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Summary

Dyslexia affects a large portion of the population, and identification of the individuals affected is
important for effective intervention/accommodation that will facilitate the best outcomes. Screening
is an important first step in the identification of individuals with the disorder. The measures utilized
for this purpose must be effective, in order to ensure maximum accuracy, so that individuals are
correctly identified, and are able to access the assistance required to mitigate the effects of the
disorder. Currently, there are only a few tests available to screen for dyslexia in adults, and research
evidence of their effectiveness is limited. This thesis provides: (1) in Chapter 2, a limited review of
currently available screening tools; (2) in Chapters 3 and 6, empirical studies of the psychometric
properties of two dyslexia screening tests for adults currently in use in the United Kingdom, the
Bangor Dyslexia Test (BDT) and the Instines; (3) in Chapters 4 and 5, empirical studies of the
development of a new test, the Bangor Adult Literacy Index (BALI); and (4) in Chapter 7, a study of
the predictors (including several component measures of the BALI) of literacy skills among adults
with and without dyslexia. The main findings across the research programme reported in this thesis
are as follows. The review of the screening tools (Chapter 2) highlighted a lack of independent
research studies on the tests and little empirical evidence to support the validity and reliability of
some of the tests. The results of the evaluation of the BDT (Chapter 3) revealed that it is
psychometrically sound and effectively discriminates between adults with and without dyslexia. For
the Instines (Chapter 6), the opposite was true, and the validity and reliability of the test was found
to be questionable. For the new screening measure, the BALI (Chapters 4 and 5), the results
provided evidence of the validity and reliability of the tasks selected for inclusion. This new tool
proved to be an excellent discriminator of dyslexic and non-dyslexic adult groups. The results of the
investigation of the profiles of cognitive predictors of literacy skills for adults with and without
dyslexia (Chapter 7) provided evidence that the predictors are similar to those identified for children.
Importantly, we also found evidence to suggest that the profiles of cognitive predictors of literacy
skills, and the effects of 1Q on these in adults with dyslexia, are the same or similar regardless of 1Q
level. Together, these studies have contributed to research into dyslexia in adulthood by enhancing

Vi



the literature available on dyslexia screening tests and our understanding of the manifestation of

dyslexia in this population.
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Chapter 1: Literature Review

1.1 Definition of Dyslexia

Dyslexia is a condition that affects 4-10% of the population (Rice & Brook, 2004),
and has been recognized and studied for over 100 years. Yet, despite this long-standing and
intense interest in the condition, a widely accepted definition has yet to be produced. The
absence of a single universally accepted definition of dyslexia has resulted in a plethora of
definitions for the disorder. These definitions are developed by dyslexia advocacy groups,
practitioners, researchers, and governments. Rice and Brooks (2004) offer an extensive list of
some definitions as well as a more detailed analysis of 28 of these. There are several reasons
why a definition of dyslexia is essential. Lyon (1995) highlighted three key reasons. Firstly, a
definition is necessary for the identification of dyslexia, the main symptoms and
characteristics needed to describe it. Secondly, treatment of dyslexia requires an
understanding of the difficulties experienced by individuals with dyslexia. Thirdly, a
definition is necessary for research purposes, as researchers who investigate the causes,
consequences, co-morbidity and other aspects of the disorder need to have clearly defined
selection criteria. Variations in the definitions of dyslexia are therefore likely to affect the
identification of and interventions offered to dyslexic individuals as well as research findings.
A definition is also important for the educational systems to identify and put appropriate

measures in place to assist students (Siegel, 1999).
1.1.1 1Q Discrepancy Approach

Historically, a common feature of definitions of dyslexia has been the inclusion of a
discrepancy criterion. The discrepancy criterion generally states that a discrepancy between
an individual’s IQ and his/her reading achievement or reading age and chronological age

must exist for a diagnosis of dyslexia to be made. The use of this discrepancy criterion can be
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traced to a study of reading disability by Rutter and Yule (1975). These researchers
investigated the characteristics of poor readers and concluded that there were two distinct
groups, one group with reading achievement below expected level based on their 1Q, and a
another group whose reading achievement was consistent with their 1Q. However, for over
two decades, the use of an 1Q discrepancy for defining dyslexia and the identification of
dyslexics has been controversial, and this has become one of the most contentious aspects of
the definition of dyslexia. A growing body of research with children has cast doubt on the

validity of the 1Q discrepancy definition.

The main arguments against the discrepancy approach are that there is an overlap
between individuals with reading disabilities with and without an 1Q discrepancy, and it is
difficult to differentiate the groups according to their cognitive and behavioural
characteristics, as well as their response to intervention and prognosis (Fletcher et al., 1992;
Fletcher et al., 1994; Francis et al., 2005; Stage, Abbott, Jenkins, & Berninger, 2003;
Stuebing, Barth, Molfese, Weiss, & Fletcher, 2009; Stuebing et al., 2002). For example,
research by Fletcher et al. (1992) compared the performance of children with reading
disability who presented with or without an 1Q discrepancy on various neuropsychological
tests, and found only small group differences. Similarly, Fletcher et al. (1994) found small
and non-significant differences when they compared the performances of children with
reading disability with and without an 1Q discrepancy on tasks related to reading proficiency.
Also, a recent meta-analysis of 22 studies investigating the relationship between different
measures of 1Q and reading intervention revealed that IQ was not an important predictor
(Stuebing et al., 2009). Based on these and other similar research findings the discrepancy
criterion has been eliminated from some of the more current definitions of dyslexia. For
example, in the United States a discrepancy criterion is no longer required for a diagnosis of
dyslexia (Taymans et al., 2009). Similarly, in the UK the recently conducted Rose Review
(2009) by Sir Jim Rose, of the identification and teaching of children with dyslexia produced
a definition of dyslexia without an 1Q discrepancy. However, the discrepancy criterion is still

widely used in the UK in the assessment and identification of dyslexia.

