluster ADHD Diagnosis (% of cluster)
Low Average Memory (n = 23) 3 (13%)

Weak Visuospatial Sketchpad (n = 25) 7 (28%)
Weak Phonological Loop and Central Executive (r6F 2 9 (34.6%)
Borderline Memory (n = 17) 1 (5.9%)
Average Memory (n = 10) 0 (0%)

Note: N = 101

The second group of variables examined was pediocaon the WRAML?2
delayed memory subtests. An ANOVA revealed sigaiftadifferences between the
subtypes on all of the WRAML2 delayed memory suistesith the exception the Picture
Memory Recognition subtest. See Table 5 for mearesg- statistic, and effect size.
The mean delayed memory subtest scores are disibgysubtype in Figure 2. To
control for the high number of comparisons, the Bmoni correction was applied to
specify a minimum level of alpha .008 (.05/6).

Post hoc comparisons between the clusters indicig@ificant differences
between the Average Memory subtype on one handhendow Average Memory and
Borderline Memory groups on the other hand acrossielayed memory subtests, with
the exception of the Picture Memory subtest wheréopmance did not significantly
differ between the groups. The performance ofAherage Memory group also differed
significantly from the Weak Phonological Loop anen@al Executive subtype on many

of the verbal delayed memory subtests (Story Menkoeg Recall, Verbal Memory Free
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Table 5

Means, Standard Deviations, Univariate F Scoras Fdfect Size for Differences in
WRAML2 Delayed Memory Subtest Scores Based on Efudembership

Cluster

WRAML2 Subtest Scores 1 2 3 4 5 F p n?
Story Memory Free Recall

M 6%509.52° 8.92 6.24 11.76 14.31 .000 .374
SD 219 257238 175 221

Story Memory Recognition

M 8%20.24° 10.19° 6.76 11.30 7.82 .000 .246
SD 2.71 333240 231 1.25

Verbal Learning Free Recall

M 8359.24° 8.06 6.06 11.10 12.13 .000 .336
SD 204 26 251 103 218

Verbal Learning Recognition

M 8%890.12° 8.0 6.24 11.36 9.98 .000 .294
SD 213 @3 329 164 1.77

Design Memory Recognition

M 7228.64° 9.69° 7.0 12.26 11.08 .000 .316
SD 1.68 251236 2.00 3.64

Picture Memory Recognition

M 7%08.56 9.38 8.7f 10.06 2.33 .062 .088
SD 240 2.00259 2.71 1.94

Note: Cluster 1 = Low Average Memory; Cluster 2 28K Visuospatial Sketchpad; 3 = Weak
Phonological Loop and Central Executive; 4 = BdiderMemory; 5 = Average Memory. Means in the
same row that do not share superscripts diffdneg & .05 in the post hoc comparison.

Recall, Verbal Learning Recognition), as well as Weak Visuospatial Sketchpad
subtype on one of the visual delayed memory sub{@stsign Memory Recognition).
With the exception of a significant difference beem their performances on the Verbal
Learning Recognition subtest, the Weak Visuosp&i&tchpad and Weak Phonological
Loop and Central Executive subtypes performed anhyil scoring significantly above

the Borderline Memory group across the majorityhef delayed verbal memory subtests
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Figure 2:_Mean Profile for Each WRAML2 Subtype ofRAML2 Delayed Memory
Subtests

The third group of variables to be examined conagrithe Index scores from the
WISC-IV. The mean WISC-IV Index scores for eachtgpb are presented in Table 6.
Mean WISC-IV Index scores are plotted by subtypEigure 3. ANOVAs were used to
compare WISC-1V Index scores across the indivigo@mory subtypes. To control for
the high number of comparisons, the Bonferroniexiion was applied to specify a
minimum level of alpha .01 (.05/5). Significantfdifences were found among all of the
subtypes.

Post hoc comparisons of mean differences betwestecs on the various Index
scores of the WISC-IV indicated that the Averagarey subtype obtained significantly

better scores than the Borderline Memory subtypesache FSIQ, PRI, WMI, and PSI
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Table 6

Means, Standard Deviations, Univariate F Scoredfett Size for Differences in
WISC-1V Index Scores Based on Cluster Membership

Cluster

WISC-IV Index Scores 1 2 3 4 5 F p n?
FSIQ

M 84.3091.08° 86.35° 81.06 98.26 10.31 .000 .301
SD 6.49 8.25 8.43 6.59 8.46

VCI

M 88.5797.60 88.35 89.88° 96.76° 3.91 .006 .140
SD 9.74 10.34 0.7 11.91 10.00

PRI

M 87.2391.88 94.12 89.47 106.16 5.47 .001 .186
SD 777 86613.67 13.16 11.30

WMI

M 85.3093.80 82.28 72.76 93.26° 19.61 .000 .450
SD 872 7.02 9.37 7.90 7.39

PSI

M 80.8289.15° 91.04°> 83.1F 99.46 3.72 .007 .134
SD 11.87 11.14 9.28 8.84 13.78

Note: Cluster T = Low Average Memory, Cluster Z €aK Visuospatial Sketchpad; 3 = Weak
Phonological Loop and Central Executive; 4 = BdiderMemory; 5 = Average Memory. Means in the
same row that do not share superscripts diffdneg & .05 in the post hoc comparison.

scores. In fact, the Average Memory subtype peréarsignificantly above all of the
other subtypes on the PRI score. The Weak Visumd&itetchpad subtype scored
significantly higher than the Weak Phonological p@nd Central Executive subtype on
Indices representing the most verbally-mediatekistate VCI and the WMI. Consistent
with their weaker performance on the WRAML?2 suldestsessing auditory attention
and working memory, the Weak Phonological Loop @edtral Executive subtype

scored significantly below the Average Memory spletpn the WMI score. The
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Borderline Memory group performed significantly ielall of the other subtypes on the

WMI score.

—&— Low Average Memory
110

105 K
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100 %K / Sketchpad

Af\.‘ & Weak Phonological
85 _ \\/ Loop and Central
-~ Executive
80 .
Borderline Memory
75
70 T T T T
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Figure 3:_Mean WISC-1V Index Scores by WRAML2 Sytey

The final group of variables used for external dafion was academic
achievement, as measured using the subtests W/HNE-1I. Mean WIAT-1I subtest
scores by profile are presented in Table 7. MeaAMI subtest scores by subtype are
plotted in Figure 4. Due to the high number of cangons, the Bonferroni correction
was applied to specify a minimum level of alphaG8f8 (.05/6). The groups differed
significantly on the Reading Comprehension, Nunai@perations, and Mathematical
Reasoning subtests.

Post hoc comparison of mean differences betweeaterkion the various
academic achievement subtests revealed a sigrtificiéerence between the Average
Memory subtype and Low Average Memory subtype @Rbading Comprehension
subtest. On the Numerical Operations subtest, tlezalye memory subtype scored

significantly higher than the Borderline Memory syge. The Borderline Memory
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subtype and the Low Average Memory subtype scagedfeantly lower than all of the
other subtypes on the Math Reasoning subtest.
Table 7

Means, Standard Deviations, Univariate F Scoredfatt Size for Differences in
WIAT-1I Subtest Scores Based on Cluster Membership

Cluster
WIAT-Il Subtest Scores 1 2 3 4 5 F p N2
Pseudoword Decoding
M 78.65 83.06 81.92 76.47 89.2G 1.807 .134 .038
SD 1456 12.5413.27 10.28 15.84
Word Reading
M 7587 78.08 78.88 75.7f 8583 .936 .447 .133
SD 17.58 17.2413.22 1242 17.55
Reading Comprehension
M 7622 84.56° 88.3%° 77.94° 93.20 3.693 .008 .070
SD 13.82 17.2613.52 12.38 18.74
Spelling
M 73.00 79.52 80.06 7253 76.90 1.226 .305 .145
SD 18.00 12.4314.70 10.28 19.57
Numerical Operations
M 7036 79.08° 79.96° 66.65 84.58 4.061 .004 .280
SD 15.86 15.6413.63 12.60 17.38
Mathematical Reasoning
M 7252 84.08 82.88 67.4% 90.40 9.314 .000 .049
SD 11.63 13.7111.45 1153 12.52

Note: Cluster 1 = Low Average Memory; Cluster 2 28K Visuospatial Sketchpad; 3 = Weak
Phonological Loop and Central Executive; 4 = BdiderMemory; 5 = Average Memory. Means in the
same row that do not share superscripts diffdneg & .05 in the post hoc comparison.
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Chapter 7: Discussion

The objective of the present study was to idemtfiable and meaningful
memory profiles in children and adolescents diagdagith a learning disability.
Comparison of the results obtained using severaldtage cluster analyses strongly
suggested the presence of five distinct memoryypeist Three of the five clusters could
be differentiated primarily by level of performan@eserage, Low Average, and
Borderline scores on the majority of subtests). dter two clusters, although Average
in terms of GMI, were differentiated by patternpafrformance (weak visuospatial short-
term memory and weak auditory short-term memorywoiking memory). The finding
of multiple memory profiles confirms the heterogénef memory functioning in
children and adolescents with learning disabilities

Consistent with the approach used in previous taxon research, reliability was
assessed through comparison of cluster solutiomgedieusing four different hierarchical
clustering algorithms. The Ward's method five-ausolution demonstrated the highest
kappa values and was clinically meaningful and thasefore selected as being most
representative of the data. The good agreementleatall four clustering methods was
taken to suggest that the current five-clustertsmiuvas reliable.

