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The present thesis tested the hypothesis of Stanovich, Siegel, & Gottardo (1997) that
surface dyslexia is the result of a milder phonological deficit than that seen in
phonological dyslexia coupled with reduced reading experience. We found that a
group of adults with surface dyslexia showed a phonological deficit that was
commensurate with that shown by a group of adults with phonological dyslexia
(matched for chronological age and verbal and non-verbal 1Q) and normal reading
experience. We also showed that surface dyslexia cannot be accounted for by a
semantic impairment or a deficit in the verbal learning and recall of lexical-semantic
information (such as meaningful words), as both dyslexic subgroups performed the
same. This study has replicated the results of our published study that surface dyslexia
is not the consequence of a mild retardation or reduced learning opportunities but a
separate impairment linked to a deficit in written lexical learning, an ability needed to
create novel lexical representations from a series of unrelated visual units, which is
independent from the phonological deficit (Romani, Di Betta, Tsouknida & Olson,
2008). This thesis also provided evidence that a selective nonword reading deficit in
developmental dyslexia persists beyond poor phonology. This was shown by finding a
nonword reading deficit even in the presence of normal regularity effects in the
dyslexics (when compared to both reading and spelling-age matched controls). A
nonword reading deficit was also found in the surface dyslexics. Crucially, this deficit
was as strong as in the phonological dyslexics despite better functioning of the
sublexical route for the former. These results suggest that a nonword reading deficit
cannot be solely explained by a phonological impairment. We, thus, suggested that
nonword reading should also involve another ability relating to the processing of
novel visual orthographic strings, which we called ‘orthographic coding’. We then
investigated the ability to process series of independent units within multi-element
visual arrays and its relationship with reading and spelling problems. We identified a
deficit in encoding the order of visual sequences (involving both linguistic and non-
linguistic information) which was significantly associated with word and nonword
processing. More importantly, we revealed significant contributions to orthographic
skills in both dyslexic and control individuals, even after age, performance 1Q and
phonological skills were controlled. These results suggest that spelling and reading do
not only tap phonological skills but also order encoding skills.

Keywords: adults with developmental dyslexia, surface and phonological dyslexia,
lexical learning, print exposure, lexical-semantic impairments, nonword reading
deficit, regularity effect, control children, order encoding, sequential processing,
same-different array matching.
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Chapter 1

Low Print Exposure and Lexical-Semantic Impairments: Can they

explain Developmental Dyslexia?

1 INTRODUCTION

1.1 Theoretical accounts of developmental dyslexia and its subtypes
Developmental dyslexia is a common neurocognitive disorder with genetic
predisposition (potential gene markers for dyslexia have been identified in
chromosomes 2, 3, 6, 15 and 18, Cardon et al., 1994, 1995; Willcutt & Pennington,
2000; Fisher & Smith, 2001), which affects the learning process in one or more areas
of reading, spelling, writing (‘agraphia’), and sometimes numeracy (‘dyscalculia’)
despite normal intelligence, conventional instruction and adequate socio-cultural
opportunities. Dyslexia is independent of socio-economic or language background.
Accompanying weaknesses may be identified in areas of short-term memory (STM),
speed of processing, sequencing, auditory/visual perception, spoken language and
motor skills. Dyslexia was first introduced to the scientific literature more than a
century ago, when a single case study of a bright boy who was unable to read was
reported (Morgan, 1896; the disorder was then discussed under the term ‘congenital
word blindness’, Hinshelwood, 1917). Approximately 5 to 10 % of the UK and US
population is affected (Eden & Moats, 2002). Typically, more males than females are
affected (2:3 to 4:5), although this gender discrepancy has also been attributed to
selection bias (Habib, 2000; Shaywitz & Shaywitz, 2003). According to Shaywitz &
Shaywitz (2003), up to 50% of children of parents with dyslexia, 50% of siblings of
children with dyslexia and 50% of parents of children with dyslexia may exhibit

symptoms of the disorder.

Decades of intensive research in cognitive neuropsychology, neuroscience and
genetics have resulted in a number of proposals to account for dyslexia. There has
been strong converging evidence that the underlying cause of the disorder is a

‘phonological deficit’ (Snowling, 1981, 2000, 2001; Bradley & Bryant, 1983; Wagner



& Torgesen, 1987; Stanovich, 1988; Wilding; 1§89,’ 1990, Rack, Snowling, & 'Ols,on,’
1992; Stanovich & Siegel, 1994; Lyon, 1995; Shankweiler et al., 1995; "S‘har‘e,: 1995;
Frith, 1997; Ramus et al., 2003; Bishop & Snowling, 2004; Ziegler & Goswami,
2005). According to the phonological deficit hypothesis, a difficulty in the short-term
retention, segmentation, manipulation, storage and retrieval of the constituent
phonemes of words in individuals with developmental dyslexia is the consequence of
underspecified phonological representations. Deficits in the representation and use of
phonological information result in poor grapheme-to-phoneme recoding leading to
problematic acquisition of the alphabetic principle (Bryant & Bradley, 1985;
Stanovich, 1988; Brady & Shankweiler, 1991; Griffiths & Snowling, 2002; Vellutino,
Fletcher, Snowling, & Scanlon, 2004; Ramus & Szenkovits, 2008). Poor phonological
awareness (the ability to segment and manipulate the constituent sounds of the oral
language) has been consistently reported in dyslexics (Blachman, 2000; Snowling,

2001; Vellutino et al., 2004, for a review).

According to the dual-route model of word recognition (Coltheart, 1978; Frith,
1985; Patterson & Morton, 1985; Coltheart et al., 1993; Castles and Coltheart, 1993)
skilled readers use two different mechanisms in order to pronounce printed words: a
‘sublexical’ mechanism, which involves using the grapheme-to-phoneme conversion
rules and a ‘lexical’ mechanism, which involves accessing the representations of
whole words. Castles & Coltheart (1993) proposed that the two mechanisms are
distinct in both developing and skilled readers, and hence there should be two main
patterns of developmental dyslexia. Within the dual-route model framework,
phonological dyslexia is characterised by a difficulty using the sublexical route
mainly used to process nonwords, while surface dyslexia is characterised by a
difficulty using the lexical route mainly used to process words with more atypical or
unusual grapheme-to-phoneme mappings (exception, irregular or strange words). It
has been well established that phonological dyslexics have more problems with
processing nonwords than irregular words due to underspecified phonological
representations (Temple & Marshall, 1983; Seymour & McGregor, 1984; Snowling,
Stackhouse, & Rack, 1986; Temple, 1986; Snowling & Hulme, 1989; Funnell &
Davison, 1989; Seymour & Evans, 1993), while surface dyslexics have more
problems with processing irregular words than nonwords due to poor orthographic

representations (Boder, 1973; Coltheart, Masterson, Byng et al., 1983; Temple, 1984;



Goulandris & Snowling, 1991; Hanley, Hastie,/&: Kay, 1992; Seymour & Evaﬁs,
1993; Castles & Coltheart, 1993, 1996; Mc Bride-Chang & Petersen, 1996; Valdois et
al., 2003; Brunsdon, Coltheart, & Nickels, 2005). The phonological dyslexics have
been found to differ qualitatively from both their chronological-age matched (CA)
controls on both phonological and orthographic tasks and their younger reading-age
matched (RA) controls on phonological but not on orthographic tasks, thus, fitting a
‘developmentally deviant® profile (Snowling, 1981; Stanovich, Nathan, & Vala-Rossi,
1986; Lundberg & Hoien, 1989; Stanovich & Siegel, 1994; Manis, Seidenberg, Do,
Mc-Bride-Chang, & Petersen, 1996; Stanovich, Siegel, & Gottardo, 1997; Curtin et
al., 2001). By contrast, the surface dyslexics have been found to perform just like their
younger RA controls but worse than their CA controls on both phonological and
orthographic tasks, thus, fitting a ‘developmentally delayed’ profile (Bryant & Impey,
1986; Castles & Coltheart, 1993; Plaut & Shallice, 1994; Manis et al., 1996;
Stanovich et al., 1997; Samuelsson, Finnstrom et al., 2000; Bailey, Manis, Pedersen,
& Seidenberg, 2004). The phonological dyslexics are also less likely to produce
phonologically plausible errors than the surface dyslexics, but more likely to make
exception word errors that involve visual approximations to the target words than the
surface dyslexics (Manis et al., 1996). The different orthographic symptoms shown
suggest that there are distinct patterns of dyslexia at the extreme ends of the
distribution of performance. The heterogeneity of the dyslexic manifestations and the
report of dyslexic cases with no phonological impairments cannot be accounted for by
the phonological deficit hypothesis, thus, raising the interesting possibility that some
patterns of dyslexia (i.e. surface dyslexia) might reflect a non-phonological cognitive
deficit (Romani & Stringer, 1994; Romani, Ward, & Olson, 1999; Di Betta &
Romani, 2006; Romani, Di Betta, Tsouknida, & Olson, 2008).

Manis, Seidenberg, Doi, Mc Bride-Chang, & Petersen (1996) proposed that
the deviant profile of phonological dyslexia is the result of poor phonological
representations, while the delayed profile of surface dyslexia could be the result of
orthographic deficits or could be attributable to a slower rate of learning or resource
limitation (resembling ‘mild retardation’), which leads to the slower mastery of
grapheme-to-phoneme associations (see also Olson et al., 1994; Harm & Seidenberg,
1999; Windfuhr & Snowling, 2001). However, the hypothesis of a ‘mild retardation’

as a result of a developmental lag does not fit with the results of the surface group and
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single case studies of our research team (for a group study: Romani, Di Betta,

Tsouknida, & Olson, 2008; for a single case study: Romani & Stringer, 1994;

Romani, Ward, & Olson, 1999), which found normal 1Q levels. This hypothesis is
also not very consistent with the studies that have genotyped for DNA markers of
reading disability (RD) or tested for brain structure differences in sib pairs (where at
least one member had reading difficulties) and found a quantitative trait locus for RD
(Cardon et al., 1994; Pennington, 1994; Olson, 2008). It also does not fit well with
those studies that found no correlation between the degree of 1Q-discrepancy and the
differential heritability of orthographic deficits (Stevenson, Graham et al., 1987;
Olson, Rack, Conners, DeFries, & Fulker, 1991; Stevenson, 1991).

Another account of phonological and surface dyslexia was provided by
Stanovich, Siegel, & Gottardo (1997). The authors argued that both patterns of
dyslexia arise from a core phonological deficit, but that the surface dyslexics have a
‘milder phonological deficit conjoined with impoverished reading experience’ (see
also Manis et al., 1996, Harm & Seidenberg, 1999; Griffiths & Snowling, 2002).
Stanovich et al. (1997) investigated phonological and reading abilities in phonological
and surface dyslexic third graders compared to the CA and RA controls. They found
that the phonological dyslexics showed a deviant profile, as they performed lower for
both their chronological and reading age (on the phonological tasks when used both
control comparisons and on the reading tasks when used the CA control comparison),
while the surface dyslexics showed a delayed profile, as they performed normally for
their reading age but lower for their chronological age (on both phonological and
reading tasks). It was, thus, argued that both the phonological and the surface
dyslexics suffered from a phonological deficit, but that this deficit was milder for the
surface dyslexics. However, Stanovich et al. (1997) have not measured print exposure
in the surface dyslexics to demonstrate that surface dyslexia is the result of poor

experience in reading.

These accounts have prompted the controversial suggestion of the
phonological deficit hypothesis that surface dyslexia might not be a separate
impairment, but that it might arise from a mild retardation or a milder phonological
deficit exacerbated by some non-specific disadvantage related to environmental

factors, such as ‘reduced learning opportunities’ or ‘poor print exposure’. The



phonological deficit hypothesis has been challenged by connectionist models which
have simulated both phonological and surface dyslexic profiles, by manipulating the
phonological and orthographic input, respectively (Seidenberg & Mc Clelland, 1989;
Plaut, Mc Clelland, Seidenberg, & Patterson, 1996; Manis, Seidenberg, Doi, Mc
Bride-Chang, & Petersen, 1996; Harm & Seidenberg, 1999, 2004). These
manipulations were based on variations of the so-called ‘triangle model’, which
consists of three sets of interconnected representations: ‘phonological’, ‘semantic’ and

‘orthographic’ (Seidenberg & Mc Clelland, 1989).

Harm & Seidenberg (1999) have simulated the performance of phonological
dyslexics by creating a connection system which learned to read with faulty
phonological representations. This system was created by: a) imposing a degree of
weight decay, b) removing a set of phonological clean-up units and c¢) adding
Gaussian noise to the phonological activations. Such manipulations of varying
degrees of severity impaired the model’s capacity to represent phonological codes
(but enhanced the employment of more general processing resources) resulting in
poor nonword performance relative to exception word performance. They have also
simulated the performance of surface dyslexics by: a) decreasing the amount of
training provided to the model, b) altering parameters of the learning algorithm to
produce a non-optimal learning rate, ¢) reducing the number of hidden units (an
intervening layer of units between orthographic and phonological mappings) and d)
degrading the orthographic input. Such manipulations of varying degrees of reduction
in the number of hidden units slowed down the model’s capacity to form grapheme-
to-phoneme connections resulting in poor exception word performance relative to
nonword performance. The behavioural equivalent of the first manipulation in the
simulation of the surface dyslexic profile resembles inadequate reading experience,
the second manipulation resembles reduced learning opportunities, the third
manipulation resembles mild retardation and the fourth manipulation could resemble

orthographic deficits.

However, a severe deficit in the phonological output would impair the model’s
capacity to learn the pronunciations of both nonwords and exception words (mixed
dyslexia), while a milder deficit in the phonological output would impair the model’s

capacity to learn the pronunciations of nonwords but not of exception words (pure



phonological dyslexia). Likewise, a small reductiohof »hidden units would impair the
model’s capacity to learn the pronunciations of exception words mainly, while a
larger reduction of hidden units would show a disproportionate impairment. with
exception words compared to regular words or novel words with regular
pronunciations. However, a recent study by Bailey et al. (2004) found that fourth and
fifth grade children with phonological and surface dyslexia were less accurate than the
CA controls at learning both regular and irregular pronunciations assigned to novel

words.

Unfortunately, it is hard to predict the patterns of performance in phonological
and surface dyslexia via the connectionist models, as no reading or chronological-age
match control comparisons are provided to shed light on the deviant vs. delay
distinction. In addition, connectionist models have not used an a priori definition of
the sublexical or lexical component to simulate the dyslexic patterns or addressed the
fundamental basis for the phonological impairment (i.e. whether it is specific to the
phonological system or the result of a more peripheral sensory processing deficit).
Finally, they have not included a mechanism for learning regularities from print-to-

sound.

Further evidence against the phonological hypothesis that surface dyslexia 1s
not a separate impairment but the result of a mild retardation and some non-specific
disadvantage related to environmental factors, such as reduced learning opportunities,
has been provided by our laboratory. In both their group and single case studies,
Romani and colleagues have found that surface dyslexics had normal 1Q levels (both
verbal and performance) but showed a selective deficit in learning novel orthographic
representations (‘written lexical learning’) in laboratory conditions, where learning
opportunities were equated across groups (for a group study: Di Betta & Romani,
2006; Romani, Di Betta, Tsouknida, & Olson, 2008; for a single case study: Romani

& Stringer, 1994; Romani, Ward & Olson, 1999). These results suggest that surface
dyslexia is an independent impairment linked to a specific deficit in written lexical
learming and cannot be accounted for by a mild retardation or reduced learning

opportunities.



The present study complements and extends the results of Romani, Di Betta,
Tsouknida, & Olson (2008) by measuring reading experience in both a population of
adults with developmental dyslexia who showed a surface pattern of impairment in
comparison with control individuals matched for chronological age, gender,
education, performance and verbal 1Q to the dyslexic population. It also measures
reading experience in a group of adults with surface dyslexia in comparison with
adults with phonological dyslexia (as defined by their spelling performance on
nonword vs. irregular words) and control individuals matched for chronological age,
performance and verbal 1Q to the surface group. To achieve this, we used the Author
Recognition Test, (refer to section 2.2.12 for a description), which is analogous to the
measures used by previous researchers (Stanovich & West, 1989; Cunningham &
Stanovich, 1990, 1991; Cipielewski & Stanovich, 1992; Stanovich & Cunningham,
1992, 1993; Stanovich, 1993; Lewellen et al., 1993; Mc Bride-Chang, Manis,
Seidenberg, Custodio, & Doi, 1993; Castles, Datta, Gayan, & Olson, 1999;
Cunningham, Perry, & Stanovich, 2001; Griffiths & Snowling, 2002). Our aim is to
investigate the hypothesis that the poor orthographic lexicon in the surface dyslexics
is the result of a milder phonological deficit than that seen in phonological dyslexia
coupled with reduced reading experience (Stanovich et al., 1997). To measure
phonological abilities we used tasks measuring both phonological STM and
phonological awareness abilities. In addition, we examine the contribution of print
exposure and different types of lexical learning (spoken, written, russian) to both
reading and spelling skills of both dyslexic and control individuals, beyond the

contribution of phonological processing skills, performance IQ and age.

