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Abstract
There are several group and case studies that investigate developmental dyslexia in
children, and acquired and developmental reading disabilities in adults. To date
however, there are few detailed investigations on the progression o f early acquired
dyslexia. The purpose o f this study was to examine such a case (participant referred
to as SP). The goals of this study were as follows: (a) compare SP’s reading
impairments to the major subtypes o f dyslexia, (b) establish SP’s specific reading
deficits (c) consider the neuropsychological variables that may impact on SP’s
reading disability, and (d) develop and implement a remediation strategy that may
improve SP’s reading skills. In addition to addressing these goals, the potential
neuroanatomical aspects of this case were discussed, and possible cognitive
theoretical implications were considered.
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An Investigation Into the Progression 1
Chapter I
Introduction
Dyslexia is defined as a reading disorder in both children and adults that
typically occurs as either a developmental form (i.e., poor reading skills evidenced in
early childhood) or an acquired form (i.e., loss or deterioration o f reading skills due
to brain injury). The developmental form o f dyslexia has been associated with
genetic contributions, and is possibly the most common neurobehavioural disorder
affecting children (Shaywitz, 1998). An extensive amount of research has focused on
reading disabilities associated with various forms o f developmental dyslexia that
arise in childhood and frequently continue throughout life, as well as the different
types of acquired dyslexia in adults.
Although there are several good group studies that investigate developmental
and acquired dyslexia in childhood (Bourassa & Treiman, 2003; Castles & Coltheart,
1993; Cranberg, Filley, Hart, & Alexander, 1987; Hecaen, 1983; Shaywitz et al.,
2002), there is a paucity o f detailed case studies available. Moreover, the existing
studies in this area have been carried out on older children who had attained good
reading skills prior to brain injury (Pitchford & Funnell, 1999). Only one
comprehensive study (Pitchford and Funnell, 1999) has explored reading
impairments in a young child with acquired dyslexia, and even in this case, the child
possessed some rudimentary reading skills prior to the brain injury. An
understanding of the full range of dyslexic impairments should be informed through
consideration of the spectrum of possibilities, but to date there are no detailed
investigations of acquired dyslexia in a child who suffered neurological damage after

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

An Investigation Into the Progression 2
speech development, but prior to the acquisition o f reading skills. The child in this
study had normally developing language skills prior to her brain injury, but was
severely delayed in regaining speech subsequent to the injury. She had not attained
any reading skills at the point of injury, and she was diagnosed with dyslexia several
years later. This case study marks the first report o f such a child, and her pattern o f
reading performance will be contrasted to those reported for classic acquired and
developmental dyslexics. Additionally, a unique approach to remediation strategies
for reading impairments will be introduced. Finally, potential neuroanatomical
aspects o f this case will be considered, and a unique theoretical cognitive perspective
o f specific reading disabilities (Failure o f Inhibition Theory) will be discussed.
The Dual Route Model o f Normal Reading
Reading is a complicated process, and perhaps the most fundamental
cognitive representation o f reading is the practical dual route model (see Figure 1)
(Morton & Patterson, 1980). This model proposes that there are two main procedures
for converting print into speech - the lexical route and the sublexical route. The
lexical or orthographic (i.e., whole word reading) route relies on visual word
recognition through a store o f learned familiar words, and is used primarily by skilled
readers. New words, which include pronounceable nonwords such as “clamprod”,
cannot be accessed through this route, which necessitates die alternate sublexical
route. The sublexical route involves rule-based grapheme-to-phoneme conversion
that allows the “sounding out” of unfamiliar words and nonwords that are
pronounceable. This model has been developed through consideration o f data from
both intact and impaired adult readers, but has been discussed in developmental
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terms (e.g., Coltheart & Leahy, 1992) and is taken as being applicable to children
(see Brunson, Hannan, Coltheart & Nickel, 2002). For example, young children
learning to read typically begin by using the sublexical route, and progress to the
lexical route as reading becomes more entrenched.
In contrast to the dual route representation o f reading, Harm and Seidenberg
(1999) proposed a connectionist model with a single route for normal reading. This
model showed that different degrees o f damage to the lexical network, rather than
separate “routes”, would result in some o f the diverse forms o f reading errors found
in dyslexia. The authors argued against the notion o f “pure” forms o f dyslexia (i.e.,
only one specific type o f reading error produced), stating that instead, the vast
majority of cases are o f the “mixed” variety. They stressed the unlikelihood of
separate routes being routinely impaired together, and provided support for a single
mechanism in which different levels of impairment (mild - severe) could result in the
lexical/sublexical subtypes of dyslexia.

f~ 1

Lexical R oute

CU

Sublexical Route

Figure 1. Dual Route Model (taken from Brunsen, Hannan, Coltheart & Nickel,
2002).
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Neuroanatomy o f Reading
Neuroimaging studies have identified three primary reading areas (see Figure
2) that are located predominantly in the left hemisphere. Recent investigations (Pugh
et al., 2000; Shaywitz et al., 2002) indicate that these areas and their associated
hypothesized functions are the (a) inferior frontal gyrus which controls fine-grained
articulatory recording (output phonology); (b) the parietotemporal area which has a
rule-based analysis function (integration o f orthographic, phonological, and lexical
semantic dimensions), and (c) the occiptotemporal area which is the linguistically
structured memory-based word identification system (word-form area). Damage to
any of these areas may result in a reading disability in adults and children. However,
unlike adults who have relatively “stable” brains from a developmental perspective,
the brains of young children are “dynamic” (i.e., undergoing continuous
development). Consequently, it is probable that damage to various brain structures
involved in reading processes may result in different outcomes, depending on the
time o f injury.

inferior
Frond*
G y ru s

• -

P a /ie to -

tem poral

u

Figure 2. Primary Reading Areas (taken from Shaywitz et al, 2002).
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A Developmental Model o f Reading
In Rourke’s Right—*Left Model of brain development (Rourke, 1982), a
central principle is that the right cerebral hemisphere is particularly geared toward
novel tasks, whereas the left cerebral hemisphere is designed to handle more
specialized, routine tasks. In conjunction with this principle, initially all tasks can be
defined as novel, and therefore subserved by the right cerebral hemisphere. As tasks
become more familiar and routinized, there is a natural shift from the right cerebral
hemisphere to the left cerebral hemisphere over the course of normal learning and
development. For example, in the leaming-to-read process, at the outset, reading is a
novel task in which the right hemisphere is involved in organizing and interpreting
print. Once the initial learning o f certain materials is consolidated, there is increased
involvement o f the left hemisphere, until the process is automatized, at which point
the left hemisphere is almost exclusively invoked.
Consistent with the above, electrophysiological evidence indicates that,
although left cerebral hemisphere activation is more pronounced in skilled readers,
initial reading (i.e., children learning to read) takes place in the right cerebral
hemisphere, and is subsequently transferred to the left hemisphere as brain
development progresses and reading skills become more advanced (Fletcher & Satz,
1980; Bakker, Licht, & van Strien, 1991; Licht, Bakker, Kok, & Bouma, 1992).
Consequently, in young children with developing neural systems, damage to specific
left hemisphere brain regions may result in a form o f dyslexia that reflects right
hemisphere correlates. For example, a recent study o f children with developmental
dyslexia revealed atypical right preffontal activation during reading, which was the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