A secondary purpose of this study was to examinélBRo-morbidity and
psychometric test findings from measures of delayedory, intellectual functioning,
and academic achievement associated with subtyp#ership as a means of
demonstrating the external validity of the deriwlgster solutions. The five subtypes
exhibited distinct patterns of performance on measof delayed memory, intellectual

functioning, academic achievement, and rates ghodsid ADHD diagnosis, suggesting
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that the memory profiles are valid and potentiallgically meaningful. Taken together,
the findings confirm the hypothesis that a reliabkemory typology can be identified in a
sample of children and adolescents with learnisgldlities.

7.1 Memory Subtypes

The Average Memory subtype was characterized byageeto High Average
performance across the memory subtests. Simildyseb were identified in the
Atkinson et al. (2008) study, based on the WRAMtghdardization sample, and in the
Howes et al. (1999) study that identified a subtypgood readers’ with no memory
deficits. This finding is important as it suggetat not all children with learning
disabilities demonstrate impaired memory functigniat the same time, this group was
comprised of only 10% of the sample, suggestingittiact memory functioning is not
typical of children with learning disabilities. Aypothesized the low percentage of
individuals with Average memory skills in the curtestudy was much smaller than the
approximately 40% of individuals with average meynabilities found in the WRAML2
standardization sample (Atkinson et al., 2008).

It was interesting to note that this group alsaedavithin the Average range on
measures of delayed memory and intellectual funst although they performed
below age level expectations on measures of acadsshievement, including
Pseudoword Decoding, Word Reading, Spelling, anchéfical Operations. This
suggests that a processing deficit not assesst#eBISC-IV or WRAML2 accounted
for their fairly global academic deficits. Intenesfly, a group with high verbal and

perceptual-reasoning skills and no identifiable &amments has also been consistently
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identified in previous cluster analytic studiesdzhsn samples of children with learning
disabilities (D’Amato et al., 1998; Lyon, 1985; Swet al., 1985).

The current five-cluster solution included a suletypth Low Average
performance across the WRAML2 Index scores, whial accordingly named Low
Average Memory. In evaluating the patterns of mgnparformance in the WRAML2
standardization sample, Atkinson et al. (2008) idied a similar subtype that was
described as having generally below average pediocaon measures of memory. An
examination of the demographics of the individwaithin the generally below average
cluster in the Atkinson et al., study showed thaterthan twice the expected proportion
of participants with this profile attained lessrtahigh school diploma and significantly
fewer than would be expected attended college l@aat completed a college degree.
Given that individuals with learning disabilitiesogh out of high school at higher rates
than the general population (U.S. Department ofcgtian, 2007) and a much lower
percentage of students with a LD attend a four-peat-secondary program within two
years of leaving high school (National Longitudisalidy 11, 2003), it is possible that
individuals with learning disabilities were overrepented within this cluster in the
Atkinson et al. study.

Consistent with their below average performancéhenVRAML2 memory
subtests, the Low Average Memory group in this gipelformed consistently below
average across measures of delayed memory ankigeneke. Academically, this group
performed well below age appropriate expectati@mness measures of reading and
spelling, with the most pronounced deficits in #nea of mathematics. A group with

mixed language and perceptual impairment has densliig been found in previous
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cluster analytic studies (D’Amato et al., 1998; hyd985; Snow et al., 1985) with
globally low academic performance (Waxman & Ca2€§)6).

The current memory typology also revealed a subtigie generally poor
performance across the memory subtests, with pediace within the Borderline range
across all of the subtests save for the Picture degsubtest, which corresponded to the
low end of the Average range. A similar, but somawgironger, performance profile was
identified in the WRAML2 standardisation samplettas described as having slightly
below average memory with elevated picture memkitisgAtkinson et al., 2008). The
individuals who demonstrated this profile withiretAtkinson et al. study had less than
half of the expected percentage of participants hdmbattained at least a college degree,
while a greater proportion had yet to attain a leghool diploma. This finding again
raises the question of whether the individuals whimprised the slightly below average
memory with elevated picture memory skills in thi&iAson et al. study may have
included a greater than expected proportion ofviddials with disabilities.

The Borderline Memory subtype demonstrated lowitgtglenerally across
measures of delayed memory, with the exceptioheif stronger performance on the
Picture Memory Recognition subtest. These findswgggest that in contrast to their
poorly developed short-term memory, working memegrbal memory, and memory for
abstract visual designs, individuals within thisster demonstrate an isolated strength in
their immediate and long-term memory for meaningfaual information. In terms of
their intellectual functioning, they generally pmrhed within the Low Average range,
with a significant weakness in their performanceatr@Working Memory Index score.

Thus, this group appears to have a substantiaitiefithe area of attention and working
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memory, as evidenced by their poor performance easores of attention and working
memory on both the WISC-IV and WRAML2. Academicaliyey displayed global
academic deficits. This finding is not surprisindight of the large body of research
identifying the critical role that working memorjags in academic development (e.qg.,
Alloway, 2009; Alloway & Gathercole, 2006; Gatheed_amont, & Alloway, 2006;
Kibby et al., 2004; Nation, Adams, Bowyer-CraneS&owling, 1999; Passolunghi,
2006; Passolunghi & Siegel, 2001; Pickering, 2@8anson & Sachse-Lee, 2001,
Swanson & Saez, 2003; Van der Sluis et al., 20@Hutino et al., 2004).

It is interesting to note the correspondence betvieeel of performance on the
measures of intellectual functioning and academitevement, on one hand, and
performance on the WRAML2 memory subtests useteriritial analysis, on the other,
in the three subtypes differentiated by level af@@nance. Examination of their mean
scores on Figure 1, 2, 3, and 4 reveals a strikioghsistent level of performance across
the psychometric measures, with little variabilithe close correspondence between
scores on measures of memory, intelligence, andieaca achievement is consistent
with research demonstrating the strong associatong these factors (e.g., Colom,
Rebollo, Palacios, Juan-Espinosa, & Kyllonen, 2@dlpm & Shih, 2004; Daneman &
Carpenter, 1980; Engle, 2002; Engle, Tuholski, lkding & Conway, 1999; Gathercole,
Pickering, Knight, & Stegmann, 2004; Kyllonen & @&tal, 1990; Williams & Pearlberg,
2006).

Two additional subtypes were identified that exteiiisolated deficits in areas of
working memory. Members within the Weak Phonolobicgop and Central Executive

subtype demonstrated weak performance on the Nubdter and Verbal Working
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Memory subtests, whereas they performed withinAVerage range on the remainder of
the subtests. Individuals with dyslexia in the Hewetal. (1999) study displayed a
similar subtype that exhibited weak or impairedoatiauditory sequential memory and
auditory working memory/attention skills, in cordtao adequately developed visual
attention and memory skills. A similar subtype was identified within the WRAML2
standardization sample (Atkinson et al., 2008). sy, it should be noted that the
Atkinson et al., study did not include the VerbabMing Memory subtest from the
WRAMLZ2 in their clustering procedure. The identé#ton of this subtype within a study
based on a sample of individuals with learning loligges is not surprising given the
volume of research demonstrating learning diffieglin children with impaired
functioning of the phonological loop (e.g., Geatryle, 2000; Pickering & Gathercole,
2004; Siegel & Linder, 1984, Siegel & Ryan, 1988y @entral executive (e.g.,
Censabella & Noel, 2005; Geary et al., 1992; Geawrl., 1991; Geary et al., 2000;
Pickering & Gathercole, 2004; Siegel & Ryan, 19&8\en the verbal nature of the
Verbal Working Memory subtest, however, it is uacleshether the deficit displayed on
this subtest was related to their poor PL storagacity or whether it represents an
additional deficit in their ability to mentally pcess the information. Of note in this
regard is the 11 point discrepancy between theavad visual memory Index scores, as
well as a discrepancy between their VCI and PRiguour of the latter), and
underachievement on all of the academic measuhes pfofile appears to be similar to a
language disordered subtype that has been foupgkumous cluster analytic studies

(Boder, 1973; Guerin, Griffin, Gottfried, & Christgon, 1993; Konold et al., 1999;
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Shaywitz, Shaywitz, Fletcher, & Escobar, 1990; Wetrdl., 1999; Waxman & Casey,
2006).