1.2 Exposure to print and reading skills in control and dyslexic individuals
Phonological processing skills and the extent to which individuals engage in
reading activities play a significant role to the efficiency of orthographic skills.
However, there is a strong consensus that exposure to reading materials relates more
strongly to the development of word recognition skills (build-up of the orthographic
lexicon), while plays only an indirect role in the development of phonological
processing (Stanovich & West, 1989; Cunningham & Stanovich, 1990; Cipielewski &
Stanovich, 1992; Barker, Torgesen, & Wagner, 1992; Juel, 1994; Olson et al., 1994).
Numerous studies have emphasized the importance of reading experience in reading

and cognitive growth in control young and older individuals. For example, Stanovich



& West (1989) found that differences in the volume of reading experience in control
adults, as measured by the Author Recognition Test (ART) and the Magazine
Recognition Test (MRT), accounted for unique variance in the reading performance,
independently of phonological processing skills. These results suggest that the
adequacy of the orthographic lexicon is environmentally mediated, as it is linked not
only to phonological processing skills but also to experience in reading. Later,
Cunningham & Stanovich (1990) used an analogous measure of print exposure for
children, the Title Recognition Test (TRT), which employed titles of books read
outside the school curriculum. They showed that print exposure and phonological
awareness skills had independent effects on reading performance in control third and
fourth graders. Moreover, Stanovich and colleagues demonstrated that reading
volume can account for a considerable amount of variance in knowledge and
vocabulary acquisition among control children (Cunningham & Stanovich, 1991) and
young adults (Stanovich & Cunningham, 1992; West & Stanovich, 1991). In another
study, Stanovich & Cunningham (1993) also showed that differential reading
experience in young adults, as indexed by scores on the ART, TRT and Newspaper
Recognition Checklist (NRC), predicted variance in measures of general knowledge
(which tapped cultural and multicultural literacy and practical knowledge), even after

. . . crel 1
variance in general cognitive ability’ was controlled.

Furthermore, Stanovich and colleagues investigated whether differential
experience with print mediates age-related growth in declarative knowledge (as
indexed by general cultural literacy and vocabulary) in college students, with a mean
age of 19.1 years, and older individuals, with a mean age of 79.9 years (Stanovich,
West & Harrison, 1995). They found that within each of the age groups, exposure to
print was a significant predictor of declarative knowledge and vocabulary, even after
differences in working memory, general cognitive ability (as measured by the
Scholastic Aptitude Test) and educational level were controlled. More recently,
Stanovich and colleagues measured orthographic processing (using Letter String,
Orthographic Choice and Homophone Choice tasks), phonological processing (using
Phonological Sensitivity, Nonword Repetition and Pseudoword Reading tasks) and

print exposure (using the TRT) in control third graders (Cunningham, Perry, &

" As measured by high-school grade point average (GPA), Raven Advanced Progressive Matrices,
Nelson-Denny Reading Test-Comprehension subtest and an arithmetical test.



Stanovich, 2001). They found that TRT abilities predicted a significant amount of
variance in orthographic processing independently of phonological processing ability.
In addition, Griffiths & Snowling (2002) measured the influence of reading
experience, as reflected by scores on both the TRT and the ART measures, in
individual differences in exception word reading of dyslexic children. They found that
reading experience, as indexed by both reading age and print exposure, explained a
significant amount of variance in exception word reading, while phonological

awareness abilities did not make a significant contribution.

A number of studies have also shown that print exposure is implicated in
growth in reading comprehension. In their longitudinal study, Anderson, Wilson, &
Fielding (1988) observed that home reading time, as estimated by children’s records
of daily activities, predicted growth in reading comprehension in second to fifth-grade
reading ability. In addition, Cipielewski & Stanovich (1992) examined whether
engagement in reading accounted for individual differences in the growth of reading
comprehension over a two-year school period (third to fifth grade), using more
reliable measures, such as the ART and the TRT. They found that print exposure 1s
both a consequence of developed reading comprehension and a significant contributor
to further growth in that ability. Mc Bride-Chang, Manis et al. (1993) also examined
TRT abilities in fifth to nine-grade poor readers and found that print exposure made a
significant contribution to word reading and reading comprehension, even after
phonological skills were accounted for. More importantly, Echols, West, Stanovich,
& Zehr (1996) examined the relation between children’s TRT and ART abilities and
growth in a variety of reading subskills (i.e. reading comprehension, receptive and
sight vocabulary, general information, spelling, verbal fluency) over a two-year
school period (fourth to sixth grade). It was found that print exposure was an
independent contributor to growth in verbal skills, even after age, recognition memory
and previous performance in the same cognitive competency area were controlled.
Cunningham & Stanovich (1997) also examined whether speed of early (Grade 1)
reading acquisition (Stanovich, Cunningham, & Freeman, 1984) could predict
tendencies to engage in reading activities in later (Grade 11) school life. It was found
that lifetime reading habits, as measured by the ART and the MRT, in the later school
years, were predicted by speed of early reading acquisition. This finding was true,

even after controlling for reading comprehension ability in the later school years.



Individual differences in involvement to reading activities also predicted differences
in the growth in reading comprehension throughout the elementary grades and

thereafter.

Evidence against the hypothesis of reduced reading experience in surface
dyslexia has been provided by several studies that measured print exposure in
individuals with surface dyslexia as compared to individuals with phonological
dyslexia and their chronological or reading-age matched controls. Castles, Datta,
Gayan, & Olson (1999) used a test including names of books and magazines to
measure reading experience in children with surface and phonological dyslexia (based
on their respective nonword and irregular reading performance). They found that the
surface dyslexic children obtained comparable scores on this measure with the
phonological dyslexic children (z-scores: -1.3, for the surface group, and -1.0, for the
phonological group). This indicates that poor print exposure cannot fully explain the
poor lexical representations in surface dyslexia. In their longitudinal study, Manis,
Seidenberg, Doi et al. (1996) found that young poor readers showed a small and
unreliable deficit in exposure to print for their chronological age, as measured by their
performance on the TRT. However, a subgroup of nine poor readers, classified as
surface dyslexics (on the basis of their exception word reading), showed a marginally
reduced (p=.10) reading experience for their chronological age. In another study,
Manis, Seidenberg, Stallings et al. (1999) failed to find significant differences
between the phonological and the surface dyslexics in the TRT scores. More recently,
Gustafson (2001) used a questionnaire including 10 questions about reading habits in
surface and phonological (and mixed-type) dyslexic children. Results showed that the
surface-type children tended to report fewer books at home than the RA controls (or
mixed-type children), but not fewer than the phonological-type children. Although the
results of this study are in line with previous findings that a home literacy
environment can predict early reading achievement (Leseman & de Jong, 1998;
Sénéchal, Lefevre, Thomas, & Daley, 1998; de Jong & Leseman, 2001), they do not
fully support the hypothesis that low print exposure can explain the poor lexical
representations seen in surface dyslexia, as a poor literacy environment was also
reported for the phonological-type children. In support of this claim, no differences
were found on questions relating to children’s current reading. Comparable TRT

scores between surface and phonological dyslexic children have also been found by
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Bailey, Manis, Pedersen, & Seidenberg (2004). The authors found no significant
differences between the phonological or the surface dyslexic children and the RA

controls. However, the CA controls scored higher than both dyslexic subgroups.

1.3 Lexical-semantic impairments in surface dyslexia

In terms of the dual-route model of reading, surface dyslexia arises from a primary
reliance on the sublexical route by which pronunciations are assigned using spelling-
to-sound correspondences that are consistent and regular. The characteristic reading
pattern of surface dyslexia arises in the process of translating words with atypical
spelling patterns into their corresponding phonology resulting in regularization errors.
A problem with processing irregular words in surface dyslexia is attributed to poor
semantic representations due to a difficulty using the lexical-semantic route. The
lexical-semantic route is used to access the stored representations of words as a whole
(word-specific information). According to Patterson & Hodges (1992), the integrity of
lexical representations depends on the interaction between semantics and phonology.
That is, semantic representations bind phonological representations together with
semantic glue: the ‘semantic binding hypothesis’ by Patterson, Graham, & Hodges
(1994). The authors argued that an impaired semantic system results in less stable
lexical representations and this yields a surface dyslexic pattern. The interaction
between semantics and phonology has also been supported by the ‘summation
hypothesis’ of Hills & Caramazza (1991), which assumes that lexical representations
are selected via the sum of the semantic system and the translation from orthography
to phonology. Recently, Jefferies, Frankish, & Lambdon Ralph (2006) have also
highlighted the importance of the semantic and phonology interaction in phonological

coherence.

The lexical-semantic contribution also explains why recall is better for words vs.
nonwords (Brener, 1940; Hulme, Maughan, & Brown, 1991; Romani et al., 1999,
2008; Di Betta & Romani, 20006), high vs. low frequency words (Watkins & Watkins,
1977; Gregg, Freedman, & Smith, 1989; Hulme et al., 1997; Roodneys & Quinlan,
2000), concrete vs. abstract words (Bourassa & Besner, 1994; Walker & Hulme,
1999) and semantically grouped vs. ungrouped words (Poirier & Saint-Aubin, 1995;
Siant-Aubin & Poirier, 1999). Since words are remembered through their meanings as

well as through their phonology, a poor interaction between semantics and phonology

11



should yield poor performance on tasks of verbal recall and learning (j.e.*?erbal
paired associates of the WMS-R and Rey Auditory Verbal Learning Test). Verbal
recall and learning tasks involve the integration of semantic information and tap both
STM and LTM. One view is that the conceptual or semantic component of these tasks
is associated with LTM, while the lexical or phonological component is associated
with verbal STM. One model that can accommodate the separate contributions of
verbal STM and LTM in word recall is Baddeley’s (2000) model of working memory.
The central executive component of the model is a flexible system responsible for the
control and regulation of cognitive processes including temporary activation of LTM
(Baddeley, 1998), coordination of multiple tasks (e.g., Baddeley, Della Sala, Gray,
Papagno, & Spinnler, 1997), shifting between tasks or retrieval strategies (Baddeley,
1996) and selective attention and inhibition (Baddeley, Emslie, Kolodny, & Duncan,
1998). This component is linked directly with three other subsystems: the
phonological loop, which is responsible for temporary storage of verbal information,
the visuospatial sketchpad, which stores representations of visual or spatial nature,
and the episodic buffer, which is responsible for integrating information from
different components of working memory and LTM into unitary episodic
representations. In the Baddeley model, the episodic buffer component is responsible
for integrating phonological information from temporary stores with lexical and
semantic information from LTM systems. Word learning taps the episodic buffer,
which integrates information from temporary memory subsystems such as the
phonological loop to support the verbatim recall of individual words, with semantic

information held in the LTM.

Patterson, Graham, & Hodges (1994) showed that individuals with semantic
dementia (gradual loss of semantics) who show typical symptoms of surface dyslexia
had more difficulty recalling unknown words (i.e. words with deteriorated meanings)
than known words (i.e. words with preserved meanings). Results from other studies
on semantically impaired patients with primary progressive aphasia® who also exhibit
typical symptoms of surface dyslexia showed poor memory acquisition of pairs of

words with and without semantic relations (as measured by the verbal paired

2 A neurobehavioral disorder distinguished by slowly progressive language deterioration with relative
sparing of other cognitive abilities and continued independence in activities of daily living (Mesulam,
1982: Weintraub, Rubin, & Mesulam, 1990). Language characteristics include loss of expressive
vocabulary, severe anomia, semantic paraphasias, and impaired single word comprehension.
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associates of the WMS-R) and poor delayed recall of single words (as measured by
the RAVLT) (Graff-Radford et al., 1990; Green et al., 1990; Scheltens, Hazenberg,
Lindeboom, Valk, & Wolters, 1990; Watt, Jokel, & Behrmann, 1997; Zakzanis,
1999). 1t has been suggested that memory acquisition and delayed recall deficits are
secondary to language disorders or may represent a modality-specific memory deficit
(Snowden et al., 1996; Zakzanis, 1999). In addition, Howes, Bigler, Lawson, &
Burlingame (1999) found that their surface dyslexic patients were impaired at
recalling stories, on both immediate and delayed conditions (as measured by the Test
of Memory and Learning, TOMAL, of Reynolds & Bigler, 1994). This finding
suggests that verbal recall is underpinned by activations from both phonological and

semantic representations (see also Caza et al., 2002; Jefferies et al., 2005).

The ‘multi-capacity STM model” of Martin, Shelton, & Yaffee (1994)
maintains that the lexico-semantic contribution to verbal recall has to be realized
through the semantic STM buffer. This suggests that an impairment in the recall of
words with meanings is reflected by an impairment in the semantic memory°. More
recently, Duff et al. (2005) found that memory for words (as measured by the verbal
paired associates of the WMS-R and the RAVLT) is strongly associated with
executive functioning®. This association is consistent across both immediate and
delayed memory indices. They found that individuals who performed well on memory
measures also performed well on the executive function tasks, while individuals who
performed poorly on the memory measures also performed poorly on the executive
function tasks. The high degree of overlap between verbal memory and executive
functioning has also been shown by other studies on clinical cases (for schizophrenic

patients: Fossati et al., 1999; Bryson et al., 2001; for executive function impaired

patients: Tremont et al., 2000; for mixed neurological patients: Vanderploeg et al.,

1994: for patients with closed head injury: Proctor et al., 2000; for patients with

frontal lobe lesions: Luria, 1966).

3 Semantic memory refers to that portion of the LTM containing general knowledge about objects,
facts, concepts as well as words and their meanings (Nebes, 1989; Patterson & Hodges, 1995; Tulving,
1972, 1995).

“ This is a set of high-level cognitive abilities that influence more basic abilities (i.e. attention, memory
and motor skills). Executive functions are necessary for goal-directed behaviour. They include the
ability to initiate and stop actions, monitor and adapt behaviour to changing situations and to plan
future behaviour when faced with novel tasks. They also influence memory abilities by allowing people
to employ strategies than can help them remember information. The ability to form concepts and think
in an abstract manner are often considered components of executive function.
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2 METHOD

2.1 Participants
Dyslexic participants were recruited through several sources: the Disability and
Additional Needs Unit of Aston University, the Student Counselling Centre of the
University of Birmingham, the Birmingham Adult Dyslexia Group and
advertisements posted at Aston University. The criteria for inclusion in the study were
the following:
a) English as a native language.
b) Normal IQ (within 1SD) on the Weschler Adult Intelligence Scale-Revised
(WAIS-R, Weschler, 1981).
¢) Performance of at least 2SDs’ below the control mean on tasks assessing
either spelling or reading of words or nonwords. For reading trade-offs, speed
and accuracy were taken into account. Therefore, participants were included in
the study only if poor performance (<2 SDs) in one measure did not
correspond to above average performance in the other measure.

d) No history of neurological and psychological problems.

Control participants were recruited mainly through the Research Participation
Scheme (RPS) of Aston University and advertisements posted at Aston University.
Older controls were recruited through word of mouth. The criteria for inclusion in the
study were the following:

a) English as a native language.

b) Normal IQ on the Weschler Adult Intelligence Scale-Revised (WAIS-R,

Weschler, 1981).
¢) No family history of spelling/reading difficulties.

d) No history of neurological and psychological problems.

For the purposes of the lexical learning tasks we used (for a description, refer to

section 2.2.10), subjects had to have no prior knowledge of Dutch and Russian.

5 According to the regression method used, at least in the UK, whereby there must be a significant
discrepancy between the level of reading/spelling ability and the level of ability predicted by an
individual’s Full-Scale Intelligence Quotient.
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We assessed a total of 100 adults consisting of 55 dyslexics (20 male and 35
female, 31 with a prior diagnosis of dyslexia and 24 self-referred for suspected
dyslexia without previous formal assessment, mean age=27.2, SD=10.3, 44 with
university education and 11 with secondary education) and 45 controls (9 male and 36
female, mean age=26.2, SD=11.1, 34 with university education and 11 with
secondary education). The main concern of our dyslexic adults was more spelling
than reading problems. This is consistent with previous research suggesting that
spelling is a major and under-researched complaint in the adult population (Bruck,
1993; Holmes & Castles, 2001). From the total population, two dyslexics were
excluded from the study because their performance on both reading and spelling tasks
of words and nonwords was less than 2SDs from the control mean. Nine additional
dyslexics and five controls were also excluded from the study because of incomplete
data on critical tasks (i.e. single word and nonword reading and phonological
processing). This left us with 44 dyslexics and 40 controls. Both groups were matched
for age, gender, education, performance IQ and verbal IQ (the demographic data and
cognitive performance of the dyslexics and controls and the group comparisons are
presented in Table 1:1). From the 44 dyslexics, 23 had a formal diagnosis of dyslexia,
13 were self-referred for suspected dyslexia and 8 were self-referred as controls, but
were found to perform at least 2SDs below the control mean in reading or spelling
tasks of words or nonwords. Most of the impairments shown by the eight subjects
affected nonword processing, which, to some extent, could explain their clinical
under-detection. Since our study tapped variation with both word and nonword
processing, these subjects were included in the dyslexic group. They showed a similar

profile to the dyslexics but they were generally less severely impaired.

All participants were submitted to measures of performance and verbal IQ,
reading comprehension, text reading, reading and spelling of single words and
nonwords, phonological STM (digit span, nonword serial recall and word serial
recall), phonological awareness (phoneme counting and spoonerisms), lexical learning
(spoken and written) lexical-semantic learning (verbal paired associates of the WMS-

R and RAVLT, both immediate and delayed versions) and print exposure (ART).



Testing was carried out in a quiet room at either Aston University or the
University of Birmingham. All participants were assessed individually. The dyslexic
individuals attended five to six separate sessions, each lasting for approximately two
hours (including breaks, as required). They received course credits, payment or a
detailed psychological assessment report for their participation. The control
individuals attended four to five separate sessions, each lasting for approximately two
hours (including breaks, as required). They received course credits or a payment for

their participation.