An Investigation Into the Progression 6
same area that was activated during a visuospatial task. Furthermore, these children
failed to employ brain areas that are normally specialized in language processing
(Backes et al., 2002). These findings may indicate that an early left hemispheric
dysfunction or injury impedes or prevents the normal shift of reading skills to
specialized, left hemisphere neural systems, with a resultant form of dyslexia that
reflects a slow, fragmented style o f reading, as found in very young children.
Moreover, as proposed in the Rourke Right—►Left Model, early dysfunction or injury
to specific areas associated with reading in the right cerebral hemisphere might also
impair reading capabilities: if transference to specialized left hemisphere reading
systems occurs prematurely due to right hemispheric dysfunction or damage, the
resulting pattern may reflect a fast but inaccurate style o f reading attributable to an
underdeveloped specialized neural reading system. Accordingly, it may be assumed
that early right hemispheric damage may produce a premature specialized control of
reading, whereas early left hemispheric damage may result in delayed or poor
specialized control (Licht, 1994). The neuropathology o f dyslexia is complex and
difficult to isolate, particularly in young children with no identified brain pathology.
Subtypes o f Dyslexia
The term dyslexia is used to describe any form of reading disability. Over
time, researchers in this area began to realize that reading difficulties could stem
from diverse etiologies, and manifest in a variety o f ways. Consequently, the need to
categorize dyslexia soon became apparent. In general, the diagnosis of both
developmental and acquired forms of dyslexia is based on patterns o f reading
impairment, and they differ only in terms o f etiology. The different subtypes of
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dyslexia have been identified and classified as being a phonological dyslexia, surface
dyslexia, and deep dyslexia.
Studies have used a comparable methodology for subtyping developmental
and acquired forms of dyslexia (Castles & Coltheart, 1993; Manis, Seidenberg, Doi,
McBride-Chang, & Petersen, 1996; Pitchford & Funnell, 1999). In essence, the
individuals in these studies were divided into two groups (i.e., dyslexic individuals
and chronological and/or reading-age matched controls) based on performance on
standardized reading tests. Those participants in the dyslexic group who
demonstrated better performance on a nonword reading task, and a larger than
expected discrepancy between nonword reading and exception word reading were
classified as having surface dyslexia. Exhibiting the opposite pattern, dyslexic
individuals who performed better on exception word reading, and showed a greater
than expected discrepancy between exception and nonword reading were classified
as having phonological dyslexia. The specific subtypes o f developmental and
acquired dyslexia are discussed in the following sections.
Phonological Dyslexia
The literature on phonological dyslexia indicates that this form o f reading
disability may be equivalent to what other researchers have characterized as L-Type
dyslexia (Bakker, 1990) and Basic Phonological Processing Disorder (Rourke, 1989).
Both acquired and developmental accounts o f phonological dyslexia have been
described in the literature (Patterson, 1982; Castle Sc Coltheart, 1993; Funnell, 1983;
Temple Sc Marshall, 1983). As indicated by its label, the essential problem in
individuals with phonological dyslexia appears to be an inability to decode words
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from grapheme to phoneme (Beauvois & Derouesne, 1979). Individuals with an
acquired phonological dyslexia are able to read familiar words, which include both
regular words (e.g., market) and exception words (e.g., sword), but have considerable
difficulty reading nonwords (e.g., clamprod) (Beauvois & Derouesne, 1979;
Buchanan et al., 1999). In cases of developmental phonological dyslexia, a similar
pattern is demonstrated, with intact reading o f familiar words, and impaired reading
of unfamiliar words or nonwords (Temple & Marshall, 1983). Additionally, a large
number o f visual errors (e.g., politics read as “polite”) and derivational errors (e.g.,
refuse read as “refusal”) are produced, and when reading nonwords such as “doney”,
there is a marked tendency to misread the word as a visually similar real word, such
as “donkey” (Temple & Marshall, 1983).
Looking beyond the view that impairments in phonological processing are
always directly attributable to a failure of grapheme-to-phoneme manipulations,
many studies have examined associations between phonological deficits and other
neuropsychological variables. Conceivably, phonological dyslexia may be akin to a
developmental learning disability subtype called Basic Phonological Processing
Disability. In addition to a primary phonological processing problem, children with
Basic Phonological Processing Disorder also demonstrate deficits in auditory and
verbal attention and memory (Drummond, Ahmad & Rourke, 2005; Pelletier, Ahmad
& Rourke, 2001). Other studies have also revealed that children diagnosed with
phonological dyslexia have associated short-term verbal memory deficits (Rack,
1985; Griffiths & Snowling, 2002).
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Furthermore, investigations have delineated types of dyslexia closely
corresponding to phonological dyslexia, based on biological and neuropsychological
factors (Bakker, 1990; Bakker, Licht & van Strien, 1991). These studies reported on
children described as having L-Type dyslexia. L-Type dyslexics demonstrate a fast
but inaccurate strategy when reading, accompanied by greater activation in the left
temporal lobe, poor visuoperceptual control and substantial impairment on a visual
spatial task. More recent studies have also reported substandard performance on tasks
o f visual attention, spatial orientation and visual perception in children and adults
with phonological dyslexia (Hari, Valta, & Uutela, 1999; Facoetti, Paganoni, &
Lorusso, 2000; Eden, Wood & Stein, 2003; Facoetti et al., 2003).
From the dual route model perspective, the problems experienced by those
with phonological dyslexia, including L-Type dyslexia and Basic Phonological
Processing Disorder, would likely arise from some malfunction in the sublexical
route. Perhaps a limitation of the dual route model is that it appears to ascribe reading
problems solely to issues of language, and, as such, fails to consider other possible
related and/or contributory neuropsychological variables (e.g., poor memory, lack of
attention, visual spatial deficits).
At present, neuroanatomical causes o f phonological dyslexia are not well
understood. As previously mentioned, evidence from electrophysiological measures
of young children revealed greater activation o f the left temporal lobe as compared to
the right temporal lobe. However, neuroimaging studies on adults with a history of
developmental phonological dyslexia indicated reduced activity in the left
temporoparieto-occipital brain regions as compared to normal adult readers
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(Galaburda, Sherman, Rosen, Aboitiz, & Geschwind, 1985; Filipek, 1996). It is
possible that, although differences between cerebral hemispheric activities in young
children with developmental phonological dyslexia demonstrate better left than right
hemispheric functioning, the specialized neural systems for reading in the left
hemisphere do not approach optimal levels in adulthood.
Surface Dyslexia
Individuals with surface dyslexia show almost the opposite pattern of reading
impairment as compared to those with phonological dyslexia (Valdois, Bosse, &
Tainturier, 2004). As with phonological dyslexia, cases o f surface dyslexia are found
in both acquired (Marshall & Newcombe, 1973) and developmental (Coltheart,
Masterson, Byng, Prior, & Riddoch, 1983; Castles & Coltheart, 1993) forms.
Individuals classified in this category are able to sound out words (i.e., good
grapheme to phoneme abilities). However, these individuals experience difficulty
with whole-word reading as evidenced by an intact ability to read regular words (e.g.,
gave, rave and wave), and nonwords that are simple to decode (e.g., fiip), but show
difficulty reading exception words such as “have” (Marshall & Newcombe, 1973;
Zabell & Everatt, 2002). In particular, these individuals are especially prone to
making regularization errors such as pronouncing “have” to rhyme with “rave” and
“save”. (Buchanan, Hildebrandt, & MacKinnon, 1999).
To date, neuropsychological correlates o f surface dyslexia are not well
formulated. One study showed that this form o f reading disorder is associated with
poor visual memory (Goulandris & Snowling, 1991), and Samuelsson (2000)
hypothesized that, at least with developmental surface dyslexia, the key problem
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might be associated with the visual word recognition system (i.e., orthographic
lexicon). However, the study by Bakker and colleagues (1991) described a type of
dyslexia which is analogous to surface dyslexia. Characterized as P-Type dyslexia,
children with this type of reading disability demonstrated a slow reading style based
on an over reliance on sounding-out words when reading, and difficulty with whole
word reading. Bakker and colleagues suggested that this subtype o f reading disorder
may be more entrenched in linguistic issues. Within the dual route framework,
problems associated with surface dyslexia are primarily related to a dependency on
the sublexical route, associated with some impairment in the lexical system.
From a neuroanatomical perspective, evidence from Pugh and colleagues
(2000) indicated that orthographic reading is subserved by the left occipital temporal
areas of the brain. In support of this position, an adolescent case study by
Samuelsson (2002) links abnormalities in the left occipital lobe with reading deficits
evidenced in an acquired developmental surface dyslexic. This case study is
consistent with electrophysiological measures o f younger children with P-Type
dyslexia that indicate greater activation of the right temporal lobe (Bakker, 1990;
Bakker, Licht and van Strien, 1991), possibly due to some failure in specialized left
hemispheric regions.
Deep Dyslexia
Deep dyslexia is a rare and profound reading disorder characterized by the
production o f sem antic errors w hen reading sin g le w ords aloud (e .g ., “dim e” read as

