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ABSTRACT

The Differential Contributions of Auditory-Verbal and Visuospatial Working

Memory on Decoding Skills in Children Who Are Poor Decoders

by

Katie E. Squires, Doctor of Philosophy
Utah State University, 2013

Major Professor: Dr. Ronald B. Gillam
Department: Special Education and Rehabilitation

This study investigated the differential contribution of auditory-verbal and
visuospatial working memory (WM) on decoding skills in second- and fifth-grade
children identified with poor decoding. Thirty-two second-grade students and 22
fifth-grade students completed measures that assessed simple and complex
auditory-verbal and visuospatial memory, phonological awareness, orthographic
knowledge, listening comprehension and verbal and nonverbal intelligence.

Bivariate correlations revealed that complex auditory-verbal WM was
moderately and significantly correlated to word attack at second grade. The simple
auditory-verbal WM measure was moderately and significantly correlated to word
identification in fifth grade. The complex visuospatial WM measures were not
correlated to word identification or word attack for second-grade students.

However, for fifth-grade participants, there was a negative correlation between a



iv
complex visuospatial WM measure and word attack and a positive correlation
between orthographic knowledge and word identification.

Different types of WM measures predicted word identification and word
attack ability in second and fifth graders. We wondered whether the processes
involved in visuospatial memory (the visuospatial sketchpad) or auditory-verbal
memory (the phonological loop), acting alone, would predict decoding skills. They
did not. Similarly, the cognitive control abilities related to executive functions
(measured by our complex memory tasks), acting alone, did not predict decoding at
either grade. The optimal prediction models for each grade involved various
combinations of storage, cognitive control, and retrieval processes. Second graders
appeared to rely more on the processes involved in auditory-verbal WM when
identifying words, while fifth-grade students relied on the visuospatial domains to
identify words. For second-grade students, both complex visuospatial and auditory-
verbal WM predicted word attack ability, but by fifth grade, only the visual domains
predicted word attack.

This study has implications for training instruction in reading. It was not the
individual contributions of auditory-verbal or visuospatial WM that best predicted
reading ability in second and fifth grade decoders, but rather, a combination of
factors. Training WM in isolation of other skills does not increase reading ability. In
fact, for young students, too much WM storage can interfere with learning to decode.

(157 pages)



PUBLIC ABSTRACT

The Differential Contributions of Auditory-Verbal and Visuospatial Working

Memory on Decoding Skills in Children Who Are Poor Decoders

by

Katie E. Squires, Doctor of Philosophy

Utah State University, 2013

This study investigated the unique contributions of simple and complex
auditory-verbal and visuospatial working memory (WM) in isolation or in
conjunction with other skills known to affect decoding such as phonological
awareness, orthographic knowledge, and nonverbal and verbal intelligence. Thirty-
two second-grade students and 22 fifth-grade students, all identified as poor
decoders, participated in this study.

For the second-grade students, a measure of complex auditory-verbal WM
was correlated with word attack (reading psuedowords). For fifth-grade
participants, there was a negative correlation between a complex visuospatial WM
measure and word attack. A measure of simple auditory-verbal WM was correlated
to word identification (reading real words) in fifth grade.

Different combinations of WM measures predicted word identification and
word attack ability in second and fifth graders. Second graders appeared to rely
more on the processes involved in auditory-verbal WM when identifying words,

while fifth-grade students relied on the visuospatial domains to identify words. For
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second-grade students, both complex visuospatial and auditory-verbal WM
predicted word attack ability, but by fifth grade, only the visual domains predicted
word attack.

It appears that the storage and attentional control mechanisms in working
memory make differential contributions to decoding at second and fifth grade. For
second graders, it was a complex auditory-verbal WM measure that required high
cognitive control that was most predictive of word identification. The auditory-
verbal WM measure that required high cognitive control also was predictive of word
attack in second-grade students. The second-grade students were still utilizing the
phonological loop to sound out real words, so it makes sense that a measure that
requires equal amounts of attentional control and storage would be related to
decoding. The complex visuospatial WM measures negatively predicted word attack
in these students, suggesting that higher visuospatial capacity was a hindrance to
decoding pseudowords. This may have happened because the second-grade
students had large visuospatial WM capacities, but they were significantly impaired
in their decoding skills. They were not at the stage in their reading development to
utilize their visuospatial WM resource efficiently. At this stage in their development,
second graders need to be explicitly taught to attend to graphemic and phonemic
cues, hold the focus of their attention on critical information for longer periods of
time, and then shift their attention back to critical information when it is necessary.

In fifth-grade students, we saw a shift from reliance on auditory-verbal WM
to visuospatial WM. It was orthographic knowledge that best predicted word

identification in fifth-grade students, suggesting that at this grade level, decoding



primarily involves identifying word patterns rather than sounding out words one
phoneme at a time. In fact, we saw that fifth-grade students did not attempt to
sound out unfamiliar words. This change in the influence of WM on decoding may
relate to a curricular change as students go from “learning to read” to “reading to
learn.”

Similar to the second-grade students, the visuospatial WM measures
negatively predicted word attack scores in the fifth graders. This finding indicates
that when there is a large discrepancy between visuospatial WM and decoding
abilities, the visuospatial WM actually impedes reading performance. These
students may be so dependent on identifying words by sight, that when they
encounter a pseudoword not available in their large repertoire of stored

representations, they become discouraged and cease trying to decode the word.
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CHAPTERI

INTRODUCTION

Many children who struggle to learn to read have their primary deficit within
the decoding aspect of reading, as opposed to the comprehension aspect of reading
or a combination of both decoding and comprehension (Hoien-Tengesdal &
Tonnessen, 2011). When children struggle with reading decoding, there are several
underlying mechanisms that may impede their progress. Research suggests that
phonological awareness (Boada & Pennington, 2006), orthographic processing
(O’Brien, Wolf, Miller, Lovett, & Morris, 2011), vocabulary knowledge (Berends &
Reitsma, 2006), working memory (Menghini, Finzi, Carlesimo, & Vicari, 2011), and
attention (Facoetti et al., 2006) all contribute to the ability to decode words.

The relationship between working memory (WM) and decoding has been
investigated in a number of studies. Many researchers have argued that WM plays
an integral role in learning to read (Savage, Lavers, & Pillay, 2007) because it
involves the temporary storage and cognitive manipulation of phonological and
orthographic information (Baddeley, 2003). Children who are not able to
manipulate new phonemes while keeping the old phonemes in mind, a skill required
in word decoding, should have difficulty learning to read. Alloway, Gathercole,
Kirkwood, and Elliott (2009) have demonstrated that 10 to 15% of young children
exhibit poor WM skills. These same researchers found that there was a cumulative
effect for WM deficits over time. Older children tend to fall farther and farther

behind their typically developing peers even though their WM capacity remains



stable over time, so WM may play a larger role in word decoding ability as children
mature.

Many studies have been conducted to look at the effects of WM, and there is a
consensus that WM contributes to reading ability. However, little is known about
the differential contributions of visuospatial and auditory-verbal WM, lower or
higher levels of cognitive control, or the effect of age on decoding abilities of
children with reading difficulties. Visuospatial and auditory-verbal WM appear to be
processed in different areas of the brain. The phonological loop, responsible for
processing auditory information, appears to be correlated with word decoding
abilities at a young age when children are sounding words out one phoneme at a
time. The visuospatial sketchpad, located in the right hemisphere, is thought to be
predictive of identifying orthographic patterns in words. Children usually attend to
phonemic cues before orthographic cues, so it is expected that auditory-verbal WM
would predict reading ability in students at earlier stages of decoding, while
visuospatial WM would predict reading in older students who are decoding
automatically. To address this gap in the literature, this study assessed the
independent and multiple linear relationships between simple and complex
visuospatial and auditory-verbal WM and two measures of word decoding in second

and fifth graders with poor decoding skills.