Our study obtained the ethical approval of the Human Sciences Committee of
Aston University. A thorough risk assessment including details of possible hazards,
which could affect the health, safety or welfare of any participant was also
undertaken. To ensure that the risks associated to test anxiety were controlled, we: a)
explained all testing procedures in detail, b) had participants working at their own
pace, ¢) reassured participants that everybody finds some tasks difficult, d)
highlighted that participation is voluntary and that withdrawal is possible at any time
during the testing without any consequences, ¢) made sure that testing was terminated

as soon as the participant showed excessive anxiety. For claims against malpractice,

the psychologist ultimately responsible for the testing had: a) a criminal record bureau
enhanced disclosure, b) a chartered status, ¢) extensive competence and practice in
cognitive testing. The administrator of the tests was under close supervisory control.
All testing results were used for research purposes only. All personal details were
strictly confidential and coded in an anonymous format. All data and testing materials
were stored in password-protected computers or locked away in filing cabinets.
Informed consent was obtained by all participants prior to the start of the experiment.
Copies of the consent forms including information about the study given to the

dyslexic and control participants are presented in Appendix 1.

In our published study (Romani, Di Betta, Tsouknida, & Olson, 2008), we
assessed a smaller population consisting of 32 dyslexic and 38 control adults with
university and secondary education and used the same inclusion criteria. We chose to
investigate an adult rather than a younger population because: a) children have been
extensively studied in the dyslexia literature and b) adults are more suitable to reveal

the importance of other, non-phonological abilities in orthographic performance, since
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phonological skills have a reduced effect on orthographic performance at a later
developmental stage (for reading and spelling: Bus & Van Ijzendoorn, 1999; Ehri,
Nunes et al., 2001; for reading: Badian, 1995, 2000; De Jong & Van der Leij, 1999),

whereas they play a crucial role in the early developmental phases of literacy
acquisition and development (for reading: Perrin, 1983; Griffith, 1991; Leong, 1999;
for spelling: Wagner & Torgesen, 1987; Goswami & Bryant, 1990; Windfuhr &
Snowling, 2001). By studying adults, we also allow future longitudinal studies to
track the contribution of different cognitive skills to orthographic performance at

different developmental stages.

2.2 Materials (procedure and scoring)
Participants were submitted to the following tasks in a semi- random order:

2.2.1 General information questionnaire

To ensure that the inclusion criteria were fulfilled, we devised a list of questions
which aimed at exposing the subjective and/or the documented information (in case of
a formal diagnosis of dyslexia) about the participant’s:

a) preschool and school history (i.e. long absences from school, changes of

teachers or schools midyear)

b) possible problems occurring prenatally, at birth, or in the early developmental
years (1.e. serious injuries, hospitalisations, severity of chickenpox or measles,
mother’s medication or allergies during pregnancy)

¢) abilities in crucial developmental stages (i.e. crawling, general activity level,
speech development)

d) possible hearing problems

e) possible colour-blindness

f) possible vision problems

g) handedness (right, left, ambidexterity)

h) family history of specific learning difficulties (SLD), left handedness or
ambidexterity

i) parental attitudes and methods of managing problems

j) interests, personal and social adjustment (including eating and sleeping habits)

k) personal judgement of their spelling and reading abilities and reading habits

For the general information questionnaire, see Appendix 2.
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2.2.2 Wechsler Adult Intelligence Scale-Revised (WAIS-R) (Wechsler, 1981).

This is a standardised test used to obtain an estimate of the non-verbal
(performance) and verbal intelligence levels. This measure indicates areas of
strengths and weaknesses, but also highlights deficits which give rise to SLD. The
Performance 1Q assesses problem-solving abilities by means of visuospatial tasks and
the Verbal 1Q assesses the use and understanding of the spoken language by means of

verbal questions.

To measure Performance 1Q, we administered the full set of subtests:

a) Picture completion. This is a test of visual observation, attention,

concentration and discrimination. It requires the detection of important
missing parts of familiar pictures of objects with increasing difficulty.

b) Picture arrangement. This is a measure of visuo-temporal sequencing and

social awareness abilities. It requires the logical arrangement of a set of
pictures (set out in a specified random order) depicting stories of
increasing difficulty.

¢) Block design. This is a measure of spatial perception and 3D thinking and
draws upon manual dexterity and speed. It requires the reproduction of
pictorial designs of increasing difficulty using cubes with white and red
blocks.

d) Object assembly. This is a measure of assembly skills. It requires the

reproduction of different constructions of increasing difficulty using a set
of pieces (set out in specified random order and directions) depicting the
constituent parts of the construction.
¢) Digit symbol. This is a measure of recording speed of symbolic information
paired with numbers. It is, thus, a test of visual STM and hand co-
ordination abilities.
Performance on the above subtests was timed. The Performance 1Q score was

calculated by the composite scaled scores of all six subtests.

To measure Verbal 1Q, we administered the following two subtests:
a) Vocabulary. This is a measure of the individual’s knowledge of word
meanings of increasing complexity (progressively less frequent and more

abstract words) and the ability to verbalise ideas.
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b) Similarities. This is a measure of abstract thinking, logiéal verbal
reasoning and deduction abilities through comparisons of same-different
concepts. The subject is required to determine in what aspect two words
are regarded as similar on the basis of information recalled from the LTM.

Performance on the above subtests was not timed. The scaled scores of each of the

two subtests are reported.

Administration and scoring were carried out according to the standardised

instructions. Scaled scores ranged from 1 (the lowest) to 19 (the highest).

2.2.3 Single word spelling

To measure word spelling skills, we used the following lists:

a) List 1 _(Schonell, 1985). This is a standardised list consisting of 120

words, from which 60 were regular® and 60 irregular’. Words were
matched for length (for regular: mean=7.1, SD=2.8, range=3-14; for
irregular: mean=5.9, SD=1.8, range=3-10). This list was primarily
intended for use with children in order to obtain a comparative estimate of
the individual’s ability to spell phonetic and non-phonetic words. The
Regular Test is a collection of words whose constituent units have high
degree of correspondence between phoneme and grapheme. This test can
provide an indication of the degree to which an individual is able to master
common standard letter combinations (i.e. ‘ch’, ‘st’, ‘th’, ‘ng’, and ‘tion’).
It can also provide an indication of the power of phonetic analysis
abilities, more particularly with regular vowel formations. Finally, it
provides a check on purity of pronunciation and capacity for
syllabification. The Irregular Test is composed solely of words containing
pitfalls, such as silent or double letters, indeterminate vowels and
confusing vowel digraphs.

b) List 2 (Holmes & Ng, 1993). This is a standardised list consisting of 90

words, from which 20 were regular, 20 irregular, 20 morphophonemicg, 20

¢ Words whose spelling relies on the most common grapheme-to-phoneme option.
7 Words which have unusual spelling patterns or do not follow the usual grapheme-to-phoneme

correspondence.
¥ Words whose spelling relies on the knowledge of related words from which they derive (word-

specific).
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idiosyncratic” and 10 orthographiclo. In total, there were 20 words with
regular spellings and 70 words with irregular spellings. Both types of
words were matched for frequency (for regular: mean=5.5, SD=5.0; for
irregular: mean=5.4, SD=5.4) and /ength (for regular: mean=9.1, SD=1.7,
range=>5-12; for irregular: mean=8.6, SD=1.6, range=5-14).

¢) List 3 (Romani & Ward, unpublished). This list has been produced by our

laboratory and consisted of 154 words, from which 77 were regular and 77
irregular. The letters of the regular words were all common realizations of
the corresponding phonemes occurring at least 30% of the time, according
to Hanna, Hanna, Hodges, & Rudolf (1966). The irregular words
contained at least one uncommon graphemic realisation occurring at least
10% of times or less for the corresponding phoneme, according to Carroll,
Davies, & Richman (1971). Regular and irregular words were closely

matched for high and low frequency, HF and LF (for HE regular vs.

irregular: mean=368.1, SD=520.0 vs. mean=367.0, SD=519.5; for LF

regular vs. irregular: mean=10.2, SD=11.5, vs. mean=10.4, SD=11.1) and

length (for HE regular vs. irregular: mean=4.5, SD=0.7 vs. mean=4.5,

SD=0.7; for LF regular vs. irregular: mean=4.4, SD=0.8, vs. mean=4.7,
SD=0.8, range=3-6, for all).

There were 344 words in total, from which 157 were regular words and 187
irregular words. They were matched for length (for regular: mean=6.1, SD=2.5; for
irregular: mean =6.1, SD =2.2). The irregular words were of slightly higher frequency
than the regular words. According to the MRC psycholinguistic database (Coltheart,
1981), the mean was 105, SD=206, for regular words, and 176, SD=794, for irregular
words. According to the CELEX database (Baayen, Piepenbrock, & Gulikers, 1995),
the mean was 1.460, SD=3.604, for regular words, and 2.598, SD=9.619, for irregular

words.

The spelling lists were carried out in the order presented above and

administered prior to the reading task, so that the subjects were not familiar with a

? Words whose spelling relies only on rote memory.
19 Words which could be spelled as two separate words but the correct spelling is represented by a

single word (i.e. recurring, youthful).
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word before spelling it. A native English speaker tape-recorded all words (presented
in blocked lists). Words were presented one at a time. Subjects were asked to write
down the spellings. There was no time limit to respond or corrective feedback. In case
of self-corrections, the last response was considered for scoring. Homophonesll were
presented with a clarifying sentence. Each misspelled word was counted as one error.
Fragments and ‘do not know’ responses were also counted as errors. Performance is
reported in percentage of errors made in the combined lists. Stimuli items for all three

spelling lists are presented in Appendix 3.

2.2.4 Single nonword spelling (Kay, Lesser & Coltheart, 1992; PALPAIZ, subtest
45).

This list consisted of 24 monosyllabic made-up words that derived from
substituting one or two phonemes in real English words. The nonwords conformed to
the English phonotactic constraints. Nonwords were matched for length (mean=4.5,
SD=1.1, range=3-5,). The pronunciation and spelling of the original words was used
to guide those of the nonwords. A native English speaker tape-recorded all nonwords.
Stimuli were presented one at a time. Subjects were instructed to spell the nonwords
in the best possible way and write down their answers. There was no time limit to
respond or corrective feedback. In case of self-corrections, the last response was
considered for scoring. Nonwords were considered correct, if they: a) involved
phonologically plausible renditions of the target, (i.e. ‘boke’ for ‘boak’), by analogy
with either regular words (by use of spelling-to-sound rules) or irregular words (by
use of word-specific associations), b) contained a legal sequence of letters and c) did
not include unusual/irregular correspondences (occurring with less than 1%
probability according to Hanna et al., 1966). The first criterion facilitated comparison
with previous studies using the same scoring procedures (Baron, 1979; Baron &
Treiman, 1980; Treiman & Baron, 1981, Treiman, 1984). Each correctly spelled
nonword received one point. Performance is reported in percentage of incorrect

responses. Stimuli items are presented in Appendix 4.

" A word pronounced the same as another word but differs in meaning (i.e. ‘pair’ and ‘pear’).
2 psycholinguistic Assessment of Language Processing in Aphasia (PALPA).
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2.2.5 Single word and nonword reading (computerised)

To measure reading skills, we used the following lists:

a)

b)

List 1 (Seidenberg, Waters, Barnes, & Tanenhaus, 1984, Experiment 3).

This list consisted of 52 words that derived by crossing two factors: spelling-
to-sound regularity (regular vs. exception) and frequency (high vs. low).
There were 26 regular and 26 exception words of high and low frequency (13
for each frequency type). Regular and exception words were matched for

mean bigram frequencies (for HF regular vs. exception words: 9514 vs. 9213:

for LF regular vs. exception words: 97 vs. 97), median word frequencies (for

HF regular vs. exception words: 3942 vs. 3875; for LF regular vs. exception

words: 52 vs. 50), both according to Caroll, Davies, & Richman, 1971), and

length (for regular: mean=4.2, SD=0.6; for irregular: mean=4.2, SD=0.7,
range:3-5, for both).

List 2 (Seidenberg, Waters, Barnes, & Tanenhaus, 1984, Experiment 4).

This list consisted of 90 words of high and low frequency. There were 30
regular consistent words'®, 30 regular inconsistent words'* and 30 strange

words"® (15 for each frequency type). They were matched for mean bigram

frequencies (for HE vs. LF regular consistent: 103 vs. 79; for HF vs. LT

regular inconsistent: 113 vs. 92; for HF vs. LF strange: 27 vs. 22, according to

Mayzner & Tresselt, 1965), median word frequencies (for HF vs. LF regular

consistent words: 638 vs. 18; for HF vs. LF regular inconsistent: 672 vs. 24;

for HF vs. LI strange words: 707 vs. 17, according to Caroll, Davies, &

Richman, 1971) and length (for regular: mean=4.1, SD=0.4, range=3-5; for
strange words: mean=4.7, SD=0.8, range=3-0).
List 3 (Kay, Lesser, & Coltheart, 1992; PALPA, subtest 31). This list

consisted of 80 words and 80 nonwords of high and low frequencies (40 for
each frequency type). Words and nonwords were presented in an alternating
order so that the subject was unable to tell beforehand whether the stimulus

appearing on the screen was a word or a non-word, thus, reinforcing

5 Words with letter patterns always pronounced the same way in any position within the word (i.e. —ust
in ‘dust’).

" Words with letter patterns which have a different phonological realisation from words with the same
orthographic sequence (i.e. —ave, in ‘save’ and ‘have’).

'3 Words that are both orthographically and phonologically irregular.
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orthographic processing skills (also involved in reading processes). Nonwords
derived from substituting one or two graphemes in real English words. They
also respected the phonotactic constraints of the English language. Words and
nonwords were matched for length (mean=5.8, SD=1.3; for both, range: 3-9,

for both).

There were 222 real words in total, from which 86 were classified as regular and
56 as irregular words. They were matched for length (for regular: mean=4.1, SD=0.5;
for irregular, mean=4.4, SD=0.8). Irregular words were of slightly higher frequency
than regular words. According to the MRC psycholinguistic database (Coltheart,
1981), the mean frequency was 392, SD=1170, for regular words, and 407, SD=927,
for irregular words. According to the CELEX database (Baayen et al., 1995), the
mean was 4314, SD =8449, for regular words, and 6924, SD=2141, for irregular

words.

The reading lists were carried out in the order presented above. Words or
nonwords were presented one at a time at the centre of the computer screen in a
randomised order. They appeared in boldface, 18-point Courier New lowercase font
and remained on the screen for 500ms. A fixation point at the centre of the screen
preceded each item to help focus. Participants were asked to read the words or
nonwords aloud as fast and accurately as possible. They were instructed to produce
one answer at a time and to speak it as soon as they knew the full pronunciation. If
they were unable to work out the pronunciation of the target item, they were asked to
say ‘I do not know’. No corrective feedback was provided. A short practice preceded
the main reading task. Responses were spoken to a microphone connected to the
voice key machine which measured reaction time (RT). Stimuli disappeared from the
screen as soon as a vocalisation was produced. Unreasonably low RTs (resulting from
the subject’s triggering the voice key with a vocalization other than a fluent
pronunciation of the target item), unreasonably high RTs (resulting from either a
complete lack of response or an extremely delayed response), RTs more than 2SDs
from the subject’s mean RT or RTs corresponding to ‘do not know’ responses were
removed from the analysis. Mispronunciations and ‘do not know’ responses were
counted as errors and recorded on the scoring sheet. In the case of words, responses

were considered correct if they were accurately pronounced, while in the case of



nonwords, responses were considered correct if they were possible phonological
renditions of the target letter string according to Hanna et al. (1966). Very uncommon
grapheme-to-phoneme correspondences (occurring with less than 1% probability,
according to Hanna et al., 1966) were counted as errors. Variations of regional
pronunciations were taken into account. Performance was measured in terms of both
speed and accuracy to ensure that the pattern of results obtained with one measure is
consistent with the other. Reading speed is reported in number of milliseconds taken
to respond, while reading accuracy is reported in percentage of errors made in the

combined lists. Stimuli items for all three reading lists are presented in Appendix 5.

2.2.6 Reading comprehension

This task involved a text extract (taken from the scholastic book, "How to
prepare for the SAT 1", Green & Wolf, 1997, 19t Edition) in a 12-point Times New
Roman font in double-line spacing. The passage was one page and a half-long.
Participants were given 10 minutes to read the passage to themselves and answer nine
multiple-choice questions (without referring back to the passage). Each correctly
answered question received one point. Performance is reported in number of incorrect

answers. The task is presented in Appendix 6.

2.2.7 Text reading

This task involved another text extract (taken from the same book with the
reading comprehension task) in a 12-point Times New Roman font in double-line
spacing. The passage was one page and a half-long and contained 466 words.
Participants were asked to read it out loud as fast and accurately as possible. The
experimenter tape-recorded the reading process and transcribed it in the absence of
the participant. No corrective feedback was provided. Mispronunciations and missing
words or lines were counted as errors (the number of the errors corresponded to the
number of the misread or missed words). Performance was measured in terms of both
speed and accuracy and is reported in number of seconds taken to read the whole text
and in number of errors made throughout reading, respectively. The task 1s presented

in Appendix 7.
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2.2.8 Phonological STM

To measure the ability to retain the serial order of strings of phonological

information in the STM, we used the following tasks:

a) Digit span. This task required the serial repetition of sequences of digits of

increasing length. Digit span lists ranged from four to eight items (10
sequences for each length). Digits were read by the experimenter at a rate of
about one per second. Testing at each length continued unless the participant
made no more than two correct recalls or unless all sequences had been
attempted. A value of 0.1 was assigned to each sequence repeated correctly.
The final score was the maximal span of digits that could be recalled without

CITOrS.

b) Nonword serial recall. This task required the serial repetition of made-up

words that respected the phonotactic constraints of the English language. It
consisted of 30 sequences of three monosyllabic, disyllabic and polysyllabic
nonwords (10 for each length). Nonwords were read by the experimenter at a
rate of about one per second. Participants were instructed to recall as many
nonwords as possible in the order of presentation and to indicate the order of
any missed items. Recalls were considered correct if the participant repeated
the exact nonword in its original order. Each correct recall received one point.
Performance is reported in percentage of incorrect recalls.