“nickel”) and accompanied by difficulty in reading nonwords. As well, the
production of visual errors and derivational errors are noted in this syndrome

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

An Investigation Into the Progression 12
(Coltheart, 1980; Colangelo, Stephenson, Westbury & Buchanan, 2003). Although
there are some cases o f what appear to be childhood developmental deep dyslexia
reported in the literature (Johnston, 1983; Yamada, 1995), this type of reading
disorder is found almost exclusively as an acquired form observed in adolescents and
adults (Siegel, 1985). The absence of any clear examples o f childhood deep dyslexia
may reflect a differential set of connections between orthography and semantics in
the developing versus the developed reading system. For children, the connection
between these two processing systems may be insufficient to give rise to semantic
errors because semantic access depends on a crucial connection (established in
experienced readers) from orthography to semantics. Though perhaps not a
successful connection in deep dyslexic adults, the incomplete transmission of
activation from orthographic analysis to semantic access is sufficient to access
semantic information at, at least, a gist level. From a cognitive developmental
perspective, young children may not have these connections established. In other
words, in the fully developed neurological system with all lexical systems
established, damage to the system may result in a greater variety o f reading errors,
including semantic errors.
Apart from language impairments, the neuropsychological correlates of deep
dyslexia have not been emphasized or clearly delineated in the literature.
Nevertheless, a comprehensive review of this area demonstrated deficits in short
term memory (Buchanan, 1996).
As with phonological dyslexia, early proponents of the dual route model
hypothesized that, because o f the observed severe breakdown in phonological
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processing in deep dyslexia, a defective sublexical route was probably the primary
difficulty, with an additional selective impairment o f semantic processing in the
lexical route (Morton & Patterson, 1980; Glosser & Friedman, 1990). Interestingly,
more recent studies have revealed that deep dyslexics possess an intact semantic
system, and semantic errors are likely associated with deficits in phonological output
rather than semantic impairment (Colangelo, Buchanan & Westbuiy, 2004;
Colangelo & Buchanan, 2005). The Failure o f Inhibition Theory is outlined in these
studies, and it proposes that individuals with deep dyslexia are unable to inhibit the
production of phonological and semantic errors when reading aloud.
Neuroanatomical studies o f deep dyslexia directly implicate damage in and
around the left temporal parietal region (Southwood & Chatteqee, 1999; Dickerson
& Johnson, 2004; Colangelo & Buchanan, 2005). However, considering the
experimental findings from recent studies (Colangelo, Stephanson, Westbury &
Buchanan, 2003; Colangelo, Buchanan & Westbury, 2004; Colangelo & Buchanan,
2005; Westbury & Buchanan, 2006), it is conceivable that damage to the connecting
pathways between the left parietal temporal region and the left inferior frontal gyrus
is indicated, which may account for the unusual production errors found in deep
dyslexia.
In brief, phonological dyslexia, surface dyslexia and deep dyslexia have
diverse symptoms, with a notable overlap between deep and phonological dyslexia.
Overall, there is substantial support to illustrate the existence o f phonological
dyslexia and surface dyslexia in acquired and developmental forms, although the
evidence for developmental deep dyslexia is less clear at this time. Defects in the
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lexical and sublexical routes of the dual route model afford a basic understanding o f
the systems involved in the different types of dyslexia that is enhanced by studies of
correlates and neuroanatomical mechanisms o f dyslexia- Despite a great deal of
research into these types o f dyslexias and investigations into their underlying causes,
there exist numerous points of debate in the literature. An assessment of the full
range o f possibilities regarding the establishment and destruction o f linguistic
systems is a necessary precondition to the resolution of these debates. The case study
reported here will fill a gap in this literature, and thus move us closer to the
resolution of key theoretical questions.
Directions fo r Treatment o f Dyslexia
As a rule, recent treatment strategies for dyslexia have been based on the
associated reading deficits hypothesized from the dual route model o f reading. A
wide variety of methods have been employed, but the primary focus for surface
dyslexia has been on “whole-word recognition” skills, whereas for phonological and
deep dyslexia, “sounding out” strategies have been emphasized. Overall, the results
o f reading interventions are mixed. Typically, adults and children involved in
remediation techniques have shown some improvement through direct augmentation
o f their reading lexicon (i.e., recognition of more words as a result of exposure). That
said however, the new skills have not necessarily been generalized to untreated items
(Brunsdon, Hannan, Coltheart, & Nickels, 2002; Alexander, & Slinger-Constant,
2004). Accordingly, the findings from treatment intervention studies may indicate
that an individualized approach, based on a broader examination of cognitive
strengths and weaknesses, might be more effective.
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Goals
The goals of this study were as follows:
1. Examine a unique case o f early acquired dyslexia, and compare the
participant’s reading impairments to the different types o f dyslexia that
were outlined in this paper.
2. Establish SP’s specific reading deficits.
3. Consider the neuropsychological variables that may impact on SP’s
reading disability.
4. Develop and implement a remediation strategy that may improve SP’s
reading skills.
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Chapter II
Method and Results
Patient Description
SP was a 10-year-old right-handed girl who had recently completed Grade 4.
SP was referred for neuropsychological assessment due to academic difficulties.
Specifically, she was described as having reading difficulties related to both word
identification and reading comprehension. As a result of her academic problems, she
was held back in Grade 3.
SP’s mother described her pregnancy as high risk. Although there were some
difficulties, SP was bom at term without complications, and early developmental
milestones, including language, were on target. SP had a complex medical history,
marked by a severe seizure at 18 months o f age. Although the exact duration of the
seizure is unknown, she demonstrated a significant period of post-ictal lethargy.
Subsequent to the seizure, SP exhibited a Broca’s type aphasia (loss o f expressive
language ability), with receptive language relatively preserved. SP received ongoing
speech and language treatment, but still did not exhibit the use o f words at age three.
At this point, a recommendation was made to teach her sign language; however, this
recommendation was not followed, and with continued speech therapy, SP began to
use some words by 4 years of age. By age six, and she was able to speak in an age
appropriate manner. Current neuropsychological reports now diagnose SP with
dyslexia. Combined results o f cognitive testing (August 2004) and
neuropsychological testing (January 2005) are presented in Table 1.
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Table 1
Results o f Neuropsychological Assessmentfo r SP
Test Measures