Although there is now a large body of research questioning the validity of the 1Q
discrepancy in children, very little research with adults has been undertaken. A meta-analysis
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conducted by Swanson and Hsieh (2009) investigated the validity of the 1Q discrepancy
definition in adults, and their results contradicted the research with children. This meta-
analysis of 52 studies revealed that adults with reading disability with 1Q and reading
discrepancy had greater deficits when compared to their counterparts with reading disabilities
and no 1Q and reading discrepancy (Swanson & Hsieh, 2009). More research is needed with
adults with dyslexia to confirm the findings of Swanson and Hsieh (2009) and to help resolve

the debate about the use of the 1Q discrepancy definition of dyslexia.
1.2 Manifestations of Dyslexia

Notwithstanding the lack of agreement on the definition of dyslexia, there is
convergent empirical evidence of the behavioural manifestations of the disorder in children
and in adults. Children with dyslexia have extreme difficulty acquiring basic reading sub-
skills such as letter sound knowledge and word identification (\Vellutino, Fletcher, Snowling,
& Scanlon, 2004). Additionally, the disorder is characterised by difficulty in phonological
processing, reading (accuracy and speed), and spelling, with dyslexic children performing
less well than their non-dyslexic counterparts (Lennox & Siegel, 1993; Manis & Custodio,
1993; Snowling, Goulandris, & Defty, 1996). For phonological processing, dyslexic children
often exhibit deficits on various phonological skills such as phonological awareness,
phonological short term memory, and rapid naming (Gathercole & Baddeley, 1990; Griffiths
& Snowling, 2002; Manis & Custodio, 1993; Snowling et al., 1996).

1.2.1 Manifestations of Dyslexia in Adults

Longitudinal studies of dyslexic children have shown that some of their difficulties
persist into adolescence and adulthood (Maughan et al., 2009; Shaywitz et al., 1999;
Snowling et al., 1997, Snowling, Muter, & Carroll, 2007; Svensson & Jacobson, 2006).
These studies assessed the difficulties experienced by individuals who were diagnosed with
dyslexia in childhood. Maughan et al. (2009) assessed the spelling of poor readers in
adolescence and again 30 years later, and found that their spelling difficulties were highly
persistent. As in the child population, adults with dyslexia have been reported to exhibit a
wide range of deficits at the behavioural level, as well as differences at the brain and genetic
levels (see Fisher et al., 2002; Vellutino et al., 2004; Wagner, 2005 for reviews). Over and
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above weaknesses in reading efficiency (accuracy and speed) and spelling, behavioural
markers most typically include difficulties in the accuracy and/or speed of processing
phonological (speech sound) information, and memory (Vellutino et al., 2004). In addition,
single or multiple deficits have sometimes been reported in the domains of language use and
comprehension, auditory and speech perception, visual attention, motor coordination, and
associative learning (Pennington, 2006; Ramus, Pidgeon, & Frith, 2003). The prevalence of
each type of difficulty and their rates of co-occurrence have not yet been clearly established
in the broad dyslexic population; however, deficits in phonological processing and verbal
short term memory tend to predominate in terms of both severity and frequency of occurrence
relative to the other domains (Bruck, 1992; Gathercole, Alloway, Willis, & Adams, 2006;
Snowling et al., 1997).

Although the underlying deficits in dyslexia may not resolve over the course of
development, or not completely, some changes in the behavioural manifestations of
difficulties nevertheless do occur. For example, by adulthood many English-speakers with
dyslexia are able to close the gap in their reading accuracy though rarely also in fluency
(Lefly & Pennington, 1991). These changes in the behavioural manifestations have been
attributed to instruction and compensation (Frith, 1999). Nevertheless, it seems that spelling
accuracy as well as phonological processing speed tend to remain impaired into adulthood,
and this across languages (Callens, Tops, & Brysbaert, 2012; Hatcher, Snowling, & Griffiths,
2002; Re, Tressoldi, Cornoldi, & Lucangeli, 2011).

1.3 Comorbidity

Dyslexia often occurs with other developmental disorders such as attention deficit
hyperactive disorder (ADHD), specific language impairment (SLI), developmental
coordination disorder (DCD), speech sound disorder (SSD) and dyscalculia (Hulme &
Snowling, 2009; Landerl & Moll, 2010; McGrath et al., 2011; Pennington, 2006, Tunick &
Pennington, 2002). Epidemiological research indicates that the co-occurrence of these
disorders is greater than expected based on the rate of their occurrence in the population
(Caron & Rutter, 1991). Accurate estimates of the rates of comorbidity of dyslexia and other
developmental disorders are difficult, as this requires representative samples of each

population (Hulme & Snowling, 2009). The comorbidity rates of dyslexia and some of the
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developmental disorders reported across studies are: for ADHD — 25-40% (Pennington,
2006), SLP — 17-29% (Catts, Adlof, Hogan, & Weismer, 2005), and SSD — 2-13%
(Pennington & Bishop, 2009). Comorbidity of developmental disorders has been attributed to
shared aetiological, genetic, cognitive, and environmental risk factors that increase
susceptibility to developing more than one disorder (Pennington, 2006; Pennington et al.,
2009; Hulme & Snowling, 2009; Stevenson et al., 2005; Willcutt et al., 2010). Comorbidity
may have implications for the manifestations of the disorders, exacerbating the impairments
exhibited, or alternatively result in compensatory effects which mask some deficits resulting

in more complex assessment and treatment (Pennington, 2006).
1.4 Main Causal Theories of Dyslexia

