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Domain-general and domain-specific deHcits 
in autism and dyslexia

Abstract

The work presented in the thesis is based on the assumption that two types of 
cognitive processes can be differentiated, domain-specific (i.e. modular) and 
domain-general (i.e. central) processes. Autism and dyslexia are viewed as 
disorders with domain-specific deficits, while mental retardation is viewed as a 
disorder in central processing.

Using Anderson’s (1986) inspection time paradigm it was shown that 
central processing speed was intact in autism and dyslexia but impaired in mental 
retardation.

The modularity status of phonological processing was investigated using 
the Phonological Assessment Battery. It was found that test performances did not 
only require intact phonological skills, but also intact domain-general 
functioning.

The interaction between modular and central processes was studied by 
examining surface form retention levels for scrambled and ordered stories. The 
results showed that the autistic group had enhanced, the dyslexic and MLD 
groups suppressed surface form retention levels. It was further found that half of 
the subjects in the autistic group were hyperlexic, and that these subjects, in 
particular, represented enhanced levels of surface form. It was suggested that 
weak central coherence could explain this finding. Poor surface form retention in 
dyslexia was viewed as a secondary consequence of the phonological processing 
deficit.

Representation of gist was examined for the same stories and in the same 
conditions, showing that enhanced piecemeal processing of text in the hyperlexic 
group was accompanied by poorer gist representation for ordered stories. The 
dyslexic and the MLD group were unimpaired in gist representation. These 
findings indicated that the abnormality in central processing in autism (i.e. weak 
central coherence) affected both low-level (surface form) and high-level (gist 
representation) central processes. In dyslexia gist representation was unaffected 
by modular, phonological processing deficits.

The hyperlexic and non-hyperlexic subgroups were further investigated 
with respect to differences in the degree of weak central coherence, executive 
and Theory of Mind dysfunctioning. The results indicated that weak central 
coherence might be contributing factor in hyperlexic developments. There were 
no group differences in ToM, but some indication that hyperlexic subjects had 
greater executive function impairments.
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Chapter 1 

Review of theories of autism and dyslexia as specific 

developmental disorders

1.1. Introduction

In this thesis autism and dyslexia are explored as specific developmental 

disorders with implications for understanding the organisation of the normally- 

developing brain. This chapter provides a review of theoretical work relevant to 

the discussion of specificity and generality of cognitive function in these 

disorders. The review is necessarily selective, and focuses primarily on 

investigations of cognitive functioning relevant to understanding the 

preserveration and disruption of dissociable capacities.

Autism and dyslexia are developmental disorders that have both been 

hypothesised in recent years to be caused by single, specific deficits at the 

cognitive level (Morton & Frith, 1995). A causal modelling approach has been 

developed to depict visually the causal chain; connecting the biological origin of 

the disorders to the behavioural signs and symptoms via the cognitive level 

(Morton & Frith, 1995). The cognitive level is considered the crucial link in this 

chain as it is at this level that the behavioural co-occurrence of signs and 

symptoms may be explained. Disorders only become recognised as diagnostic 

entities because of certain features that are observed in conjunction with one 

another. It is this greater than coincidental co-occurrence that forces the 

formation of diagnostic categories, and also requires explanation through theories 

at the cognitive and/or biological levels.

The causal modelling approach rests on a number of important 

assumptions: developmental psychopathology starts at the biological level, all 

signs and symptoms have to be accounted for, correlation does not imply 

causation, and specificity is given causal status over and above that given to 

generality. Specificity in this context means that in the various forms of 

developmental psychopathology a specific deficit is present at some level, and 

leads to particular consequences in development. These ‘particularities’ define
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the disorder in question. A developmental disorder is shown as specific when 

pure cases can be observed in which only some psychological functions are 

deficient while others are left intact. Related to the issue of specificity is that of 

primacy; one or several primary deficits may cause secondary impairments, and 

it may be difficult to disentangle these. However, in order to understand the 

etiology of a disorder, and to be able to design interventions that will tackle the 

root of the problems, it is necessary to establish the primacy of the deficits under 

investigation. There are at least three important criteria for assessing the primacy 

of a deficit: universality, specificity to the disorder, and causal precedence in the 

disorder.

Morton and Frith (1995) have presented autism and dyslexia in the form 

of an X shaped model with a variety of possible biological causes, all leading to a 

single cognitive deficit, which in turn results in a number of signs and symptoms. 

Figure 1 presents the two models of autism and dyslexia, specifying the deficits 

at the cognitive level and the signs and symptoms at the behavioural level. 

However the exact mechanisms at the biological level are still largely unknown 

for both disorders. In the following the recent literature on the cognitive deficits 

in autism and dyslexia is reviewed as it relates to the issue of specificity.

1.2. Autism

Autism is a biologically caused disorder, affecting approximately 1 in 

1,000 individuals (Bryson et al., 1988). The exact etiology is still largely 

unknown, however twin studies have shown a large genetic component and a 

number of abnormally developed brain sites have been suggested. Bailey et al.

(1995) have shown a concordance rate for monozygotic twins of between 36 and 

91%, compared with a concordance rate of zero in same sex dizygotic twins. 