Results

Wechlser Intelligence Scale for Children
Fourth Edition (WISC IV) - Major Indexes

Standard Scores

Verbal Comprehension
Perceptual Reasoning
Working Memory
Processing Speed
Full Scale IQ

95 (average)
84 (low average)
83 (low average)
106 (average)
88 (low average)

WISC IV Individual Subtests

Scale Scores

Similarities
Vocabulary
Comprehension
Information
Word Reasoning
Block Design
Picture Concepts
Matrix Reasoning
Picture Completion
Eilthom Mazes
Digit Span (total)
Letter Number Sequencing
Arithmetic
Digit Span (forward)
Visual Digit Span
Spatial Span (forward)
Letter Sequencing Rhyming
Letter Sequencing Nonrhyming
Digit Span (backward)
Spatial Span (backward)
Coding
Symbol Search
Cancellation (total)
Cancellation (Random)
Cancellation (Structured)
Coding Copy

8 (low average)
9 (average)
8 (low average)
9 (average)
8 (low average)
8 (low average)
4 (moderately deficient)
10 (average)
6 (low average)
8 (low average)
7 (low average)
7 (low average)
9 (average)
6 (low average)
8 (low average)
8 (low average)
5 (mildly deficient)
5 (mildly deficient)
9 (average)
11 (average)
12 (high average)
10 (average)
11 (average)

10 (average)
11 (average)
10 (average)
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Wide Ranee Achievement Test - Third Edition
fWRAT IIP

Grade Equivalent/Percentile

Reading
Spelling
Numerical Operations

3/27 (average)
4/32 (average)
3/23 (low average)

Kaufman’s Assessment Battery for Children
fK-ABQ

Scale Scores

Hand Movements
Gestalt Closure

6 (low average)
6 (low average)

NEPSY

Scale Scores

Auditory Attention
Auditory Response Set
Design Fluency

7 (low average)
7 (low average)
10 (average)

Phonological Processing
Speeded Naming
Comprehension of Instructions
Repetition o f Nonwords
Verbal Fluency

4 (moderately deficient)
10 (average)
10 (average)
8 (low average)
8 (low average)

Design Copy
Arrows

6 (low average)
2 (severely deficient)

Memory Faces
Narrative Memory
Sentence Repetition

9 (average)
6 (low average)
5 (mildly deficient)

Visual Motor Precision

12 (high average)

Halstead Reitan

T Scores

Trails A (time/error)
Trails B (time/error)
Finger Tapping (dominant/nondominant)
Auditory Closure
Auditory Analysis
Speech Sounds Perception Test
Seashore Rhythm Test

35/53 (mildly deficient/average)
25/31 (severely deficient/moderately deficient)
62/58 (high average)
50 (average)
28 (severely deficient)
22 (severely deficient)
17 (severely deficient)

Other
Boston Naming Test
Grooved Pegboard (dominant/nondominant)

T Scores
40 (low average)
50/49 (average)
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Materials and Procedure
Phase I
This study was approved by the University of Windsor Research Ethics
Board.
In Phase I of this study, extensive language testing was conducted to explore
the qualitative aspects of SP’s difficulties using selected tests from the
Psycholinguistic Assessments of Language Processing in Aphasia (PALPA). The
tests employed are listed and described in Appendix A.
Results
The results from PALPA testing for SP are presented in Table 2.
Table 2
Results o f Phase I Language Testing
Test

Mirror Reversal

Upper Case/Lower Case
Matching
Letter Discrimination
Spoken Letter/Written Letter
Matching
Phonological Segmentation of
Initial Sounds
Phonological Segmentation of
Final Sounds
Auditory Repetition o f Words
and Nonwords

Number Accuracy
C orrect Rate
out of
Total
100%

Comments

100%
58/60

97%
100%
100%

28/29

96%
100%
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Same-Different Discrimination
Using Word Minimal Pairs
Auditory Lexical
Decision: Imageability and
Frequency
Minimal Pair Discrimination
Requiring Written Word
Selection
Visual Lexical Decision with
Illegal Nonwords
Imageability and Frequency
Visual Lexical Decision
including Words and Nonwords