In addition to the controversies surrounding the definition of dyslexia, there is also
debate about the cause or causes of the disorder, and there is no universally accepted causal
theory of dyslexia. Currently, there are a number of cognitive theories of dyslexia that
propose that the disorder is caused by cognitive deficits due to structural and functional brain
anomalies (Vellutino et al., 2004). These theories may be divided into two main headings
phonological and sensorimotor (Ramus, 2003). The main sensorimotor theories include the
auditory deficit (Tallal, 1980) and the cerebellar deficit (Nicolson &Fawcett, 1999) the main
phonological theory is referred to as the phonological deficit theory. A review of these

theories follows.
1.4.1 Phonological Deficit Theory

The phonological deficit theory has been the most widely accepted causal cognitive
theory of dyslexia. This theory states that dyslexia is caused by a phonological processing
deficit (possibly from structural and functional anomalies in the brain) which results in
impairment in the representation and processing of speech sounds (Reid, Szczerbinski,
Iskierka-Kasperek, & Hansen, 2007; Snowling, 2001; Stanovich & Siegel, 1994; Vellutino et
al., 2004). Manifestations of the phonological deficit include difficulties in phonological
awareness (the production and manipulation of the sound structure of words), verbal short
term memory (temporary storage of phonological representations), and phonological
processing speed (the articulation of the phonological form of the word) (Snowling, 1995).
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Phonological deficits provide a good explanation of the behavioural manifestations of the
disorder and are consistent with theories of normal literacy development, as learning to read
requires an understanding of the sound structure of words and children with dyslexia have
difficulties acquiring this basic letter-sound knowledge (Hulme & Snowling, 2009; Snowling,
2001). The theory is supported by strong and convergent evidence of phonological processing
deficits in children with dyslexia (Vellutino et al., 1996) which persist into adulthood (Bruck,
1992; Kemp, Parrila, & Kirby, 2009; Shaywitz et al., 1999). Furthermore, studies
investigating the acquisition of reading and the causes of reading failure have provided
evidence of a causal relationship between phonological awareness and reading ability.
Studies such as the seminal work of Bradley and Bryant (1983) and others have demonstrated
that the acquisition of reading skills is affected by the ability to learn the sound structure of
words (i.e., to have phoneme awareness) (Caravolas et al., 2005; Hulme, Bowyer-Crane,
Carroll, Duff, & Snowling, 2012, Hulme et al., 2002; Hulme & Snowling, 2009; Savage &
Carless, 2005; Snowling, 1998). The causal relationship between phonological processing
skills and reading is also supported by intervention studies which have demonstrated that
phonological awareness training has a beneficial effect on literacy development (Snowling,
1998; Hulme et al., 2012). Deficits in phonological processing are also associated with
difficulties in the storage and retrieval of printed words (Vellutino et al., 2004).

Neuroimaging studies of dyslexic individuals provide evidence of defective activation
and abnormal connectivity in the language regions (left hemisphere) of their brains
(Démonet, Taylor, Chaix, 2004; Peterson & Pennington, 2012; Richlan, Kronbichler, &
Wimmer, 2009; Shaywitz et al., 1998; for a review see Sun, Lee, & Kirby, 2010). In these
studies, in both children and adult dyslexics, researchers have found differences in the
structure and function of the language areas of the brains when engaged in reading and
reading related skills (Shaywitz et al., 1998; Shaywitz et al., 2002). For example, differences
(increased activation) have been reported in the left temporoparietal cortex of dyslexic
children and adults, including the Wernicke’s area, the angular gyrus, striate cortex and the

inferior frontal gyrus (Peterson & Pennington, 2012; Temple, 2002).

Despite the general acceptance of a phonological deficit in individuals with dyslexia,
there is some opposition to the theory. The main argument against the theory is that it does
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not explain other deficits (e.g. sensory and motor) sometimes exhibited by dyslexic
individuals and therefore cannot be the only cause of reading disability (Ramus et al., 2003b;
Valdois, Bosse, & Tainturier, 2004). Consequently, a number of alternative causal theories
have developed that posit that dyslexia may be caused by more general deficits in (auditory,
visual, and motor areas) (Nicolson & Fawcett, 1999; Tallal, 1980; Tallal, Miller, & Fitch,
1993; Valdois, et al., 2004). Additionally, the theory does not explain the existence of
individuals with reading disability without a phonological deficit (\Valdois, et al., 2003).
While the other theories challenge the phonological deficit theory, on the basis that a
phonological deficit is not the only cause of dyslexia, they are all compatible with its main
premise that the deficit is a direct cause of dyslexia. A review of some of the contending

theories of dyslexia follows.
1.4.2 Auditory Temporal Deficit Theory of Dyslexia

This theory states that dyslexia is caused by an underlying general deficit in auditory
temporal perception of short or rapidly varying sounds that impairs speech perception (Tallal,
et al., 1993; Tallal, 1980). The impairment in speech perception may lead to difficulty with
speech at the phonemic level and the skills required for reading acquisition. The theory is
based on research conducted by Tallal and Piercy (1975) which found that children with
specific language impairments were impaired on temporal order judgment tasks presented at
long but not short inter-stimulus intervals (Tallal & Piercy, 1975; Tallal & Piercy, 1973). In a
subsequent study, Tallal (1980) compared the performance of children with reading
difficulties and controls on a battery of auditory perception tasks and found the dyslexic
children were impaired (made more errors) in their performance on stimuli presented rapidly
but not at slower rates of presentation. The researcher also found that the scores of the
children on auditory tasks were significantly positively correlated with their scores on a non-
word reading task. The researcher used this correlation to support her hypothesis that the
auditory perceptual deficit is associated with difficulty in learning the sound-symbol

relationship.
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The theory is supported by several research studies that have also found auditory
processing deficit on a range of auditory perception tasks in children (Bishop et al., 1999;
Farmer & Klein, 1995; Goswami et al., 2002; Heiervang, Stevenson, & Hugdahl, 2002;
Muneaux, Ziegler, Truc, Thomson, & Goswami, 2004; Tallal et al., 1993) and adults with
dyslexia (Hamaldinen, Salminen, & Leppanen, 2013; Pasquini, Corriveau, & Goswami,
2007). However, research studies conducted by Goswami and colleagues investigating
auditory perception deficits in individuals with dyslexia (Goswami et al., 2002; Muneauxi et
al., 2004; Pasquini et al., 2007; Richardson, Thomson, Scott, & Goswami, 2004) suggest that
amplitude envelope rise time may be more important as a causal deficit in dyslexia than a
temporal perception or other auditory deficits. The rise time may be described as the point at
which a vowel or a syllable is perceived and is designed the Perceptual center (Muneauxi et
al., 2004). The Perceptual center may be important for onset and rime awareness and a deficit
may cause impairment in phonological awareness and literacy. Goswami and colleagues in
their research found that compared to controls both children and adults with dyslexia are
deficient on tasks assessing amplitude envelope rise time as well as other auditory deficits
including temporal order judgment and rapid frequency discrimination. Additional, they
found scores on the amplitude envelope rise time tasks are significant unique predictors of
performance on reading and phonological processing tasks even after controlling for other
auditory deficits such as rapid temporal processing (Muneauxi et al., 2004; Pasquini et al.,
2007). From their research these researchers have concluded that an auditory deficit in
amplitude envelope rise time may be a more important causal deficit for dyslexia than a
temporal order deficit.