A subtype characterized by performance within terAge range on all of the
subtests with the exception of performance withi Extremely Low range on the
Finger Windows subtest was also identified in therent typology. The Finger Windows
subtest appears to assess visual attention angtehmrmemory, processes thought to be
mediated by the VSSP. A similar subtype with a glefcit on a measure of the VSSP
was not identified in previous memory subtypingigts with either the WRAML2
standardization sample (Atkinson et al., 2008)roolg children diagnosed with dyslexia
(Howes et al., 1999). However, given recent reseanggesting that VSSP functioning
only impacts on arithmetic development and nothendevelopment of reading
(Simmons, Singleton, & Horne, 2008), it is not sigipg that a subtype with an isolated
impairment in VSSP functioning was not found in Hh@wves et al. sample, which was
comprised of children who exhibited reading de$ianly. Although it did not approach
significance, there was a trend towards lower scorethe visual delayed memory
subtests and the WISC-IV Index scores that arecbaseisually-mediated measures
(PRI and PSI). This subtype performed consistdrglpw age-level expectations on
measures of academic functioning. Subtypes denaiimgjrAverage intellectual
functioning with somewhat better developed verhahtvisual skills have been found in
the standardization sample of the WISC-III (Konetdl., 1999) and in a sample of
children referred to an outpatient neuropsychoklgitinic (Waxman & Casey, 2006).
Although it might be expected based on previousaesh that children and adolescents

with a VIQ- PIQ discrepancy (in favour of the fonhenay exhibit somewhat stronger



85

reading ability than arithmetic skills (e.g., Roei& Finlayson, 1978; Rourke & Strang,
1978; Share, Moffit, & Silva, 1988; Strang & Rouyk&®83; White Moffitt, & Silva,
1992), this was not the case in the present stadlygeaWeak Visuospatial Sketchpad
subtype displayed generalized academic deficitserareas of reading, spelling, and
arithmetic. This finding is consistent with receesearch that has demonstrated that
when children’s short-term memory abilities are sugad according to the same
normative base for all tasks, relative weaknessessual short-term memory are not
present in children with isolated arithmetic déa@ompared to children with co-morbid
reading and arithmetic deficits (Silver, Ring, Pettn& Black, 2007).

7.2 Validation of the Memory Typology

The external validity of the cluster solutions veaplored in a number of ways.
The five subtypes exhibited distinct patterns afg@@enance on measures of delayed
memory, intellectual functioning, and academic agzément. Also, the groups differed
in the rate of co-morbid ADHD, the results togetbeggesting that the memory profiles
are valid and potentially clinically meaningful.

First, the various subtypes were compared on tbes lod their prevalence of
individuals with co-morbid ADHD. This comparisonopided the most robust support
for subtype distinctiveness. There was a stati$gisgynificant difference between the
groups, with the highest concentration of studeritis ADHD in the Weak Visuospatial
Sketchpad and Weak Phonological Loop and Centratiiikve groups, comprising
approximately one-third of the participants in thesibtypes. Consistent with the finding
of isolated deficits in aspects of working memaryontrast to adequately developed

long-term memory performance in the groups withhigihest concentration of students
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with ADHD, multiple studies (e.g., Adams et al. 919 Cahn & Marcotte, 1995; Kaplan
et al., 1998) have found strong evidence that iddiais with ADHD demonstrate
impairments on measures of attention and concéntrathile their long-term memories
are intact. In contrast, no children with ADHD felithin the Average Memory subtype.
This finding is consistent with the recent findirgjdVlayes and Calhoun (2007), who
found that ADHD is unlikely if a child does not glay a relative weakness on measures
of attention and working memory, such as the WMP8I of the WISC-IV.

Performance on measures of delayed memory wasaispared across clusters.
Statistically significant differences were foundahof the delayed memory subtests,
with the exception of the Picture Memory Recogmitsmbtest. This finding was not
surprising given the relationship between immedsate delayed memory measures. That
is, even though the delayed measures were nottoskstive the subtypes, the immediate
and delayed measures are correlated. Post hocigaicamparisons revealed statistically
significant differences between the Average Mensuiytype on the one hand and the
Low Average Memory and Borderline Memory subtypeghe other hand across the
delayed memory subtests, with the exception oPibure Memory subtest. The
performance of the Average Memory group also difflesignificantly from the Weak
Phonological Loop and Central Executive subtypenamy of the verbal delayed
memory subtests (Story Memory Free Recall, Verbairdry Free Recall, and Verbal
Learning Recognition). This finding is consisterithaprevious research that has
demonstrated that children with weak language @ing skills demonstrate impairment
on measures of story recall (O’Neill & Douglas, 198nd verbal list learning tasks

(Fletcher, 1985; Kramer et al., 2000Consistent with the findings of Kramer et al.,
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(2000), the low performance displayed across theatelelayed memory free recall and
recognition tasks seems to suggest that the impairnests at the level of encoding. The
Weak Visuospatial Sketchpad subtype performed feigmnitly below the Average
Memory subtype on one of the visual delayed mersahtests (Design Memory
Recognition). Difficulty organising visual inforrian and developing an efficient
encoding strategy (Brandys & Rourke, 1991) hasiptesly been identified in

individuals with a weakness in visual-spatial aselskills relative to better developed
verbal abilities.

The validity of the cluster solution was also exptbby comparing the derived
subtypes on the Index scores from the WISC-IV. @icant group differences were
found across the Index scores. Post hoc comparrseraled that the Average Memory
subtype generally outperformed the Borderline Mgnsubtype, with significant
differences between the groups on the FSIQ, PRI ViRt PSI scores. Although the
Weak Visuospatial Sketchpad subtype performed aityito the Average Memory
subtype across the verbally-mediated Index scaf€s &and WMI), they scored
significantly below the Average Memory group on thdex score representing the most
visual-perceptual subtests (PRI). Consistent viidirtweakness in auditory attention and
working memory, the Weak Phonological Loop and €gdriixecutive group scored
significantly below the Average Memory group on YRl

Comparison of the groups on measures of acaderhievanent was also used to
validate the cluster solution. Although the grodpgered significantly on measures of
Reading Comprehension, Numerical Operations, anth Raasoning, no statistically

significant differences were found on measuresseudoword Decoding, Word Reading,
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and Spelling. Post hoc pairwise comparisons redeghlgt most of the statistically
significant differences were between the Averagenigliey group on one hand and the
other lower ability groups on the other (Low Avezdgemory and Borderline Memory).
In fact, it appeared that the significant differemavere driven mainly by the average
performance of the Average Memory subtype on measinat required reasoning as
well as basic literacy and numeracy skills (Readdognprehension, Mathematical
Reasoning), in contrast to the poor performandé®tow Average Memory and
Borderline Memory groups on these subtests.

The low number of significant differences betweles groups on measures of
academic achievement and the generally globallyired performance across the
groups on measures of reading, spelling, and mathesnwas surprising. It is interesting
to note, however, that there was seemingly a qooregence between degree of memory
impairment, or number of memory areas impaired,dagtee of academic impairment,
such that the individuals with no memory impairmeisplayed the highest academic
performance while the individuals with globally ianped memory displayed the lowest
academic performance. It has been proposed thdtehiwith memory impairment
struggle to meet the memory demands of individeatring episodes resulting in a
failure to acquire the knowledge and skills necgska competence in key academic
domains, such as reading and math (Gathercole, @08I6). It is also possible that the
memory impairment, per se, does not affect speltiéiacy or numeracy skill
development, but is only related to other factosclv may have a direct impact. This
finding is consistent with recent research whichgasts that factors, such as speech

processing skills, have a direct influence onditsrdevelopment, while 1Q and memory
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have no direct influence but are correlated withc¢hucial predictive factors (Shapiro,
Hurry, Masterson, Wydell, & Doctor, 2009). Basedtbe research of Shapiro et al.,
children with good memory skills would be likely atso perform well on speech and
auditory tasks. However, it would be their speeuth auditory skills that crucially
influenced their literacy development, not theimnoey skills. It is also noteworthy that
90% of individuals in this sample displayed impamnhin at least one area of working
memory. Alloway, Gathercole, Kirkwood, and EIli@009) recently identified a group of
children with low working memory scores. The méajpof these children struggled
across reading and math tasks.