100%
75/78

96%

100%

54/60

90%

71/120

74%

5.45*

0.13
Visual Lexical Decision and
Spelling Sound Regularity
Homophone Decision
Imageability and Frequency
Reading o f Words

48/60

80%

2.5

42/60

70%

.48

28/40

70%

4.29*

1.9
Spelling-Sound Regularity
Reading Task

37/60

62%

.07

Nonword Reading

12/24

50%

4

Imageability and Frequency
Spelling

22/40

55%

3.64
.40

Nonword Spelling

12/24

50%

Spoken Picture Naming

38/40

95%

4

Better performance
with high frequency
words
No effect of
imageability
No effect of
category
No effect of
category
Better reading on
high imageability
words
No effect of
frequency
No effect of regular
or exception words
No effect o f word
length
No effect of
imageability
No effect of
frequency
No effect o f word
length

*p < .05
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Discussion
Phase I
Results from Phase I of the study demonstrated that SP showed no major
problems regarding fundamental reading skills (e.g., reversing letters, identifying
letters, letter discrimination, etc.), auditory processing and repetition, auditory
processing and silent reading, and picture naming. She experienced difficulty with
visual processing (many visual errors) when reading unfamiliar words, and exhibited
poor nonword reading skills, suggesting phonetic decoding issues. Nevertheless, SP
was able to accurately read half o f the nonwords, and examples o f her spelling errors
demonstrated some reliance on phonological codes (e.g., miracle - “meracul”,
tobacco - “tobako”, attitude - “addatoud”). Interestingly, when subsequently
requested to read her own misspelled words, SP was inclined to make similar kinds
o f visual errors (e.g., meracul - “muscular”, addatoud - “addroad”). SP’s tendency to
better employ phonetic decoding skills for spelling tasks as compared to reading
tasks likely represents a sound-symbol/symbol-sound dissociation. It is possible that
the neural pathways relating to phonological segmentation may be more firmly
established in the sound-symbol connection (spelling), and therefore, more easily
invoked.
An effect of frequency was noted on a lexical decision task. She was better
able to identify more common words (high frequency), and an imageability effect
was noted on one reading task where she demonstrated better performance reading
concrete words (high imageability). Given her age and level of education, these
frequency and imageability effects were to be expected. However, there was no

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

An Investigation Into the Progression 22
effect of word regularity or word length in either reading or spelling tasks. These
results were somewhat unusual in that it was anticipated that she would exhibit
enhanced performance with regular words (versus exception words) and shorter
words. The following conclusions were based on the results o f PALPA testing:
1. SP showed relatively intact lexical analysis as evidenced by her ability to
read words thought to be familiar.
2. She displayed a poorly developed sublexical system as evidenced by
difficulties in nonword reading, but spelling errors demonstrated
phonological processing.
3. The majority o f her reading errors were visual.
4. SP’s primary reading strategy for unfamiliar words was essentially
“guessing”.
5. Her guessing strategy was largely based on letters in the first half of the
word.
Materials and Procedure
Phase II
Phase I tested SP on single word recognition tasks, but provided no
information about her reading comprehension. An analysis of errors in phase one
revealed that her errors were more likely to occur at the end of the word —a symptom
of visual neglect. Phase II therefore tested comprehension and visual field processing
with the following set of standardized tests:
Woodcock Johnson III (subtest Reading Fluency);
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Woodcock Johnson III (subtest Passage Comprehension);
Clock Drawing Test (visual neglect).
Results
Phase II
SP scored at age appropriate levels on both the Woodcock-Johnson III
(Reading Fluency subtest) - Grade equivalent 3.9, and the Woodcock-Johnson III
(Passage Comprehension subtest) - Grade equivalent 4.2. She showed no signs of
visual neglect in the clock drawing test.
Materials and Procedure
Phase III

After determining SP’s specific reading strengths and weakness in Phase I
and Phase II o f testing, two experimental measures were developed and conducted in
an attempt to determine potential remediation approaches for her reading difficulties.
Based on the overall success of various priming strategies in enhancing reading
performance (Rastle & Coltheart, 1999; Nation, Allen & Hulme, 2001; Wood &
Farrington-Flint, 2002), two experimental procedures using a phonetic priming
strategy were developed for Phase III, and are described herein:
1. Experimental Phonetic Priming Task for Real Words (Real versus Pseudo
Primes^: Words were randomly selected from a large stimulus set used for
semantic priming (Buchanan laboratory) in deep dyslexia, and from previously
viewed PALPA words that were especially problematic for SP (see Appendix B).
These words were then randomly presented on a computer using Power Point,
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preceded by a pseudo phonetic prime (e.g., “Ion” for “mitten”) or a real phonetic
prime (e.g., “dal” for “sandal”). SP was asked to read aloud each word presented
on the computer, including the prime. Subsequently, SP was asked to read aloud
the word list containing the same words previously presented on the computer,
minus the primes.
2. Experimental Priming Task for Compound Nonsense Words (Left versus Right
Primes): Nonsense words were randomly selected from a stimulus set (Buchanan,
McEwan, Westbury and Libben, 2002) that was used for testing in deep dyslexia.
SP was asked to read aloud a short word list containing compound nonsense
words (e.g., ramplot). Subsequently, the same nonsense words were randomly
presented on a computer preceded by a left prime (e.g., “bow” for “bowlink”) or
a right prime (e.g., “plot” for “ramplot”) (See Appendix C).
Results
Phase III
The Experimental Phonetic Priming Task for Real Words (Real vs. Pseudo
Primes) revealed a 61% accuracy rate for pseudo primed words versus an 81%
accuracy rate for real primed words. There was a significant difference between real
primed words and pseudo primed words (x2 (1, N = 63) = 4.25, p = .04), with real
primes enhancing reading performance. Word List reading showed a 61% accuracy,
and there w as no difference betw een word list reading and pseudo-prim ed words.