One of the main arguments against the auditory deficit theory is that there is no
evidence that the reading deficit experienced by dyslexics is caused by an auditory deficit
(Hamalainen et al., 2013; Ramus et al., 2003; Vellutino et al., 2004). Also, while
phonological deficits have been found in most individuals with dyslexia, only a small sub-
group of individuals with dyslexia exhibit auditory deficits, suggesting that the phonological
deficit is not caused by an auditory deficit (Ramus et al., 2003b; Rosen & Manganari, 2001).
Additionally, there is little evidence to support the theory’s position that the phonological
deficit is secondary to impairments in rapid auditory processing (Marshall, Snowling, &

Bailey, 2001). Although there is evidence of a relationship between performance on tasks
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assessing auditory deficit and phonological abilities (as indicated by their correlations) the
nature of this has not been clearly explained by the theory (Marshall et al., 2001). A study by
Marshall, Snowling, and Bailey (2001) found that auditory deficit does not predict
phonological deficits as would be expected based the theory. Furthermore, research studies
investigating a rapid auditory processing deficit in children with dyslexia have suggested that
this may be due to a speech discrimination deficit and not a temporal processing deficit
(Mody et al., 1997; Waber et al., 2001). To summarise the evidence against the auditory
processing deficit theory suggests that although some individuals with dyslexia may exhibit
this deficit, which may be associated with a phonological deficit, it has no causal role in
dyslexia. Tallal’s theory can be grouped with other theories that propose that dyslexia is
caused by temporal processing deficits due to magnocellular impairments one of these is

described below.
1.4.3 Magnocellular Theory

This theory states that the temporal processing deficit exhibited by individuals with
dyslexia is caused by a general deficit in the processing of rapidly changing sensory
information in any domain, including auditory, visual, and motor (Stein, 2001; Stein &
Walsh, 1997). This deficit is attributed to impairment in the magnocellular system which
processes fast temporal information (Stein, 2001; Stein & Walsh, 1997). This impairment
results in reduced motion sensitivity, resulting in unsteady binocular fixation (control of eye
movement) and poor visual localization which affects the appearance and order of letters in a
word (Stein, 2001). It also impairs sensitivity to auditory transients which determines the
ability to distinguish acoustic cues in frequency (FM) and amplitude modulation (AM) of
tone, resulting in deficient phonological skills (Stein, 2001). Support for the theory is
provided by research evidence of impairment in motion sensitivity and auditory transients in
individuals with dyslexia (Stein & Walsh, 1997; Talcott, Hansen, Assoku, & Stein 2000). As
with the auditory temporal deficit theory, the main argument against the magnocellular theory
is the failure to identify deficits in individuals with dyslexia, and where a deficit is found,
only a small sub-group exhibit it (Ramus et al., 2003b; Skottun, 2000).
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1.4.4 Cerebellar/Automatization Deficit Theory

The cerebellar deficit theory of dyslexia evolved from the automatization deficit
theory. Automatization may be defined as “the process by which skilled performance
becomes smoother and smoother, requiring less and less effort, following extensive practice”
(Nicolson & Fawcett, 1999 p. 159). Therefore, when a skill becomes automatized it is
performed automatically without conscious monitoring (Ramus et al., 2003). The theory
states that individuals with dyslexia have difficulty automatizing all skills, motor and
cognitive, including reading, spelling, and phonological (Nicolson & Fawcett, 1999). The
theory was based on research conducted by the proponents of the theory which found
impaired automatization of balance in children with dyslexia. Using a dual task paradigm, the
researchers found that children with dyslexia exhibited impairments in motor skills in the
dual task conditions, where motor balance and backward counting were assessed
simultaneously, but not on single task conditions (Nicolson & Fawcett, 1990). Nicolson and
Fawcett, (1999) attributed the automatization difficulties observed in children with dyslexia
to a deficit in the cerebellum and proposed the cerebellar theory as an explanation for the
automatization deficit and the main deficits (reading, spelling, and writing) observed in
individuals with dyslexia. The theory posits that the cerebellar deficit can account for the
literacy related difficulties exhibited by dyslexics as follows: (1) it results in poor general
motor skill causing poor handwriting quality, (2) it affects articulatory skills resulting in
phonological deficits, and hence reading difficulty, (3) it causes an automaticity impairment
resulting in difficulty in automatizing the sub-skills of reading and spelling, the acquisition
of visual word forms affecting both reading and spelling (Nicolson & Fawcett, 1999; Ramus
et al., 2003). The proponents of the theory argue that unlike the other theories of dyslexia this
theory provides a parsimonious account of the range of difficulties exhibited by individuals
with dyslexia (Nicolson & Fawcett, 1999).