There are no gross anatomical abnormalities associated with autism as there are 

for other forms of mental handicap, but abnormalities in two candidates areas 

(the cerebellum and the temporal lobes) have received considerable attention. In 

the largest postmortem series that examined whole brain sections, 

cytoarchitectonie peculiarities were observed in the cerebellum (Bauman, 1991; 

Bauman & Kemper, 1994). Similarly, from structural neuroimaging studies the 

strongest claims for a highly localized structural abnormality are those that relate 

to the involvement of the cerebellar vermis (Courchesne, Townsend & Saiton,

14



Figure 1: Causal models of specific deficits in autism and dyslexia
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1994). In particular the hypothesis of hypoplasia of the posterior cerebellar 

vermis has been put forward (Courchesne et al., 1988), but has failed to be 

replicated by a number of studies (Garber & Ritvo, 1992; Holttun et al., 1992; 

Kleinman, Neff & Rosman, 1992; Riven et al., 1992). The other strong claim for 

a consistently localized abnormality relates to abnormalities in the medial 

temporal lobe and related structures (Hauser et al., 1975; Delang, 1992; Bauman 

& Kemper, 1994). Two SPECT (single positron emission tomography) studies 

have shown reduced regional cerebral blood flow in the temporal lobes (George 

et al., 1992; Gillberg et al., 1993). Bailey et al. (1996), reviewing the 

neurobiological evidence in autism, concluded that: “The neuroimaging and 

postmortem studies have not found evidence of acquired lesions, neither do they 

or the functional imaging studies strongly support the hypothesis of an 

anatomically localized abnormality.”

Given that the exact genetic mechanism is as yet not understood in 

autism, and the lack of evidence regarding a particular target brain area 

responsible for autistic symptomatology, the diagnosis of autism is based on 

observed behaviour only. At present autism forms the main category of the 

pervasive developmental disorders (DSM-IV; American Psychiatric Association, 

1994), and involves difficulties in social relatedness, verbal and nonverbal 

communication, and a restricted range of interests and behaviours, all manifest in 

the first three years of life.

It is now recognised that the symptoms vary widely in severity and span a 

continuum from the classic Kanner type autism to milder forms such as Asperger 

syndrome and high-functioning autism (Wing, 1988). The epidemiological work 

by Wing and Gould (1979) has shown that a core triad of symptoms 

(socialisation, communication and imagination impairments) is shared by all 

individuals throughout the spectrum, which has established autism as a consistent 

syndrome identifiable despite considerable heterogeneity in its behavioural 

expression.

1.2.1 Theory of Mind account: the single, specific cognitive deficit?

Many abnormal developmental features are associated with autism. 

Nevertheless at the cognitive level, damage to one specific part of the system is 

thought to result in this ‘pervasiveness’ of dysfunction observed at the
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behavioural level. The Theory of Mind (ToM) account (Baron-Cohen, Leslie & 

Frith, 1985) suggests this specific deficit to be a lack of mentalising ability that 

can explain well the core triad of impairments (Wing, 1988, Wing & Gould, 

1979) observed within the autistic spectrum. A ToM is viewed as a highly 

evolved and specialised mechanism that allows the representation of independent 

mental states. The term meta-representation is used to refer to such 

representations, which capture a propositional attitude in relation to an object, 

person or event in the world (i.e. primary representation). Two levels of meta

representation are usually distinguished: first-order meta-representation is 

necessary for the representation of one’s own mental state or that of, for example 

a story character, in relation to a state of the world cJohn believes that “x....”>, 

whereas second-order meta-representation involves one’s own representation of 

another’s mental state regarding the state of the world <John believes that “Mary 

believes that ‘x ’”>.

First-order mental state attribution has mainly been assessed with so 

called false belief tasks. In such a task a subject is asked to answer a question 

about the belief of a character concerning an object that has been moved in 

his/her absence. The key question, “Where will character x look for the object 

when he returns?”, can only be answered correctly if the mental state (false 

belief) of this character is taken into account. The real state of the world (i.e. 

current location of the object) will lead to an incorrect answer. Baron-Cohen et 

al. (1985) reported that children with autism, as opposed to children with Down 

syndrome and normal children, are unable to take the mental state of the story 

character into account, and consequently fail this test. The Theory of Mind 

deficit account of autism thus suggests that people with autism are unable to 

represent mental states of themselves and others, and are consequently unable to 

understand and predict behaviour accordingly.

If one is unable to represent mental states, one will be unable to 

appreciate the intentions behind peoples’ behaviour. In many forms of 

communication it is essential to be able to infer the speaker’s intention behind an 

utterance, in order to unequivocally understand the message. It thus becomes 

clear how the ToM account can explain, not only the impairments in 

communication as secondary consequences, but also predict preserved 

functioning for certain communicative transactions but not others. Happé (1993)
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found that level of mentalising ability as measured by ToM tests (i.e. failing all, 

passing first order only, and passing first and second order tests) was closely 

related to a subject’s comprehension of figurative language (i.e. simile, 

metaphor, and irony). On the other hand, where language is used as a code only, 

or where its purpose is instrumental, subjects with autism have been shown to be 

unimpaired (Frith & Happé, 1994).