7.3 Implications

The most consistent finding in cluster analyticdsts of children and adolescents
with learning disabilities is the heterogeneitytlod population. This study extends
previous research examining the performance ofldnl and adolescents with learning
disabilities by confirming that the heterogeneityfact also encompasses performance on
a measure of memory and learning. This finding $itdpexplain the inconsistency of
findings in previous studies examining the memauryctioning of children and
adolescents with learning disabilities.

The current study also provides some supportubtypes reported in previous
cluster analytic studies of memory performanceubtgpe relatively free of any
significant memory difficulties (i.e., Average Memaubtype), a subtype with
consistently below average performance on memogsores (i.e., Low Average
Memory subtype), a subtype with relatively poor noeyrbut a relative strength in

memory for meaningful visual stimuli (i.e., Bordad Memory subtype), and a subtype
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marked with weak auditory attention and working roeyn(i.e., Weak Phonological

Loop and Central Executive) were identified. While former three subtypes were
identified in the WRAML2 standardization sample,igrhincluded individuals with
disabilities, the latter subtype was consistenbaisubtype identified in the Howes et al.

(1999) study of children with dyslexia.

In addition, one subtype identified, which exhslitan isolated weakness in the
area of visuospatial short-term memory (i.e., Weakiospatial Sketchpad), was unique
to the current study. It is possible that theus@n of children and adolescents with
both reading and mathematics disabilities, as agetthildren and adolescents with co-
morbid ADHD explained the identification of thist®ype in the current study. It is
noteworthy, however, that almost one-quarter ofpiicipants in this study were
classified into this subtype. Although the Weakudispatial Sketchpad cluster performed
almost identically to the Weak Phonological Loopl &entral Executive subtype
academically and included almost the same percembghildren with ADHD, their
deficit in one area of working memory would not 8deen identified if they had not
been given a measure of the VSSP. This findingligigts the importance of including a

measure of the VSSP in a comprehensive assessfmapthwry and learning.

Finally, the substantial variability of memory pamhance in this sample of
children and adolescents with learning disabilitesaforces the need to include a
thorough battery of memory that examines variopeets of working memory,
immediate memory, and delayed memory in the asszdsohlearning disabilities.
Despite research that has attempted to use mermsseysaand deficits for specific

learning disability subtypes (e.g., Basic PhonaabProcessing Disorder, Nonverbal



91

Learning Disability) to suggest strategies for maéntion (see Rourke & Tsatsanis,
1995), the current findings failed to display meynprofiles that were consistent with
academic profiles typically used in multivariatadies. While a verbal/visual
dissociation in short-term memory was revealed wdteldren were classified by
isolated reading disabilities or isolated arithmelisabilities in early studies (Fletcher,
1985), subsequent research failed to support setdaacut distinction (e.g., Geary,
Hamson, & Hoard, 2000; Kibby et al., 2004; van 8kris et al., 2005). Thus, memory
strengths and weaknesses cannot be assumed geaficspcademic profiles and each
child should be provided with a complete batteryngimory and learning tests to ensure
that any recommendations related to memory areishaalized to the needs of the
specific child.

7.4 Limitations and Recommendations for Future Rete

A few limitations must be highlighted when discuggsthe results of the current
investigation. Recommendations for future researehmade to address some of the
limitations where applicable.

One potential limitation of the present study resatio the statistical methodology
employed. Taxonomic research is viewed by somepasraising avenue of inquiry that
continues to be hampered by methodological inctersises and unresolved questions
(Lange, Iverson, Senior, & Chelune, 2002). Contrey®ver the degree of confidence
that can be placed in cluster solutions continues dt least in part, to the degree of
subjectivity involved in conducting cluster anal/éiange et al., 2002). Although efforts
were made to ensure that the similarity coeffigiehtstering algorithms, and measures

of association used to demonstrate internal vglofithe resultant cluster solution
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followed relatively conventional and empiricallyrded standards, ultimately some
degree of subjectivity is required.

One advantage of this study is that external vabdeof the derived cognitive
patterns was attempted. Even though the groupgedkin the current study appeared to
be valid because the subtypes were clinically nmgdul, the groups were externally
validated on measures of intellectual and acadé&mictioning and rates of ADHD co-
morbidity. Intervention studies of children withakaing disabilities that take into account
their memory subtype would provide another wayxiemally validate the typology
derived in the current investigation.

Sample size may have had an impact on the clusédysas use in this study. As
samples become larger, less frequently occurrinfles have the opportunity to be
identified as unique subtypes, rather than beimg®smed into more general subtypes.
Although the current study was based on an adegaatgle size to employ cluster
analysis, repetition of the study with a larger pmimay reveal additional meaningful
cluster subtypes. In addition, to ensure that tiaeme an adequate number of cases to
meet the minimum criteria necessary for the mettagjoused, a relatively broad age
range was included in the study that ranged fram 36 years of age. Also valuable
would be research focussing on the stability oftyp@logy across childhood,
adolescence, and adulthood. Although some of thigs identified in this study are
similar to those found in the standardization sammyhich included individuals across the
lifespan (Atkinson et al., 2008), it is possiblattthe nature of at least some of the

students' profiles, and, consequently their clustembership, change over time. This
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would be especially interesting given research destrating the stability of childhood
working memory impairments into adulthood (IsakPéante, 1997).

Another possible limitation of this investigatioiems from the sample
characteristics. Although data on ethnic origin wasavailable for collection, based on
the demographic characteristics of the populataanged, it is probably that the sample
consisted of primarily Caucasian participants. Buthe findings of discrepancies in the
composition of race/ethnicity within the variousmy subtypes in the Atkinson et al.
(2008) study, it is possible that replication o gtudy in a more racially/ethnically
diverse sample may reveal a different pattern siilte than obtained here. This would be
an interesting point of inquiry for future investigpns.

Another limitation of the present study is the latknformation available about
ADHD subtype and whether the ADHD was being treategd psychostimulant
medication at the time of testing. This informatioay have helped lead to a clearer
understanding of why some children with ADHD feitlin the various clusters.

Given that this investigation was the first to exaensubtypes of WRAML2
scores in children with learning disabilities, illvee necessary to determine the
reliability and validity of the five-cluster solot though replication and cross-validation
with independent samples. Cluster analysis of WRAMAHta should be conducted on
similar samples of children and adolescents wignnimg disabilities to determine
whether the same mean profile patterns are repticalihclusion of children and
adolescents without learning disabilities will bgpiortant to determine clinical versus

non-clinical profiles.



94

References

Aaron. P.G. (1995). Differential diagnosis of reagldisabilities School Psychology
Review, 24(3)345-360.

Abel, T., Martin, K.C., Bartsch, D., Kandel, E.R908). Memory suppressor genes:
Inhibitory constraints on the storage of long-ten@amory.Science, 279(5349),
338-341.

Adams, W., Sheslow, D., Robins, P., Payne, H., 8&kinson, G. (1991, August).
Memory abilities in children with attention defitiyperactivity disorderPaper
presented at the meeting of the American Psychedbgdissociation, San
Francisco, CA.

Aldenderfer, M.S., & Blashfield, R.K. (1984 luster analysisBeverly Hills, CA: Sage
Publications.

Alloway, T.P. (2009). Working memory, but not IQegicts subsequent learning in
children with learning difficultiesEuropean Journal of Psychological
Assessment. Special Issue: Assessing Cognitiver€sjl25(5)92-98.

Alloway, T.P., & Gathercole, S.E. (2006). How deesking memory work in the
classroomEducational Research and Reviews]34-139.

Alloway, T.P., Gathercole, S.E., Kirkwood, H., &lit, J. (2009). The cognitive and
behavioural characteristics of children with lowrkiag memory Child
Development, 80(2506-621.

Alloway, T.P., Gathercole, S.E., Willis, C., & AdaimA.M. (2004). A structural analysis
of working memory and related cognitive skills ioung childrenJournal of

Experimental Child Psychology, 87(2p-106.



95

Atkinson, T.M., Konold, T.R., & Glutting, J.J. (28D Patterns of memory: A normative
taxonomy of the Wide Range Assessment of Memorylaadning- Second
Edition. Journal of the International Neuropsychological &by, 14,869-877.

Baddeley, A.D. (1986 Working memoryOxford: Oxford University Press.

Baddeley, A.D. (1990Human memory, theory and practicdillsdale, NJ: Erlbaum.

Baddeley, A.D. (1992). Working memory: The inteddmetween working memory and
cognition.Journal of Cognitive Neuroscience, 4(381-288.