The cerebellar deficit theory is supported by a number of research studies conducted
by the proponents of the theory and their colleagues as well as other researchers. Studies have
found that children (Fawcett & Nicolson 1999; Fawcett, Nicolson, & Dean 1996; Quercia,
Demougeot, Santos, & Bonnetblanc, 2011; Ramus et al., 2003; Wolff, 2002) and adults
(Needle, Fawcett, & Nicolson 2006; Stoodley, Fawcett, Nicolson, & Stein, 2006) with
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dyslexia perform less well than their counterparts without dyslexia on behavioural tasks (e.g.
heel-to-toe balance, maintenance of posture, muscle tone) assessing the cerebellar deficit. In
addition, anatomical and functional differences in the brains of adults with dyslexia compared
to adults without dyslexia have also been found (Nicolson, Fawcett, & Dean 2001; Finch,
Nicolson, & Fawcett 2002; Rae et al., 1998). In one study, Nicolson and Fawcett along with
other colleagues conducted a number of studies which investigated the cerebellar deficit by
comparing the performance of children with and without dyslexia on various tasks assessing
difficulties associated with the deficit. The researcher found that children with dyslexia
performed less well than their counterparts without dyslexia, and that their performance was
consistent with a cerebellar impairment, thus providing empirical support for the theory.

The cerebellar theory is challenged by independent studies that have not found
differences in the performance of children (Irannejad & Savage 2012; White et al., 2006,
Viholainen et al., 2010; Wimmer, Mayringer, & Landerl, 1998; Wimmer, Mayringer, &
Raberger, 1999) and adults (Ramus, et al., 2003b) with and without dyslexia on cerebellar
tasks. Additionally, in some studies where group differences have been found, only a
minority of the dyslexics exhibited the deficit, which precludes the cerebellar deficit as a
causal deficit (Ramus, et al., 2003a; Ramus, et al., 2003b; Wimmer, Mayringer, & Raberger,
1999). Also, research indicates that the existence of the cerebellar deficits in some individuals
with dyslexia may be attributed to the comorbidity of dyslexia with developmental disorders
such as attention deficit hyperactive disorder (ADHD) and dyspraxia (Rochelle & Talcott,
2006; Wimmer et al., 1999). For example, Wimmer et al., (1999), compared the balancing
performance of children with and without dyslexia and found impairment only in the
performance of the children with dyslexia who also obtained high rating on a teacher rating
of ADHD symptoms. The performance of the children with dyslexia and low rating on the
ADHD measures was similar to that of the controls. Further evidence is provided in a meta-
analysis of 15 studies conducted by Rochelle and Talcott (2006) that compared the balance
performance of individuals with dyslexia and controls. From their analysis, these researchers
found that although balance deficits may be associated with dyslexia there are not strongly
related to reading ability. The final argument against the cerebellar theory is that there is little
research evidence of a causal relationship between motor difficulties and literacy skills (Barth

etal., 2010; Ramus et al., 2003a). In a study investigating the cerebellar deficits and reading

30



intervention with children with reading difficulties Barth et al. (2010) found no correlation
between the children’s scores on two cerebellar tasks (postural stability and bead threading)
and literacy measures (reading, spelling and phonological awareness). Similar results were
obtained in another study investigating the relationship between motor control and phonology
in children with dyslexia. In this study, Ramus et al. (2003a) compared the performance of
children with and without dyslexia on tasks assessing phonological skills and cerebellar

function and also found no correlation between the children’s scores on these tasks.

More recently, the proponents of the cerebellar theory have further updated their
causal theory of dyslexia providing an explanation of the disorder at the neural system level,
with their proposal that the disorder is due to a dysfunction in the procedural learning system
(Nicolson & Fawcett, 2011; Nicolson & Fawcett, 2007; Nicolson, Fawcett, Brookes, &
Needle, 2010). The procedural learning system (also called the procedural memory system) is
involved in: (1) the learning of rules governing language, (2) the learning of new skills, and
(3) the control of sensorimotor and cognitive habits (Nicolson & Fawcett, 2007). The theory
states that impairment in the procedural learning system resulting from dysfunction in the
cortico-cerebellar circuits in the brain results in impaired acquisition of skills including

language.
1.4.5 Visual Attention Span Deficit Hypothesis

The visual attention span (VAS) deficit theory proposes that in addition to the well
established phonological deficit, a VAS impairment is a second core deficit in dyslexia
(Bosse, Tainturier, & Valdois, 2007). The theory is theoretically grounded in the
connectionist multitrace memory model of polysyllabic word reading, a model of reading
which posits two routes, lexical and non-lexical for reading, and explains how damage to
these can result in reading difficulty (Ans, Carbonnel, & Valdois, 1998). Bosse et al. (2007)
define VAS as “the amount of distinct visual elements which can be processed in parallel in a
multi-element array” (p. 1). The theory states that dyslexia is caused by two independent
cognitive impairments, a phonological or a VAS deficit, with both resulting from damage to
the visual attention window (VAW) through which information about the orthography of
words is obtained (Valdois, Bosse, & Tainturier, 2004). The extent of the damage to the
VAW determines the type of deficit exhibited. Moderate damage to the VAW would result in
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a VAS deficit and the pattern of reading difficulty associated with surface dyslexia, with
intact phonological skills but difficulties with irregular word reading. More severe damage to
the VAW results in a nonword deficit and a pattern of reading difficulty associated with
phonological dyslexia with impaired phonological skills and difficulty with both regular and
irregular words. The theory therefore explains the phonological and surface subtypes of
dyslexia.