In the domain of non-verbal communication, it was shown that gestures 

reflecting mental states were absent in children with autism, but that other, more 

instrumental gestures, were not(Attwood et al, 1988). Baron-Cohen (1989) found 

deficits in autism in protodeclarative pointing which has the purpose of sharing 

attention, but not in protoimperative pointing with the purpose of getting a 

desired object. In sharing attention the mental state of another can be inferred and 

influenced. Mundy, Sigman and Kasari (1993) also found deficits in autistic 

children’s ability to share attention.

The mentalising deficit in autism has been replicated in a number of 

studies (see Happé, 1995, for a review), however there are findings that pose 

difficulties for the primary deficit thesis. It was found that between 15 and 55 % 

of subjects with autism pass first order false belief tests. Frith, Morton and Leslie 

(1991) have explained this rate of task success in terms of strategy use rather 

than in terms of true mentalising ability, and Happé (1994b) found that a group 

of subjects with autism that passed second order tests nevertheless made errors in 

a more advanced test where a speaker’s motivation in cases of double bluff, 

persuasion and misunderstanding needed to be explained. However, Frith, Happé 

and Siddons (1994) showed a close relationship between mentalising ability and 

everyday life social skills using the Vineland Adaptive Behavior Scales. Those 

subjects with autism who passed the false belief tasks showed insightful and 

antisocial behaviour, as well as having better verbal and communication abilities. 

It is important to remember that normal children pass first-order false belief tests 

at 3 to 4 years of age. The fact that some, considerably older, children with 

autism also pass these, does not necessarily imply normally developing ToM. 

Happé (1995) analysed pooled data from a large number of studies and found 

that success on ToM tasks was closely related to verbal level measured by a 

vocabulary test. In this study, the subjects with autism had verbal mental ages in 

excess of normal children who pass ToM tests, and those who were able to pass



second-order tests were able to give some sort of justification for their answers, 

while many young normal children and mentally handicapped children who 

passed these tests were frequently unable to provide any justification for their 

answers. Happé (1995) suggested that those subjects with autism who pass the 

ToM tests may use a verbally mediated strategy to do so. Eisenmajer and Prior 

(1991) also found a relation between ToM and verbal mental age, and the 

subjects with autism in Leekham and Pemer’s (1991) study who passed the ToM 

tests had significantly higher verbal mental ages than those who failed. It is thus 

likely that the task success of people with autism may be achieved by cognitive 

strategies that make use of language abilities, whereas for normal and mentally 

handicapped children, task success is developmentally determined by the 

emergence of the mentalising ability at age 3 to 4. Thus a developmental delay in 

mentalising appears to be universal in autism, as so far no study has reported an 

individual with autism to have passed a first order test around the 

developmentally appropriate mental age (Happé, 1994a).

In a recent positron emission tomography (PET) study, Happé et al.

(1996) scanned 5 subjects with Asperger syndrome (who passed standard tests of 

false belief attribution) in a story reading task involving complex mental states. 

These same materials had been used before in a study which identified a specific 

brain area (the left medial prefrontal cortex) in normal, healthy adults that is 

dedicated to mental state processing over and above general story comprehension 

(Fletcher et al., 1995). It was found that this area was not activated in the 5 

Asperger subjects, relative to the controls, while other areas activated in the 

normal sample during control conditions, were also significantly activated in the 

Asperger sample. It thus seems that there is some evidence now that shows that 

there is a discrete brain area that is dedicated to mentalising. This area is less 

implicated in the mentalising performance of subjects with Asperger syndrome, 

even when these subjects can mentalise when assessed with pure behavioural 

measures such as the second order false belief tasks. This again suggests an 

alternative route to late acquired mentalising abilities shown by high-functioning 

people with autism/Asperger syndrome.
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1.2.2 Weak central coherence: the additional abnormality?

However, there are a number of features associated with autism that 

cannot be easily explained within the ToM account. These include: the restricted 

repertoire of interests (DSM diagnostic criterion), the obsessive desire for 

sameness, the preoccupation with parts of objects, the islets of abilities, the high 

incidence of savant abilities and the excellent rote memory (Happé, 1994c). 

These striking features that are “unusual in their presence” rather than “obvious 

by their absence” have been explained by a second theoretical account, that of 

weak central coherence (Happé & Frith, 1994; Frith, 1989). Central coherence is 

viewed as a fundamental feature of human information processing, and can 

loosely be defined as the integration of information and the use of context in the 

comprehension of meaning. As humans we extract the most relevant information 

according to our present frame of reference. Bartlett (1932), for example, pointed 

out that in story reading, the reader tends to remember the gist, while the exact 

wording and details are quickly forgotten. Incoming information is thus not 

equally weighted, rather the cognitive system evaluates the relative importance 

of information with reference to the context in which the information is 

presented.

Central coherence is thought of as a cognitive style varying along a 

continuum in the population. At one extreme, local detail is preferentially 

processed, and the abstraction of global meaning is relatively neglected. Such a 

style of processing was referred to by Frith (1989) as “weak central coherence”, 

and suggested as a characteristic of autism.