Baddeley, A.D. (1996). Exploring the central exeeitThe Quarterly Journal of
Experimental Psychology, 49A(5)28.

Baddeley, A. D. (2000). The episodic buffer: A neswnponent of working memory?
Trends in Cognitive Sciengek 417-422.

Baddeley, A.D., Della Sala, S., Papagno, C. & Spini. (1997). Dual-task
performance in dysexecutive and nondysexecutiviemqatwith a frontal lesion.
Neuropsychology, 11(2).87-194.

Baddeley, A., Emslie, H., Kolodny, J., & Duncan(1P98). Random generation and the
executive control of working memoryhe Quarterly Journal of Experimental
Psychology, 51A(4819-852.

Baddeley, A.D. & Hitch, G. (1974). Working memotg.G.A. Bower (Ed.)Recent
advances in learning and motivation (Vol. Rew York: Academic Press.

Baddeley, A.D., & Hitch, G.J. (1994). Developmeintshe concept of working memory.

Neuropsychology, 8(4%85-493.



96

Baddeley, A.D., & Logie, R.H. (1999). The multipgemponent model. In A. Miyake &
P. Shah (Eds.Models of working memory: Mechanisms of active tea@nce
and executive controlpp.28-61). New York: Cambridge University Press.

Barrouillet, P., Fayol, M., & Luthuliere, E. (1998electing between competitors in
multiplication tasks: An explanation of the errpreduced by adolescents with
learning difficulties International Journal of Behavioural Development(2),
253-275.

Bauer, P.J. (2004). Getting explicit memory off ¢teund: Steps toward construction of
a neuro-developmental account of changes in thetiuo years of life.
Developmental Review, 24(847-373.

Bauer, P.J., Kroupina, M.G., Schwade, J.A., Dropik,., & Wewerka, S.S. (1998). If
memory serves, will language? Later verbal accésgibf early memories.
Development and Psychopathology, 10655-679.

Bayliss, D.M., Jarrold, C., Baddeley, A.D., GunnM) & Leigh, E. (2005) Mapping the
developmental constraints on working memory spafopaance Developmental
Psychology, 41(4579-597.

Berninger, V.W. (2001). Understanding the ‘lexia’dyslexia: A multidisciplinary team
approach to learning disabilitie&nnals of Dyslexia, 5123-48.

Boder, E. (1973). Developmental dyslexia: A diaga@pproach based on three atypical
reading-spelling patternBevelopmental Medicine and Child Neurology, 663-
687.

Borgen, F.H. & Barnett, D.C. (1987). Applying clestinalysis in counseling psychology

researchJournal of Counseling Psychology, 34(4%6-468.



97

Brandys, C.F. & Rourke, B.P. (1991). Differentiadmory capacities in reading- and
arithmetic-disabled children. In B.P. Rourke (Edlg¢uropsychological validation
of Learning Disability subtypedlew York: Guilford Press, pp. 73-96.

Bull, R. & Scerif, G. (2001). Executive functionirg a predictor of children’s
mathematics ability: Inhibition, switching, and Wwirg memory Developmental
Neuropsychology, 19(32,73-293.

Cahn, D. A., & Marcotte, A. C. (1995). Rates ofdetting in attention deficit
hyperactivity disorderChild Neuropsychology, 158-163.

Carpenter, P., & Just, M.A. (1988). The role of king memory in language
comprehension. In D. Klahr & S. Kotovsky (Ed€pmplex information
processing: The impact of Herbert Sim@op. 10-35). Hillsdale, NJ: Erlbaum.

Case, R., Kurland, D.M., & Goldberg, J. (1982). &ypenal efficiency and the growth of
short-term memory spadournal of Experimental Child Psychology, 386-

404.

Censabella, S., & Noel, M.P. (2005). The inhibitafrexogenous distracting information
in children with learning disabilitiedournal of Learning Disabilities, 38(5400-
410.

Cohen, J. (1960). A coefficient of agreement famimal scalesEducational and
Psychological Measurement, 28(-46.

Cohen, M. (1997)Children’s Memory Scale§an Antonio, TX: The Psychological

Corporation.



98

Collette, F., & Van der Linden, M. (2002). Brainaging of the central executive
components of working memorieuroscience & Biobehavioural Reviews, 26(2),
105-125.

Colom, R., Rebollo, 1., Palacios, A., Juan-Espindéa & Kyllonen, P.C. (2004).
Working memory is (almost) perfectly predicted byrgelligence, 32(3)277-
296.

Colom, R., & Shih, P.C. (2004). Is working memorgdtionated onto different
components of intelligence? A reply to Mackintosid 8ennett. (2004).
Intelligence, 32(5)431-444.

Cornoldi, C., Rigoni, F., & Tressoldi, P.E. (199Bhagery deficits in nonverbal learning
disabilities.Journal of Learning Disabilities, 328-57.

D’Amato, R.C., Dean, R.S., & Rhodes, R.L. (1998)btyping children’s learning
disabilities with neuropsychological, intellectuahd achievement measures.
International Journal of Neuroscience, 96(1-20,7-125.

Daneman, M., & Carpenter, P.A. (1980). Individudledences in working memory and
readingJournal of Verbal Learning and Verbal Behavior, 290-466.

De Jong, P.F. (1998). Working memory deficits afdiag disabled childredournal of
Experimental Child Psychology, 706-96.

De Jonge, P., & de Jong, P.F. (1996). Working memnotelligence and reading ability
in children.Journal of Personality and Individual Differenc@4,(6),1007-1020.

DeRenzi, E. (1982Disorders of space exploration and cognitidf¥, NY: John Wiley

& Sons, Inc.



99

DiStefano, C., & Kamphaus, R.W. (2006). Investiggtsubtypes of child development:
A comparison of cluster analysis and latent classter analysis in typology
creation.Educational and Psychological Measurement, 66{38-794.

Donders, J. (1996). Cluster subtypes in the WISGtndardization sample: Analysis of
factor index scoref®sychological Assessment332-318.

Eichenbaum, H. & Cohen, N.J. (200Eyom conditioning to conscious recollection:
Memory systems of the bralY, NY: Oxford University Press.

Engle, R.W. (2002). Working memory capacity as etge attentionCurrent
Directions in Psychological Science, 11(19-23.

Engle, R.W., Tuholski, S.W., Laughlin, J.E., & Caayy A.R.A. (1999). Working
memory, short-term memory, and general fluid ingelce: A latent variable
approachJournal of Experimental Psychology, 128309-331.

Ferguson, A.N., & Bowey, J.A. (2005). Global pragiag speed as a mediator of
developmental changes in children’s auditory menspan.Journal of
Experimental Child Psychology, 989-112.

Fisher, N.J., Rourke, B.P., Bieliauskas, L., Gioid8., et al. (1996).
Neuropsychological subgroups of patients with Alatex’s diseaselournal of
Clinical and Experimental Neuropsychology, 18@)9-370.

Fisk, J.L. & Rourke, B.P. (1979). Identification @ibtypes of learning-disabled children
at three age levels: A neuropsychological, multatarapproachlournal of

Clinical Neuropsychology, 289-310.



100

Fisk, J.L. & Rourke, B.P. (1983). Neuropsychologsabtyping of learning-disabled
children: History, methods, implication®ournal of Learning Disabilities, 16(9),
529-531.

Fletcher, J.M. (1985). External validation of leagdisability typologies. In B.P.
Rourke (ed.)Neuropsychology of Learning Disabilities: Esserstiaf subtype
analysis Guilford Press: New York, pp. 187-211.

Francis, D.J., Fletcher, J.M., Shaywitz, B.A., Ski&y,, S.E., & Rourke, B.P. (1996).
Defining learning and language disabilities: Cortaapand psychometric issues
with the use of I1Q testbanguage, Speech, and Hearing Services in Schools,
27(2),132-143.

Fuchs, D., Mock, D., Morgan, P.L., & Young, C.LO(3). Responsiveness-to-
intervention: Definitions, evidence, and implicasofor the learning disabilities
constructLearning Disabilities Research and Practice, 18(37-171.

Fuerst, D.R., Fisk, J.L., & Rourke, B.P. (1990)yd¢t®social functioning of learning-
disabled children: Replicability of statisticallgidved subtypeslournal of
Consulting and Clinical Psychology, 5&7-660.

Gathercole, S.E., & Hitch, G.J. (1993). Developrakohanges in short-term memory: A
revised working memory perspective. In A. ColliBsE. Gathercole, M.A.
Conway, & P.E. Morris (Eds.},heories of memorfpp. 189-210). Hove,
England: Erlbaum.