CHAPTER I

LITERATURE REVIEW

Working Memory Overview

A generally accepted and influential model of WM proposed by Baddeley and
Hitch in 1974 and updated by Baddeley in 2000 describes a storage and retrieval
process that involves a visuospatial sketchpad, a phonological loop and an episodic
buffer that are interconnected by a central executive system. The visuospatial
sketchpad interacts with tasks requiring visual semantics; the episodic buffer
interacts with tasks requiring episodic long- term memory; and the phonological
loop interacts with tasks requiring language (Baddeley, 2000). The central executive
works to coordinate and control a variety of cognitive processes associated with the
visuospatial sketchpad, the phonological loop, and the episodic buffer. Although this
model was initially proposed as an account of WM in adults, there have been
numerous studies with children that imply a developmental improvement in WM as
they age (Baddeley, 1986). Memory span increases from four to eight years of age
and gradually improves every year after that until leveling off around twelve years
of age (Gathercole, 1999). These increases have been attributed to processing
efficiency and attentional capacity (cognitive control).

For many years, WM had been assessed with simple span measures in which
the participant was required to immediately recall a set of items in their correct
serial order. The phonological loop, which is activated for auditory stimuli, was

evaluated by having participants recall verbally presented stimuli immediately after



hearing the last item in the list. The visuospatial system, which is activated for
visual stimuli, was evaluated in a similar manner for stimuli presented visually.

Complex span measures were developed to test the theory that WM involved
both storage and manipulation (Unsworth & Engle, 2006) Complex span measures
are similar to simple span measures in that participants are required to recall
information, but they incorporate a processing activity that occurs before the recall
measure. This processing activity interferes with the participant correctly retrieving
the stored data. For example, in 1980, Daneman and Carpenter developed a complex
span measure that required participants to read a block of sentences one at a time.
Participants judged the truthfulness of each sentence immediately after reading it.
After a block of sentences was read, participants were asked to recall the last word
of each sentence. Complex span measures were designed to more closely mimic the
types of processing required in higher-cognitive functions such as reading
comprehension, solving mathematical equations, and solving problems.

The data from these types of measures suggests that there is a trade-off
between processing (cognitive control) and storage functions of WM. Individuals
with reasonably good storage processes but poor cognitive control have fewer
problems on simple visuospatial or simple auditory-verbal WM measures because
the tasks are minimally affected by interference (Engle, 2010). In other words,
because the simple WM measures do not require processing or manipulation of the
data before retrieval, individuals with limited cognitive control can still successfully
complete the tasks. However, individuals with poorer cognitive control recall less

information when they are required to perform WM tasks with higher interference



(i.e. complex visuospatial or complex auditory-verbal WM measures) because they
make more demands on executive function processes. Therefore, comparison of
simple and complex WM tasks can reveal differential contributions of storage and
cognitive control processes because the individual differences in WM capacity are
not about storage, but they are about storage and cognitive control (Engle & Kane,
2004).

The trade-off between cognitive control and storage may have implications
for reading. In order to read efficiently, individuals must be able to automatically
connect graphemes to phonemes and instantly recognize the orthographic patterns
in multi-letter units. Phonological processing is an auditory skill that is developed in
the absence of print. Orthographic processing can be conceptualized as a visually
mediated ability to analyze and recognize letters and letter strings (Katzir et al.,
2006). Both processes are needed to read fluently. Efficient readers who can decode
text effortlessly are left with more capacity to store and maintain information, but
poor readers must expend more resources for processing the text and have little left
to store or maintain it.

There is some support for the idea that cognitive capacity, as measured by
working memory tasks, plays an important role in reading. Daneman and
Carpenter’s (1980) research on WM was followed by other studies investigating
complex span measures over the next thirty years. Many researchers agreed with
Daneman and Carpenter and came to the conclusion that complex span measures
were more highly correlated with measures of higher order cognition, including

reading, than the simple span measures that had been used to assess WM up to that



point (Unsworth & Engle, 2007). Because simple and complex span measures
shared basic storage and retrieval processes (rehearsal, maintenance, updating),
they are highly correlated with each other (Unsworth & Engle, 2007). However, they
differ in that complex span measures require more cognitive control processes
while the storage processes are occurring. Daneman and Carpenter (1980) argued
that it was the inclusion of the processing component that made complex span
measures more predictive of activities requiring higher order cognition (such as
reading) than their simple counterparts.

However, not everyone agreed with the notion that only complex span
measures correlated highly with higher-order cognition. For example, La Pointe and
Engle (1990) argued that simple word span measures could predict comprehension
as well as complex span measures. In their simple span experiment, college students
read a list of words ranging in syllable length from one to four and recalled as many
as they could after a set period of time. For the complex span experiment, the
students listened to sentences and were presented with a word to be remembered
at the end of each sentence. After a specified period of time, they recalled the words
that appeared at the end of each sentence. A standardized measure of reading
comprehension was used as the dependent measure. La Pointe and Engle
demonstrated in their experiment that the reading comprehension was correlated
with both simple and complex word span measures. Unsworth and Engle (2007)
contended that although simple and complex span tasks measure the same basic
processes, they differ in how the processes influence a particular measure.

Furthermore, they suggested that other factors such as scoring methods,



administration procedures, and age of the participants affect the outcomes created
by simple or complex span measures.

Although simple span measures may be able to predict higher-level cognition
as accurately as complex span measures, many researchers accept complex span
measures as a better index of WM than simple span measures. The question may
arise, “Why should we care about the correlation of complex WM measures and
decoding when automatic decoding is usually considered to be a lower-level
cognitive process?” Indeed, for typical readers, WM is not correlated to word
decoding (Hannon, 2013). To shed light on this question, the reader is referred to
the information-processing model proposed by Samuels (1987). According to this
perspective, fluent decoders automatically recognize words and do not need to
allocate much attention to the task. The processing component is bypassed, and the
words are stored. In comparison, poor decoders need to allocate so much attention
to decoding that they are left with few resources to blend sounds together and
recognize them as a word. Although decoding is a lower-level cognitive skill for
fluent readers, it is a higher-level cognitive skill for the poor decoder because it
requires the child to process the word explicitly before being able to store it.

Each of the components of WM and the simple and complex measures used

to assess them will now be described in greater detail.

Phonological Loop

The phonological loop can be divided into two subcomponents, a temporary

storage system that holds information, and a second component that acts as a



rehearsal system so that the information held in the temporary storage system does
not decay (Baddeley, 2003). As suggested by the name, the phonological loop stores
information that is presented or can be encoded verbally. Neuroimaging studies of
people with deficits in the phonological loop suggest it is located in the left
hemisphere of the brain (Salmon et al., 1996). The left temporoparietal brain
regions have been shown to play a role in phonological processing during word
reading (Hoeft et al.,, 2007). In fact, intervention studies have shown that as a poor
decoder becomes a more proficient reader by participating in phonologically based
remediation programs, the occipitotemporal junction (in the left hemisphere)
becomes increasingly engaged for reading tasks and the activation patterns in the
left hemisphere mimic more closely that which is seen in typical readers (Sandak et
al., 2004; Shaywitz et al., 2004).