Word serial recall. This task required the serial repetition of words (concrete

and more abstract of medium and high frequency). It consisted of 30
sequences of five monosyllabic, disyllabic and polysyllabic words (10 for
each length). Procedure and scoring were the same with those for nonwords.

Performance is reported in percentage of incorrect recalls.

Stimuli items for all three phonological STM tasks are presented in Appendix 8.

2.2.9 Phonological Awareness

To measure the ability to segment words or nonwords into their constituent sounds

and manipulate the sounds of pairs of words, we administered the following tasks

classically used in dyslexia:




a)

b)

Phoneme counting (Perin, 1983). This task consisted of 48 stimuli. There

were 32 words and 16 nonwords. The number of phonemes varied from two to
five. The items were read by the experimenter one at a time. Participants were
asked to report the number of the sounds making up each item. There were no
time limits or corrective feedback for their response. A short practice trial
preceded the main task. In the case of the words, half had the same number of
sounds as letters (i.e. ‘gap’, three sounds corresponding to three letters),
whereas the other half had a discrepant number between sounds and letters
(i.e. ‘knock’, three sounds corresponding to five letters). Each correct answer
received one point. Performance is reported in percentage of incorrect
responses.

Spoonerisms. This task consisted of 70 pairs of words. Participants were read
two words and were asked to exchange the beginning sounds of each of the
words in order to obtain: a) two different real words (1.e., if given ‘moon -
nap’, subjects had to produce ‘noon - ‘map’), b) two nonwords (i.e., if given
dare’-'night’, subjects had to produce ‘nare - ‘dight’), and ¢) one real word
and one nonword (i.e., if given ‘bond’-‘chair’, subjects had to produce
chond’-"bear’). There were no time limits or corrective feedback for their
response, but word pairs were repeated a maximum of two times. A short
practice preceded the main task. Each correct response received one point.

Performance is reported in percentage of incorrect responses.

Stimuli items for both phonological awareness tasks are presented in Appendix 9.

2.2.10 Lexical learning

To measure the ability to set up novel lexical/formal representations for pairs

of pictures and new words (‘lexical learning’), we used two spoken and three written
nonword tasks. The paired associates we used included pictures of real objects or
animals'® (in black and white drawings) and their corresponding nonsense names
(displayed in 10X1lem poster cards). Nonwords derived from either real English

words (for spoken: N =10, mean letter number=5.4, SD=1.4, range=3-8; for written:

' The majority of the new-word learning tasks used in children included pairs of pictures of nonsense
shapes and nonwords or pairs of words and nonwords. In our new-word learning task, we have
included real pictures and nonwords so that the learning of the corresponding nonwords is stressed.
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N=9, mean letter number=5.9, SD =1.0, range=5-8) or real, but unfamiliar to the
subjects, Dutch words (for spoken: N=14, mean letter number=5.1, SD=2.0, range=3-
9; for written: N=24, mean letter number=5.8, SD=1.9, range=4-10), pronounced
however, like English words and respected English phonotactic/orthotactic
constraints, or Russian words'” in the Cyrillic alphabet (N=6, mean letter number=3.8,
SD=0.4, range=3-4). Participants had to learn the associations between the pictures
and the made-up words. They were first introduced to the stimuli by being presented
with each of the paired associates at a time. Immediately after each display, they were
asked to repeat the nonword, if spoken, or to copy it down, if written. Testing did not
begin unless all nonwords were produced correctly. The written nonwords were either
in the lowercase, boldface, 22-point Bell MT font, for those based on English words,
or in the uppercase, boldface, 20-point Courier New font, for those based on Dutch
words. Russian characters were in both lowercase and uppercase manuscript style (3
for each case). The order of task modality and the type of nonwords were
counterbalanced and distributed over three separate sessions to avoid sequence
effects. In the testing phase, participants were asked to recall the corresponding
nonword on presentation of the picture alone (to speak it or to write it down,
depending on the task modality). In the case of an incorrect or missing response, the
stimulus card was displayed again and participants were asked to repeat the spoken
nonword or copy down the written nonword. The task was discontinued when all
words were recalled correctly or after a maximum of five learning attempts in the full
list. The score was the number of items recalled correctly out of the five attempts.
Performance is reported in percentage of incorrect responses in all five trials. Stimuli

items are presented in Appendix 10.

2.2.11 Lexical-semantic learning (immediate and delayed)

To measure the ability to learn and retain lexical items, such as real words,
single and pairs, with and without semantic relations (tapped by episodic memory,

which is linked to semantic memorylg), we administered the following tasks:

" They consisted of sequences of characters, which were closer to symbols than to alphabetical letters.
"® Episodic and semantic memory are two systems in the LTM (explicit or declarative) organised in a
hierarchical way. The episodic memory, which enables the conscious recollection of specific personal
past events within a temporal context, is a specific subsystem of the semantic memory, and, therefore,
episodic memory cannot exist without semantic memory (Tulving, 1972, 1983, 1984),
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a) Rey Auditory Verbal Learning Test (RAVLT) (Rey, 1964). This test

b)

consisted of a list of 15 words read at a rate of one per second by the
experimenter. Subjects were asked to recall as many of them as possible in
any order (immediate learning). The same procedure was repeated another
four times irrespective of the learning outcome. Participants were then read a
second list of 15 different words and were asked to recall as many of them as
possible. Immediately thereafter, they were asked to recall the words included
in the first list from memory. They were instructed to retain the original words
in memory as they would be asked to recall them again from memory after 20
minutes of intervening activity (delayed recall). Only, the learning of the
words included in the original list was measured (for both immediate and
delayed recall). Each correct recall in any order received one point. The score
was the number of words recalled correctly out of the five attempts (for the
immediate task) and the number of words recalled correctly after 20 minutes
of filled delay (for the delayed task). Performance is reported in percentage of
incorrect recalls (for both tasks). Stimuli items are presented in Appendix 11.

Verbal paired associates of the WMS-R (Wechsler, 1987). This test consisted

of 8 pairs of words read by the experimenter at the rate of one pair every 3
seconds. There were 4 ‘easy’ word pairs (where components were
semantically related, i.e. ‘baby’-‘cry’) and 4 ‘hard” word pairs (where
components were not semantically related to each other, i.e. ‘cabbage’-'pen’).
Subjects were asked to remember the associations between the words making
up the pairs. After the presentation of the full list of words, participants were
presented with one of the two words and were asked to recall the other
(immediate learning). This procedure was repeated a total of three times (5
seconds were allowed to respond). The test was discontinued if all eight items
were answered correctly on the third trial. If not, they were read again. A total
of six trials were allowed. Participants were then asked to remember the
paired associates, as they would be asked after 20 minutes of filled delay
(delayed recall). Each correct association received one point. The test was
carried out according to the standardised instructions. Performance is reported
in percentage of incorrect recalls in the first three trials. Stimuli items are

presented in Appendix 12.
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2.2.12 Author Recognition Test (ART) (Clark-Carter, 1997).

This test measures extracurricular reading experience for text (print exposure).
The rationale for this test is that individuals who read more extensively outside of the
schooling curriculum will be able to identify author names that are not directly taught
as part of the reading curriculum in school or college. It consisted of a list of 15 real
author names (contemporary, classic, modern classic, popular fiction and horror, 3 for
each category) embedded among 15 foils (not real author names) to discourage
guessing. It has thus a signal-detection logic in that the number of correct items
checked can be controlled for differential response bias (tendency to produce socially
desirable responses) by taking into account the number of foils checked. The foil
names ere drawn from the reference list of a textbook (‘Doing Quantitative
Psychological Research’, Clark-Carter, 1997). Participants were instructed to place a
tick beside each author name they knew was an actual author. They were told that
some author names were not actual authors and that guessing could be easily
detected. Scoring on the task was determined by taking the proportion of the 15 target
names that were checked and subtracting the proportion of foils checked. This is the
discrimination index from the two-high threshold model of recognition performance
(Snodgrass & Corwin, 1988). Performance is represented in percentage of errors

made. Stimuli items are presented in Appendix 13.



3 RESULTS

3.1 Overview of the participants’ performance

Table 1:1 presents the demographic data and general performance of the
dyslexic and control adults on tasks measuring performance IQ and verbal 1Q (as
indexed by scores on the Vocabulary and the Similarities subtests of the WAIS-R)
and orthographic skills of different types (i.e. reading comprehension, reading of text
and reading and spelling of single words and nonwords). The dyslexic z-scores (from
the control mean performance) representing highly significant results (***, for
p<.001, **, for p<.01) are highlighted in boldface yellow, while those representing
less significant results (*, for p<.05) are highlighted in boldface green. Marginal
results (for p<.09) are presented in italics and not significant results (for p>.10) are

marked as n.s.
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The dyslexics did not differ from the controls in age, gender, education,
performance 1Q and verbal 1Q (in either the Vocabulary or the Similarities subtests).
In our published study (Romani, Di Betta, Tsouknida, & Olson, 2008), both the
dyslexics and the controls were also matched for age, performance 1Q and
Vocabulary, but the dyslexic scores on the Similarities subtest were slightly higher

than the control scores.

Consistently with the characteristics of other groups with developmental
dyslexia reported in the literature, our dyslexic group made more errors at spelling
words and nonwords and was both slower and more error prone at reading words and
nonwords (with computerised presentation) compared to the matched controls. These
results replicate those of our published study (see also Di Betta & Romani, 2006). In
addition to the published study, we found that in reading comprehension, the
dyslexics were less impaired. This is consistent with an ability to compensate for a
difficulty with word decoding by capitalising on semantic and syntactic cues. Finally,
in text reading, the dyslexics were both slower and more error-prone than the matched
controls. The individual z-scores of the dyslexics on all types of orthographic tasks

are presented in Appendix 14.

As shown in Table 1:1, the majority of our dyslexic participants were severely
impaired in word spelling and nonword reading accuracy, consistently with the results
of our published study, where we used the same spelling and reading tasks of words
and nonwords. Fewer participants were impaired in nonword spelling and word
reading accuracy and even fewer were impaired in word and nonword reading speed.
Using another criterion, <1SD from the control mean, only four participants were not
impaired in word spelling and five participants were not impaired in nonword reading
accuracy. In addition, only one participant performed normally in reading across the
board and another one performed normally in spelling. Therefore, whichever the
criterion, the majority of our dyslexic participants were impaired both in reading and
spelling. For simplicity, we refer to our reading and spelling impaired group as
‘dyslexics’, since they all showed “dyslexic-type problems’ in orthographic tasks and

in other tasks associated with dyslexia.



The profile of the dyslexic groups we have used in both our published and the
present study is more consistent with surface than with phonological dysgraphia. As
shown in Table 1:1, word spelling is more impaired than nonword spelling. This
indicates that most dyslexic individuals have acquired at least rudimentary conversion
rules and that the main problem is the quality of the orthographic lexical
representations. However, in reading, the pattern is reversed. Nonword reading is
more impaired than word reading in terms of both speed and accuracy. Since
performance in nonword spelling indicates relatively good sublexical conversion
skills, the severely impaired performance on nonword reading has to be attributed to a
different source of impairment other than a phonological deficit (refer also to

Chapters 2 and 3 for evidence).

As in our published study, we measured sublexical phonology (by using
phonological STM, in addition to the word serial recall task, and phonological
awareness tasks), the ability to learn paired associates of familiar pictures and novel
words, both spoken and written (by using lexical learning tasks of English nonwords
and Dutch words) and the ability to learn single real English words (by using the
immediate version of the RAVLT). In addition to the published study, we measured
the ability to learn paired associates of familiar pictures and novel words consisting of
non-letter-like characters (by using a lexical learning task of Russian words in the
Cyrillic alphabet) and the ability to learn single real English words (by using the
delayed version of the RAVLT) and pairs of real English words (by using both the
immediate and the delayed versions of the verbal paired associates subtest of the
WMS-R). We finally measured print exposure (by using the Author Recognition
Test).

Given the well-established phonological core deficit (Frith, 1997; Snowling,
2001; Bishop & Snowling, 2004; Vellutino et al., 2004, for a review) and the new-
word learning deficit in dyslexics (Fildes, 1921; Otto, 1961; Gascon &
Goodglass,1970; Vellutino, Steger, Harding, & Phillips, 1975; Nelson & Warrington,
1980; Vellutino, Scanlon, & Spearing, 1995; Romani & Stringer, 1994; Howard &
Best, 1997; Wimmer, Mayringer, & Landerl, 1998; Mayringer & Wimmer, 2000;
Messbauer & De Jong, 2003; Di Betta & Romani, 2006; Romani et al., 2008), we

expected to find poor performance on both phonological and new-word learning tasks.



We also expected to find better performance with familiar words (with meanings)
than with unfamiliar words (Brener, 1940; Hulme, Maughan, & Brown, 1991;
Romani et al., 1999, 2008; Di Betta & Romani, 2006). Finally, we expected to find
normal print exposure in our dyslexic population that showed a surface pattern of
impairment in line with previous studies on surface dyslexic individuals (Manis et al.,
1996, 1999; Castles et al., 1999; Gustafson, 2001; Bailey et al., 2004). Performance
on the sublexical phonology, lexical learning, lexical-semantic learning and print

exposure tasks are presented in Table 1:2 for both the dyslexics and the controls.
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As expected, the dyslexics showed a phonological deficit, as indexed by poor
performance on all phonological STM and phonological awareness tasks. Difficulties
in all tasks were of medium severity with the exception of an exceptionally poor
performance on the Spoonerisms task'®. These results are consistent with those of our
published study. Individual z-scores on the sublexical phonology tasks are presented

in Appendix 15.

The dyslexics were also significantly impaired in both spoken and written
lexical learning task, which is in line with the results of our published study. In
addition to the published study, we found that the dyslexics showed also a significant
but weaker impairment in the russian lexical learning task, which taps the ability to
create new lexical representations from a series of unrelated symbolic units. Results
from performance on the lexical-semantic learning tasks showed that, in the
immediate condition, the dyslexics had no problem learning real single words, which
is consistent with the results of our published study. However, the dyslexics had a
significant difficulty in learning pairs of real words with and without semantic
relations. In the delayed condition, patterns were somewhat the opposite. The
dyslexics were poor at recalling the learnt single words, but only very mildly poor at
recalling the learnt pairs of words (p=.09). However, despite the difficulties seen in
both delayed recall tasks, only three dyslexics performed more than 2SDs below the
control mean. The difficulties seen in learning new word associations and in the
delayed recall of single words indicate deficits at the phonological as well as at the
semantic level. These results fit with the idea of poor semantic memory in surface
dyslexia. A number of other studies in aphasic patients who show typical symptoms
of surface dyslexia have also found poor performance on the paired associates of the
WMS-R and poor delayed recall on the RAVLT (Graff-Radford et al., 1990; Green et
al., 1990; Scheltens, Hazenberg, Lindeboom, Valk, & Wolters, 1990; Watt, Jokel, &
Behrmann, 1997; Zakzanis, 1999). Finally, ART scores revealed normal print
exposure in the dyslexics. Individual z-scores on the lexical learning, lexical-semantic

learning and print exposure tasks are presented in Appendix 16.

' The large impairment shown in the Spoonerisms task could be because orthographic knowledge may
contribute more to this task than to the Phoneme Counting task. For arguments that orthographic
knowledge modulates phonological awareness, see Castles, Holmes, Neath, & Kinoshita, 2003; Castles

& Coltheart, 2004.
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3.2 Relations among tasks

We investigated how performance on the phonological, lexical learning
(spoken, written and russian), lexical-semantic learning (immediate and delayed) and
print exposure tasks among dyslexic and control individuals were related to variations
in their spelling and reading abilities of words and nonwords. We conducted
Pearson’s 2-tailed correlations (partialing out age) and regression analyses
(controlling for age, performance 1Q and phonological abilities). Table 1:3 presents

the correlation results.
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In the dyslexics, the patterns of correlations between orthographic performance
and phonological or lexical learning performance varied depending on whether the
output was lexical or non-lexical. That is, phonological processing was more strongly
associated with nonword than with word processing, while lexical learning was more
strongly associated with word than with nonword processing. More specifically, word
spelling and reading accuracy correlated more strongly with lexical learning, while
nonword spelling and nonword reading speed correlated more strongly with
phonological processing. However, word reading speed showed a significant
relationship with phonological processing only. Our results are consistent with those
of our published study (see also Di Betta & Romani, 2006, for a significant
correlation between spoken and written learning and word spelling). We also found
that nonword reading accuracy was significantly associated with both phonological
processing and lexical learning compared to the weaker respective associations found
in our published study (where we investigated a smaller dyslexic group). In addition,
we found that, russian learning was also significantly associated with word and
nonword reading accuracy, but in a lesser degree than spoken and written learning.
However, differently from spoken and written learning, russian learning did not
correlate significantly with word spelling. On the other hand, lexical-semantic
learning (both immediate and delayed) did not show significant associations with
either word or nonword processing. This confirms the suggestion made by previous
researchers that poor verbal learning and recall is a secondary deficit in individuals
with language disorders. In addition, print exposure correlated significantly with word
reading accuracy, which is in line with previous findings (Manis et al., 1993; Griffiths
& Snowling, 2002). We also examined whether print exposure showed significant
associations with other types of reading skills, such as reading comprehension and
text reading speed and accuracy. Results showed no significant correlations with
reading comprehension (r=-.06, p=.70, df=38), or text reading speed (r=.19, p=.26,

df=36), but a significant correlation with text reading accuracy (r=.40, p=.01, df=36).