Gathercole, S. E., Lamont, E., & Alloway, T. P.@8). Working memory in the
classroom. In S. Pickering (EdWorking memory and educati@pp. 219-240).

Amsterdam: Elsevier Press.



101

Gathercole, S.E., & Pickering, S.J. (2000). Assesdgraf working memory in six- and
seven-year-old childredournal of Educational Psychology, 92(3),7-390.

Gathercole, S.E., Pickering, S.J., Ambridge, B\W&aring, H. (2004). The structure of
working memory from 4 to 15 years of agevelopmental Psychology, 4077-
190.

Gathercole, S.E., Pickering, S.J., Knight, C., &gdhann, Z. (2004). Working memory
skills and educational attainment: Evidence froriomal curriculum assessments
at 7 and 14 years of ag&pplied Cognitive Psychology, 18(1),16.

Gavens, N., & Barrouillet, P. (2004). Delays ofrgton, processing efficiency, and
attentional resources in working memory span deareént.Journal of Memory
and Language, 51(4544-657.

Geary, D.C. (1993). Mathematical disabilities: Citigr, neuropsychological, and
genetic component®sychological Bulletin, 114(2345-362.

Geary, D.C., Bow-Thomas, C.C., & Yao, Y. (1992)u@bng knowledge and skill in
cognitive addition: A comparison of normal and neatatically disabled
children.Journal of Experimental Child Psychology, 54@j§2-391.

Geary, D.C., Brown, S.C., & Samaranayake, V.A. ()92ognitive addition: A short
longitudinal study of strategy choice and speeprotessing differences in
normal and mathematically disabled childrBevelopmental Psychology, 27(5),
787-797.

Geary, D.C., Hamson, C.O., & Hoard, M.K. (2000).nrical and arithmetical
cognition: A longitudinal study of process and ogpicdeficits in children with

learning disabilityJournal of Experimental Child Psychology, 2B86-263.



102

Geary, D.C., Hoard, M.K., Byrd-Craven, J., & DeSd%C. (2004). Strategy choices in
simple and complex addition: Contributions of waikimemory and counting
knowledge for children with mathematical disabililpurnal of Experimental
Child Psychology, 88(2),21-151.

Guerin, D.W., Griffin, J.R., Gottfried, A.W., & Cistenson, G.N. (1993). Dyslexic
subtypes and severity levels: Are there gendeemdiffcesOptometry and Vision
Science, 70348-351.

Hayne, H. & Rovee-Collier, C. (1995). The orgarimabf reactivated memory in
infancy.Child Development, 66(3393-906.

Helfgott, E., Rudel, R.G., & Kairam, R. (1986). Té#keect of Piracetam on short- and
long-term verbal retrieval in dyslexic boysternational Journal of
Psychophysiology, 4(1%3-61.

Henson, R.N.A, Burgess, N. & Firth, C.D. (2000)cBéing, storage, rehearsal, and
grouping in verbal short-term memory: An fMRI stutifeuropsychologia, 38(4),
426-440.

Hitch, G.J., Halliday, M.E., Schaafstal, A.M., &l8aagen, J.M.C. (1988). Visual
working memory in young childreMemory and Cognition, 17,75-185.

Howes, N.L., Bigler, E.D., Lawson, J.S., & Burlimga, G.M. (1999). Reading disability
subtypes and the test of memory and learrmghives of Clinical
Neuropsychology, 14(3317-339.

Hulme, C., Muir, C., Thompson, N., & Lawrence, A984). Speech rate and the
development of short-term memory spdournal of Experimental Child

Psychology, 38241-253.



103

Isaki, E., & Plante, E. (1997). Short-term and wogkmemory differences in
language/learning disabled and normal addtisrnal of Communication
Disorders, 30(6)427-437.

Jefferies, S., & Everatt, J. (2004). Working mematy role in dyslexia and other
specific learning difficultiesDyslexia, 10196-214.

Johnston, R.S., Johnson, C., & Gray, C. (1987).drhergence of the word length effect
in young children: The effects of overt and covehtearsalBritish Journal of
Developmental Psychology, 543-248.

Jordan, N.C. & Montani, T.O. (1997). Cognitive antetic and problem solving: A
comparison and children with specific and generath®mmatics difficulties.
Journal of Learning Disabilities, 30(6624-634.

Joschko, M. & Rourke, B.P. (1985). Neuropsycholabsubtypes of learning-disabled
children who exhibit the ACID pattern on the WIS&B.P. Rourke (Ed.),
Neuropsychology of Learning Disabilities: Esserstiaf subtype analys{pp. 65-
88). New York: Guilford Press.

Kail, R. (1992). Processing speed, speech ratemamdory.Developmental Psychology,
28,899-904.

Kail, R. (1997). Phonological skill and articulatitime independently contribute to the
development of memory spajournal of Experimental Child Psychology, 67(1),
57-68.

Kandel, E.R. (1989). Genes, nerve cells, and thmenebrance of things pagdournal of

Neuropsychiatry and Clinical Neurosciences, 1{®3-125.



104

Kaplan, B. J., Dewey, D., Crawford, S. G., & Fishi@r C. (1998). Deficits in long-term
memory are not characteristic of ADHIburnal of Clinical and Experimental
Neuropsychology, 418-528.

Kavale, K.A. & Forness, S.R. (2000). What definisoof learning disability say and
don’t say: A critical analysislournal of Learning Disabilities, 33(3239-256.

Keeler, M.L. & Swanson, H.L. (2001). Does stratégpwledge influence working
memory in children with mathematical disability@urnal of Learning
Disabilities, 34(5)418-434.

Kibby, M.Y. (2009). Memory functioning in Developmial Dyslexia: An analysis using
two clinical memory measurearchives of Clinical Neuropsychology, 245-
254.

Kibby, M.Y., Marks, W., Morgan, S., & Long, C.J.Q@4). Specific impairments in
developmental reading disabilities: A working megnapproachJournal of
Learning Disabilities, 37(4)349-363.

Konold, T.R., Glutting, J.J., McDermott, P.A., KyshC., & Watkins, M.M. (1999).
Structure and diagnostic benefits of a normativgest taxonomy developed
from the WISC-III standardization samp®urnal of School Psychology, 39-
48.

Kramer, J.H., Knee, K., & Delis, D.C. (2000). Verb@emory impairments in dyslexia.
Archives of Clinical Neuropsychology, 15(83-93.

Kyllonen, P.C. & Christal, R.E. (1990). Reasonitgity is (little more than) working

memory capacitythtelligence, 14(4)389-433.



105

Landis, J.R., & Koch, G.G. (1977). The measureno¢éobserver agreement for
categorical dataBiometrics, 33159-174.

Lange, R.T., Iverson, G.T., Senior, G.J., & Che|uag). (2002). A primer on cluster
analysis applications to cognitive rehabilitati@searchJournal of Cognitive
Rehabilitation, 20,16-33.

Licht, R., Bakker, D.J., Kok, A., & Bouma, A. (199%rade-related changes in event-
related potentials (ERPS) in primary school chitdi@ifferences between two
reading tasksJournal of Clinical and Experimental Neuropsycholp®4(2),193-
210.

Liddell, G.A. & Rasmussen, C. (2005). Memory prefdf children with nonverbal
learning disabilityLearning Disabilities Research & Practice, 20(387-141.

Logie, R.H. (1994)Visuospatial working memoridove, U.K.: Erlbaum.

Logie, R.H. & Pearson, D.G. (1997). The inner eyd the inner scribe of visuo-spatial
working memory: Evidence from developmental fracsiton.European Journal
of Cognitive Psychology, 9(341-257.

Lyon, G.R. (1985). Identification and remediatidriearning disability subtypes:
Preliminary findingsLearning Disabilities Focus, 1(121-35.

Lyon, G.R. (1995). Toward a definition of dyslexfmnals of Dyslexia, 43-27.

Mamarella, 1.C. & Cornoldi, C. (2005). Sequence apdce: The critical role of a
backward spatial span in the working memory debttwisuospatial learning

disabled childrenCognitive Neuropsychology, 22(8))55-1068.



106

Markowitsch, H.J. (2000). Neuroanatomy of memonyEl Tulving & F.I.M. Craik
(Eds.).The Oxford handbook of memoNew York, NY: Oxford University
Press.

Mayes, S.D. & Calhoun, S.L. (2007). Wechsler Ingethce Scale for Children-Third and
-Fourth Edition predictors of academic achievenermhildren with attention-
deficit/hyperactivity disordeiSchool Psychology Quarterly, 22(284-249.