For over three decades, researchers have noted that poor readers have
unusual difficulty with the phonological aspects of learning to read (Wallach,
Wallach, Dozier, & Kaplan, 1977). Baddeley (1986) proposed that the phonological
loop is especially instrumental in young children targeting word attack skills, and
becomes less important as the child begins to rely on other less phonologically
based skills. If this hypothesis were true, one would expect the contributions of
auditory-verbal WM to be greatest in young children decoding pseudowords, with
auditory-verbal WM becoming less predictive as the child matures and reading
becomes more automatic. In fact, there is evidence that different aspects of cognitive
processing correlate more heavily with either word attack or word identification at

different points in time. For example, in a study conducted by Kirby, Parrila, and



Pfeiffer (2003), phonological awareness was highly correlated to word attack skills
in kindergarten, but was not so highly correlated by fifth grade. In contrast, by fifth
grade, rapid automatized naming (how quickly a child retrieves the name of an
item) was more predictive of word reading ability.

Complex span measures that are meant to engage the phonological loop
present a verbal processing task before the participant is required to recall specific
stimuli. Kane et al. (2004) reviewed three types of verbal complex measures:
operation span, reading span, and counting span. In the operation span measure,
participants were required to perform a mathematical task and read a word. At the
end of the mathematical equations, the participant had to recall the words in the
order given. In the reading span measure, participants read a series of sentences
followed by a single letter. Some of the sentences made sense, while others did not.
The participants had to determine if the sentence made sense as they read them.
After reading all the sentences, participants were to recall the letters in order. In the
counting span measure, participants had to count the number of dark blue circles in
a display and verbally announce the number. The display disappeared and either a
new display or the same display appeared. If it was the same display, the participant
had to recall all the numbers of dark blue circles that appeared before the duplicate

display appeared.

Visuospatial Sketchpad

This component of WM integrates spatial and visual information so that it

can be temporarily stored and manipulated (Baddeley, 2003). The visuospatial
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sketchpad stores information that is presented or can be encoded visually. The
visuospatial sketchpad is represented in the right hemisphere, specifically in areas
associated with visual and motor activities and language perception and processing
(Baddeley, 2000). Interestingly, there is converging evidence regarding the neural
signature of dyslexia showing that neurobiological anomalies in dyslexia are mainly
focused in the posterior left hemisphere, specifically when processing words and
pseudowords, with the right-hemisphere posterior regions and inferior regions in
both hemispheres serving in compensatory roles by mediating phonological
performance in dyslexic readers (Pugh et al.,, 2000a, 2000b). In other words, other
areas of the brain that are not typically used in reading intervene to assist the
reader in unlocking the code for reading.

While there is evidence from the neuroimaging literature concerning the
brain activation patterns of poor decoders, there is a notable absence of studies that
use behavioral measures to explain this phenomenon. For example, Swanson and
Jerman (2007) examined the role of WM on reading growth in children with reading
disabilities utilizing only phonological WM measures.

Researchers have developed tasks to measure visuospatial WM, but they
have not been extensively used to predict reading skills. Kane et al. (2004) discussed
three types of complex span tasks used to measure visuospatial WM: rotation span,
symmetry span, and navigation span. In rotation span measures, the participant
looked at a letter (G,R, or F), that was rotated one of eight ways, decided whether
the letter was normal or mirror-reversed, and then viewed a short or long arrow. At

the conclusion of the processing task, the participant had to recall the order of
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arrows for the series. For the processing portion of the symmetry span measure,
participants had to decide whether a square matrix composed of black cubes in an 8
x 8 design was symmetrical along its vertical axis. This was followed by a brief red
square display. When the processing component was complete, the participants had
to recall, in order, the location of the red squares. In the navigation span,
participants viewed one of two uppercase outlined letters (E, H) that were marked
with a starting point. They had to begin at the starting point and trace the outline of
the letter all the way around to get back to the starting point. They had to decide if
the ending point was on the top of the letter or the bottom of the letter. The letter
disappeared and a ball navigated across the screen. At the end of the processing
measure, the participant had to recall the direction of the ball’s journey for the
series.

Frijters et al. (2011) suggested that because most of the focus has been on
phonological awareness and rapid naming, many cognitive and neuropsychological

constructs related to visual WM have been ignored as they relate to reading.

Episodic Buffer

The episodic buffer binds information together from a number of sources
into larger chunks of information that can be stored more efficiently (Baddeley,
2003). The job of the episodic buffer is to integrate information across memory
subsystems and allow those subsystems to interact with long-term memory. It
appears that the episodic buffer integrates auditory-verbal and visuospatial

information to optimize working memory performance, but cognitive control is
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needed to keep the items from being destroyed by competing stimuli (Baddeley,
Allen, & Hitch, 2010). The episodic buffer has limited capacity and appears to be
controlled by the central executive system (Baddeley, 2000). Episodes are retrieved
from the episodic buffer through conscious awareness (Baddeley, 2000).

Although it is quite likely that the episodic buffer is located in numerous
areas of the brain, fMRI studies indicate involvement of the right frontal lobes.
Participants showed greater right frontal activation when presented with verbal and
visuospatial integrated information as opposed to unintegrated information
(Prabhakaran, Narayanan, Zhao, & Gabriel, 2000). The unintegrated information
activated posterior regions in the brain normally implicated in verbal and

visuospatial working memory tasks.

Central Executive

The central executive works in tandem with the visuospatial sketchpad,
phonological loop, and episodic buffer to provide attentional control of WM.
Executive processes, such as attention, have been argued to be a principal factor in
determining individual differences in WM (Baddeley, 2003). Recall that Unsworth
and Engle suggested that simple and complex span tasks measure the same basic
processes, but that they differ in how those processes influenced a particular task.
The processes that share the variance between simple and complex span tasks are
housed in the central executive. Unsworth and Engle (2007) propose that this

common variance is what is responsible for predicting higher order cognitive tasks.
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Engle (2010) further argued that the core of individual differences in WM
capacity is the ability to have the cognitive control necessary to attend to the task.
Simple WM tasks, which only demand storage, require minimal cognitive control.
Complex WM tasks, which demand both processing and storage, require higher
levels of cognitive control. The more interference created in the task increases the
level of cognitive control necessary to successfully complete the task. In other
words, more cognitive control is necessary when an individual has to process or
manipulate stimuli while simultaneously holding other stimuli in memory. Even
within complex tasks, there are different levels of cognitive control. Complex tasks
that demand processing and storage require moderate levels of cognitive control.
Complex tasks that demand processing, decision making, and storage require high
levels of cognitive control.

Unsworth and Engle (2007) proposed that individuals with low WM
capacities are more vulnerable to the effects of interference with storage and
retrieval mechanisms that comes from having to perform multiple cognitive
processes during a task. For example, they found that when individuals with low
WM capacity participated in a span task that required them to solve an operation
and then remember a letter, they had difficulty retrieving the appropriate letter if it
was not the first one in the sequence. They were unable to inhibit previous
representations, so they searched through the emerging list and items from
previous lists. On the other hand, individuals with high WM capacities were able to
inhibit the activation of items from previous lists, so they could search the emerging

lists for the required information. These individuals with high WM capacities used
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their cognitive control to successfully complete the task. Thus, Engle equated WM
capacity with higher levels of cognitive control. He proposed that it was cognitive

control, rather than storage, that developed in the high WM capacity individuals.