The theory is supported by research undertaken by Valdois and colleagues and others
who have found that children (Bosse et al., 2007; Bosse & Valdois, 2009; Hawelka &
Wimmer, 2005; Lobier, Zoubrinetzky, & Valdois, 2012; Valdois et al., 2003) and adults
(Hawelka, Huber, & Wimmer, 2006) with dyslexia exhibit a visual attention span deficit.
Bosse et al. (2007) conducted two studies; the first examined the performance of French
speaking and the second English speaking, dyslexic and control children, on tasks assessing
their reading, phonological processing and VAS skills. For the study with the French
speaking children, the dyslexic children performed less well than the controls on all the tasks
and the children’s scores on the phonological and VAS tasks correlated with their reading
scores. Also, the children’s scores on the phonological and VAS tasks were significant
independent predictors of reading, suggesting that the VAS deficit was independent of the
phonological deficit. More importantly using principal component analysis, the research
found that a high proportion of the dyslexics (44%) exhibited a VAS deficit only. These
results were replicated in the second study with the English speaking dyslexic children where
the researchers controlled for nonverbal 1Q, vocabulary, and letter identification skills. The
theory is challenged by research studies that have not found a VAS deficit in adults with
dyslexia (Hawelka & Wimmer, 2008; Shovman & Ahissar, 2006). Additionally, there is some
debate about the nature of the deficit demonstrated with the VAS task, and some researchers
contend that this may be phonological and not visual because of the use of verbal material
and oral report in the task (Hawelka & Wimmer, 2008; Shovman & Ahissar, 2006; Ziegler,
Pech-Georgel, Dufau, & Grainger, 2010). This view is supported by research studies using a
VAS task without oral report that failed to find the deficit (Hawelka & Wimmer, 2008;
Shovman & Ahissar, 2006). However, the proponents of the theory recently conducted a
study that provides evidence of the deficit in dyslexic children on VAS tasks as well as

categorization tasks, using both verbal and non-verbal stimuli (Lobier et al., 2012).

32



Additionally, other studies that have used VAS tasks without verbal involvement have also
found the deficit (Pammer, Lavis, Hansen, & Cornelissen, 2004).

1.5 Current Theoretical View of Dyslexia

Increasingly dyslexia is being viewed as a disorder with a multifactorial/multiple
deficits aetiology. This view acknowledges that the disorder does not have clearly identified
boundaries and that it may share aetiological risk factors with other developmental disorders
such as ADHD (Norton & Wolf, 2012; Pennington, 2006; Snowling, 2012). This new
conceptualization of dyslexia does not negate the widely accepted phonological deficit theory
but acknowledges the fact that there are aspects of the disorder that we do not currently fully

understand.
1.6 Identification of Adults with Dyslexia

There is general agreement that the identification of children with dyslexia should be
undertaken as early as possible, as this results in better outcomes (Rose Review, 2009).
However, there is some debate about the method to be used to identify children with dyslexia,
whether school based assessments (such as comparison of progress with peers without
dyslexia) or screening tests are more appropriate. Research indicates that screening tests may
be unreliable producing large numbers of false positives and false negatives and the Rose
Review recommended the comparison with peers without dyslexia as the first step in
identification of children with dyslexia (Rose, 2009; Simpson & Everatt, 2005). In addition to
identifying dyslexia in children, there is also a need to be able to identify adults with dyslexia
as not all individuals affected by the disorder are identified before adulthood. The report of
the National Working Party on Dyslexia in Higher Education (1999), which indicates that
approximately 43%, of students with dyslexia are only identified after admission to post-
secondary institutions, suggests that a large proportion of individuals are not identified in
childhood. It has also been suggested that in the wider work community the number of adults
with undiagnosed dyslexia may be high (Nicolson, Fawcett, & Miles, 1993). This has

implications for not only these individuals but also society as a whole.
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In addition, several acts of legislation (Disability Discrimination Act 1995, Special
Education Needs and Disability Act (SENDA), 2001, Disability Discrimination Act 2005),
culminating in the passing of the recent Equality Act 2010, have highlighted the need for
awareness-raising about dyslexia in the higher /further education sector and in the workplace.
These acts were designed, on the one hand, to prevent discrimination against people with
disability (including dyslexia) in education, employment and access to services, and on the
other hand, for enabling education providers and employers to identify and support adult
students and employees with dyslexia. Additionally they aim to ensure for those with
disabilities, fair treatment and access to opportunities on a par with counterparts without
disabilities. Similar legislation has been passed in the European Union (The Framework
Directive on Equal Treatment in Employment and Occupation 2000) and the United States
(Americans with Disability Act 1990). Thus, there is an ongoing need for the identification of
adults with dyslexia, to allow them to access the resources required to assist them in
achieving their potential, and to assist HEIs, employers and others in fulfilling their legal and

professional obligations.

Dyslexia (in both children and adults) can only be diagnosed by a fully trained
psychologist or other professionals such as specialist teachers who have received the
appropriate training. The limited number of these professionals, and the high cost associated
with diagnosis, has resulted in the practice of screening individuals to identify those most at
risk of the disorder, and the referral of these individuals for a full assessment by a trained
psychologist or other professionals. The use of this two stage process received the
endorsement of the majority of the professionals working with dyslexics in a feasibility study

into adult dyslexia screening conducted in 1992 (Nicolson, Fawcett, & Miles, 1993).

Screening tests are broadly designed to be quick, cost effective, and easy to
administer tools for identifying individuals most at-risk of a disease or disorders (Singleton,
2009; Evans, Galen, & Britt, 2005). As such, screening tests do not need to be administered
by fully qualified psychologists, and thus may comprise useful tools for HEIs, employers, and
others to use in the identification of individuals who may be at-risk of dyslexia. In contrast
with in-depth evaluations, however, screening tools have certain limitations. Their brevity

may increase the risk of misclassifications (of false negatives and false positives) being made.
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Moreover, many screening tools currently on the market lack adequate validation and
standardization studies to attest their appropriateness, sensitivity and specificity for the

reliable detection of dyslexia risk in adults (see Chapter 2 for details).

In comparison with the availability of dyslexia screening tests for children, very few
are available for adults, and, of these, there is no generally accepted or “gold standard”
measure. The tests fall into two main categories: paper based and computerised assessments.
Two frequently used paper based tests are the Bangor Dyslexia Test (BDT) (Miles, 1997) and
the Dyslexia Adult Screening Test (DAST) (Fawcett & Nicolson, 1998). The main
computerised screening tests include the Instines (Teare, 2001), Lucid Adult Dyslexia
Screening Plus (LADS Plus) (Lucid Research Limited, 2010), and QuickScan (Zdzienski,
1998). There are a number of advantages as well as disadvantages for both types of screening
tests. For paper based tests, advantages include: (1) they allow the collection of qualitative
data; (2) they are suitable for individuals with low literacy skills; (3) they facilitate
comprehension of task requirements. Disadvantages include: (1) they maybe require more
time to administer; (2) the cost, including material and labour, may be greater; (3) scoring
may be less objective. For computer based tests, advantages include: (1) more accurate and
consistent administration; (2) reduction in labour, time and cost; (3) more objective and
accurate scoring. Disadvantages include: (1) more costly development process (2) possible
technology failure, and (3) frequent lack of transparency about the causes of poor

performance on computerised (frequently self-administered) tasks.