Mayringer, H. & Wimmer, H. (2000). Pseudoname lesgrby German-speaking
children with dyslexia: Evidence for a phonologitzdrning deficitJournal of
Experimental Child Psychology, 72(2)16-133.

McLean, J.F. & Hitch, G.J. (1999). Working memamypairment in children with
specific arithmetic learning difficultieSournal of Experimental Child
Psychology, 74(3R40-260.

McKinney, J.D. (1985). The search for subtypespeicHic learning disabilityAnnual
Progress in Child Psychiatry and Child Developméd-559.

McNamara, J.K. & Wong, B. (2003). Memory for eveslydnformation in students with
learning disabilitiesJournal of Learning Disabilities, 36(5394-406.

Milligan, G.W., & Cooper, M.C. (1987). Methodologgview: Clustering methods.
Applied Psychological Measurement, B29-354.

Morris, R., Blashfield, R., & Satz, P. (1981). Nepsychology and cluster analysis:
Potential and problem3ournal of Clinical Neuropsychology, 39-99.

Morris, R.D., & Fletcher, J.M. (1988). Classificati of Neuropsychology: A theoretical
framework and research paradigiournal of Clinical and Experimental

Neuropsychology, 1640-658.



107

Morris, R.D., Stuebing, K.K., Fletcher, J.M., ShawwS.E., Lyon, G.R., Shankweiler,
D.P., Katz, L., Francis, D.J., Shaywitz, B.A. (199Bubtypes of reading
disability: Variability around a phonological codmurnal of Educational
Psychology, 90(3347-373.

Murphy, K., McKone, E., & Slee, J. (2003). Dissdmas between implicit and explicit
memory in children: The role of strategic procegsind the knowledge base.
Journal of Experimental Child Psychology,(8% 124-165.

Nation, K., Adams, J.W., Bowyer-Crane, C.A., & Stiogy, M.J. (1999). Working
memory deficits in poor comprehenders reflect ulydeg language impairment.
Journal of Experimental Child Psychology, 739-158.

National Longitudinal Transition Study II. (2003ational Center for Special Education
Research at the Institute of Education Scienceshwigton, D.C.: U.S.
Department of Education.

O’Neill, M.E. & Douglas, V.I. (1991). Study strateg and story recall in attention deficit
disorder and reading disabilityournal of Abnormal Child Psychology, 19(6),
671-692.

Ozols, R.J. & Rourke, B.P. (1991). Classificatidryaung learning-disabled children
according to patterns of academic achievementditfglstudies. In B.P. Rourke
(ed.),Neuropsychological validation of Learning DisabjilgéubtypesNew York:
Guilford Press, pp. 97-123.

Passolunghi, M.C. (2006). Working memory and arglimlearning disability. In T.P.
Alloway & S.E. Gathercole (EdsYyorking memory and neurodevelopmental

conditions(pp. 113-138). Hove, UK: Psychology Press.



108

Passolunghi, M.C., Cornoldi, C., & De Liberto, $999). Working memory and
intrusions of irrelevant information in a groupsyfecific poor problem solvers.
Memory and Cognition, 27(57,79-790.

Passolunghi, M.C. & Siegel, L.S. (2001). Short-tenemory, working memory, and
inhibitory control in children with difficulties imrithmetic problem solving.
Journal of Experimental Child Psychology, 80@4;57.

Pentland, L.M., Anderson, V.A., Dye, S., & W00dJ.§2003).The nine box maze test: A
measure of spatial memory development in childBzain and Cognition, 52(2),
144-154.

Pickering, S.J. (2006). Working memory in dyslexmaT.P. Alloway & S.E. Gathercole
(Eds.),Working memory and neurodevelopmental condit{pps 7-40). Hove,
UK: Psychology Press.

Pickering, S.J., & Gathercole, S.E. (2004). Didfireworking memory profiles in
children with special education neefislucational Psychology, 2393-408.

Pickering, S.J., Gathercole, S.E., & Hall, M. & it S. (2001). Development of
memory for pattern and path: Further evidenceterftactionation of visual and
spatial short-term memorQuarterly Journal of Experimental Psychology, 54,
397-420.

Pickering, S.J., Gathercole, S.E., & Peaker, SIB98). Verbal and visuospatial short-
term memory in children: Evidence for common arstidct mechanisms.

Memory and Cognition, 26(6},117-1130.



109

Prabhakaran, V., Narayanan, K., Zhao, Z., & GahreD.E. (2000). Integration of
diverse information in working memory within th@fftal lobesNature
Neuroscience, 3(185-90.

Rabin, L.A., Barr, W.B., & Burton, L.A. (2005). Asssment practices of clinical
neuropsychologists in the United States and Camadarvey of INS, NAN, and
APA division 40 membergirchives of Clinical Neuropsychology, 20(2B-65.

Reynolds, C.R., & Bigler, E.D. (1994)est of Memory and Learning: Examiner’s
manual Austin, TX: Pro-Ed.

Rourke, B.P. (Ed.). (1985\Neuropsychology of learning disabilities: Esserstiaf
subtype analysis\ew York: Guilford Press.

Rourke, B.P. (1989Nonverbal learning disabilities: The syndrome ahd modelNew
York: Guilford Press.

Rourke, B.P. (Ed.). (1991Neuropsychological validation of learning disahyjlit
subtypesNew York: Guilford Press.

Rourke, B.P. (1993). Arithmetic disabilities, sgecand otherwise: A
neuropsychological perspectivlaurnal of Learning Disabilities, 2@14-226.

Rourke, B.P. (2005). Neuropsychology of learnirgpbilities: Past and futurkearning
Disability Quarterly, 28(2)111-114.

Rourke, B.P. & Conway, J.A. (1997). Disabilitiesasithmetic and mathematical
reasoning: Perspectives from neurology and neuohyasggy.Journal of

Learning Disabilities, 30(1)34-46.



110

Rourke, B.P. & Finlayson, M.A.J. (1978). Neuropsyldgical significance of variations
in patterns of academic performance: Verbal andalispatial abilitiesJournal
of Abnormal Child Psychology, 621-133.

Rourke, B.P., Hayman-Abello, B.A., & Collins, D.\(2003). Learning disabilities: A
neuropsychological perspective. In R.S. Schiffek].9Rao, & B.S. Fogel (Eds.),
Neuropsychiatrf2" ed., pp.630-659). New York: Lippincott, Williams,
Wilkins.

Rourke, B.P. & Strang, J.D. (1978). Neuropsychalabsignificance of variations in
patterns of academic performance: Motor, psychomatul tactile-perceptual
abilities.Journal of Pediatric Psychology, 82-66.

Rourke, B.P., & Tsatsanis, K.D. (1995). Memory aiibances of children with learning
disabilities: A neuropsychological analysis of tamademic achievement
subtypes. In A.D. Baddeley, B.A. Wilson, & F.N. Bea (Eds.), Handbook of
memory disorders (pp. 501-531). Oxford EnglandnJdhley & Sons.

Rourke, B.P., Young, G.C., & Flewelling, R.W. (197Ihe relationships between WISC
verbal-performance discrepancies and selected lyexoditory-perceptual, visual-
perceptual, and problem-solving abilities in cheldwith learning disabilities.
Journal of Clinical Psychology, 27(475-479.

Seigneuric, A., Ehrlich, M.F., Oakhill, J.V., & YI4iN.M. (2000). Working memory
resources and children’s reading comprehengteading and Writing: An
Interdisciplinary Journal, 1381-103.

Semrud-Clikeman, M. (2005). Neuropsychological aspéor evaluating learning

disabilities.Journal of Learning Disabilities, 38(6363-568.



111

Shapiro, L.R., Hurry, J., Masterson, J., WydelNT.& Doctor, E. (2009). Classroom
implications of recent research into literacy depehent: From predictors to
assessmenbDyslexia, 151), 1-22.

Share, D.L., Moffitt, T.E., & Silva, P.A. (1988)aEtors associated with arithmetic-and-
reading disability and specific arithmetic disalyilJournal of Learning
Disabilities, 21(5)313-320.

Shaywitz, S.E., Shaywitz, B.A., Fletcher, J.M., &dbar, M.D. (1990). Prevalence of
reading disability in boys and girls: Results af tbonnecticut Longitudinal
Study.Journal of the American Medical Association, 286938-1002.

Sheslow, D., & Adams, W. (1990)Vide Range Assessment of Memory and Learning.
Wilmington, DE: Jastek Associates.

Sheslow, D., & Adams, W. (2003)Vide Range Assessment of Memory and Learning-
Second edition: Administration and technical manWélmington, DE: Wide
Range, Inc.

Siegel, L.S. (1989). IQ is irrelevant to the ddfon of learning disabilitieslournal of
Learning Disabilities, 22(8469-478.