In the controls, the patterns of correlations of phonological processing and
lexical learning were less selective across lexical and non-lexical processing. In
comparison with the dyslexics, phonological processing correlated less weakly with
orthographic performance. Performance on the majority of the phonological tasks was

significantly associated with nonword reading accuracy. From the lexical learning
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tasks, only spoken learning showed a significant relationship with the orthographic
performance. In particular, spoken learning correlated with both word and nonword
spelling as well as with word reading speed. Previous studies that were, however,
carried out in control children have also found a significant relationship between
phonological paired associate learning and orthographic performance (Reitsma, 1983,
1989; Ehri & Saltmarsh, 1995; Windfuhr & Snowling, 2001; Hulme, Goetz et al.,
2007). On the other hand, performance on both immediate versions of the lexical-
semantic learning tasks showed significant associations with both word and nonword
processing, unlike the dyslexics. That is, RAVLT correlated with both word and
nonword spelling as well as with word reading speed, just like spoken learning, while
WMS-R word pairs correlated with word reading accuracy. However, performance on
both delayed versions of the lexical-semantic tasks showed no significant associations
with either word or nonword processing, as for the dyslexics. In addition, print
exposure correlated significantly with word reading accuracy, which is in line with
previous findings (Stanovich & West, 1989; Barker et al., 1992; Cunningham &
Stanovich, 1990, 1997). We also examined whether print exposure showed significant
associations with reading comprehension and text reading speed and accuracy.
Results showed no correlation with text reading speed (r=.10, p=.58, df=35), but
correlations with reading comprehension and text reading accuracy that, however, fell
just outside significance (r=.28, p=.09, df=35 and r=.29, p=.08, df=35, respectively).
A significant correlation with reading comprehension has been found by previous
studies that were, however, carried out in control children (Anderson et al., 1988;
Cipielewski & Stanovich, 1992; Echols et al., 1996; Cunningham & Stanovich,
1997).

3.3 Predicting Reading and Spelling

Romani and colleagues have shown that surface dyslexia is a separate
impairment (from phonological dyslexia) that is linked with a deficit in written lexical
learning (Romani et al., 1999, 2008; Di Betta & Romani, 2006). In our published
study, we showed that a written lexical learning deficit in adults with developmental
dyslexia that resembled a surface dyslexic pattern predicted word spelling and word
reading accuracy abilities, independently of a phonological processing deficit and

performance 1Q (Romani et al., 2008).
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The present study complements and extends the results of the published study
by examining the contribution of different types of lexical learning (spoken, written
and russian) and print exposure to both reading and spelling skills of words and
nonwords in both adults with developmental dyslexia (also resembling a surface
dyslexic pattern) and control adults, beyond the contribution of phonological
processing skills, performance 1Q and age. To determine this, we conducted a series
of stepwise regression analyses. We used performance on the orthographic tasks as
‘dependent variables’ and performance on the lexical learning and print exposure
tasks as ‘independent variables’. No regression analyses were conducted for the
contribution of a lexical-semantic learning deficit to orthographic skills in the

dyslexics as no significant correlations with orthographic performance were found.

We derived a single composite measure of phonological ability by running a
principal component analysis on the data from digit span, nonword serial recall,
phoneme counting and spoonerisms. This yielded a single factor with an eigenvalue
greater than one, which accounted for 69% of the variance and received high loadings
from all components: digit span=.85, nonword serial recall=.89, phoneme
counting=.79 and spoonerisms=.78. Age and performance [Q were always entered at
the first step (X1). In the case of lexical learning, the phonological factor and lexical
Jearning (spoken, written, russian) were entered alternately at the second step (X2).
Results are presented in Table 1:4 for both the dyslexics and the controls. In the case
of print exposure, the phonological factor was entered at the second step and print
exposure and lexical learning (spoken, written, russian) were entered alternately at the
third step (X3). Results for both the dyslexics and the controls are presented in Table
1:5. R square change scores are the improvement in R square (when X1 and then X2
and so on are added), which show the percentage of variance explained in the
dependent variable. The ‘p’ statistic shows the significance level of the contribution

made by each predictor in explaining variance in the dependent variable.
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In the dyslexics, age and performance IQ accounted for a significant amount
of variance in the prediction of word and nonword spelling and word and nonword
reading speed. When entered both second and last, the phonological factor and lexical
learning made unique contributions to orthographic performance. The phonological
factor predicted mainly nonword processing, while written learning predicted mainly
word processing. Our results are consistent with those of our published study.
Likewise written learning, spoken learning predicted word processing but more
weakly. When entered both second and last, the phonological factor made also a
significant but less strong contribution to word reading speed, while written learning
made also a significant but less strong contribution to nonword reading accuracy. In
addition, russian learning was a significant but less strong predictor of nonword
reading speed. This was, however, true when it was entered last. The independence of
a lexical learning impairment from a phonological impairment is consistent with the
results of our published study (see also Romani & Stringer, 1994, for a dissociation
between written learning and phonological abilities in an adult with developmental
surface dysgraphia; Di Betta & Romani, 2006, for an independence of written and
spoken learning in a group of adults with developmental dyslexia) and other studies

in dyslexic children (Aguiar & Brady, 1991; Ehri & Saltmarsh, 1995) .

In the controls, age and performance 1Q accounted for a significant amount of
variance in the prediction of word and nonword spelling and word and nonword
reading accuracy. The phonological factor was less predictive of orthographic
performance compared to the dyslexics. However, when entered both before and after
lexical learning, it made a significant contribution to nonword reading accuracy.
From the lexical learning tasks, only spoken learning made a unique contribution to
orthographic performance. That is, spoken learning accounted for both word and
nonword spelling (more strongly for the former). This was true when entered both
before and after the phonological factor. The independence of new-word learning
from phonological processing has also been reported by other studies in control

children (Reitsma, 1983, 1989; Windfuhr & Snowling, 2001; Hulme, Goetz, et al,
2007).
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In the dyslexics, print exposure made a significant and independent
contribution to both word reading accuracy and word spelling. This was true when
entered both before and after lexical learning (spoken, written, russian), independently
of the contribution of age, performance IQ and phonological processing skills. It also
made an independent but less significant contribution to nonword reading accuracy.
This was true when entered before lexical learning only. A significant contribution of
print exposure to word reading accuracy in dyslexia is in line with previous studies on
dyslexic children (McBride-Chang et al., 1993; Leseman & de Jong, 1998; Sénéchal,
Lefevre, Thomas, & Daley, 1998; de Jong & Leseman, 2001; Griffiths & Snowling,
2002). No previous study has looked at the contribution of print exposure to word and

nonword spelling or nonword reading in dyslexic individuals.

In the controls, print exposure predicted word reading accuracy. This was true
when entered both before and after lexical learning (spoken, written, russian),
independently of age, performance 1Q and phonological processing skills. A
significant contribution of print exposure to word reading accuracy in control
individuals is in line with previous studies on control adults (Stanovich & West, 1989)
and control children (Cunningham & Stanovich, 1990). No previous study has looked
at the contribution of print exposure to word and nonword spelling or nonword

reading in control individuals.

3.4 Dyslexic subtypes and patterns of cognitive impairments

Previous studies have categorized children as phonological or surface
dyslexics according to their relative abilities to read irregular words (as an indication
of lexical processing) and nonwords (as an indication of non-lexical processing). This

methodology was pioneered by Castles & Coltheart (1993).

3.4.1 Method for the selection of the dyslexic subtypes

Consistently with the method used by more recent studies (Castles et al., 1999;
Curtin, Manis, & Seidenberg, 2001; Bailey et al., 2004) and with the method used in
our published study, we used the z-score discrepancy (from the control distribution)
by subtracting irregular word from nonword z-score performance, which takes the
overall level of performance into account. However, differently from the majority of

the studies that have investigated reading abilities and have, thus, used the reading
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criterion in order to select dyslexic subtypes, we used the spelling criterion (in our
published studies we have used both a reading accuracy and a spelling criterion). We
used the spelling criterion because: a) the main complaint of our dyslexic population
was spelling, b) when we considered both reading and spelling criteria, we found
stronger and clearer patterns of performance with the spelling rather with the reading
criterion, and ¢) nonword spelling seems to be a more direct measure of sublexical
conversion skills than nonword reading (refer to Chapter 2 for evidence, where we
found that a nonword reading deficit persists despite equivalent sublexical conversion
skills). The latter is also manifested by the differential performance of our dyslexic
individuals in the nonword reading and nonword spelling tasks (where an impairment
is more severe with nonword reading rather than with nonword spelling) in
comparison with both the chronological-age matched controls and the reading and
spelling-age matched younger controls (refer to the results of Table 2:1 of Chapter 2

for the younger control comparison).

Given this method, subjects whose performance fell in the top third irregular vs.
nonword spelling z-score discrepancy were allocated to the ‘surface group’, while
subjects whose performance fell in the bottom third irregular vs. nonword spelling z-
score discrepancy were allocated to the ‘phonological group’. Thus, we assigned
34.1% of the total dyslexic population to the surface group and another 34.1% to the
phonological group (N=15 for each; for the surface group: 6 male and 9 female, 9

with university education and 6 with secondary education; for the phonological group:

4 male and 11 female, 11 with university education and 4 with secondary education;
matched for gender and education, ¥>=0.15, p=.70, for both). Individual z-scores of all

44 dyslexics and their division into subgroups are presented in Appendix 17.

3.4.2 Overview of the dyslexic subgroups’ performance

Tables 1:6 and 1:7 present the demographic and cognitive characteristics of the
surface and phonological dyslexics and comparisons to each other and the controls on
tasks measuring performance 1Q, verbal IQ (as indexed by scores on the Vocabulary
and the Similarities subtests of the WAIS-R), orthographic skills of different types
(i.e. reading comprehension, reading of text, reading and spelling of single words,
irregular words and nonwords), sublexical phonology, lexical learning, lexical-

semantic learning and print exposure. The dyslexic z-scores (from the control mean
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performance) representing highly significant results (***, for p<.001, **, for p<.01)
are highlighted in boldface yellow, while those representing less significant results (*,
for p<.05) are highlighted in boldface green. Marginal results (for p<.09) are

presented in italics and not significant results (for p>.10) are marked as n.s.
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The surface dyslexics did not differ from the phonological dyslexics in age,
performance 1Q and verbal IQ (in either the Vocabulary or the Similarities subtests).
Both dyslexic subtypes did not also differ from the controls in the same variables.
These results are consistent with those of our published study, when either selection

method was considered.

The surface and the phonological dyslexics performed also the same in text
reading (for all comprehension, speed and accuracy) and nonword reading in terms of
both speed and accuracy. The absence of a significant group difference in nonword
reading speed and accuracy is not what we would normally expect to find given that
the surface dyslexics are better with nonword processing than the phonological
dyslexics. A severe nonword reading deficit in the surface dyslexics does not fit
within the dual-route version of the phonological deficit model (refer also to Chapter
2), which expects at least more impaired nonword reading in individuals with poorer
use of the sublexical route. This finding suggests that nonword reading is not as a
direct measure of sublexical conversion skills (as nonword spelling is) and that it
should also tap another ability, such as visual/orthographic coding relating to the
ability to process independent units within novel visual strings (refer also to Chapters
2 and 3). In word reading, the surface dyslexics were less accurate than the
phonological dyslexics but as slow as them. In irregular word reading, the surface
dyslexics were also less accurate than the phonological dyslexics but only very mildly
slower than them. The spelling results are the reflection of the selection criterion. In
comparison to the controls, both dyslexic subgroups performed significantly worse on
all types of orthographic tasks, except for a very mildly poor performance on the
reading comprehension task for the surface group. In addition, we found that the
surface dyslexics did not differ from the phonological dyslexics in reading
comprehension. This finding argues against the view that surface dyslexia arises from
a ‘semantic impairment’. The results from all group comparisons on the nonword and
irregular word reading and spelling tasks are consistent with those of our published
study (when the spelling method was used). Individual z-scores (from the control
distribution) of both dyslexic subtypes on all types of orthographic tasks are presented

in Appendix 18.



According to the results of our published study (with both selection methods),
we would expect to find a better ability to learn familiar than unfamiliar words for
both dyslexic subgroups and a more pronounced deficit in written lexical learning in
the surface dyslexics in comparison with the phonological dyslexics. According to the
proposal of Stanovich et al. (1997), we would expect to find a phonological
impairment in both dyslexic subtypes, with, however, the surface dyslexics showing a
milder phonological impairment than the phonological dyslexics coupled with
reduced print exposure. Results of the performance of both dyslexic subtypes on the
sublexical phonology, lexical learning, lexical-semantic learning and print exposure

tasks in comparison to each other and the controls are presented in Table 1:7.
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Both the phonological and the surface dyslexics showed a phonological
impairment compared to the matched controls. When compared the dyslexic
subgroups to each other, we found that the phonological and the surface dyslexics
were equally poor in the majority of the sublexical phonology tasks, except for the
Phoneme Counting task, where the surface dyslexics performed normally and, thus,
better than the phonological dyslexics. A lack of a significant group difference in the
sublexical phonology tasks is not what we would expect to find according to the
studies that found weaker phonological deficits for the surface dyslexics when
comparing to the phonological dyslexics (Manis et al., 1997; Stanovich et al., 1997).
It is, however, consistent with those studies that found equal phonological deficits in
both dyslexic subtypes (Sprenger-Charolles, Cole et al., 2000; Ziegler, Castel et al.,
2008). It is also consistent with the reports that phonological and surface dyslexia lie
on a phonological deficit continuum (Manis et al; 1996; Harm & Seidenberg, 1999;
Snowling, 2001; Griffiths & Snowling, 2002). The phonological deficits seen in our
surface dyslexics must be seen within the context of their general cognitive
performance, which is more severely impaired than that of our phonological dyslexics
(refer to the z-scores performances of both dyslexic subgroups as presented in Tables
1:6 and 1:7). Individual z-scores of both dyslexic subtypes on the sublexical
phonology tasks are presented in Appendix 19. Phonological deficits in the
phonological and surface dyslexics were also found in our published study, where we
carried out the same sublexical phonology tasks with the present study, except for the
word serial recall task. It was found that the phonological dyslexics performed
generally worse than the surface dyslexics on the sublexical phonology tasks (with

both selection methods).

In addition to the published study, we found that both dyslexic subgroups
performed as well as the controls in the print exposure task. We also found that the
surface dyslexics did not differ from the phonological dyslexics in reading experience
despite their cognitive profile was more severely impaired. Our results are in line with
previous reports in the dyslexia literature, as reviewed in the Introduction (Manis et
al., 1999; Castles et al., 1999; Gustafson, 2001; Bailey et al., 2004). Individual z-
scores of both dyslexic subtypes on the print exposure task are presented in Appendix

20.



Taken together, our results from performance of the surface dyslexics on the
sublexical phonology and print exposure tasks provide evidence against the view that
the poor lexical representations in surface dyslexia are the result of a ‘milder
phonological deficit coupled with reduced reading experience’ (Stanovich et al.,

1997).

In contrast, we found that both the phonological and the surface dyslexics
showed a clear impairment in the learning of novel phonological and orthographic
representations involving linguistic stimuli (spoken and written lexical learning). Our
results replicate those of our published study, even when both selection methods were
used. We also found that both dyslexic subgroups showed an additional but weaker
impairment in the learning of novel orthographic representations involving non-
linguistic stimuli (russian lexical learning). A lexical learning deficit was true despite
learning trials being equated both across different types of stimuli and groups. When
compared the dyslexic subgroups to each other, we found that the surface dyslexics
did not differ from the phonological dyslexics but in written lexical learning, where
the surface dyslexics performed worse. This result is in line with that of our published
study (when the spelling method was used) and provide evidence against the
hypothesis that surface dyslexia is not a separate impairment but the result of ‘reduced
learning opportunities’. Instead, they further support the hypothesis originally put
forward by Romani, Ward, & Olson (1999) that surface dyslexia is an independent
impairment accounted for by ‘a written lexical learning deficit’ (see also Romani &
Stringer, 1994; Romani et al., 1999, 2008; Di Betta & Romani, 2006) despite equated
learning opportunities. Individual z-scores of both dyslexic subtypes on the lexical

learning tasks are presented in Appendix 20.

The group interaction between written learning and phonological ability in the

surface and phonological dyslexics is depicted in Figure 1.
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Figure 1. Mean z-scores (from the control distribution) of the surface and
phonological dyslexics reflecting written learning and phonological ability.

The surface dyslexics showed a greater impairment in written learning (more
than 2SDs from the control mean) than in phonological ability, whereas the

phonological dyslexics showed the opposite pattern. We found an interaction between

type and subgroup, F(1,28)=5.8, p=.02, MSE=1.6, but no significant effects of type,
F(1,28)=.14, p=71, MSE=1.6, or group, F(1,28)=.18, p=.67, MSE=2.5. The absence

of a significant effect of type was true for the surface dyslexics, F(1,14)=2.4, p=.14,
MSE==1.4, and almost true for the phonological dyslexics, I/(1,14)=3.4, p=.09,
MSE=1.8).

The individual z-scores of the surface and phonological dyslexics on written

learning and phonological ability are depicted in Figure 2.
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Figure 2. Individual z-scores (from the control distribution) of the surface and
phonological dyslexics reflecting written learning and phonological ability.



From each of the dyslexic subgroups, 4 participants were severely impaired
(more than 2SDs from the control mean) in both phonological ability and written
learning. Overall, 7 surface dyslexics were severely impaired in written learning,

while 8 phonological dyslexics were severely impaired in phonological ability.