In the Compound Nonsense Word List reading task, results demonstrated a
60% accuracy rate. The Experimental Task for Compound Nonsense Words (left
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versus right primes) showed an 80% accuracy for both left and right primed words,
with no significant difference between left and right primes. There was no significant
difference between Compound Nonsense Word list reading and Compound Nonsense
Word left and right priming (x2(1, N = 30) = 1.43, p = .23), but a trend towards
enhanced performance in the primed condition was apparent.
Discussion
Phase III
Results from the experimental priming tasks generally indicated that phonetic
priming might enhance SP’s single word reading of unfamiliar words. Phonetic
priming effected a considerable improvement in SP’s performance in reading real
words, and improved her performance for nonword reading to some extent.
Phase IV
Error Analysis
A final analysis was conducted to assess reading performance based on error
types across tests. Based on Phase I o f this study and the WRAT III reading subtest
during her neuropsychological assessment, SP produced 37 reading errors (real
words) in total, and these were classified as either visual, derivational, regularization
or other (mixture o f phonological mispronunciations and nonword production). The
bulk of SP’s errors were visual (54%), but she also produced some derivational errors
(19% ), and a small number o f regularization errors (3% ). N onw ord production and

mispronunciations accounted for the remaining 24% o f her errors.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

An Investigation Into the Progression 26
Chapter III
General Discussion
The goals of this study were to establish SP’s specific reading deficits,
compare her reading impairments to those found in the different types o f dyslexia,
consider the neuropsychological variables that may impact on her reading
performance, and develop and implement a remediation strategy that might improve
her reading skills. In addition to addressing these goals, this section discusses the
possible neuroanatomical issues that might have impacted SP’s initial language
difficulties and current reading deficits. As well, the relevance o f the Failure of
Inhibition Theory will be considered as it may apply to cases such as SP’s.
SP ’s Specific Reading Deficits and Comparison to Different Types o f Dyslexia
As previously mentioned, the major forms o f dyslexia outlined in the
literature are categorized as surface dyslexia which appears to be analogous to PType dyslexia, deep dyslexia, and phonological dyslexia, which may include L-Type
dyslexia and Basic Phonological Processing Disorder.
In accord with previous studies on dyslexic subtypes, SP revealed poor
reading skills as evidenced by her general functioning at school (failure in Grade 3
primarily because of reading difficulties), and her poor performance on a
standardized reading test. SP’s reading patterns demonstrated no resemblance to
surface dyslexia or P-Type dyslexia. SP was a fast, but inaccurate reader, she could
not easily sound out words, but she showed no difficulty with whole-word reading of
familiar words. She made few regularization errors (3%) and showed no preference
for regular over exception words. Examining the results of the dyslexic subjects in
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other studies (Castle and Coltheart, 1993; Pitchford and Funell; 1999) studies, her
reading performance corresponded to the phonological subtype in that she read
exception words (3% error rate) much better than nonwords (50% error rate), and
there was a greater than expected discrepancy between the two. SP did not produce
any semantic errors, the hallmark symptom of deep dyslexia, thus making this
diagnosis impossible to support.
The investigation into SP’s reading patterns do support a diagnosis of
phonological dyslexia. SP exhibited obvious difficulties in decoding words from
grapheme to phoneme. She displayed no problems when reading familiar words
(both regular and exception words were read equally well), but experienced
considerable difficulty reading nonwords. She produced an inordinate number of
visual errors (54%), and a substantial number of derivational errors (19%).
Moreover, she showed a marked tendency to misread nonwords as a visually similar
real word (e.g., doop - “drop”, thease - “threes”, shoave - “shovel”).
With respect to Basic Phonological Processing Disorder, it was difficult to
establish whether SP matched the Basic Phonological Processing Disorder profile
based on the classification rules outlined in Pelletier et al. (2001). The
neuropsychological tests that were administered to SP were generally not comparable
to the specific tests required to determine this type of disability.
Neuropsychological Variables that Impact on SP ’s Reading Performance
Overall, SP’s general intellectual functioning was in the low average range,
with no significant difference between her verbal and nonverbal performance. Her
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academic performance was generally in keeping with her level o f language
functioning. A review o f the neuropsychological variables suggested a problem with
the complex process o f sound-symbol conversion, and likely represents the core
deficit that shows up in her reading performance. Although the PALPA results
indicated that SP’s simple phonological segmentation skills were intact, her
performance on more complex standardized phonological processing tasks was
impaired. Additionally, SP demonstrated the poor visual scanning abilities and
spatial orientation deficits that have been associated with phonological dyslexia
(Bakker, Licht, & Van Strien, 1991). This combination o f sound-symbol
representation deficiencies and visual-perceptual problems are likely the main
contributing factors to her reading difficulties. In effect, SP’s visual perceptual
deficits likely create difficulties for her to position and orient letters in words, which
probably impacts on her ability to easily detect phonemes, thus further impinging on
her sound-symbol deficits.
Neuroanatomical Considerations Pertaining to SP ’s Language Difficulties
As reported previously, SP’s language difficulties began after a seizure when
she was 18 months o f age. As a result o f the seizure, SP lost her ability to produce
the rudimentary language that she had acquired up to that point, although testing of
her receptive abilities suggested these abilities were relatively intact.
Investigations into the long-term effects o f febrile seizures typically report

essentially benign outcomes. For example, the National Child Development Study
found that children with febrile seizures had attained normal scholastic achievements
at 11 years of age (Roos, Peckham West, & Butler, 1980). A more recent 12-year

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

An Investigation Into the Progression 29
longitudinal study that assessed intellectual, cognitive and scholastic achievements
showed no loss of abilities (Knudsen, Paerregaard, Andersen, & Andersen, 1996).
Furthermore, a review article by Knudsen (1996) reported that long-term outcome
following prolonged (one hour or longer) tonic clonic first febrile seizures
demonstrated no cognitive ill effects.
Contrary to these reports, a study examining language development in young
children with simple-partial left-hemisphere epilepsy revealed persistently poor
expressive language abilities (Cohen & Le Normand, 1998). In general, the research
appears to indicate that certain types o f epileptic seizures may have specific long
term consequences, whereas outcomes in cases o f a febrile seizure are basically
benign. According to these reports, because SP had only one seizure, language
difficulties or any other form o f cognitive impairment should not have ensued.
Regrettably, there was no follow-up medical investigation into SP’s case, and
neuroimaging procedures to explore possible subsequent neuropathology relating to
her seizure were not conducted. In terms of speculation only, it is conceivable that
SP’s seizure may have been precipitated by a more serious event, such as stroke.
An investigation into the potential specific neuropsychological effects of
childhood stroke revealed some surprising findings. A study by Max (2004)
examining the outcomes of hemispheric location (right or left) in childhood stroke
reported no significant differences between right and left lesions on a number of
neuropsychological tests. The author concluded that there was a lack of laterality
effects in children, which would be quite different from the pattern o f performance
expected in adults with stroke. Nevertheless, although hemispheric patterns of
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performance were not evident, both the right and left hemisphere groups performed
in the low average range on the majority of tests administered. The study suggested
that, following stroke, children with focal brain damage may have milder, but more
diffuse deficits as compared to adults. In contrast to these findings, results from an
earlier study (De Verber, MacGregor, Curtis & Mayank, 2000) investigating
childhood post-stroke neuropsychological effects indicated that an expressive speech
deficit was the most prominent outcome. Certain features (early expressive language
deficits and current low average intellectual functioning) o f SP’s performance, in
light of die above, lead to a tentative suggestion that SP may have suffered an early
stroke. At the time o f her injury, SP had not developed reading skills, and her most
prominent deficit was a loss o f expressive language. This loss o f expressive language
is congruent with a Broca’s type aphasia, implicating damage to the left inferior
frontal brain region. Neuroimaging studies on adults with phonological dyslexia
revealed reduced activity in the left temporoparietal-occipital regions of the brain,
which is consistent with SP’s visual perceptual difficulties. As discussed earlier, the
production errors found in deep dyslexia may result from damage to connecting
pathways from the left temporoparietal region to the left inferior frontal gyrus.
Conceivably, similar pathways (i.e., left temporoparietal-occipital region to the left
inferior frontal gyrus) may be implicated in the case of phonological dyslexia. In
sum, there is a suggestion that SP may have suffered a stroke, but without
corroborating neuroim aging reports, this remains speculative, and it is im possible to