Several studies have shown that autism is associated with a weakly 

coherent style of processing that leads to both talents and deficits. At a higher, 

more conceptual and language based level weak central coherence leads to 

deficits in comprehension. This has been demonstrated, for example, by Frith and 

Snowling (19Q3) in a homograph reading task where subjects with autism were 

found to give the more frequent pronunciation of a homograph even when the 

sentence context required the rarer pronunciation. Similarly, the advantageous 

effect that meaning normally has on the ability to memorise sentences as opposed 

to word strings (Hermelin & O’Connor, 1967) or related word lists as opposed to 

word lists consisting of unrelated items (Tager-Flusberg, 1991), is significantly 

decreased in subjects with autism.
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At lower, more perceptual levels of functioning, Shah and Frith (1983) 

using the Children’s Embedded Figures Test (CEFT, Witkin et ah, 1971) found 

that children with autism were particularly good at picking out hidden shapes 

from pictures of objects. Here, normal children have to overcome their tendency 

to perceive the objects presented to them as wholes; to break up the objects into 

their geometric constituents requires some conscious effort. The subjects with 

autism showed an advantage in accuracy and speed on this test, suggesting that 

they did not process the objects as wholes to the same extent as control subjects. 

Brian and Bryson (1996) and Ozonoff, Pennington and Rogers (1991) attempted 

to replicate the finding that people with autism show an advanced disembedding 

ability on the CEFT, but failed to find evidence for this. Jolliffe and Baron- 

Cohen (1997) used an adult version of the EFT, and compared the performance 

of adults with autism and Asperger syndrome with IQs in the normal range with 

normal controls. They found that their subjects performed faster than normal 

controls on the EFT, supporting the original finding by Frith and Shah (1983). 

The authors also point out a number of differences between their study and Brian 

and Bryson’s (1996) study that may account for the non-replication of the 

original finding. Brian and Bryson (1996) used multiple statistical comparisons 

that are more stringent than the tests used by Jolliffe and Baron-Cohen (1997); 

the former researchers included a FDD group, whereas the latter included adults 

of normal IQ with a firm diagnosis of autism or Asperger syndrome. Further, in 

the adult version used by Jolliffe and Baron-Cohen (1997), subjects are required 

to describe the complex designs for 15 seconds. Normal subjects attempt to 

describe even these abstract designs in a meaningful way, while the clinical 

group focused on the literal presentation of lines and shapes. The Brian and 

Bryson (1996) study had shown that disembedding from meaningful contexts is 

slower, and the Jolliffe and Baron-Cohen (1997) study showed that a difference 

in disembedding time is obtained, when normal subjects were given time to 

process the stimuli meaningfully. Jollifffe and Baron-Cohen (1997) argue that, 

from the finding in the Brian and Bryson (1996) study that all subjects processed 

meaningful designs more slowly than meaningless designs in conditions where 

immediate responses were required, it does not necessarily follow that subjects 

with autism make use of meaning to the same extent as normal control subjects. 

Differences in style of processing could have emerged, had the subjects been
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given more time; the normal, but not the subjects with autism, might then have 

been found to process the stimuli meaningfully, due to stronger central 

coherence.

Similar to the finding of enhanced disembedding ability in autism, is the 

finding that the Block Design subtest of the Wechsler Intelligence Scales has 

consistently been found to be a an islet of ability in people with autism. Often, 

they not only achieve scores above those of the other subtests, but outperform 

controls of the same age (see Happé, 1994d, for a review). In the Block Design 

test line drawings of shapes must be broken up into units that map onto a cubic 

format, so that a number of individual cubes can be used to reconstruct the 

shapes displayed. Shah and Frith (1993) suggested that this advantage is due to 

weak central coherence, the ability to perceive parts over wholes. They found 

that normal children benefited from a presegmentation of the patterns, while 

children with autism performed just as well when presented with the whole 

shapes.

In a recent study (Happé, 1997b), it was found that subjects with autism 

were less likely to succumb to optical illusions than controls. The result suggests 

that perception in autism is likely to be more fragmented, and thus relatively 

more free from such illusionary phenomena.

The high incidence of savant skills in autism may also reflect weakly 

coherent processing of information. Rimland (1978), examining savant skills, 

noted that attention was focused on high-fidelity reproduction of the physical 

characteristics of stimuli rather than on abstract, conceptual ideas. Hermelin, 

Bring and Heavey (1994), studying visual and motor functions in 8 graphically 

gifted savants found that, among other processes, the ability to reconstitute 

fragmented pictures (i.e. a puzzle task) was more efficient in the graphically 

gifted savants than in other subjects with autism who did not have such a savant 

skill. In this puzzle task, the analysis of elements which make up a picture and a 

resynthesis of the whole picture from its constituent parts was required. There 

was an inverse relationship between performance on this puzzle task and Raven’s 

IQ score in the graphically gifted autistic group, (patterns completion in the 

Raven’s IQ test is at least to some extent achieved by “gestalt-like perceptual 

coherence”; Hermelin et al., 1994). This finding may indicate that weakly 

coherent processing of information may play a role in the operation of such
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savant skills as the success on this task by the subjects with savant skills might 

be attributed not so to the adoption of a strategy that makes use of the meaningful 

gestalt of the pictures, but rather by a more detail-focused strategy. Hermelin et 

al. (1994) state that “for savant artists a strategy directed at processing visual 

stimuli is governed by the appearance of things, rather than by an analysis of 

nonrepresentational abstract features of visual displays”. Pring, Hermelin and 

Heavey (1995) compared pattern construction by 9 graphically gifted, autistic 

savants, 9 autistic controls and 9 normal controls matched for mental age. They 

found that the subjects with autism were at least as able to construct patterns 

from segmented components as were normal subjects with higher IQs; and that 

those subjects with artistic talents were significantly faster than controls. The 

authors suggest that weak central coherence in autism may account for the high 

frequency of savant skills in this disorder.