Results from performance on the lexical-semantic learning tasks showed that,
in the immediate condition, both dyslexic subgroups had no significant problems
learning real single words when compared to the controls, which is in line with the
results of our published study (when both selection methods were used). However,
they had significant difficulties in learning pairs of real words with and without
semantic relations. When compared the dyslexic subgroups to each other, we found
that the surface dyslexics were as good as the phonological dyslexics at learning real
single words, which is in line with the results of our published study (when both
selection methods were used) and as poor as the phonological dyslexics at learning
real word pairs. In the delayed condition, the surface dyslexics were poor at recalling
the learnt single words, while the phonological dyslexics were only very mildly poor
compared to the controis. In contrast, both dyslexic subgroups performed normally at
recalling the learnt word pairs. When compared the dyslexic subgroups to each other,
we found no significant differences in the recall of either the learnt single words or
the learnt word pairs. These results were true even after learning opportunities were
equated across groups. Individual z-scores of both dyslexic subtypes on the
immediate and delayed versions of the lexical-semantic learning tasks are presented

in Appendix 20.

Results from performance on the various learning tasks indicate that the
surface dyslexics suffer from difficulties with learning both real words and nonwords,
which is not, however, the result of ‘reduced learning opportunities’. However, we
showed that a written lexical learning deficit is prominent in surface dyslexia, while a
lexical-semantic learning deficit (immediate or delayed) is only secondary to surface
dyslexia. These results confirm the view that surface dyslexia is the result of a

‘written lexical learning impairment” and not the result of a ‘semantic impairment’.
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4 GENERAL DISCUSSION

The aim of the present study was to test the predictions of Stanovich, Siegel,
& Gottardo (1997) that surface dyslexia is the result of a ‘milder phonological deficit
than that seen in phonological dyslexia coupled with reduced reading experience’. To
achieve this, we investigated phonological skills (as indexed by tasks measuring both
phonological STM and phonological awareness) and reading experience (as indexed
by the Author Recognition Test) in both adults with developmental dyslexia showing
symptoms of surface dyslexia compared to control individuals and adults with
developmental surface dyslexia compared to those with developmental phonological
dyslexia (as defined by their performance on nonword vs. irregular word spelling) and
control individuals. All comparison groups were matched for chronological age and
1Q levels (both verbal and non-verbal). We found phonological deficits in both the
surface and the phonological dyslexics, as Stanovich et al. (1997) predicted, but that
the surface dyslexics showed equal phonological deficits to the phonological
dyslexics and normal reading experience commensurate with the phonological
dyslexics. Our findings argue against the view that poor lexical representations in
surface dyslexia can be explained by a milder phonological deficit conjoined with
reduced reading experience. The equally impaired phonological abilities in our
surface and phonological dyslexic groups must be realised within the more impaired
performance of the former group across tasks compared to the latter group. Studies
examining phonological abilities in surface and phonological dyslexics groups have
reported inconsistent results. That is, some of them have shown comparable
phonological deficits (Sprenger-Charolles, Cole et al., 2000; Ziegler, Castel, et al.,
2008), while others have shown a milder phonological deficit for the surface dyslexics
(Manis et al., 1997; Stanovich et al., 1997; Romani et al., 2008). Phonological deficits
and normal reading experience were also present in the general group of dyslexics.
Evidence for comparable print exposure in the surface and phonological dyslexics has
also been provided by previous studies, which were, however, limited (Manis et al.,

1999; Castles et al., 1999; Gustafson, 2001; Bailey et al., 2004).
The present study also showed that individuals with surface dyslexia can have

normal 1Q levels (verbal and/or non-verbal). These results are in line with our

published study, even when both spelling and reading accuracy selection criteria were
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considered (Romani, Di Betta, Tsouknida, & Olson, 2008) for the definition of

surface dyslexia.

As in our published study (when both selection criteria were used), we showed
that surface dyslexia cannot be explained by ‘reduced learning opportunities’. This
was shown by measuring the ability to learn real single words (as indexed by the
immediate version of the Rey Auditory Verbal Learning Test) and novel single words
paired with pictures (as indexed by spoken and written lexical learning tasks
involving linguistic stimuli) in both the surface dyslexics and the general group of
dyslexics as compared to the matched controls, where learning conditions were
equated across both groups and different types of stimuli. We also provided
comparisons between the surface and the phonological dyslexics. We found that both
the surface dyslexics and the general group of dyslexics were good at learning real
single words (spoken) but poor at learning novel single words (both spoken and
written) despite equal learning opportunities. In addition, the surface dyslexics did not
differ from the phonological dyslexics but only in written lexical learning, where an
impairment was more severe for the surface dyslexics despite equally impaired
phonological abilities. A written lexical learning deficit in surface dyslexia was also
found by other studies (Romani & Stringer, 1994; Castles & Holmes, 1996; Romani,
Ward, & Olson, 1999; Di Betta & Romani, 2006; Romani, Di Betta, Tsouknida, &
Olson, 2008). Our results support the theory originally put forward by Romani, Ward,
& Olson (1999) that surface dyslexia is a separate impairment from phonological
dyslexia linked with a deficit in recombining visual units of a given linguistic
sequence into a new lexical representation, called a “written lexical learning deficit’

(see also Di Betta & Romani, 2006; Romani et al., 2008).

In addition to the published study, we measured other types of learning
abilities in both the surface dyslexics and the general group of dyslexics compared to
the matched controls, under equated learning conditions. We measured the ability to
learn pairs of real words with and without semantic associations (as indexed by the
immediate version of the verbal paired associates of the WMS-R), the ability to recall
the learnt pairs of words and real single words after a filled delay (as indexed by the
delayed versions of the verbal paired associates of the WMS-R and the RAVLT) and

the ability to learn novel single words consisting of non-linguistic stimuli, paired with
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pictures (as indexed by the russian lexical learning task). We also provided
comparisons between the surface and the phonological dyslexics. We found that both
the surface dyslexices and the general group of dyslexics were poor in the immediate
learning of the real word pairs. In the delayed recall tasks, we found that both the
surface dyslexics and the general group of dyslexics were poor at recalling the learnt
real single words but not the learnt real word pairs. The surface dyslexics did not
differ from the phonological dyslexics in the immediate or delayed learning of the
lexical-semantic information. In addition, both the surface dyslexics and the general
group of dyslexics were poor at learning novel non-linguistic sequences. This ability
was, however, less severely impaired than the ability to learn novel linguistic
sequences (both written and spoken). This suggests that the dyslexics might have
capitalised on their normal visuospatial abilities (as shown in Table 3:3 of Chapter 3;
see also Di Betta & Romani, 2006) in order to create new lexical representations for
the symbol strings. The surface dyslexics were as poor in this ability as the

phonological dyslexics.

Our results from performance on the various types of learning tasks showed
that the surface dyslexics have troubles learning both real words and nonwords.
However, the comparable difficulties with learning words with meanings (both
immediate and delayed learning) in the surface and phonological dyslexics suggest
that a lexical-semantic learning impairment is not specific to surface dyslexia but only
secondary (in line with the reports of Graff Radford et al., 1990; Green et al., 1990;
Scheltens et al., 1990; Watt et al., 1997; Zakzanis, 1999 derived from aphasic patients
that show typical symptoms of surface dyslexia). On the other hand, the more
pronounced difficulty with learning written nonwords in the surface dyslexics, despite
equally impaired phonological abilities with the phonological dyslexics, suggests that
a written lexical learning impairment is specific to surface dyslexia. This was also
supported by the absence of a significant relationship between lexical-semantic
learning (immediate or delayed) and orthographic performance (reading or spelling)
in the general group of dyslexics who showed symptoms of surface dyslexia. In
contrast, a written lexical learning impairment explained orthographic disorders,
independently of phonological processing, performance 1Q and age. In particular,
written lexical learning was a strong predictor of word spelling and word reading

accuracy problems and a less strong predictor of nonword reading accuracy problems.
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This is in line with the results of our published study. Contributions to word spelling
and word reading accuracy problems remained significant, even after reading
experience was controlled. The independence of a written lexical learning impairment
from a phonological impairment indicates that written lexical learning in dyslexia is
not the result of a single underlying phonological deficit (related to the quality and
specification of the phonological representations), but that it taps unique resources in
orthographic performance. In addition, we found that the surface dyslexics showed
normal reading comprehension commensurate with the phonological dyslexics. Taken
together, these findings suggest that poor lexical representations in surface dyslexia
cannot be accounted for by a semantic impairment but by an impaired ability to learn

novel visual/orthographic representations.

A written lexical learning deficit in surface dyslexia is more consistent with
the suggestion by Harm & Seidenberg (1999) that surface dyslexia could be simulated
by reducing the quality of the visual input. Goulandris & Snowling (1991) have
argued that poor visuospatial memory was responsible for the orthographic difficulties
seen in their surface dyslexic patient, J.A.S. However, poor visuospatial abilities are
rare in dyslexia. In addition, no visuospatial impairments have been found in other
single case studies of surface dyslexia/dysgraphia (Hanley et al., 1992; Castles &
Coltheart, 1996; Romani et al., 1999) or group studies (Di Betta & Romani, 20006;
present study Chapter 3). If a problem of visual memory is present in dyslexia, this
would involve a difficulty in processing visual sequences more than a difficulty in
processing visuospatial patterns (Valdois, Bosse, & Tainturier, 2004; Pammer, Lavis,
Hansen, & Cornelissen, 2004; Hawelka & Wimmer, 2005; Hawelka, Huber, &
Wimmer, 2006; Bosse, Tainturier, & Valdois, 2007; Jones, Branigan, & Kelly, 2008;
Lassus-Sangosse, N’guyen-Morel, & Valdois, 2008; for a review see section 1.1.3 of
Chapter 3). Thus, a deficit in written lexical learning could be related to a difficulty in
processing multi-element visual strings due to either a difficulty in processing
sequences in parallel (due to a reduced visuospatial span, Bosse, Tainturier, &
Valdois, 2007) and/or a difficulty in processing serial order (Romani et al., 1999). As
we show in Chapter 3, there is a significant association between written lexical

Jearning and both simultaneous and sequential processing of visual units.



In addition to the published study, we assessed the contribution of other types
of lexical learning that involved new spoken words consisting of letters (spoken
lexical learning) and new written words consisting of symbols (russian lexical
learning) to orthographic performance in the dyslexics. We found that spoken lexical
learning accounted for word spelling and word reading accuracy problems, just like
written learning but more weakly, independently of phonological processing,
performance 1Q and age. Contributions remained significant even after reading
experience was controlled. Significant associations between spoken lexical learning
and word processing in the dyslexics were also found in our published study (see also
Di Betta & Romani, 2006). In addition, russian lexical learning accounted for
nonword reading speed problems. A contribution was, however, marginal after
reading experience was controlled. In addition, we showed that the independence of
lexical learning from the phonological ability is also true in the control individuals.
However, we found that only spoken lexical learning made a significant independent
contribution to orthographic performance in the control individuals, predicting word
and nonword spelling skills. This might suggest that control individuals rely more on
phonological than on orthographic representations in order to spell words and
nonwords. Contributions remained significant, even after reading experience was
controlled. Previous studies have also found that phonological paired associate
learning (PAL) predicted orthographic skills in control young readers, independently
of phonological processing skills (Reitsma, 1983, 1989; Ehri & Saltmarsh, 1995;
Windfuhr & Snowling, 2001; Hulme, Goetz et al., 2007).

Finally, in line with previous studies, we found that print exposure is a
significant determinant of word reading accuracy skills in both dyslexics and controls
(for dyslexics: Mc Bride-Chang et al., 1993; Leseman & de Jong, 1998; Sénéchal,
Lefevre, Thomas, & Daley, 1998; de Jong & Leseman, 2001; Griffiths & Snowling,
2002; for controls: Stanovich & West, 1989; Cunningham & Stanovich, 1990;
Chateau & Jared, 2000 Cunningham & Stanovich, 1997; Braaten, Lie, Andreassen, &
Olaussen, 1999). This is true, even after phonological processing, performance 1Q,
age and lexical learning were controlled. Uniquely, we found that print exposure 1s
also a significant determinant of word spelling skills in the dyslexics, independently

of phonological processing, performance 1Q, age and lexical learning.
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S CONCLUSION

The present study provided evidence that surface dyslexia cannot be explained
by a ‘milder phonological deficit than the phonological dyslexics conjoined with poor
reading experience’. This was shown by finding equally poor performance on the
majority of the sublexical phonology tasks (tapping both phonological STM and
phonological awareness abilities) and equally normal reading experience in both the
surface and the phonological dyslexics (as defined by their spelling performance on
nonwords vs. irregular words). We also showed that surface dyslexia cannot be
explained by ‘reduced learning opportunities’, as the surface dyslexics did not differ
from the phonological dyslexics in either the immediate learning or the delayed recall
of the learnt lexical-semantic information despite learning trials being equated across
groups. However, the surface dyslexics showed a more pronounced difficulty than the
phonological dyslexics in learning novel visual/orthographic representations, called a
“written lexical learning deficit’, despite equal learning opportunities across groups.
This finding is in favour of the original claim made by Romani, Ward, & Olson
(1999) that surface dyslexia is a separate impairment from the phonological
impairment linked with a specific deficit in written lexical learning (see also D1 Betta
& Romani, 2006; Romani, Di Betta, Tsouknida, & Olson, 2008). A written lexical
learning impairment was a strong predictor of word spelling and word reading
accuracy disorders and a less strong predictor of nonword reading accuracy disorders,
independently of phonological processing skills, performance 1Q and age. We further
showed that surface dyslexia cannot be explained by a ‘semantic deficit’ as the
surface dyslexics did not differ from the phonological dyslexics in reading
comprehension. Finally, we provided further evidence against the hypothesis that
surface dyslexia is the result of a ‘mild retardation’, by showing that surface dyslexics
can have normal IQ levels (commensurate with those of the phonological dyslexics in

this study).
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Chapter 2

A Selective Nonword Reading Deficit
in Developmental Dyslexia. Is Poor Phonological Ability the Sole

Responsible Factor?

1 INTRODUCTION

1.1 Evidence for a selective nonword reading deficit and typical regularity effects
in developmental dyslexia

According to the dual-route model of word recognition (Coltheart, 1978;
Morton & Patterson, 1980), reading can be accomplished by two alternate pathways: a
lexical/direct route, which relies on the retrieval (from the mental lexicon) of word-
specific knowledge from orthography and a sublexical/indirect route, which relies on
the use of spelling-to-sound correspondence rules that encode generalisable mappings
between letters and sounds. The lexical route i1s used to process irregular words
(which do not conform to spelling-to-sound correspondence rules) but fails to process
nonwords (for which there are no stored lexical representations and for which the
employment of phonological skills is needed). The sublexical route is instead used to
process nonwords, but fails to process irregular words. Regular words, on the other
hand, can be processed either by the sublexical (when they strictly obey to the
grapheme-phoneme conversion rules) or the lexical route (when they do not strictly
obey to the grapheme-phoneme conversion rules). Superior performance in processing
regular over irregular words indicates some use of the sublexical route for accessing
the lexicon. This phenomenon is called the ‘regularity effect’ and its existence Is
taken as evidence of phonological recoding. In contrast, equivalent performance on
both regular and irregular words indicates almost exclusive reliance on the lexical
route. Therefore, in the case that the sublexical route is less available as a result of
impairment, the expected advantage for regular over irregular words will be

eliminated or reduced.
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Subtypes of developmental dyslexia have often been interpreted as a particular
difficulty in acquiring one or the other reading procedure. In the case of phonological
dyslexia, the sublexical route is used less effectively resulting in poor nonword
processing (Beauvois & Dérouesné, 1979; Shallice, 1981; Roeltgen, Sevush, &
Heilman, 1983; Campbell & Butterworth, 1985; Seymour, 1986; Henry, Beeson,
Stark, & Rapcsak, 2007), whereas in the case of surface dyslexia, the lexical route is
used less effectively resulting in poor irregular processing (Beauvois & Dérouesné,
1981; Coltheart, Masterson et al., 1983; Roeltgen & Heilman, 1984; Patterson,
Marshall, & Coltheart, 1985; Rapcsak & Beeson, 2004). Nonword reading has often
been used in order to give an indication of phonological skills and this can be
interpreted in relation to word reading. The comparison of nonwords with irregular
words has been most commonly used as a measure for the differential use of

phonological reading strategies.

The phonological deficit hypothesis, as interpreted within the dual-route
framework, maintains that a difficulty in establishing an efficient spelling-to-sound
translation routine (poor use of the sublexical route) is caused by deficits in the
segmental language representations and awareness at the phoneme level (Liberman &
Shankweiler, 1985; Stanovich, 1986, 1991; Goswami & Bryant, 1990; Fowler, 1991;
Olson, 1994; Share, 1995; McBride-Chang, 1995, 1996; Elbro, 1996; Metsala, 1997).
Such deficits in the phonological language domain ultimately influence the
development of the phonological processes for use in reading and spelling. Two
predictions are normally assumed to be consistent with the phonological deficit
hypothesis with respect to individuals with poor sublexical conversion skills relative
to reading-age matched younger control individuals: a) a selective nonword reading
deficit (dyslexics are qualitatively different from controls with the same reading age
in nonword reading) and b) an absent or reduced regularity effect. Thus, the
phonological deficit hypothesis assumes that the poor use of the sublexical route
should yield no or reduced regularity effect, whereas the efficient use of the sublexical

route should yield an increased advantage for regular over irregular words.
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To date, ample evidence has provided support for a selective nonword reading
deficit in developmental dyslexia. In principle, such a deficit could arise from a
difficulty parsing the letter string, segmenting the oral speech into phonemes,
converting print to sound and blending together subword segments (or any of these in
combination). The nonword reading deficit has often been interpreted within the
context of the dual-route model of word recognition to indicate that the sublexical
route is relatively more impaired than the lexical route in dyslexics (Snowling, 1980;
Frith & Snowling, 1983; Rack, 1985; Pennington et al., 1986; Olson, Kliegel,
Davidson, & Foltz, 1985; Holligan & Johnston, 1988; Olson et al., 1989; Levinthal &
Hornung, 1992; Stanovich & Siegel, 1994; Siegel, Share, & Geva, 1995). However,
the majority of studies has provided evidence against the hypothesis of reduced or
absent regularity effects in dyslexia. Taken together, the results obtained from the

nonword reading and regularity studies are apparently contradictory.