Domain-Specific vs. Domain-General Processes

Naturally, the question is raised that if the phonological loop, visuospatial
sketchpad, and episodic buffer have storage and control components, and the
central executive provides the executive processes necessary to coordinate those
components, how much do the various aspects of processing (storage or control)
contribute to complex measures such as reading? There is no direct answer to this
question. Some researchers argue that processing and storage are not correlated to
performance on complex measures; some claim a negative correlation; while others
show a positive correlation. For example, Unsworth, Redick, Heitz, Broadway, and
Engle (2009) found that processing time and storage were negatively correlated, a
discovery that was in line with Daneman and Carpenter’s (1980) finding that
processing and storage compete for limited resources. In Unsworth et al. (2009)
participants between the ages of 18 and 35 were asked to complete computerized
versions of three types of complex span measures (operation, reading, and
symmetry). The researchers collected processing speed, processing accuracy, and
percentage of data correctly recalled from storage. The results revealed that
processing accuracy and time were negatively correlated at -.49, while processing
accuracy and storage recall were positively correlated at .61. This finding also

supports Towse, Hitch, and Hutton (1998) who suggested that time spent
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processing takes away from time spent rehearsing, and therefore, the items that
decay are lost and cannot be restored. Furthermore, Unsworth’s team discovered
that processing accuracy and processing time did not provide the same index of
processing efficiency, with accuracy providing unique information over and beyond
the contributions of speed and storage. Finally, they discovered that after
controlling for processing performance, storage was related to higher-order
cognitive performance. They determined that complex span measures rely on many
processes that relate to higher-order cognitive measures. However, they studied the
young adult population, so their findings may not generalize to elementary students.
Kane et al. (2004) studied a population of young adults using a latent
variable approach to examine whether auditory-verbal and visuospatial WM
capacity reflected a domain general construct. Three complex span tasks, each
designed to measure auditory-verbal and visuospatial WM, three simple span tasks,
designed to measure simple auditory-verbal and visuospatial memory, as well as
tests of verbal and spatial reasoning and general fluid intelligence were
administered to participants. The span tasks were the same, with the exception of
the inclusion of a processing component in the complex span tasks. A path model for
confirmatory factor analysis revealed the complex span WM measures reflected a
domain general factor, whereas the simple span measures were much more domain
specific. These findings suggest that while domain specific storage and rehearsal
processes contribute to WM performance, the domain general aspect of WM drives

the correlations between general cognitive ability measures and WM span.
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Age Differences in WM Performance

There are age differences in children’s performance on WM measures. At
issue is whether improvements on WM tasks result from changes in the size of the
memory store or increased proficiency at using the processes required for WM.
Baddeley (1986) found that auditory-verbal WM is more highly correlated with
cognitive skills in the younger grades than the older grades. This may occur because
children do not develop the second component of the phonological loop, the
rehearsal component, until after the age of seven (Hitch & Towse, 1995). The
rehearsal component is what keeps items in an active state and prevents them
decaying from memory.

In an important study of this issue, Cowan, AuBuchon, Gilchrist, Ricker, and
Saults (2011) investigated differences in visual WM at three ages (grades 1-2,
grades 6-7, and adults). Participants were instructed to attend to a specific stimulus
(circles) and to ignore all other stimuli (triangles). The circles and triangles
appeared in a grid in different colors and locations. After a series had been
presented, the participants to recall where a particular probe appeared. This
measure was presented under three different conditions. In one condition, the
participants were asked to provide a verbal response during the visual encoding
that was irrelevant to the task. Another condition required the participants to name
the color of the stimulus item when it was presented. The third condition did not
control for verbal encoding or rehearsal processes. Older children differed from
younger children in that they were able to hold more items in WM, and the adults

held more items in WM than the older children.
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These results suggested that visual WM does increase during a person’s
lifespan. These developmental changes cannot be explained by the ability to encode
stimuli verbally as the age difference remained whether the verbal encoding and
rehearsal processes were uncontrolled, encouraged through color naming during
item presentation, or discouraged through the repetition of an irrelevant word
during item presentation. Furthermore, attentional processes cannot explain these
results, as the young participants favored the more-relevant stimuli over the less-
relevant stimuli to the same degree as the older children and adults, while holding
fewer items in WM. Cowan et al. (2011) suggested that the increase in visuospatial
WM could be accounted for by a basic growth in capacity. This finding would
suggest that older elementary school children would demonstrate a larger visual-
spatial WM than younger children. Nevo and Breznitz (2013) suggested that
although research has shown that auditory-verbal and visuospatial WM improve
over time, the pinnacle of performance is achieved at different ages on different
components and measures of the WM system.

The next section of the dissertation examines the relationships between the

components of WM and decoding ability.

Information Processing Models of Reading

Researchers have proposed multiple models of processing in word reading.
The dual-route theory of processing proposed by Coltheart, Rastle, Perry, Langdon,
and Ziegler (2001) is based on the premise that there are two pathways leading to

word recognition. The lexical pathway leads to real word identification while the
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sublexical (phonological) pathway results in pseudoword decoding (word attack).
This theory was originally designed to explain visual presentation of stimuli, but has
since been expanded to include auditory presentation as well.

Many researchers believe that children must acquire both automatic
recognition of real words and the ability to decode pseudowords at the single word
reading level (Coltheart, 2005; Ehri, 1999; Farrington-Flint, Coyne, Stiller, & Heath,
2008). In fact, the ability to read pseudowords has been shown to differentiate good
readers from poor ones (Stanovich, 2000). Pseudowords are only similar to real
words in the sense that they share phonological and orthographic representation.
They do not share lexical, grammatical, or semantic information. We may expect
that the phonological loop would be more involved in processing pseudowords and
words that are easily sounded out (i.e. nap, cat, stop) whereas the visuospatial
sketchpad may become more stimulated for words that depend on identifying letter
strings and processing them by units instead of individual phonemes (i.e. fought,
night, and session).

According to the dual-route theory, selective reading skills can be impaired
(Griffiths & Snowling, 2002). A reader may be able to process previously
encountered words using the lexical route, while trying unsuccessfully to read
pseudowords via the nonlexical route. However, because this model does not
simulate learning (Coltheart et al., 2001) it cannot address how deficits in reading-
related cognitive skills such as WM affect reading performance.

An alternate theory, a connectionist model proposed by Seidenberg and

McClelland, (1989) describes a shared pathway for pseudowords and real words.
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They argued that any differences observed between pseudowords and real words
reflect not separate pathways, but how strongly orthography, phonology, and
semantics are stimulated. Griffiths and Snowling (2002) provided support for the
connectionist model when they discovered that the level of severity of a
phonological impairment determined the extent of a nonword reading deficit
whereas print exposure (orthography) influenced the extent of exception word (i.e.
island, busy, sovereign, colonel) reading deficits.

Neuroimaging studies have been conducted in an effort to determine
whether words and pseudowords share processing pathways (Cibelli, 2012).
However, they have lent support to both schools of thought, so it seems that there
are no definitive answers to whether pseudowords and real words are processed

similarly.