Despite the fact that the screening tests currently used in the United Kingdom, have
been in use for several years (the BDT for almost three decades), there is a still a paucity of
published research on these tests, and this includes developmental as well as independent
research. Additionally, where independent research studies do exist, their findings may
contradict those reported by the test developers. Thus, there is a need for further research on
these screening tests, in order to determine their capacity to effectively discriminate between
adults with and without dyslexia. A limited review of the more popular screening tools

currently being used in the United Kingdom is undertaken in Chapter 2.
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Chapter 2. Review of Dyslexia Screening Tests for
Adults

2.1 Introduction

In this chapter, we review six of the dyslexia screening tests for adults that are
available in the United Kingdom. Three of the tests are paper based: Bangor Dyslexia Test,
Dyslexia Adult Screening Test, and York Adult Assessment Battery-Revised; and three are
computer based: Instines, Lucid Adult Dyslexia Screening Plus, and QuickScan. The tests are
assessed on the established characteristics of a good test. A test may be described as good, if
it is valid, reliable, discriminating, and has adequate norms (Cohen & Swerdlik, 2005; Kline,
1986).

2.2 Bangor Dyslexia Test

2.2.1 Test Description

The Bangor Dyslexia Test (BDT) was one of the first dyslexia screening tests to be
developed in the United Kingdom and was created by the late Professor Emeritus of Bangor
University Tim R. Miles. It is a paper-based dyslexia screening test for individuals aged from
7 years to adulthood. To develop the test, Professor Miles was mainly informed by anecdotal
evidence from his clinical experience and work with dyslexic individuals. Although, as
Professor Miles stated in his book Dyslexia: The Pattern of Difficulties (1993), there was no
theoretical basis for the specific items selected for the test, in his theoretical perspective, he
believed dyslexia to be a syndrome with a distinctive pattern of symptoms/difficulties
resulting from a lexical or verbal labelling deficit (Miles, 1993; Payne, Miles, & Wheeler,
2007). Over a period of approximately six years, he experimented with a number of different
tasks before selecting 12 that were included in the original version of the test published in
1983. The test was subsequently revised and its current format was published in 1997 and has

been translated into several languages including Greek, German, Japanese and Welsh (Miles,
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1993). It is intended for use by professional as well as non- professional assessors. The items
selected for inclusion on the test were all tasks on which most dyslexic individuals had
difficulties and which Miles believed could identify the pattern of difficulties associated with
the disorder. The test consists of 10 subtests: 8 skill-based tasks, and 2 questions, which are
anecdotal queries on persisting confusion of the letters b and d, and on the incidence of
dyslexia in the family. The subtests are Left-Right, Polysyllabic Words, Subtraction, Tables,
Months Forwards, Months Reversed, Digits Forwards, Digits Reversed, B-D Confusions and
Familial Incidence. Descriptions of these subtests are provided in Table 2.1. Administration

time for the test is approximately 30 minutes.
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Table 2.1. Description of the Subtests of the Bangor Dyslexia Test

Subtests Descriptions Skills Assessed
Left — Right Tests the awareness of left and right using Verbal working memory,
body parts. spatial awareness, and mental
rotation.
Polysyllabic Tests the ability to repeat polysyllabic Verbal/phonological short
Words words such as ‘preliminary’ and term memory and articulatory

Subtraction

Tables

Months
Forwards

Months
Reversed

Digits
Forwards
Digits Reversed
B-D
Confusion

Familial
Incidence

‘philosophical’.

Tests the ability to complete verbally
presented subtraction problems.

Tests the ability to recite 6, 7 & 8 times
tables.

Tests the ability to recite the months of
year in the correct order.

Tests the ability to recite the months of
the year in reverse order.
Tests the ability to repeat digits in the

order in which they were presented.

Tests the ability to repeat digits in the
reverse order of presentation.

Question on the confusion of the letters b

— d beyond the age of eight.

Question on the incidence of learning
difficulty in the family.

accuracy.

Verbal working memory and
arithmetic skills.

Rote and verbal working
memory, arithmetic skill, and
executive functions for
sequencing.

Rote recall and executive
function for sequencing.

Verbal working memory and
executive function for
sequencing.

Verbal short-term memory.
Verbal working memory.

Not applicable

Not applicable

The scoring system for the screening process is deliberately simple. There are three

possible scores on each subtest: + (plus), a dyslexia positive response; — (minus), a dyslexia

negative response; and O (zero) an ambiguous response that cannot be scored as either
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dyslexia positive or negative. In addition to the correctness of the response for 8 of the
subtests (excluding B-D Confusion and Familial Incidence), scoring is also based on the
clinical judgement of the assessor. The assessor is required to take into account any manifest
difficulty experienced or explicit strategies used by the individual being assessed to achieve
the correct response. Indications of difficulties experienced by the test taker (to be noted by
the assessor) include hesitations, requests for repetitions of the question, repeating the
question before answering, and other strategies indicating difficulties. Therefore, a + (plus)
score would be given not only for incorrect responses, but also for correct responses that
satisfy other criteria such as the use of strategies or other evidence of difficulty. A — (minus)
score is awarded for correct responses (with no indication of difficulties or strategies) and a
score of 0, (zero) is awarded for correct responses that are ambiguous and cannot be scored as
either dyslexia positive or negative. These scores are then assigned numerical values in order
to calculate the individual’s total score on the scale such that plus (+) =1, zero (0) = .5, and
minus (-) = 0; thus, the total score on the scale overall ranges from a minimum of 0 to a