establish the neuroanatomical correlates to her previous and current difficulties.
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In conclusion, SP’s previous language difficulties and current phonological
dyslexia may have resulted from a serious insult to the brain, such as stroke. Without
neuroimaging reports as collaboration, it is difficult to establish the neuroanatomical
correlates relating to her previous and current difficulties.
Failure o f Inhibition Theory and Phonological Dyslexia
The aforementioned Failure of Inhibition Theory in deep dyslexia posits that
individuals with this reading disability are unable to prevent the erroneous
production of responses when reading aloud due to slowed or reduced inhibitory
connections associated with phonological output. This theory proposes a dissociation
in deep dyslexic performance based on explicit (i.e., reading aloud) and implicit
(silent reading) task requirements. That is, although deep dyslexics make visual and
semantic errors when reading aloud, they demonstrate intact orthographic and
semantic lexical processing when production is not required (Colangelo, Buchanan,
& Westbury, 2004). This suggests that the reading deficit in deep dyslexia rests with
phonological output rather than other lexical systems. In brief, impaired explicit
access is due to slowed or reduced inhibitory connections that increase options for
spurious phonological output, resulting in a corresponding increase in reading errors.
The Failure o f Inhibition Theory also purports that, a written word activates
the corresponding representations in the orthographic lexicon, which then activates
representations associated with that word in the sem antic system (e.g., the written

word “money” may activate “dime” and “nickel” in the semantic lexical system, and
“monkey” and “monger” in the orthographic lexical system, with associated semantic
activations, such as “chimp” and “war” in the semantic system). In intact readers,
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visual and semantically related words are rejected due to reduced levels o f activation
relative to the target word. However, in deep dyslexics, activation of the
representations of visually and semantically related words is not necessarily pruned
at phonological output, and this results in competing potential responses that appear
as reading errors. As in SP’s case, young children who appear to use a “guessing”
strategy and produce a preponderance o f visual errors rather than semantic errors
may be demonstrating similar inhibition failure, but semantic errors are not produced
because the child did not develop appropriate connections between semantics and
phonology prior to the brain insult. Additionally, her visual perceptual difficulties
(i.e.,positioning and orienting letters in words) likely amplifies the number of
orthographically similar words activated, thus increasing the number o f errors
produced when reading aloud.
Remediation Strategies fo r SP
As previously mentioned, SP’s visual perceptual deficits likely create
difficulties for her to position and orient letters in words, which probably impacts on
her ability to easily detect phonemes, thus further impinging on her sound-symbol
deficits. Results from the experimental procedures in this study demonstrated that
phonetic priming was an effective strategy to improve SP’s reading skills. Based on
her neuropsychological assessment results, and the results from experimental testing
in this study, the following recommendations were made in an endeavour to enhance
SP’s reading abilities:
a. Instruction in phonics.
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b. Encourage SP to design her own phonetic priming techniques using
Power Point.
c. With respect to a more practical strategy for everyday reading, the
following steps were suggested: (1) isolate the single unfamiliar word
by writing it down on a separate piece of paper; (2) attempt to sound
out the beginning o f the word and underline the portion that was
correctly sounded out; (3) conceal the word and slowly uncover each
letter from “right to left” (backwards, because o f SP’s tendency to
ignore the last part of a word) until she is able to read the last
phoneme; (4) circle the phoneme that was read; (5) continue this
procedure until all phonemes in the word are identified and sounded
out; and (6) blend the phonemes and sound out the whole word.
Although lagging behind her peers, SP’s reading and spelling abilities were
relatively well developed. At present, it is difficult to predict whether these skills will
eventually reach optimal levels in adulthood. However, results from studies such as
Bourassa and Treiman (2003) suggest that children with phonological dyslexia
demonstrate spelling skills that are equivalent to typically developing younger
children. Given this similarity, phonological dyslexics may benefit from intensive
phonemic segmentation training.
Conclusion
The current study is the first to examine a case of dyslexia that was acquired
in a verbal but pre-literate child. Consistent with several other studies on children and
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adults with phonological dyslexia, this study identified deficits in visual perceptual
abilities and spatial orientation as potential key nonlinguistic neuropsychological
variables that may contribute to phonological dyslexia. Furthermore, the
experimental priming procedures used in this study may demonstrate a novel
approach to remediation strategies for this type o f reading disability. This study also
described a neuroanatomical basis for deep dyslexia and phonological dyslexia, and
is the first study to apply the Failure o f Inhibition Theory as a viable hypothesis for
phonological dyslexia from a developmental perspective.
The results o f this study indicated that phonetic priming strategies improved
reading skills in phonological dyslexia. However, this technique was successful for
one specific case, and may not be generalizable to all cases of phonological dyslexia.
In addition, the discussion pertaining to the neuroanatomical correlates in SP’s case
was purely speculative. It should be noted that this study did not examine any brain
structures through neuroimaging or any other technique. All information concerning
brain-behaviour relationships was ascertained from the literature.
In conclusion, reading impairments in young children tend to generalize
across the school curriculum, often resulting in poor grades and/or failure, as well as
frustration for both children and parents. Perhaps too frequently, parents of children
who have suffered neurological damage are left to their own devices to find
solutions. It is imperative that parents, health care professionals and educators be
aware o f the possible consequences o f early childhood neurological events, and work
together to take appropriate steps following the event. Neuroimaging and
comprehensive neuropsychological assessments should be conducted as soon as
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possible, with repeated follow-up evaluations throughout the developmental years.
Reports from neuropsychological assessments need to identify specific cognitive
strengths and weaknesses, and provide clear guidance regarding possible
remediation/compensatory strategies. In turn, education facilities need to ensure that
qualified specialists/teachers are available to implement appropriate intervention
approaches. In many cases, early intervention may prevent or reduce the damaging
long-term effects that may accompany childhood brain injury.
Directions fo r Future Considerations and Research
The Failure o f Inhibition hypothesis was developed specifically as an
explanation for reading errors in deep dyslexia. However, as indicated in this study,
the implications o f this theory might be broader than initially assumed, and may
serve to explain several types of language disorders. The applicability of this theory
could be tested on other forms o f acquired and developmental reading disorders.
As a follow-up to the present study, it would be interesting to investigate the
impact on comprehension during reading aloud versus silent reading. The Failure of
Inhibition Theory would give rise to the prediction that silent reading would result in
better comprehension than aloud reading, and, in this case study, SP demonstrated
obvious problems reading aloud single words, but her comprehension during silent
reading tasks were well within normal limits. Future studies might explore whether
reading aloud “interferes” with comprehension abilities in phonological dyslexia, as
well as the potential impact of verbal production on comprehension abilities in
general.
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Appendix A
PALPA Tests
Name of Subtest
Mirror Reversal
Upper Case/Lower Case
Matching