Working Memory Deficiencies and Decoding Difficulties

Although WM by itself does not offer a complete model of reading, it does
contribute to the skills needed to be a fluent reader because it is central to language
comprehension and production (Weismer, Evans, & Hesketh, 1999). In a study
conducted by Reiter, Tucha, and Lange (2005) 42 fifth-grade children with dyslexia
(a reading disability affecting decoding but not comprehension) were assessed with
two measures of WM and showed deficits in both verbal and visual domains. The
dyslexic group performed significantly worse than the typical group on the digit
span backwards task (an auditory-verbal test of WM) with an effect size of .541.

They also performed worse than the typical group on a visuospatial WM task that
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required them to recall the number of corners on a rectangular figure after it was
briefly displayed on a computer screen with an effect size of 1.059. Reiter et al.
(2005) proposed that children with dyslexia have impairments in a variety of
functions that cause weak WM skills in both the verbal and visual domains.

Beneventi, Tonnessen, Ersland, and Hugdahl (2010) used fMRI
measurements to show that 13-year-old children with dyslexia had deficits in WM
not seen in typical readers. Dyslexics and age-matched typical controls performed
verbal 0-, 1-, and 2-back tasks. The dyslexics did not differ from the controls on the
0-back task, but were significantly impaired compared to the controls on the 1- and
2-back tasks.

The brain activation patterns for the dyslexics mirrored that of the typical
readers, which indicated that the two groups were using the same general WM
cortical network when solving verbal WM tasks. However, even though the overall
activation patterns were similar, the control group showed significantly more
activation than the dyslexic group in the prefrontal and parietal cortices and the
cerebellum suggesting that the areas were less sensitive to increasing WM demands
in the dyslexic group. The prefrontal and parietal cortices are involved in the
planning and execution of movements and coactivation of these two regions have
been observed across a wide variety of measures, including those that engage WM
components (Bunge, Hazeltine, Scanlon, Rosen, & Gabrieli, 2002). Although
traditionally the cerebellum has been viewed as a motor mechanism, there is a
growing body of evidence to suggest there is cerebellar involvement in cognitive

and language functions (Leiner, Leiner, & Dow, 1993). These areas are also
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associated with WM processes such as continuous memory updating and temporal
order memory. Moreover, individuals with dyslexia showed increased activity in the
right anterior middle frontal gyrus (Bunge et al., 2002). Research conducted by
Price et al. (1994) illuminates the significance of these results. They used a PET scan
to record brain activity during periods of reading aloud, silent reading, and deciding
whether a presented word was a real word or pseudoword. It was during this last
task that the middle frontal gyrus was activated. They suggested the readers were
trying to employ a phonological strategy to make the lexical decision. Beneventi et
al. (2010) concluded that a WM deficit in dyslexia is supported and it may
exacerbate reading impairment.

Yanai and Maekawa (2011) administered visual n-back memory tasks to
Japanese ninth-grade boys who had 1Qs higher than 80 but scored more than two
grades lower on a reading assessment. In this study, numbers, hirogana characters,
kanji characters, and random figures were presented visually, and participants were
asked to recall if a certain stimuli appeared in the sequence zero to three times
before the end of the sequence. Hirogana and kanji characters are symbolic, which
invites linguistic processing (requiring the phonological loop), whereas the random
figures could not be processed linguistically (requiring the visuospatial sketchpad).
There were large correlations (ranging from .59 to .78) between 1 and 2-back
hirogana, kanji, and random figures as well as 2-back numbers. Three-back
numbers, hiragana characters, and kanji characters were also highly correlated with

reading (ranging from .68 to .72). The results from this study suggest that both
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auditory-verbal and visuospatial WM are related to decoding ability in adolescent
poor readers.

In summary, both visuospatial and auditory-verbal WM measures have
predicted decoding skills in readers with dyslexia with moderate to large effects.
The children in the studies that were reviewed ranged from ages nine through 13. It
is unknown if visuospatial or auditory-verbal WM are more predictive of decoding
nonwords versus real words in poor decoders because the three reviewed studies

did not investigate these differences.

Working Memory Intervention Studies

Frijters et al. (2011) recently presented a study in which they investigated
the contribution of eight neurocognitive processes (phonological awareness, oral
language skills, phonological memory, visual-motor processes, verbal
comprehension, perceptual organization, freedom from distractibility, and
processing speed) to predict how responsive children with reading disabilities
would be to an intervention program. They discovered that even after they
controlled for phonological awareness and rapid naming (two of the most studied
constructs), the other constructs did predict reading outcomes with medium to high
correlations. Furthermore, the model provided a better classification system
between children who responded well to intervention and those who were
treatment-resistant.

Missing from this investigation was the direct contribution of visuospatial

WM and the impact on words versus pseudowords. Although there was a visual
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component included as a predictor, it was a visual-motor component, not a
visuospatial construct. It has been suggested that visuospatial WM is a component in
orthographic knowledge, and as stated earlier, there are studies revealing
orthographic knowledge to be a contributor to reading ability.

Recently, Melby-Lervag and Hulme (2012) conducted a systematic meta-
analysis to determine if WM training programs impacted abilities such as decoding.
They investigated 23 studies and coded them for age, training dosage, design type,
type of control group, learner status, and intervention type. Included in intervention
types were packaged, computerized programs such as CogMed, Cognifit, and
Memory Booster, researcher developed computerized WM programs, and N-back
training tasks. In general, memory training was effective for improving performance
on WM measures. Studies of memory training with children 10 years and younger
yielded large, significant effect sizes (d=1.41). For children older than ten years, the
effect size of the treatment effect, while significant, was not as large (d=.26). The
training effects on visuospatial WM were similar for both age groups. For younger
children, the effect size for improvements in visuospatial WM after training was .46,
and for older children it was .45. Both of these effect sizes were statistically
significant.

Melby-Lervag and Hulme (2012) also compared pretest and posttest gains on
word decoding after memory training. Across seven studies, the mean effect size for
transfer to reading decoding was not significant (d=.13), although the 95%
confidence interval ranged from -.17 to .42. This represents a large variance in effect

sizes among the seven studies. Upon closer examination, there was no difference in
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the ages of participants in the studies reporting the highest effect sizes versus the

studies reporting the lowest effect sizes. Participants ranging from the ages of 10 to

25 were represented in both. However, the four studies with the highest effect sizes

combined word identification and word attack. On the other hand, the studies with

the lowest effect sizes included a study that assessed WM effects on both types of

decoding, and two studies featured real word decoding in the studies reporting the

lowest effect sizes. This discrepancy in types of decoding ability examined may have

impacted the size of the effects.

Research Questions

In summary, existing research suggests that:

1.

There is a relationship between auditory-verbal and visuospatial WM and
decoding ability

These relationships have been measured by simple and complex WM
measures.

Auditory-verbal and visuospatial WM are developmental in nature, but
we don’t know if they develop at the same rates or have the same
influences on decoding ability.

Real words and pseudowords share phonological information, but
whether they share the same processing pathway is unknown.

Poor decoders tend to demonstrate low WM abilities in both the

auditory-verbal and visuospatial domains, but we do not know whether
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the processes associated with one domain or the other play a larger role
in reading.

The research questions this study proposes to answer are:

1. How well do auditory-verbal WM measures predict word
identification and word attack for young and old children who are
poor decoders?

2. How well do visuospatial WM measures predict word identification
and word attack for young and old children who are poor
decoders?