maximum of 10.
2.2.2 Test Development

Norms. Norms for the BDT were established from data collected in 1980, as a part of
the longitudinal Child Health and Education Study involving all children in England,
Scotland and Wales born during the week of April 5™ -11", 1970 (Miles, 1993). Data were
collected from 12,905 children at age 10 years, 6685 boys and 6,220 girls (Miles, Haslum, &
Wheeler, 1998). The children were assessed on three of the BDT subtests: Left-Right,
Months Forwards, and Months Reversed. For each subtest, only a minority of the children
obtained positive scores as follows: Left-Right 1408 (11%), Months Forwards 971 (7.85%)
and Months Reversed 1615 (13.2%). Norms for two subtests (Digits Forwards and Digits
Reversed) were already established by other recognised measures such as the British Ability
Scales and the Wechsler Intelligence Scale for Children (Miles, 1993). Norms for adults were
not established. The test has a manual that provides information on administration, scoring,
and interpretation of test scores, along with information on the validation studies and the
establishment of norms. Further details about the development of the test are also available in
the book Dyslexia: The Pattern of Difficulty by Professor Miles.
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Validity. In addition to establishing norms for children, data collected from the Child
Health and Education Study were used to validate some of the subtests of the BDT (Miles,
1993). The relationship between three subtests (Left-Right, Months Forwards, and Months
Reversed) of the BDT and literacy measures (word recognition, spelling, mathematics and
comprehension) was examined using stepwise regression. The results indicated that scores on
the subtests were significant predictors of scores on the literacy measures such that children
with positive scores on the subtests obtained lower scores on the literacy measures than
children with negative scores. Similar results were also obtained for the Recall of Digits
subtest from the British Ability Scales that was also administered to the children and this test

is similar to the Digits Forwards and the Digits Reversed subtests of the BDT.

Further validation was obtained by comparing the performance of 264 children and
adolescents, 132 with dyslexia and 132 without dyslexia (matched for intelligence) on 7 of
the subtests: Left-Right, Polysyllabic Words, Subtraction, Tables, Months Forwards, Months
Reversed, and Digits Reversed (Miles, 1993). The participants were aged between 7 years
and 18 years and were divided into three age groups, 7-8 (42 children), 9-12 (160 children),
and 13-18 (62 adolescents), with equal numbers with and without dyslexia in each group. For
all the subtest, the children with dyslexia performed significantly less well (obtaining higher
scores) than the children without dyslexia and this was true for all three age groups.
Additionally, on all the subtests, the percentage of children with dyslexia obtaining a plus
score or a positive indicator was greater than those without dyslexia. Finally, the BDT was
administered as part of a study which investigated the speed of multiplication in boys with
dyslexia. The performance of the boys with dyslexia (age 13-14 years-old), was compared to
that of chronological age-matched peers, and to that of spelling age-matched boys (10-11
years of age) (Miles, 1993). The performance of the groups differed significantly, with the
dyslexic group performing less well (obtaining higher scores) than the others. The results of
these studies indicated that children with dyslexia are more likely to obtain higher scores on
the BDT than children without dyslexia and provided empirical evidence of the capacity of

the BDT to discriminate between these such groups.
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2.2.3 Independent Research

Sutherland and Smith (1991) compared the BDT to two other dyslexia screening tests,
the Boder Test of Reading-Spelling Patterns and the Aston Index. The Boder is an American
test and was designed for use with individuals aged 5 to adulthood. The Aston Index, a
British test, was designed for individuals aged 5 to 14 years. Participants were 20 children
with literacy problems and average non-verbal 1Q mean age 11.5 years, the researchers
compared the screening outcome of the tests, their ability to group participants into sub-types
of dyslexia (auditory, visual and mixed), and how easily teachers could administer the tests.
The researchers found that the screening outcomes of the three measures were inconsistent,
and coincided for only six of the 20 participants. Additionally the classification of the
children without dyslexia into different sub-types was inconsistent, with only three
participants given the same sub-type classification by all three tests. For the BDT, its total
score as well as the score on the Polysyllabic Words subtest were significant predictors of
screening outcomes. However, the researchers concluded that the BDT was too general to be
useful for teachers. Additionally they were critical of the BDT manual which they believed

provided limited guidance on how to interpret the test scores.

In another study conducted by Nichols, McLeod, Holder, and McLeod (2009), the
researchers compared the effectiveness of a tutor screening battery and the computerized
screening test, Lucid Adult Dyslexia Screening (LADS) for identifying university students
with learning disability (dyslexia, dyspraxia, and Meares-Irlen Syndrome). The ‘tutor
screening battery’ (a compilation of published tests used for screening students with
disabilities at the University of Worcester) consisted of seven subtests of the BDT (Left-
Right, Polysyllabic Words, Subtraction, Tables, Months Forwards, Months Reversed, B-D
Confusion, and Familial Incidence) and eight subtests of the Dyslexia Adult Screening Test
(DAST). Participants in the study were 74 students of whom 46 screened positive for at least
one of the disabilities and were referred for full assessment by a qualified professional. Of
these 46 students given a full assessment, 35 were diagnosed with at least one disability and
the majority 30, with dyslexia. The ‘tutor screening battery’ had a sensitivity rate of 91% and
a specificity rate of 79%, compared to 66% and 90% respectively for the LADS. The
researchers concluded that the ‘tutor screening battery’, with its higher sensitivity rate, was
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more effective, as the lower sensitivity rate of the LADS would result in a higher proportion
of individuals with disabilities not being identified. The researchers also used logistic
regression analysis to examine the capacity of the subtests of the BDT (eight subtests) and the
DAST (seven subtests) to predict the three disabilities assessed, and both tests were
significant predictors. They further examined the relationship of the individual subtests of the
BDT and DAST and indications of the three disabilities. This analysis revealed that of the
eight subtests of the BDT, two (Left-Right and Months Reversed) were significant predictors,
while Polysyllables (p = 0.076) approached significance. Additionally, the Months Forward
subtest was excluded from the analysis as only one student obtained a positive score on it. It
is not possible to pr