To compare dyslexic and control reading profiles, three techniques have been
used: the chronological-age-match comparison, the reading-age-match comparison
and the case series approach. Using the first technique, it is difficult to know whether
the different reading profiles in the dyslexics and the CA controls are features of their
different reading levels or defining characteristics of the groups. This is the advantage
of the second technique, which rules out the possibility that the differences in reading
ability are caused by the different levels of reading ability and are better suited at
making inferences about distinctive characteristics of subjects. A reading-level-match
comparison, thus, allows us to evaluate the ‘developmental lag hypothesis’ in the case
of same reading proﬁlesz' (Backman, Mamen, & Ferguson, 1984; Bryant & Goswami,
1986: Stanovich, Nathan, & Zolman, 1988) or the ‘phonological deficit hypothesis’ in
the case of deviant reading profiles (Snowling, 1980; Rack, 1985; Holligan &
Johnston, 1988; Levinthal & Hornung, 1992; Frith & Snowling, 1993; Stanovich &
Siegel, 1994). The third technique uses experimental measures in individual case
studies of dyslexia (Seymour, 1986; Snowling, Stackhouse, & Rack, 1986). However,
in order to determine the nature of any observed differences, a large number of

different cases must be assessed. The present study has used a reading-age-match

comparison.

2! Dyslexics perform poorly on phonological reading tasks, but not more so than younger normal
individuals with the same reading age.
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Rack, Snowling & Olson (1992) presented a qualitative review of the studies
that found nonword reading deficits in dyslexics in comparison with younger controls
matched for word recognition (see also the meta-analytic review of Ijzendoorn & Bus,
1994). The majority of the studies found a selective nonword reading deficit (that
persisted even in comparison with reading-age matched controls), consistent with the
phonological deficit hypothesis, while a small number of studies found no selective
nonword reading deficit (as shown by equivalent nonword reading in the dyslexics
and controls with the same reading age), consistent with the developmental lag
hypothesis. The former set of studies is presented in Table 2:1, while the second set of

studies is presented in Table 2:2.
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In addition, Herrmann, Matyas, & Pratt (2006) presented an updated meta-analytic
review of the studies that found nonword reading deficits in dyslexics relative to RA controls.
The additional and more recent nonword reading studies are presented in Table 2:3, while the
test instruments used are presented in Table 2:4. The majority of these studies found a selective
nonword reading deficit, while only a small number found no selective nonword reading deficit
(Pennington, Van Ordern, Smith, Green, & Haith, 1990; Vellutino, Scanlon, & Tansman, 1994;
Stothard & Hulme, 1995; Snowling, Goulandris, & Defty, 1996).

Table 2:3. Studies finding a nonword reading deficit in dyslexics as compared with reading-age

matched controls (Herrmann, Matyas, & Pratt, 2006).
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Table 2:4. Test instruments used the studies of the nonword reading deficits in dyslexics (Herrmann, Matyas & Pratt, 20006).
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We now review additional studies finding a nonword reading deficit in
dyslexic individuals, other than those reviewed by Rack et al. (1992) and Herrmann et
al. (2006). The majority of these studies found a selective nonword reading deficit and
are, thus, in support of the phonological deficit hypothesis. For example, Bruck
(1990) found that a nonword reading deficit was also persistent in adult dyslexic
readers (see also Pennington et al., 1990; Greenberg et al., 1997, refer to Table 2:3).
The author examined phonological recoding in 20 dyslexic college students and 35
six-grade controls matched for word recognition (using the Word Recognition and
Oral Reading subtests of the Durrell Analysis of Reading Difficulty, Durrell, 1955) by
measuring reading speed and accuracy of words and nonwords (similar to real words
and consisting of one and two syllables). Results showed that both groups were worse
at reading nonwords than words in terms of both speed and accuracy. In word reading,
the dyslexics were slower than the RA controls but made as many errors as them. In
nonword reading, the dyslexics were both slower and less accurate than the RA

controls.

Similarly, Ben-Dror, Pollatsek, & Scarpatti (1991) examined reading speed
and accuracy of words and nonwords (created by replacing one letter of the real
words) in 20 dyslexic college students and 20 controls matched for word recognition
(using the Word Identification subtest of the WRMT-R). They found that both groups
had more difficulty reading nonwords than words in terms of both speed and
accuracy. Both latency and error data showed that the dyslexics performed lower for
their reading age and exhibited larger lexicality effects (difference between word and
nonword reading), confirming the presence of a nonword reading deficit. Badian
(1993) also found significant nonword reading differences at a two-year follow-up
(age of 9) of dyslexic and non-dyslexic poor readers matched on a composite measure
of word recognition and word attack at age 7. In addition, Stanovich & Siegel (1994)
measured nonword reading in two groups of reading disabled children, one with an
aptitude-achievement discrepancy and another with low aptitude (without a
discrepancy) as compared with control readers matched for first to fifth reading grade
levels (using the Reading Test of the WRAT-R). They found that both reading
disabled groups made more errors than expected for their reading age in a number of

nonword reading tasks (GFW22 Pseudoword Reading, Woodcock Word Attack,

2 GFW=Goldman, Fristoe, & Woodcock (1974) Sound Symbol Test.
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Experimental Pseudowords 1 and 2). More recently, Johnston & Morrison (2007)
measured nonword reading in 53 high-1Q and 56 low-1Q reading disabled children in
comparison with 62 high-1Q and 43 low-1Q controls matched for reading age (on the
Word Recognition test of the BAS). Results showed that a nonword reading deficit
was evident in both high and low-1Q poor readers. With regard to response times, this
deficit persisted even in comparison with the RA controls. With regard to accuracy,

this deficit persisted for the high-IQ readers but not for the low-1Q readers.

Nonword reading deficits in dyslexics have also been found in other languages
with more regular orthographies than English. For example, Wimmer (1996)
investigated the performance of 21 German dyslexic children and 21 second-grade
controls matched for reading age (using a text reading speed test and a frequent
content word reading speed task) on reading tasks of words (using the frequent
content word test) and nonwords (using the analogous nonword reading task, where
nonwords were created by exchanging the initial letters of the frequent content words
and a Japanese nonword task, where nonwords consisted of alphabetic letters, easy to
pronounce and showing no or little similarity to German spellings). In word reading,
both groups performed normally for their reading age in terms of both speed and
accuracy. In nonword reading, the dyslexics performed generally worse than expected
for their reading age in terms of both speed and accuracy (for speed: performance was
lower on both nonword reading tasks; for accuracy: performance was lower on the
Japanese nonword reading task and somewhat lower on the analogous nonword
reading task). In addition, Landerl, Wimmer, & Frith (1997) contrasted reading words
with reading nonwords (derived from the words by exchanging the consonantal
onsets) in 18 German and 18 English dyslexic children as compared with 18 and 21
control children, respectively, matched for reading age (for German: using the
Salzburger Lese- und Rechtschreibtest, Landerl, Wimmer, & Moser, 1997; for
English: using the Word Recognition test of the BAS). The stimuli were mainly
identical across the two orthographies in terms of meaning (for words), orthography
and phonologyB. Results showed that dyslexics from both languages were both
slower and less accurate at reading nonwords than words. Overall, the English

dyslexics were both slower and less accurate than the German dyslexics at reading

2 The similarity between the items rules out the possibility that any reading differences were due to
visual or articulatory differences in the two orthographies.
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both words and nonwords. A nonword reading deficit was present in both languages.
With regard to speed, a deficit persisted in both languages even in comparison with
the RA controls. In addition, the English dyslexics showed a more severe deficit than
the German dyslexics. With regard to accuracy, the German dyslexics were slightly
more error-prone for their reading age, while the English dyslexics were a lot more
error-prone for their reading age. More recently, Ziegler, Perry, Wyatt, Ladner, &
Schulte-K6rne (2003) also provided a German-English comparison. They contrasted
word with nonword reading in 19 German and 30 English dyslexic children compared
to 16 and 20 control children, respectively, matched for reading age (for German:
using the Salzburger Lese- und Rechtschreibtest; for English: using the Woodcock
Word Identification test). The stimuli were mainly identical across the two languages
m terms of orthography and phonology. Results showed significant differences
between the dyslexics of both languages and the RA controls for overall reading speed
but not accuracy. The reading speed impairment was of similar size across the two
languages. It was also found that all groups were both slower and less accurate at
reading nonwords than words. A nonword reading deficit was present in both
languages. With regard to speed, the deficit persisted for dyslexics of both languages
even in comparison with the RA controls. This deficit was similar in size across the
two orthographies. With regard to accuracy, data were less revealing as they failed to

distinguish between dyslexics and RA controls of either country.

Rack, Snowling, & Olson (1992) criticised the studies that have found
equivalent nonword reading in dyslexic readers and reading-age-matched control
readers. They argued that the nonwords used in these studies were of insufficient
complexity (as Snowling, 1981, had found deficits only with polysyllabic nonwords).
However, this overlooks the study by Johnston, Rugg, & Scott (1987) that failed to
find a selective nonword reading deficit using the same set of nonwords that yielded a
deficit when presented to another group of poor readers (Holligan & Johnston, 1988).
Rack et al. (1992) also argued that the subjects used in the studies finding no specific
nonword reading deficit were less matched for 1Q levels compared to the studies that
found a selective nonword reading deficit (Stanovich, Nathan, & Vala-Rossi, 1986;
Stanovich, 1988; Johnston & Morrison, 2007). The authors, thus, concluded that the
phonological deficit hypothesis was more plausible than the developmental lag

hypothesis (see also [jzendoorn & Bus, 1994). In addition, the use of text reading tests
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used by some researchers in order to match subjects for reading level were also
criticised by Rack et al. (1992) and Herrmann et al. (2006) who argued that some
dyslexics might use the semantic and syntactic context in order to guess the identity of
words they do not recognise. Indeed, research findings suggest that poor readers rely
on context when reading to a greater extent than control readers do to facilitate word
identification difficulties (Juel, 1980; Nation & Snowling, 1998). Moreover, Rack et
al. (1992) have also criticised the Woodcock Word Identification test used by some
studies for being a predominantly regular word reading test. However, Herrmann et al.
(2006) reported that the studies that used this test tended to obtain greater and not

smaller nonword reading deficits (also claimed by Rack et al., 1992).

An alternative index of the ability to use spelling-to-sound correspondences
involves the comparison of reading regular words with reading irregular words.
Control children and adults have more difficulty processing words with irregular
pronunciations reflecting the use of spelling-to-sound translation. In children, this
effect of regularity has been usually reported in error rates and less frequently in
reading times (Laxon, Masterson, & Coltheart, 1991; Laxon, Masterson, & Moran,
1994; Waters, Bruck, & Seidenberg, 1985). In adults, word reading latency has
commonly been observed to be slower for irregular words especially those of lower
frequency (Seidenberg, Waters, Barnes, & Tanenhaus, 1984; Waters & Seidenberg,
1985; Setdenberg, Bruck, Fornarolo, & Backmann, 1985; Taraban & Mc Clelland,
1987, Szeszulski & Manis, 1987). As proposed by the phonological deficit
hypothesis, failure to use spelling-to-sound correspondence rules yields no difference
in the processing of regular and irregular words (absent or reduced regularity effect).
However, the vast majority of the studies that investigated regularity effects in
dyslexic individuals as compared with reading-age matched control individuals found
typical regularity effects (mainly of a normal size). These studies can be taken as

more representative of the dyslexic population as a whole (subtypes notwithstanding).

Metsala, Stanovich, & Brown (1998) presented a meta-analytic review of the
studies testing the hypothesis of absent or reduced regularity effects in dyslexics
relative to RA controls. The majority of the studies found normal regularity effects
(commensurate with those of the RA controls). A summary of all studies is presented

in Table 2:5.
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We now review additional studies that examined regularity effects in dyslexic
and control readers, other than those reviewed by Metsala et al. (1998). The majority
of these studies found significant regularity effects, while only a small number of
them found no significant regularity effects. For example, Snowling, Stackhouse, &
Rack (1986) found no regularity effects in phonological dyslexics/dysgraphics with a
wide chronological and reading age range but significant regularity effects in younger
controls matched for reading age (using the Word Recognition test of the BAS).
However, this study used a very small number of subjects as it included only four
dyslexic cases. Several other single case studies also found no regularity effects
(Temple & Marshall 1983, Seymour & Mc Gregor, 1984; Snowling & Hulme, 1989).
However, the interpretation of results from single case studies remains controversial,
as a focus on the comparison of individual cases might often obscure consistent trends
in the dyslexia literature (Schmidt, 1996). Absent regularity effects in dyslexic readers
but significant regularity effects in younger control readers were also found by Barron
(1980) and Schlapp & Underwood (1988). However, both studies used lexical

decision tasks.

On the other hand, when Bruck (1990) examined the reading of regular and
irregular words (matched for median frequency, according to Caroll, Davies, &
Richman, 1971, word length and initial sound of each word) in dyslexic adults and
RA controls she found that the dyslexics exhibited large regularity effects in terms of
both speed and accuracy (greater than those exhibited by the RA controls). Stanovich
& Siegel (1994) also found that reading disabled children displayed a normal
regularity effect (commensurate with that of the RA controls) when tested in word
reading accuracy tasks including regular and irregular words (taken from Barron’s
list, 1970). The results of this study converge with those from Brown (1997) who
assessed reading accuracy of regular and irregular words (matched for initial
phoneme, word length, word frequency, according to Kucera & Frances, 1967, and
positional bigram frequency, according to Solso & Juel, 1980) in 10 dyslexic children
and 10 controls matched for reading age (on the Word Recognition test of the BAS).
More recently, Johnston & Morrison (2007) examined regularity effects in reading
disabled groups of high and low IQ levels compared to RA controls of high and low
1Q levels (on the WISC-R) by using tasks of regular and irregular words of low and

high frequency (the majority of which were based on those used by Waters et al.,



1984, while others were matched for word frequency, according to Caroll et al.,
1971). They found normal regularity effects in both high and low-1Q poor readers
especially with low-frequency words. However, the data from high-frequency words
showed normal regularity effects for the low-IQ poor readers but no significant
regularity effects for the high-IQ poor readers (information about the number of
subjects tested and the instruments used for a reading-age match for several of these

studies is already reported on page 75).

There have been several possible explanatory accounts for the apparently
contradictory results obtained from nonword reading and regularity studies. One is
that the characteristics amongst dyslexic populations in the different studies have not
been the same in the experiments examining nonword reading and in the experiments
examining regularity effects (see Stanovich, Nathan, & Zolman, 1988; see also
Stanovich, Nathan, & Vala-Rossi, 1986). For example, the phonological deficits could
have been less severe in populations that have shown normal regularity effects and
more severe in populations that have shown impaired nonword reading. Similarly,
some studies that have not reported a selective nonword reading deficit may have
employed subjects without large phonological deficits as those studies that have
reported a selective nonword reading deficit (Siegel & Ryan, 1988). The same could
apply to the regularity studies. However, an inspection of the subject selection criteria
used by the studies cited above does not support this conclusion (see the meta-analytic
review of Metsala et al., 1998). Another suggestion is that deficits in individuals with
reading disabilities are more likely to be observed when the phonological demands of
the task are greater (Holligan & Johnston, 1988). For example, nonword reading
might impose greater demands on phonological abilities than regular and irregular
word reading. An alternative explanation is also the inadequate methodology that has
been used in the studies not finding reduced regularity effects in dyslexics. This might
involve floor or ceiling effects or inadequate stimulus characteristics. The latter might
be related to discrepancies in the definitions of regularity®®. A final possibility is the

heterogeneity within the dyslexic population, as there are several subtypes within this

# Some studies used irregular words, where regularity was defined in terms of the correspondence
between graphemes and phonemes, and others used exception and consistent words, where the word
type was defined in terms of the consistency of the correspondence between the phonological rime of
the words and the corresponding orthographic unit. In most of the studies reviewed above, regular and
irregular words were not equated for purely orthographic characteristics (as indexed by positional
bigram frequency).

84



population. That is, if impaired phonological representations are the characteristic of
one of the several subtypes of dyslexia, then any predicted difference based on the
phonological deficit hypothesis will be statistically diluted by the other subtypes. It
would, thus, be impossible to find no regularity effect. Even if reliable subtypes have
been identified (Castles & Coltheart, 1993; Manis, Seidenberg et al., 1996; Stanovich,
Siegel, & Gottardo, 1997) phonological deficits will characterise the most frequent
subtypes (Fletcher et al., 1994; Stanovich & Siegel, 1994; Share, 1995; Share &
Stanovich, 1995; Stanovich et al., 1997). Finally, the use of different age spans does
not appear to account for the observed discrepancies (see the meta-analytic review of

Metsala et al., 1998).