Mottron and Belleville (1995b) studied perspective production in a savant 

autistic draughtsman, and found that this subject (B.C.) had a special ability in 

drawing and perceiving realistic perspectives, without using any of the known 

perspective systems that artists use to draw perspectives accurately. Mottron and 

Belleville (1993) put forward the hypothesis that people with autism exhibit 

anomalies in perceptual hierarchization in that they do not give special status to 

elements or groups of elements that are hierarchized by normal subjects. Such 

hierarchization normally occurs for the global aspect of a figure as this yields 

more efficient processing than the local elements. The authors note that their 

account of perceptual hierarchization is close to Frith’s (1989) account of weak 

central coherence. In another study Mottron and Belleville (1996a) noted 

hypermnesia in an autistic subject (N.M.), and suggested that N.M.’s proficiency 

in memorising lists of proper names without using semantic strategies may be 

partially explained by the central coherence theory.

Hyperlexia, a reading disorder that is characterised by superior word 

recognition and a lack of comprehension, is associated with autism, and has been 

considered to present a savant skill (Patti & Lupinetti, 1993). Subjects with 

autism and hyperlexia have been found to be superior at recognising visually 

degraded words (Cobrinik, 1982). This finding could have resulted as a 

consequence of enhanced representation of local detail, in this case the individual 

letters that constitute a word. Clearly, weak central coherence cannot explain the
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occurrence and all the processes involved in savant skills, but there are now a 

number of important findings that suggest that weakly coherent functioning may 

charcterise some of the performances observed in people with savant skills.

1.2.3 Executive function: a multitude of not so specific impairments?

One of the strongest rival theories to the ToM and the weak central 

coherence accounts of autism is that of executive function impairments. 

Executive functioning (EF) has been defined as “the ability to maintain an 

appropriate problem-solving set for attainment of a future goal” (Ozonoff et al., 

1991) and includes various higher cognitive processes such as planning, 

inhibition of prepotent but irrelevant responses, and maintaining and switching of 

attentional set. The term ‘executive function’ has been used in neuropsychology 

to refer to the impairments observed in patients with frontal lobe lesions 

(Pennington & Ozonoff, 1996). Consequently, several tests that typically qualify 

as executive function tests are simply tasks that have been found to be impaired 

by frontal lesions. All the traditional empirical measures such as the Wisconsin 

Card Sorting test (WCST), the intradimensional-extradimensional set shifting 

test, and the Tower of Hanoi test are complex, molar tasks that assess many 

interacting processes. The term EF is thus theoretically underspecified given the 

complexity of the tasks used and the many different ways in which test 

performance can be disrupted.

Studies using these neuropsychological tests with autistic subjects have 

highlighted the similarities between the autistic symptoms and EF deficits in 

frontal lobe patients. Executive function impairments have consistently been 

found in autism (see Pennington & Ozonoff, 1996, for a review). A number of 

studies found deficits on the Wisconsin card sorting task in subjects with autism 

(Rumsey, 1985; Rumsey & Hamburger, 1988, 1990; Prior & Hoffman, 1990, 

Ozonoff et al., 1991). Ozonoff et al. (1991) found deficits on the Tower of Hanoi 

task, and Hughes, Russell and Robbins (1994) obtained deficits on the Tower of 

London and the intradimensional-extradimensional set shifting test.

The IQs of adults with frontal lesions and associated EF deficits are not 

lowered (Kolb & Wishaw, 1990). In the autism spectrum, high-functioning 

autism and Asperger syndrome are normally characterised by IQs in the normal 

range. It has been shown that autistic subjects without mental retardation and
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subjects with Asperger syndrome show EF deficits (Ozonoff et al., 1991a; b). It 

is thus unlikely that the poor performance by autistic subjects on the various EF 

tasks is due to general intellectual impairment. However, EF deficits have been 

reported for a number of developmental disorders such as attention hyperactivity 

disorder (ADHD), conduct disorder (CD) and Tourette syndrome; consequently 

the criterion of specificity necessary for a primary causal deficit account is 

untenable in the light of the present conceputalisation of executive function. It 

might be possible that the EF deficits observed in these disorders could be 

distinguished with regard to the level and profile of impairments. Ozonoff and 

Strayer (1997) have made an attempt at singling out one component process of 

the many processes subsumed under the umbrella term of executive function, 

namely inhibitory function. They found that subjects with high-functioning 

autism were unimpaired compared to age and IQ-matched normal controls on 

two tests of inhibition, the Stop-Signal measure (Logan, 1994) to assess motor 

responses to neutral and prepotent stimuli, and the Negative Priming Task 

(Tipper, 1985) to assess the inhibition of central, cognitive mechanisms. The 

authors conclude that at least these two components of inhibition are spared in 

individuals with autism, while another study suggested that deficits are present in 

a cognitive flexibility component of executive function (Ozonoff et al., 1994).