3. For young and old children, how well do the visuospatial WM
measures predict word identification and word attack over and
above the contributions of the auditory-verbal WM measures?

4, For young and old children who are poor decoders, how well do the
auditory-verbal WM measures predict word identification and
word attack over and above the contributions of visuospatial WM
measures?

5. For children who are poor decoders, how well do the complex
auditory-verbal memory measures predict reading ability over the
simple auditory-verbal memory measure controlling for verbal
intelligence or phonological awareness?

6. For children who are poor decoders, how well does a phonological

awareness measure predict reading ability over a simple auditory-
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verbal WM measure controlling for verbal intelligence or complex
auditory-verbal WM measures?

7. For children who are poor decoders, how well does the complex
visuospatial WM measure predict reading ability over a simple
visuospatial WM measure controlling for nonverbal intelligence or
orthographic knowledge?

8. For children who are poor decoders, how well does orthographic
knowledge predict reading ability over a simple visuospatial WM
measure controlling for nonverbal intelligence or complex

visuospatial WM measures?
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CHAPTER III

METHODS

Participants and Screening Measure

Permission to conduct research was secured from the literacy coordinator,
superintendent, and principals of a large school district in Northern Utah. Students
from sixteen elementary schools participated in this study. Parents were informed
about a screening for word decoding ability through a letter disseminated by the
teachers and given a time range for when the screening would occur. Unless parents
chose to not have their child(ren) involved, all second- and fifth-grade students in
the schools were screened for decoding ability with the Test of Silent Word Reading
Fluency (TOSWRF; Mather, Hammill, Allen, & Roberts, 2004).

The TOSWREF assesses the ability to segment letter strings into words.
Children have 3 minutes to segment as many words as possible from a text
containing sentences that are presented with no spaces between any of the words.
This test yields raw scores, standard scores, percentiles, and age and grade
equivalents. Alternate forms reliability ranges from .73 to .87. This measure was
chosen for a number of reasons. First, this measure taxes both auditory-verbal and
visuospatial memory. The participant is required to select appropriate units of print
from the page to form words thus taxing visuospatial memory. Because sound units
are mapped on to the visual units, the participant must accurately decode using
auditory-verbal WM. Secondly, this measure allows entire classrooms of children to

be screened at one time, thereby limiting the intrusions in each classroom.
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The first author and two trained undergraduate research assistants
conducted the class-wide screenings over a three-week time period. The first author
and a trained assistant scored the protocols. Of the more than 2,200 students that
participated in the screening, 137 second-grade and 83 fifth-grade students placed
in the bottom quartile on this assessment and qualified for further analysis of their

decoding skills.

Qualification Measures

Teachers sent letters to the parents of the students scoring in the bottom
quartile on the TOSWRF inviting their children to participate in a further
examination of their decoding skills with the Word Identification and Word Attack
subtests of the Woodcock Reading Mastery Test - [II (Woodcock, 2011). These
subtests require the participant to read a list of words or pseudowords until they
reach a ceiling performance. The test-retest reliability coefficient of the word
identification is .95 for students in second grade and .92 for students in fifth grade.
The test-retest reliability coefficient of the word attack subtest is .89 for students in
second grade and .88 for students in fifth grade.

Please see Tables 1 and 2 for the range, means, and standard deviations of
the standard scores on all the standardized tests. These figures serve to illustrate
that the children who participated in this study were significantly impaired in their
decoding ability of words and pseudowords. The mean for these subtests is 100
with a standard deviation of 15. The children in this study were about 1.5 standard

deviations below the mean of their typically achieving peers. For second graders in
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this district, the mean range of scores on the TOSWRF was 15 points, with the
average score of the lowest class being a score of 98 and the average score of the
highest class being a score of 113. For fifth graders in this district, the range of
scores on the TOSWRF was 12 points (98 - 110).

Seventy-seven second-grade students and 57 fifth-grade students returned
permission forms to participate in the Woodcock Reading Tests and their parents
filled out a brief demographic and history form.

Students were invited to participate in the study if they met the following
conditions: they were either monolingual in English or starting speaking English in
preschool, had standard scores of 85 or below on at least one of the reading
subtests, if both scores were not below 85, the other score had to be below 90, had
no history of hearing loss, had intelligible speech, and no had no history of a serious
psychiatric or neurological illness. The parents of these students who met the
inclusion criteria were approached to ask permission to enroll their children in the
study to determine the role of verbal and visual WM on decoding skills in these
children who were poor decoders. After administering the tests, children were
dropped if their nonverbal IQ score was less than 75. Fifty-four children (32 second
graders and 22 fifth graders) were ultimately selected to participate in the study.

Of the 54 participants, 20 were female and 34 were male. The majority of
participants spoke English as their only language, were Caucasian, came from homes
where at least one parent received some college education, and paid for lunches.

(See Table 3 for participant characteristics.)



30

Table 1

Range, Mean, and Standard Deviation for Grade 2 Standard Scores® and Chronological
Age

Variable Min Max Mean Std. Deviation
Age in months 89 101 95.88 3.51
Word ID 63 87 78.56 6.27
Word Attack 61 88 76.22 6.60
Verbal intelligence 66 123 98.28 14.63
Nonverbal intelligence 77 122 94.91 11.75
Understanding Spoken Par. 2 14 8.28 3.44
Elision 3 14 8.41 2.63
Orthographic Knowledge 0 64 38.47 17.30
Nonword Repetition 4 10 7.34 1.47
Leiter-Forward 1 18 9.78 4.68
W] Auditory WM 61 127 95.97 18.07
Leiter-Reverse 2 15 8.56 3.79
Competing Lang. Proc. 0 26 8.84 5.89
Visual Processing 15 37 27.63 6.10

a0nly raw scores are available for the Orthographic Knowledge, Competing Lang. Processing, and
Visual Processing Measure

Table 2

Range, Mean, and Standard Deviation for Grade 5 Standard Scores® and Chronological
Age

Variable Min Max Mean Std. Deviation
Age in months 126 149 134.23 4.50
Word ID 62 86 76.27 7.77
Word Attack 21 87 70.68 12.96
Verbal intelligence 72 114 94.05 13.76
Nonverbal intelligence 80 115 92.64 9.73
Understanding Spoken Par. 1 13 9.41 3.07
Elision subtest 3 11 7.59 2.36
Orthographic Knowledge 29 96 60.86 15.23
Nonword Repetition 5 12 7.73 1.75
Leiter-Forward 6 18 11.36 3.55
W] Auditory WM 55 103 88.27 13.87
Leiter-Reverse 4 15 10.68 2.66
Competing Lang. Proc. 5 31 15.05 5.98
Visual Processing 20 40 33.09 5.55

a0Only raw scores are available for the Orthographic Knowledge, Competing Lang. Processing, and
Visual Processing Measure



Table 3

Participant Characteristics

Characteristics n Percentage
Gender
Males 34 63%
Females 20 37%
Grade
Second 32 59%
Fifth 22 41%
Ethnicity
Caucasian 48 89%
Caucasian/American Indian 2 4%
Latino 2 4%
Latino/Caucasian 1 2%
Black/African American 1 2%
Language(s) spoken
English 52 96%
English/Spanish 2 4%
Highest level of education achieved
by parent
High school 8 15%
Some college 17 31%
Associate’s degree 5 9%
Bachelor’s degree 12 22%
Graduate degree 8 15%
Prefer not to answer 4 8%
Lunch
Paid 22 41%
Reduced 9 17%
Free 19 35%
Prefer not to answer 4 8%

Materials and Procedures

Students enrolled in the WM study were evaluated with standardized,
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nationally normed tests and experimental measures. All testing took place in a quiet

room in the school in two separate sessions held no longer than two weeks apart,

with each session lasting approximately 40 minutes in order to accommodate the
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participant’s attention spans and schedules. Participants were given their choice of
small toys, pencils, or books at the end of each session. The first author and an
undergraduate research assistant trained by the first author collected the data, and
the first author scored all data. The Institutional Review Board at Utah State
University approved all procedures before data collection began.