A nonword reading deficit has also been found by our research team, Romani,
Di Betta, Tsouknida, & Olson (2008) in adults with developmental dyslexia (N=32).
This deficit was true for both accuracy and speed. We have also found that a nonword
reading accuracy and speed deficit was also present not only in adults with
phonological dyslexia, as expected, but also in adults with surface dyslexia, as defined
according to their spelling or reading accuracy of nonwords vs. irregular words (N=11
for each dyslexic subtype). The results of our published study are consistent with the
results of the present study, where we investigated larger groups of adults with
developmental dyslexia (N=44) and adults with developmental phonological and
surface dyslexia, as defined according to their spelling performance on nonwords vs.
irregular words (N=15 for each dyslexic subtype). Crucially, in both studies, we found
that a nonword reading deficit was equally severe in both dyslexic subtypes (in the
published study, for accuracy: when the spelling criterion was used; for speed: when
both the spelling and the reading accuracy criteria were used; in the present study, for

both accuracy and speed). A nonword reading deficit with regard to speed in a surface

dysgraphic patient (AW) was also found by Romani and colleagues despite good
word reading (Romani & Stringer, 1994; Romani, Ward, & Olson, 1999). In addition,
a nonword reading deficit with regard to accuracy in a surface dyslexic patient (CD)
was also found by Coltheart, Masterson et al. (1983) despite good regular word
reading. These findings suggest that a nonword reading deficit cannot be fully

explained by poor sublexical skills.
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The present study tests the predictions of the phonological deficit hypothesis
in developmental dyslexia by investigating both lexicality and regularity effects not
only in reading (for both accuracy and speed), but also in spelling in 44 adults with
developmental dyslexia compared to 31 younger control individuals matched for both
reading age (using the combined lists of Seidenberg, Waters, Barnes, & Tanenhaus,
1984, Experiments 3 and 4) and spelling age (using the combined lists of Schonell,
1985, Holmes & Ng, 1993 and Romani & Ward, unpublished). In addition, it provides
a comparison of both lexicality and regularity effects in reading and spelling in the
distinct dyslexic subtypes consisting of 15 adults with phonological dyslexia and 15
adults with surface dyslexia (as defined by performance on nonword vs. irregular
spelling). In this way, we wanted to examine whether lexicality and regularity effects
differ in size across the developmental subtypes. Our aim is to show that poor
phonological coding is not the only responsible source of the difficulties seen with

nonword reading in dyslexia.
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2 METHOD

2.1 Participants

We used the original dyslexic population, which consisted of 44 adults with
developmental dyslexia, from which 15 subjects belonged to the phonological group
and 15 subjects belonged to the surface group (as defined by their spelling
performance on nonwords vs. irregular words). In addition, we investigated a control
younger population which consisted of children attending a private school (the ‘Blue
Coat School’ situated at Harborne, South Birmingham), where children generally
perform well above the national average, and a public school (the ‘Westacre Middle
School” situated at Droitwich Spa, outside Birmingham), where we selected the
children with the top literacy skills (according to teachers’ judgment). The criteria
used to select the control younger population were the following:

a) English as a native language.

b) Normal IQ (verbal and non-verbal).

¢) No family history of spelling/reading difficulties.

d) No history of neurological and psychological problems.

We assessed a total of 35 children (21 male and 14 female, mean age=10.2,
SD=0.6, 26 attending Grade 5 and 9 attending Grade 6). All children attended normal
school classes. From the total population, 4 children were excluded from the study
because of incomplete data. This left us with 31 children (their demographic

characteristics are included in Table 2:6).

All children were submitted to measures of verbal and non-verbal 1Q, reading and
spelling of single words and nonwords, phonological STM (nonword serial recall),
and phonological awareness (Rhyme and Spoonerisms subtests of the Phonological

Assessment Battery, PhAB).

Testing was carried out in a quiet room at the respective schools. All children
were assessed individually and attended two separate sessions, each lasting for
approximately 35 minutes. Another separate session lasting for approximately another
35 minutes included just the spelling task, where children were assessed altogether in

small groups. The spelling task was administered prior to the reading task, so that the
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subjects were not familiar with a word before spelling it. Schools received a detailed

report describing the mean performance of the children on the various tasks.

The children’s study obtained the ethical approval of the Human Sciences
Committee of Aston University. A thorough risk assessment was also undertaken
(refer to section 2.1 of Chapter 1, for a description). Informed consent was obtained
by the school personnel, parents and children prior to the start of the experiment.
Copies of information sheets and consent forms given to the teachers, parents and

children are presented in Appendix 21.

2.2 Materials (procedure and scoring)
Children were submitted to the following tasks in a semi-random order:

2.2.1 Coloured Progressive Matrices (CPM) (Raven, 1947, reprinted Edition 1995).

This is a standardised test specifically designed for 6 to 16 year-olds and
measures non-verbal intellectual abilities. It assesses not only observational skills, but
also the ability to educe relationships and make sense out of complex matrices, to
develop new insights, to perceive a situation (not immediately obvious by itself) and
to handle complex problems®. The test consists of three sets (A, Ab and B), each
consisting of twelve figures of different complexity with a missing piece. Participants
are asked to choose the appropriate piece out of a total of six to complete the figure.
Each set involves a different ‘theme’ for obtaining the missing piece. Administration
and scoring were carried out according to the standardised instructions. The raw score

was converted to a percentile rank using the appropriate normative tables.

2.2.2 Wechsler Intelligence Scale for Children-11I (WISC-III) (Weschler, 1991).

This is a standardized measure of verbal and non-verbal intellectual skills
especially designed for 6 to 16 year and 11 month-olds. To measure verbal 1Q, we
administered the Vocabulary subtest, where subjects are read words of increasing
difficulty (N=30) and are then asked to give a verbal definition. Administration and

scoring were carried out according to the standardised instructions.

5 Spearman has called this ability as ‘educive’, more commonly referred as ‘problem-solving’.
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2.2.3 Phonological Awareness

We carried out two subtests of the Phonological Assessment Battery

(Frederickson, Frith & Reason, 1997). This is a standardised battery especially

designed for 6 to 14 year and 11 month-olds and measures phonological processing

skills. It consists of six subtests (Alliteration, Naming Speed, Rhyme, Spoonerisms,

Fluency and Nonword Reading), from which we administered the following:

a)

b)

PhAB Rhyme. The experimenter read sets of three words and the children
were asked to say aloud the two words with the same ending sound. It
consisted of two parts (part 1 included 12 test items and part 2 included 9 test
items). The fist part included easier words than the second part, where words
were phonologically similar within the different sets. Performance is reported
in percentage of errors. Stimuli items are presented in Appendix 22.

PhAB Spoonerisms. This test consisted of two parts. Part 1 included semi-

spoonerisms (N=10), where the children were asked to replace the first sound
of a word within a new sound. Part 2 included full spoonerisms, where the
children are asked to exchange the initial sounds of two words (N=10). Each
part was subject to a time limit of three minutes. Performance is reported in

percentage of errors. Stimuli items are presented in Appendix 23.

Administration and scoring were carried out according to the standardised

Instructions.

Children were also submitted to the following tasks same with the dyslexics:

2.2.4 Phonological STM

Nonword serial recall (refer to section 2.2.8, point b of Chapter 1, for a

description). Performance is presented in percentage of errors.

2.2.5 Single word spelling (refer to section 2.2.3 of Chapter 1, for a description).

Performance is reported in percentage of errors.

2.2.6 Single nonword spelling (refer to section 2.2.4 of Chapter 1, for a description).

Performance is reported in percentage of errors.

2.2.7 Single word and nonword reading (refer to section 2.2.5 of Chapter 1, for a

description). Performance is reported in percentage of errors.
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3 RESULTS

3.1 Overview of the children’s performance

Table 2:6 presents the demographic data and general performance of the
dyslexic adults and the control children on tasks measuring non-verbal and verbal 1Q),
and reading and spelling of single words and nonwords. The dyslexic z-scores (from
the control children’s mean performance) representing highly significant results (***,
for p<.001, **, for p<.01) are highlighted in boldface yellow, while those representing
less significant results (¥, for p<.05) are highlighted in boldface green. Marginal
results (for p<.09) are in italics and not significant results (for p>.10) are marked as

n.s.
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The dyslexics and the younger controls performed the same on both reading
accuracy and spelling tasks of words. This suggests that the two groups showed
equivalent lexical knowledge®®. However, performance on the orthographic tasks of
nonwords showed a different pattern. The dyslexics performed worse than the
younger controls on the nonword reading task, in terms of both accuracy and speed,
but as well as the younger controls on the nonword spelling task. A significant group
difference was also found in word reading speed. The individual z-scores of the
dyslexics on the spelling and reading tasks of words and nonwords are presented in

Appendix 24.

To assess group differences in the reading and spelling tasks of nonwords, we
carried out a two-way mixed-model ANOVA. We used the z-score performance (from
the control children’s mean performance) on the nonword reading (for accuracy and
speed combined) and nonword spelling tasks. The within-subjects factor was ‘type’
(nonword reading vs. nonword spelling) and the between-subjects factor was ‘group’
(dyslexic adults vs. control children). Results showed significant main effects of type,
F(1,73)=10.0, p=.002, MSE=1.1, suggesting an advantage for spelling over reading
nonwords, group, F(1,73)=10.1, p=.002, MSE=3.8, suggesting that the dyslexics

performed overall worse than the controls with the same reading and spelling age

(dyslexics: -1.0, SD=1.7; control children: 0.0, SD=0.7), and an interaction between

type and group, F(1,73)=10.1, p=.002, suggesting that the difference in nonword

reading from nonword spelling was greater for the dyslexics compared to the matched
controls (dyslexics: -1.1, SD=1.7; control children: 0.0, SD=1.2). A main effect of
type was true for the dyslexics (dyslexics: F(1,43)=19.3, p<.001, MSE=1.4; control
children: F(1,30)=.00, p=.99, MSE=.70), suggesting that nonword spelling was easier
than nonword reading for the dyslexics in relation to the controls. The differential
performance of the dyslexics on the nonword reading and nonword spelling tasks
(also reminiscent of that when a chronological-age-match comparison was used, refer
to Table 1:1 of Chapter 1) suggests that there is also another ability involved in
nonword reading, where dyslexics perform lower than their reading age, other than a

phonological ability. This is further addressed in the general discussion.

26 The ability to retrieve the appropriate phonological or orthographic forms of familiar words from a
lexicon that encodes item-specific information. It involves memory for specific visual patterns that
identify individual words or word parts.
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Table 2:7 presents the scores of the dyslexics and the younger controls on the
sublexical phonology tasks. The individual z-scores of the dyslexics on the nonword

serial recall task are presented in Appendix 25.
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We found no significant difference between the dyslexic adults and the matched

control children in performance on the nonword serial recall task (p =.11).

3.2 A nonword reading deficit in the presence of significant regularity effects in the
dyslexics
3.2.1 Lexicality effect

According to the first prediction of the phonological deficit hypothesis, we expect
to find a selective nonword reading deficit in dyslexics compared to the reading-age
matched younger controls. We examined effects of lexicality in both reading (for both
accuracy and speed) and spelling in the dyslexic adults and the reading and spelling-age
matched younger controls. We carried out two-way mixed-model ANOVA. The within-
subjects factor was ‘type’ (words vs. nonwords) and the between-subjects factor was

‘group’ (dyslexic adults vs. control children). Results are presented in Table 2:8.
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Reading and spelling

In terms of reading accuracy and speed, the dyslexics performed lower than
the matched younger controls. Both the dyslexics and the matched younger controls
read words more accurately and faster than nonwords. The dyslexics exhibited larger
lexicality effects than the matched younger controls. In terms of spelling, results
showed the opposite pattern. Both subject groups performed the same. There was no
lexicality effect, which suggests no advantage for spelling words over nonwords or an
interaction between lexicality and group, which suggests that the difference in word
from nonword spelling was of similar size in the dyslexics and the matched younger

controls.

Nonword reading deficit

The dyslexics were both less accurate and slower at reading nonwords even in
comparison with the reading-age matched controls. A selective nonword reading
deficit in dyslexia is consistent with the phonological deficit hypothesis as well as
with the reports of the majority of the dyslexic studies. In terms of the dual-route
model of word recognition, a selective nonword reading deficit indicates that the
dyslexics are particularly impaired in their ability to apply spelling-to-sound

conversion rules.

3.2.2 Regularity effect

According to the second prediction of the phonological deficit hypothesis, we
expect to find no or reduced regularity effect in dyslexics relative to reading-age
matched younger controls. We examined effects of regularity in both reading (for
both accuracy and speed) and spelling in the dyslexic adults compared to the reading
and spelling-age matched younger controls. We carried out two-way mixed-model
ANOVA. The within-subjects factor was ‘type’ (regular vs. irregular words) and the
between-subjects factor was ‘group’ (dyslexic adults vs. control children). Results are

presented in Table 2:9.
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In terms of reading accuracy and spelling, the dyslexics and the matched younger
controls performed the same. There were significant regularity effects, which suggest that
regular words were read and spelled more accurately than irregular words. The dyslexics
and the matched younger controls exhibited equal regularity effects. In terms of reading
speed, results showed a different pattern. There was no regularity effect, which suggests
that regular words were read in the same rate with the irregular words. There was also no
interaction between regularity and group, which indicates that the difference in the rate of
regular from irregular reading was of similar size in the dyslexics and the matched

younger controls.

The presence of normal regularity effects in the dyslexics (that is commensurate
with the reading-age matched controls) is contrary to the phonological deficit hypothesis
but in line with the reports of the majority of the dyslexic studies that also failed to find

reduced or absent regularity effects in dyslexia.

[n summary, a selective nonword reading deficit in the presence of normal
regularity effects in dyslexics suggest that a selective nonword reading deficit cannot by
fully explained by poor conversion rule skills. This is further addressed in the general

discussion.



3.3 A nonword reading deficit in the presence of significant regularity effects in the
dyslexic subtypes
3.3.1 Lexicality effect

As shown in the previous Chapter, a nonword reading deficit (for both accuracy
and speed) was present not only in the phonological dyslexics, as expected, but also in the
surface dyslexics (as defined according to the spelling criterion, refer to Table 1:7 of
Chapter 1 for results). This is in line with the findings of our published study (where
either a spelling or a reading accuracy criterion was used for the selection of the dyslexic
subtypes, Romani et al., 2008). Crucially, we found that this deficit was equally severe in
both dyslexic subgroups consistent with the results of the published study (for accuracy:
when the spelling criterion was used; for speed: when both the spelling and the reading
accuracy criteria were used). In the present study, we examined effects of lexicality in
both reading (for both accuracy and speed) and spelling in the surface and the
phonological dyslexics. We carried out two-way mixed-model ANOVA. The within-
subjects factor was ‘type’ (words vs. nonwords) and the between-subjects factor was

‘group’ (surface vs. phonological dyslexics). Results are presented in Table 2:10.
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Reading and Spelling

In terms of reading accuracy and speed, the surface and the phonological
dyslexics were equally poor. There were significant lexicality effects, which suggest that
words were read more accurately and faster than nonwords. The surface and the
phonological dyslexics exhibited equal lexicality effects. In terms of spelling, results
reflected part of the selection criterion. As with the reading error data, both dyslexic
subtypes performed equally poorly. There was also a significant lexicality effect. The
phonological dyslexics exhibited larger lexicality effects than the surface dyslexics (the
opposite direction of the difference on word from the nonword spelling is part of the

selection criterion).

Nonword reading deficit

Both the phonological and the surface dyslexics were impaired at reading
nonwords in terms of both accuracy and speed. Crucially, the surface dyslexics, who
were better with nonword spelling than the phonological dyslexics, were both as error-

prone and slow at reading nonwords as the phonological dyslexics.

To assess differences in performance on the reading and spelling tasks of
nonwords in the dyslexic subtypes, we carried out two-way mixed-model ANOVA. As
for the general group of dyslexics, we used the z-score performance (from the control
children’s mean performance) on the nonword reading (for accuracy and speed
combined) and nonword spelling tasks. The within-subjects factor was ‘type’ (nonword
reading vs. nonword spelling) and the between-subjects factor was ‘group’ (surface vs.
phonological dyslexics). Results showed a significant main effect of type, F(1,28)=14.6,
p=.001, MSE=1.2, suggesting an advantage for spelling over reading nonwords and an

interaction between type and group, F(1,28)=15.7, p<.001, suggesting that the difference

in nonword reading from nonword spelling was greater for the surface dyslexics
compared to the phonological dyslexics (surface dyslexics: -2.2, SD=1.7; phonological
dyslexics: 0.0, SD=1.4). A main effect of type was true for the surface dyslexics in
relation to the phonological dyslexics (surface dyslexics: F(1,14)=25.1, p<.001,
MSE=1.5; phonological dyslexics: F(1,14)=.01, p=.91, MSE=.95). We, however, found
no significant main effect of group, F(1,28)=.87, p=.36, MSE=6.2, suggesting that both
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dyslexic subtypes performed overall the same (surface dyslexics: -1.0, SD=1.7; control

children: 0.0, SD=0.7).

To examine whether the equally poor nonword reading performance between the
phonological and surface dyslexics was the result of their equally poor performance on
the majority of the sublexical phonology tasks (as shown in Table 1:7 of Chapter 1), we
carried out separate two-way mixed-model ANOVAs, one for error rates and one for
response times, after removing the variance explained by phonological ability. In this
way, we wanted to see whether the nonword reading deficit remained beyond the
presence of the strong phonological impairment. The within-subjects factor was
‘lexicality” (word vs. nonword reading), the between-subjects factor was ‘group’ (surface
vs. phonological dyslexics) and the covariate was ‘phonological ability’ (digit span,
nonword serial recall, phoneme counting and spoonerisms). When controlling for
phonological ability, we found a significant<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>