1.2.4 Relations between ToM deficits, weak CC and EF impairments

Some researchers have attempted to recast the ToM explanation in terms 

of executive function impairments (Hughes & Russell, 1993), while on the other 

hand weak central coherence can be viewed as the primary cause of at least some 

of the deficient component processes of executive function (Happé, 1994c). The 

two deficit theories both have their difficulties that need to be overcome. In the 

case of the ToM account, there is the finding that between 15 to 60 % of people 

with autism succeed on first order false belief tasks (Happé, 1995), while the 

executive function literature faces the difficulty that executive function 

impairments do not seem to be autism-specific (i.e. discriminant validity 

problem), and that several processes are theoretically subsumed under the 

executive function term or the ‘frontal metaphor’. As a consequence, all the 

classical empirical EF measures require a multitude of skills to function so that a 

specific deficit attribution is more difficult.
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The notion of weak central coherence requires conceptual elaboration. As 

defined at present the term is vague, referring to a cognitive style rather than 

deficit. As a style, it is not clear how it relates to the cognitive deficits that are 

thought to cause autism. Further, although mentalising ability was viewed 

originally as one outcome of weakly coherent functioning (i.e. ToM recast as 

weak central coherence), the empirical evidence at present seems to suggest 

independence between the two (Happé, 1997(0. It is important to explain, if the 

ToM deficit and weak central coherence are found to co-occur consistently in 

autism, how these relate to one another as well as to the biological origins. 

Further, executive function research needs to single out those aspects that are 

specifically impaired in autism, in contrast to other disorders with EF deficits.

The debate is ongoing, and these three theories compete not only with 

each other, but with a number of other hypotheses. There are, for instance, three 

other major theories that view autism as a disorder of social insight. Hobson’s 

(1986) account suggests that children with autism lack interpersonal relatedness; 

a failure in coordination of affective perspectives that is thought to be present 

from the earliest months of life. Kasari et al. (1993) postulate a deficit in Joint 

attention, the sharing of a focus of attention through eye gaze coordination and 

pointing, as the primary cause of later impairments in autism. Thirdly, Meltzoff 

and Gopnik (1993) suggest a lack of early imitation in autism, an ability that is 

thought to be innately specified and shown to be present even in newborns 

(Meltzoff & Moore, 1977). A more detailed discussion of these other accounts of 

autism is beyond the scope of this thesis, which focuses primarily on the ToM, 

executive dysfunction and weak central coherence theories.

1.3 Dyslexia

Developmental dyslexia is a specific reading disorder which affects 

between 2 and 10% of the population in the UK (Miles & Haslum, 1986). This 

difficulty in learning to read and spell despite adequate education, intact sensory 

processing and general cognitive ability (i.e. normal or above normal IQ) is 

thought to be biologically caused. There is evidence that dyslexia runs in 

families, and thus has a genetic origin (DeFries et al., 1997; Pennington, 1990; 

Olson et al., 1989; Stevenson et al., 1987) and is associated with both structural 

(Hynd & Hiemenz, 1997; Galaburda, 1989) and functional brain abnormalities
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(Paulesu et al., 1996, Rumsey et al., 1992). There is now a consensus that the 

dyslexia is caused by deficits in the domain of phonology (Snowling, 1995; Frith, 

1997), and efforts are being made to develop a diagnostic system that identifies 

dyslexia on the basis of its underlying cognitive dysfunctions (e.g. Frith, 1997; 

Stanovich & Siegel, 1994; Snowling, 1991) rather than purely on the basis of 

reading and spelling failure. In addition, research is being conducted with respect 

to the precursors and behavioural manifestations of the cognitive deficits that are 

detectable before reading instruction begins, so that in the future children at risk 

can be identified by a screening process that has incorporated this knowledge 

(Scarborough, 1990; Lyytinen, 1997). Nevertheless, despite the progress made, 

in present educational practice developmental dyslexia is still diagnosed as an 

unexpected reading failure in the form of a discrepancy between reading age and 

chronological age. It has been pointed out, however, that in order for a 

discrepancy to emerge, a child’s intellectual abilities need to be at least in the 

average range (Siegel, 1992). This is to the disadvantage of children in the lower 

ranges that may, in addition to their relatively lower general cognitive abilities, 

suffer from the cognitive deficits characteristic of dyslexia.

1.3.1 The Phonological deficit: the single, specific cognitive deficit?

The currently most widely accepted theory is that developmental dyslexia 

stems from difficulties in phonological processing (for reviews, see Snowling, 

1997, 1995, Brady & Shankweiler, 1991; Wagner & Torgesen, 1987). This is 

based on a large number of studies that have reported such phonological 

processing deficits (Snowling & Nation, 1997). Frith (1995) put forward a causal 

model where dyslexia is thought to stem from a single, specific deficit in 

phonology (termed P) at the cognitive level. In the present investigation the focus 

will not be on subgroups or individual differences in dyslexia. It is assumed that 

at least for the majority of cases a phonological processing deficit holds. The 

earlier work that had been taken as a strong finding for a surface dyslexic 

subtype (Castles & Coltheart, 1993) has recently been challenged on 

methodological grounds ( Stanovich et al., 1997).