Three measures were selected for each WM domain (auditory-verbal and
visuospatial), each offering a different level of cognitive control and processing
demands. The measures that required the participant to immediately retrieve
information were called simple (auditory-verbal or visuospatial) WM measures.
These measures required the lowest demand of cognitive control because the
participant was not asked to process any information other than the stimuli that
were to be remembered. For the auditory-verbal measure, participants heard a
pseudoword and repeated it. For the visuospatial measure, the participants viewed
a sequence of pictures and pointed to the order in which they were shown.

Two measures in each domain were considered to be complex WM
measures; however, one placed moderate demands on storage and cognitive control
while the other placed high demands on storage and cognitive control. For the
measures requiring moderate demands on cognitive control, the participant had to
listen to a string of letters and words, organize them semantically, and repeat them
back (the auditory-verbal measure) or view a sequence of pictures, organize them,
and point to them in the reverse order (the visuospatial measure).

Measures requiring the highest amount of cognitive control required the

participants to make multiple decisions between being presented with the
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information to be remembered and recalling that information. The auditory-verbal
measure required the participant to listen to lists of sentences, verify the truth of
each sentence after it was presented, and then remember the last word of the
sentences in the list in the order that they were presented in. The visuospatial
measure required participants to view colored Xs on a matrix, identify the color of
each X after it was presented, and then point to the location of each X on the matrix

in the order that they appeared.

Measures

Low Demands on Cognitive Control

Nonword Repetition Measure: This subtest of the Comprehensive Test of
Phonological Processing (Wagner, Torgesen, & Rashotte, 1999) was used as a simple
auditory-verbal memory measure to assess the phonological loop. It correlates with
phonological memory at .65. Children heard prerecorded nonwords at either one,
two, three, or four syllable lengths and had to repeat them. The mean of this subset
is 10 with a standard deviation of 3. The test-retest reliability for this subtest is .75
for children between the ages of 8 and 17.

Leiter-Forward Measure: This subtest from the Leiter International
Performance Scale-Revised (Roid & Miller, 1997) is a measure of simple visuospatial
memory. For this measure, the participant watched as the examiner demonstrated a
pattern by pointing to pictures in a particular order. The participant repeated the
pattern as shown. Because this subtest only required participant to store

information (as opposed to manipulate and store), this assessment measured simple
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visuospatial WM. The mean of this subtest is 10 with a standard deviation of 3. The
forward memory subtest has an internal consistency reliability coefficient of .71 for

the younger children and .82 for older children.

Moderate Demands on Cognitive Control

Woodcock-Johnson Auditory WM Subtest: Used as a complex auditory WM
measure, this subtest of the Woodcock-Johnson Tests of Cognitive Abilities-III
(Woodcock, McGrew, & Mather, 2001) required the student to repeat randomly
dictated words and numbers with the words first and then the numbers in the order
they were heard. For example, if the student heard “apple, 9, shoe,” he/she would
repeat back, “apple, shoe, 9.” Trial blocks became progressively longer as the
experiment progressed. A ceiling was reached when the participant was unable to
correctly recall three items in a series. The mean of this subtest is 100 with a
standard deviation of 15. The reliability coefficient for participants at eight years of
age is .90 and .86 for participants 11 years of age.

Reverse Memory: This subtest from the Leiter International Performance
Scale-Revised (Roid & Miller, 1997) is a measure of complex visuospatial WM. For
the reverse memory measure, participants viewed an increasingly difficult pattern
demonstrated by the examiner and indicated the reverse of the pattern. This
measure required processing and storage, so it was considered a complex WM
measure. The mean of these subtests is 10 with a standard deviation of 3. The
reverse memory subtest has an internal consistency reliability coefficient of .82 for

children ages 8 - 10 and .85 for children ages 11 - 15.
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Higher Demand on Cognitive Control

The Auditory-verbal WM Measure: Competing Language Processing
Measure-Modified: (See Appendix A). This assessment was adapted from the
original Competing Language Processing Measure (Gaulin & Campbell, 1994) for a
research study by Magimairaj and Montgomery (2012). Participants had to listen to
recorded groups of short sentences, presented in blocks of two, three, four, five, or
six. Immediately after hearing each sentence, the participant judged the validity of
the sentence as true or false. After the block of sentences was presented, the
participant provided the last word of each sentence in the group. The number of
words recalled by the participant determined the raw score. A total of 40 points was
possible. All sentence blocks were given. Cronbach’s coefficient of reliability was .73.

Visual WM Measure: Visual Information Processing Measure: (See Appendix
B). In this assessment, participants viewed a progressive series of colored X’s ina 16
block matrix. Just two X’s appeared initially (one right after the other), and an X was
added to each block until there were six X’s in the set. The X’s disappeared after two
seconds and the participant had to non-verbally identify the color of the X by
touching a matching color card. At the culmination of the set, the participant had to
point to where the X’'s were located in the matrix. There were 40 points possible. All
blocks of X’s were shown. Intra-rater reliability for this measure is 99.4% and inter-

rater reliability is 98.9% (Hoffman & Gillam, 2004).

Intelligence
Kaufman Brief Intelligence Test 2 (Kaufman & Kaufman, 2004): This test is a

memory-free measure that provides a means to assess nonverbal and verbal
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intelligence. The Verbal Scale assesses crystallized ability, while the Matrices subtest
assesses fluid thinking. Participants demonstrate expressive language skills by
solving riddles using one word and they demonstrate receptive language ability by
pointing to a picture that matches a given term. In the matrices subtest, participants
have to figure out a relationship or rule for a set of pictures or patterns. The
Kaufman Brief Intelligence Test eliminates the issues of using a measure of general
intelligence that may use constructs that are too highly correlated to provide unique
information about the contributions of IQ. The mean of this test is 100 with a
standard deviation of 15. For children up to age 12 in the normed sample, the test-

retest reliability for the verbal portion was .85 and the nonverbal portion was .69.

Phonological Awareness

Comprehensive Test of Phonological Processing, Elision Subtest: (Wagner et
al,, 1999). This measure required participants to listen to a word and then repeat it
back without a syllable or a phoneme. For example, the child heard “pancake” and
then had to say the word without saying “pan” or the child heard “meet” and had to
say the word without saying the /t/ sound. The mean of this subtest is 10 with a
standard deviation of 3. The test-retest reliability for this subtest is .79 for children

between the ages of 8 and 17.

Orthographic Knowledge
Orthographic Choice Measure: In the orthographic choice measure (Olson,
Forsberg, Wise & Rack, 1994), participants viewed pairs of letter strings that

sounded alike (e.g., take-taik) and identified which word in the pair was spelled
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correctly. Both words sounded the same when decoded, so differences in
phonological decoding ability cannot be the only explanation for whether the
student is able to correctly identify the word. Testing ceased after five incorrect

identifications. It was possible to obtain a raw score of 80 points.