Siegel, L.S. (1992). An evaluation of the discrepadefinition of dyslexiaJournal of
Learning Disabilities, 25(10%18-629.

Siegel, L.S. & Linder, B.A. (1984). Short-term memprocesses in children with
reading and arithmetic learning disabilitieevelopmental Psychology, Z0-

207.



112

Siegel, L.S. & Ryan, E.B. (1988). Development adirgmatical sensitivity, phonological,
and short-term memory skills in normally achievargl learning disabled
children.Developmental Psychology, 28-37.

Siegel, L.S. & Ryan, E.B. (1989). The developmdntvorking memory in normally
achieving and subtypes of learning disabled child@hild Development, 60(4),
973-980.

Simcock, G., & Hayne, H. (2003). Age-related chanigeverbal and nonverbal memory
during early childhoodDevelopmental Psychology, 39(Bp5-814.

Simmons, F., Singleton, C., & Horne, J. (2008) eBreport- Phonological awareness
and visual-spatial sketchpad functioning predictyearithmetic attainment:
Evidence from a longitudinal studguropean Journal of Cognitive Psychology,
20(4),711-722.

Silver, C.H., Ring, J., Pennett, H.D., & Black, J(2007). Verbal and visual short-term
memory in children with arithmetic disabilitie@evelopmental Neuropsychology,
32(2),847-860.

Skinner, H.A. (1981). Toward the integration ofsddication theory and methods.
Journal of Abnormal Psychology, 90(68-87.

Snow, J.H., Cohen, M., & Holliman, W.B. (1985). eiag disability subgroups using
cluster analysis of the WISC-Bournal of Psychoeducational Assessment, 4,
391-397.

Spreen, O., & Strauss, E. (1998)compendium of neuropsychological tests:
Administration, norms, and commentary“@d.).New York, NY: Oxford

University Press.



113

Statistics Canada. (2002001 census of population: Profile of disability amordués
Ottawa: Statistics Canada.

Stanovich, K.E. (1989). Has the learning disabfigyd lost its intelligence3dournal of
Learning Disabilities, 22(8487-492.

Stanovich, K.E., & Siegel, L. (1994). Phenotypicfpemance profile in children with
reading disabilities: A regression-based test efthonological-core variable-
difference modelJournal of Educational Psychology, &8-53.

Strang, J.D. & Rourke, B.P. (1983). Concept-fororaton-verbal reasoning abilities of
children who exhibit specific academic problemdwatithmetic.Journal of
Clinical Child Psychology, 12(183-39.

Swanson, H.L. (1993). Working memory in learningadiility subgroupslournal of
Experimental Child Psychology, 567-114.

Swanson, H.L. (1999). What develops in working meyAd\ life span perspective.
Developmental Psychology, 386-1000.

Swanson, H.L. (2003). Age related differences amrleng disabled and skilled readers’
working memoryJournal of Experimental Child Psychology, 8531.

Swanson, H.L., & Ashbaker, M.H. (2000). Working ey short-term memory, speech
rate, word recognition, and reading comprehensidaarning disabled readers:
Does the executive system have a rdhe@lligence, 28(1)1-30.

Swanson, H.L., Howard, C.B., & Saez, L. (2006).diferent components of working
memory underlie different subgroups of reading laligaes? Journal of Learning

Disabilities, 39(3)252-269.



114

Swanson H.L., Reffel, J., & Trahan, M. (1991). Natistic memory in learning-disabled
and skilled readergournal of Abnormal Child Psychology, 19(2),7-147.

Swanson, H.L., & Sachse-Lee, C. (2001). Mathemigpiczblem solving and working
memory in children with learning disabilities. Bakecutive and phonological
processes are importadburnal of Experimental Child Psychology, 79(394-
321.

Swanson, H.L., & Saez, L. (2003). Memory difficatiin children and adults with
learning disabilities. In H.L. Swanson, K.R. HargsS. Graham (Eds.),
Handbook of learning disabilitie@p. 182-198). New York, NY, US: Guilford
Press.

Sweeney, J.E., & Rourke, B.P. (1978). Neuropsydjio# significance of phonetically
accurate and phonetically inaccurate spelling snmyounger and older retarded
spellersBrain and Language, @12-225.

Tsatsanis, K.D., Fuerst, D.R., & Rourke, B.P. (19%8ychosocial dimensions of
learning disabilities: External validation and tedaship with age and academic
functioning.Journal of Learning Disabilities, 3@90-502.

Tulving, E. & Thompson, D.M. (1973). Encoding sgietfy and retrieval processes in
episodic memoryPsychological Review, 8852-373.

Turner, M.L., & Engle, R.W. (1989). Is working mergaapacity task dependent?
Journal of Memory and Language, 227-154.

U.S. Department of Education, National Center fdu&ation Statistics. (2007igest of

Education Statistics, 200BNCES 2007-01) National Center for Education




115

Statistics, Institute of Education Sciences, U.&p&tment of Education.
Washington, DC.

Vallar, G., & Papagno, C. (2002). Neuropsychololgicgairments of verbal short-term
memory. In A.D. Baddeley, M.D. Kopelman, & B.A. \&fin (Eds.)The
handbook of memory disordef@ edn, pp. 249-270). Chichester: John Wiley &
Sons.

Van der Sluis, S., van der Leij, A., & de Jong,.RFZ005). Working memory in Dutch
children with reading- and arithmetic-related LIournal of Learning
Disabilities, 38(3)207-221.

Vellutino, F.R. (2001). Further analysis of theatgnship between reading achievement
and intelligence: Response to Naglidournal of Learning Disabilities, 34(4),
306-310.

Vellutino, F.R., Fletcher, J.M., Snowling, M.J.,&anlon, D.M. (2004). Specific reading
disability (dyslexia): What have we learned in gast four decades/durnal of
Child Psychology and Psychiatry, 45(2}40.

Vermunt, J.K., & Magdison, J. (2002). Latent claksster analysis. In J. Hagenaars & A.
McCutcheon (Eds.Applied latent class modelp.89-106). Cambridge:
Cambridge University Press.

Vicari, S., Marotta, L., Menghini, D., Molinari, M& Petrosini, L. (2003). Implicit
learning deficit in children with developmental tiyga. Neuropsychologia,
41(1),108-114.

Ward, T.J., Ward, S.B., Glutting, J.J., & Hatt, C(B999). Exceptional LD profile types

for the WISC-IIl and WIAT.School Psychology Review, 829-643.



116

Watson, C., & Willows, D.M. (1995). Information-pressing patterns in specific
learning disabilityJournal of Learning Disabilities, 28(4216-231.

Waxman, R.S. & Casey, J.E. (2006). Empirically d=ili ability-achievement subtypes in
a clinical sampleChild Neuropsychology, 12(133-38.

Wechsler, D. (2002)NVechsler Individual Achievement Test- Second edian
Antonio, TX: The Psychological Corporation.

Wechsler, D. (2003)/Vechsler Intelligence Scale for Children-Fourthtexst. San
Antonio, TX: The Psychological Corporation.

White, J.L., Moffitt, T.E., & Silva, P.A. (1992). @&uropsychological and socio-emotional
correlates of specific-arithmetic disabiligrchives of Clinical Neuropsychology,
7(1), 1-16.

Williams, B.A., & Pearlberg, S.L. (2006). Learningthree-term contingencies with
Raven scores, but not with measures of cognitieeggsingintelligence, 34(2),
177-191.

Zhang, K., Grady, C.J., Tsapakis, E.M., Andersoh,,Jarazi, F.l., Baldessarini, R.J.
(2004). Regulation of working memory by dopaminsu-4 receptor in rats.
Neuropsychopharmacology, 29(9), 1648-1655.

Zola, S.M. & Squire, L.R. (2000). The medial temgddobe and the hippocampus. In E.
Tulving & F.I.M. Craik (Eds.)The Oxford handbook of memolNew York, NY:

Oxford University Press.



117

Vita Auctoris

NAME: Bethany Pollock

PLACE OF BIRTH: Cornwall, Ontario

YEAR OF BIRTH: 1977

EDUCATION Cornwall Collegiate and Vocational School
1990-1996
Wilfrid Laurier University, Waterloo,
Ontario

1996-2000 B.A.

Bond University, Gold Coast, Australia
2000-2002 M.Psych.

University of Windsor, Windsor, Ontario
2003-2009 Ph.D.



	Distinct Memory Profiles in Children with Learning Disabilities: a Neuropsychological Perspective
	Recommended Citation

	/var/tmp/StampPDF/0NiQrtHgOu/tmp.1351257124.pdf.fQ34f