As reading is a relatively recently acquired cultural skill on an 

evolutionary scale, there is unlikely to be a circumscribed brain area that is 

innately dedicated to reading as there is for language. Instead reading depends on
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a process that is part of no single language function. The successful acquisition 

of reading abilities, at least in alphabetic scripts, requires that the sound 

representations of words are segmented into their constituent parts (phonemes), 

and these need to be mapped onto the visual format of the script (graphemes). 

Impairments in these processes have been demonstrated on a number of tests, 

such as rhyme judgment (Bradley & Bryant, 1981) and nonword reading (Van 

Ijzendom & Bus, 1994; Rack, Snowling & Olson, 1992). Verbal short term 

memory, which appears to be based on a phonological code (Baddeley, 1966; 

Conrad, 1964), is impaired in dyslexia (Brady, 1986; Jorm et al., 1984), and there 

are deficits in phoneme perception (Brandt & Rosen, 1980), word and nonword 

repetition (Brady et. al., 1983; Snowling et. al., 1986) and rapid automatic 

naming (Wolf, 1986). It has been argued that this deficit is evident in a subtle 

speech impairment; dyslexic children have a delay in speech acquisition (Rutter, 

Tizard & Whitmore, 1970), and often have subtle and persistent speech problems 

(Snowling, 1981; Scarborough, 1990).

Like autism, dyslexia is thought to be caused by one or more brain 

abnormalities at the biological level which cause a specific deficit at the 

cognitive level. This cognitive deficit, in turn, is behaviourally expressed most 

obviously in the reading and spelling failure, and directly in the various tasks that 

isolate the phonological target processes predicted to be affected by the deficit in 

phonology. It has been shown that the cognitive deficits in P are indeed persistent 

despite successful compensation in reading ability (Bruck, 1992; Elbro et al., 

1994; Pennington et al., 1990), further supporting an abnormality at the 

biological level rather than just behavioural differences due to environmental 

factors. For instance, Snowling et al. (1997) examined university students with 

self-reported dyslexic difficulties and compared their performance on a number 

of tests with that of peers matched on educational level. They found difficulties 

with basic reading and spelling processes, limited word recognition skills and 

deficits on a range of tests involving phonological processes such as phoneme 

awareness and speeded naming tests. Gallagher et al. (1996) compared dyslexic 

students preparing for university entrance exams with controls of the same 

intelligence and mathematics exam results. Reading performance did not 

distinguish the groups, but the dyslexic group performed significantly worse on 

challenging phonological tests.
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The requirements for any single deficit explanation of a disorder: 

universality, specificity to the disorder, and causal precedence in the disorder 

need to be fulfilled. The P deficit theory is successful to varying degrees with 

respect to these criteria. Dyslexia seems to be a universal phenomenon at least 

with regard to alphabetic scripts. Even in countries with languages with more 

transparent grapheme-phoneme mapping systems such as German, where the 

incidence of developmental dyslexia is lower, phonological deficits can be 

revealed. The phonological deficit may be expressed in qualitatively different 

ways in a different orthographic system, but are nevertheless present (Landed, 

Wimmer & Frith, 1997; Wimmer & Frith, 1994).

Good evidence to show that phonological deficits are specific to the 

dyslexic disorder comes from studies that employ reading level matches. It is 

well established that many phonological skills such as phoneme awareness are a 

consequence of formal reading instruction. Speech is not naturally segmented 

into phonemic units, but this is what the beginning reader needs to learn. It has, 

for example, been shown that illiterate people show poor awareness of 

phonological length of words (Kolinsky et al. 1987) and have poor phoneme 

awareness (Morals et al., 1979). It is thus important to show that the 

phonological deficits in dyslexia are not a consequence of lower reading levels 

which may also be found in other people who have never learned to read, or who 

are generally backward. There have been a number of studies showing that when 

dyslexies are matched for reading level with younger readers, it is nevertheless 

possible to detect phonological deficits (e.g. Holligan & Johnston, 1988; Frith & 

Snowling, 1983; Snowling, 1980; Bradley & Bryant, 1978). Further evidence 

comes from studies of well-compensated adult dyslexies (e.g. Snowling et al., 

1997; Gallagher et al., 1996, see above). Even though in the reading performance 

differences to peers may no longer be apparent, the underlying phonological 

deficits can still be observed on tests that particularly challenge the phonological 

system.

The finding of a specific deficit at the biological level that is linked to the 

cognitive functions in question would constitute strong evidence not only for the 

specificity requirement, but also for the appropriateness of the causal modelling 

approach (i.e. causal chain from the biological to the behavioural level via the 

cognitive level). A number of brain imaging studies have shown this. For
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instance, Paulesu et al. (1996) conducted a brain imaging study with five well- 

compensated dyslexic adults (four of whom were graduates) and five graduate 

normal controls. Subjects were required to perform a rhyme judgment task and a 

memory task. In both tasks the phonological system had to be engaged; in the 

rhyme task the letter sounds needed to be sounded out internally, and in the 

memory task the letters presented needed to be rehearsed silently. Subjects were 

also required to perform two visual control tasks. The findings, in terms of 

increased bloodflow during the performance of these tasks, showed that the 

normal group activated a number of language areas in the perisylvian fissure of 

the left hemisphere (Broca’s area, Wernicke’s area, the insula and the inferior 

parietal lobule). The dyslexic group, however, failed to activate one of these 

structures (the insula). These results demonstrate that even well-compensated 

dyslexies show evidence of brain dysfunction, and the authors suggest that 

dyslexia might be due to a disconnection between these language systems.