Language Comprehension

Understanding Spoken Paragraphs subtest of the Clinical Evaluation of
Language Fundamentals, Fourth ed. (Semel, Wiig, & Secord, 2003): This measure
was given to differentiate children with dyslexia from garden-variety poor readers
by assessing listening comprehension. If children have listening comprehension
scores within the average range but exhibit poor decoding skills, they can be
classified as having dyslexia. If both listening comprehension and decoding are
impaired, they are considered a garden-variety poor reader. In this subtest,
participants listened to three short stories read by the examiner and then answered
open-ended questions. The mean of this subtest is 10 with a standard deviation of 3.

Test-retest reliability is .62 to .74 for children 7 - 12 years of age.

Anticipated Results

Based on the review of literature, [ anticipated that the findings would reveal
the following scenarios:
1. There would be strong correlation of auditory-verbal WM to word attack at
the second grade that decreased by fifth grade.
This hypothesis was based on Baddeley’s work (1986) with the

phonological loop that suggested it was especially instrumental in



38

young children who are targeting word attack skills and becomes less
important as they begin to rely on less phonologically based skills.
Readers have to possess good phonological awareness to decode a
pseudoword because pseudowords can only be identified through
their phonemic properties.
2. There would be moderate correlations of auditory-verbal WM to word
identification at second grade that decreased by fifth grade.
This hypothesis was based on Baddeley’s work with the phonological
loop and the knowledge that beginning readers are presented with
words that are easily decodable. As readers mature, they are
presented with words that require orthographic knowledge in
addition to phonological awareness.
3. There would be small correlations between visuospatial WM and word
identification at the second grade level that increased by the fifth grade.
This hypothesis was based on Cowan and others’ research (2011) that
suggests visuospatial WM capacity increases during the lifespan and
the knowledge that orthographic patterns become identifiable in

words in late elementary.
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CHAPTERIV

RESULTS

This study was designed to answer questions regarding the differential
contributions of verbal and visual WM on word attack and word identification for
children who are poor decoders in both the second and fifth grades. Further
analyses were conducted to discover if other measures of verbal and nonverbal
measures of intelligence, orthographic knowledge, or phonological awareness added
any predictive value. It was hypothesized that auditory-verbal WM would be
predictive of word identification and word attack, particularly at second grade, and
would wane in importance by fifth grade. Visuospatial WM was hypothesized to be
more highly correlated with word identification at fifth grade when orthographic
knowledge became a factor in word reading. For each research question, an analysis
was run. The first two research questions will be answered with correlational
statistics while the remaining questions will be answered with hierarchical multiple
regressions using word identification and word attack scores as the dependent

variables.

Descriptive Data

The mean, standard deviations, and minimum and maximum scores for all
independent (predictor) variables and the dependent variables are presented in
Tables 1 and 2.

Independent-samples t-tests were conducted to evaluate the difference

between the means of the second-grade students and the fifth-grade students on the
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word identification and word attack measures, the complex auditory-verbal and
visuospatial WM measures, the simple auditory-verbal and visuospatial WM
measures, the verbal and nonverbal intelligence measures, the phonological
awareness measure, and the orthographic knowledge measure. Levene’s Test for
Equality of Variances was used to validate the assumption of normality. Two
measures, the Leiter-Reverse and the Leiter-Forward, were significant (F=13.259,
p=.001; F=4.320, p=.043), so equal variances could not be assumed. For the other
ten measures, the Levene’s test was insignificant, indicating equal variances could
be assumed. All measures were significant for equality of means between the two
grade levels, meaning that the group means of the second graders were statistically
and significantly different than the group means of the fifth graders on the test
measures. The large and significant t values indicate that students in grade five
performed higher on all measures than students in grade two. Figure 1 shows the
distributions for the two grade levels. Table 4 displays the t values and significance
for all measures.

Seventy-two percent of the second-grade participants and 86% of the fifth-
grade participants exhibited poor decoding skills in the absence of poor
comprehension skills or low intelligence. As such, these children would be

considered to have dyslexia.
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Devendent and Independent Variables

Word_ID (Word Identification test); Word Attack; AWM (Woodcock
Johnson’s Auditory Working Memory test); Leiter_Reverse; CLPT_40
(Competing Language Processing Task/Measure); Visual_40 (Visual
Processing Task/Measure); KBIT_Verbal (Kaufman Brief Intelligence Test-2,
verbal subtest); KBIT_Nonverbal (Kaufman Brief Intelligence Test-2,
nonverbal subtest); Leiter_Forward; Elision (Elision subtest of the
Comprehensive Test of Phonological Processing); NWR (Nonword repetition
subtest of the Comprehensive Test of Phonological Processing) USP

(Understanding Spoken Paragraphs subtest of the CELF-4); Orth_Choice
(Orthographic Choice Task)

Figure 1

Means with error bars representing approximately 95% of the scores (2 standard
deviations) for all the dependent and independent variables.
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Table 4

t-Test Values and Cohen'’s d Values for all Dependent and Independent Variables
Comparing the Means for Second Grade Students with the Means of Fifth Grade
Students

Measure t-test value, p value, Cohen’s d
Word identification t(52)=11.743, p=.000, d=.32
Word Attack t(52)=8.099, p=.000, d=.54
Verbal intelligence t(52)=5.667, p=.000, d=.30
Nonverbal intelligence t(52)=4.785, p=.000, d=.21
Understanding Spoken Para. t(52)=3.546, p=.001, d=1.00
Elision t(52)=3.903, p=.000, d=.33
Orthographic Choice t(52)=4.902, p=.000, d=1.37
Nonword Repetition t(52)=3.106, p=.003, d=.24
Leiter-Forward t(45.780)=4.016, p=.000, d=.38
W] Auditory WM t(52)=2.254, p=.028, d=.48
Leiter-Reverse t(47.168)=6.313, p=.000, d=.65
Competing Language Processing Measure ¢(52)=3.780, p=.000, d=1.05
Visual Processing Measure t(52)=3.353, p=.001, d=.94

Research Questions and Results

Research Question 1: How well do the complex auditory-verbal WM
measures predict word identification and word attack for young and old children

who are poor decoders?

Second Grade

Correlation coefficients were computed among the two dependent variables
(word identification and word attack), the two complex auditory-verbal WM
measures (Woodcock-Johnson’s Auditory WM test, The Competing Language
Processing Measure), the phonological awareness measure (Elision), and the simple

auditory-verbal WM measure (Nonword Repetition) for the second-grade
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participants. The results of the correlational analyses presented in Table 5 show
that 7 of the 15 correlations were statistically significant and were greater than or
equal to .35. The two dependent measures were largely and significantly correlated
with each other (r =.665, p =.000). Word attack was moderately and significantly
correlated with the Competing Language Processing Measure (r =.452, p =.009).
The two complex auditory-verbal WM measures (Competing Language Processing
Measure and Woodcock-Johnson’s Auditory WM Test) were moderately and
significantly correlated with each other (r =.377, p =.033). The Competing
Language Processing Measure was highly correlated with the Elision measure (r =
.557, p=.001). The nonword repetition measure (a simple auditory-verbal WM
measure) was highly correlated to the