Letter Discrimination:
Letters in Words and
Nonwords
Spoken Letter-Written
Letter Matching
Phonological Segmentation
o f Initial Sounds
Phonological Segmentation
o f Final Sounds
Auditory Repetition of
Words and Nonwords
Same-Different
Discrimination Using Word
Minimal Pairs
Auditory Lexical Decision:
Imageability and Frequency

Description
Visual task: Identify correct letters from
reversed letter shapes
Visual task: Identify correct lower case
letter that matches upper case letter

Visual task: Identify which pairs of
words and nonwords (upper and lower
case) are the same (e.g.,
DREAM/dread; rdaem/RDAEM)
Auditory/Visual Task: Identify spoken
letter
Auditory/Visual Task: Identify letter in
the first sound in a word/nonword (e.g.,
“pill” - b p m h f)
Auditory/Visual Task: Identify letter in
the last sound o f a word/nonword (e.g.,
“jeev” - z s u f v)
Auditory/Verbal Task: Word and
nonword repetition (e.g., “episode”,
“drim”)
Auditory/Verbal Task: Respond “yes”
or “no” to identify if spoken word pairs
are the same or different (e.g., coatcoat; bed-bet)
Auditory/Verbal Task: Respond “yes”
or “no” if sound presented is a word or
a nonword (e.g., elbow; weast). Words
are divided into high and low
imageability (concreteness, e.g., high
imageability —mother, low imageability
- opinion ) and high and low frequency
(common/uncommon words, e.g., high
frequency - coffee, low frequency valour)

Characteristics
32 letter shapes
26 groups of 3
letters; one upper
case and two lower
case
60 word pairs

26 groups o f four
letters
29 groups o f five
letters
29 groups o f five
letters
50 words/nonwords

72 word pairs

78 words/nonwords
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Minimal Pair
Discrimination Requiring
Written Word Selection

Auditory/Visual Task: Identify spoken
word between two written words (e.g.,
“pill” -p ill or bill)

33 word pairs

Visual Lexical Decision
with Illegal Nonwords

Visual Task - silent reading: Read
words and nonwords
(unpronounceable) and identify those
recognized (e.g., speed/tnoas)

60 words/nonwords

Imageability and Frequency
Reading Visual Lexical
Decision

Visual Task —silent reading: Read
words and nonwords and identify those
recognized (e.g., window/binus)

120 words using
high and low
imageability and
high and low
frequency
60 words

Visual Lexical Decision and Visual Task - silent reading: Read
Spelling Sound Regularity
words and identify those recognized.
Four categories o f word types exception words (e.g., most), regular
words (e.g., shine), pseudohomophones
(e.g., brite) and nonhomophonic
nonwords (e.g., groke)
Homophone Decision
Visual Task - silent reading: Read
pairs of words/nonwords and judge
whether they have the same sound (e.g.,
doe - dough, quib - kwib, raid - ride)
Imageability and Frequency Visual/Verbal Task: Reading single
Reading of Words
words aloud. Words based on high/low
imageability and high/low frequency
Spelling-Sound Regularity
Visual/Verbal Task: Reading single
Reading Task
words aloud. Exception and Regular
words
Nonword Reading
Visual/Verbal Task: Reading nonwords
aloud. Categorized by word length - 3,
4, 5 and 6 letter words (e.g., ked, doop,
slope, shoave)
Imageability and Frequency Spelling Task: Words based on
Spelling
high/low imageability and high/low
frequency
Nonword Spelling
Spelling Task: Nonwords categorized
by word length.
Spoken Picture Naming
Picture naming task

60 word pairs

40 words

60 words

24 words

40 words

24 words
40 line drawings
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Appendix B
Real Word Priming
Prime
bit
bon
ate
rod
ma
ya
gow
mas
sat
bim
sea
tire
vit
bage
arch
oat
ver
sip
jot
ma
zon
tob
list
cuit
cow
apse
cal
bird
ten
en
ick
pole

Target W ord
slumber
carbon
radiate
ballet
aroma
yacht
habit
pajamas
hollow
shatter
nausea
satire
corrupt
garbage
monarch
makeup
shiver
wicker
cushion
dogma
horizon
chamber
harmful
biscuit
crystal
collapse
rascal
fragile
smitten
envy
funnel
attitude

Prim e
coal
dal
bok
ant
tude
ot
talk
little
fume
ster
our
chap
age
so
bat
der
bish
bet
sil
rant
take
Ion
vel
nel
sip
muf
ish
fill
cass
lane
too

T arget W ord
charcoal
sandal
manage
villain
attitude
frigid
refuse
facility
perfume
dumpster
valour
disease
sewage
glitter
punish
smolder
rubbish
smother
medicine
deodorant
mirror
mitten
swivel
funnel
clinic
garlic
punish
landfill
carcass
fountain
patient
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Appendix C
Compound Nonsense Word Priming
Prim e
band
plot
tea
par
prod
trash
car
arm
link
bun
bat
node
bell
chore
charm
ram
raft
mash
track
clam
bee
tramp
bath
bow
keel
harm
paw
year
pit
pin

Target W ord
bandraft
ramplot
teamash
partrack
clamprod
beetrash
cartramp
batharm
bowlink
bunkeel
harmbat
nodepaw
yearbell
chorepit
charmpin
ramplot
bandraft
teamash
partrack
clamprod
beetrash
cartramp
batharm
bowlink
bunkeel
harmbat
nodepaw
yearbell
chorepit
charmpin
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