From the current definition it follows that general cognitive abilities are 

intact in dyslexia, fulfilling the criterion of specificity a-priori. However, there is 

evidence accumulating that there may be a number of wider and/or additional 

deficits that are also associated with dyslexia. Lovegrove (1996) and Stein, 

Riddell and Fowler (1987) suggested an additional deficit in the visual system, 

while Nicolson and Fawcett (1995) and Miller and Tallal (1995) have put 

forward the proposal that general deficits are the primary cause of dyslexia with 

specific phonological and visual deficits as secondary consequences (see section

1.3.2 and 1.3.3). Slaghuis, Lovegrove and Davidson (1993) have, for example, 

pointed out that phonological deficits often co-occur with subtle visual 

impairments. If a multitude of deficits are present in dyslexia, it becomes 

difficult to claim causal precedence and specificity for phonological processing 

deficits. Frith (1997), however, suggested that the co-occurrence of a number of 

different deficits in dyslexia could nevertheless be due to abnormalities in the 

same biological structure, due to a deficit during the development of the brain 

before differentiation into separate structures occurred.
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1.3.2 Specific Visual deficits: an additional abnormality?

There is now strong evidence that dyslexia is associated with deficits in 

the functioning of the magnocellular pathway*. A number of studies found that 

dyslexies had lower contrast sensitivity, but only at lower spatial frequencies, 

where the magnocellular system is operating. (Evans, Drasdo & Richards, 1994; 

Martin & Lovegrove, 1984; 1988). It is also known that flicker sensitivity is 

primarily mediated by the transient system, and that dyslexies have been shown 

to have lower thresholds for the perception of flicker (Martin & Lovegrove, 

1987; 1988; Brannan & Williams, 1988). Another measure for the functioning of 

the magnocellular system is that of visual persistence. Visual persistence refers to 

the continued perception of a stimulus after it has been physically removed; the 

duration of which increases with higher spatial frequencies. Dyslexies have been 

found to have significantly smaller increases in persistence duration in the higher 

spatial frequency ranges (Badcock & Lovegrove, 1981; Lovegrove et al., 1980; 

Slaghuis & Lovegrove, 1985).

In a brain imaging study by Eden et al. (1996) it was shown that an area 

of the brain involved in the perception of visual motion was less activated in 

dyslexies than in normals. Comelissen et al. (1995) showed that the threshold to 

perceive motion direction as opposed to random dot movements is significantly 

higher in dyslexic subjects than in controls.

Stein et al. (1987) suggested that dyslexic children lack stable binocular 

control. They used a version of the Dunlop test (Dunlop, 1972) that determines 

the dominant eye in a binocular situation, and found that a high proportion of 

dyslexic children (52-69%) have unstable binocular control (Fowler & Stein, 

1980; Stein, Riddell & Fowler, 1987). They further examined those dyslexic 

children who failed the Dunlop test using a number of techniques. Using infrared 

eye movement recordings, Stein, Riddell and Fowler (1988) found that these 

dyslexic children have a more limited vergence range, particularly when

' Two different visual systems (magnocellular and parvocellular) that operate in parallel, 
analysing incoming visual information have been distinguished in terms of different response 
properties, neuronal characteristics in the retina and separate pathways from the retina to higher- 
level visual areas in the brain (Breitmeyer & Williams, 1990). The magnocellular system 
responds to low spatial, but high temporal frequencies with rapid, shorts bursts of neuronal 
responses, and is associated in particular with motion perception that can also operate in 
peripheral vision. The parvocellular system responds to high spatial, but low temporal 
frequencies with sustained neuronal activity, and is associated with object recognition, especially 
in foveal vision.
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diverging from parallel. Similarly on a computerised dot location task, the 

dyslexic children who failed the Dunlop test made many more errors than both 

age and reading age matched controls (Stein, Riddell & Fowler, 1988). 

Comellissen et al. (1991) examined the reading errors of these children, and 

found that they produced more nonsense as opposed to real words than normal 

controls, even when phonological ability was controlled for. However, when the 

print size was increased the number of nonsense words decreased.

Fowler and Stein (1980) gave monocular occlusion treatment to dyslexic 

children with poor binocular control, which led to stabilisation of this control. 

Those dyslexies who had received such treatment increased their reading age by

12.3 months in a 6 month observation period, while the reading level of those 

who did not received such treatment regressed in relation to their age.

Comelissen (1993) further showed that a magnocellular deficit is 

particularly marked in dyslexies with unstable binocular control, and Stein

(1994) put forward the hypothesis that an abnormally developed magnocellular 

system causes binocular instability in dyslexia.

1.3.3 General deficits: specific deficits as secondary consequences

Nicolson and Fawcett (1995) suggested that dyslexic children have a 

deficit in automatisation of skills in general (i.e. cognitive and motor skills). 

Secondly they put forward the conscious compensation hypothesis, whereby 

dyslexic children are thought to overcome their automatisation failure under 

normal circumstances simply by using strategies and putting in more effort. 

Nicolson and Fawcett (1994) found in a number of studies that dyslexic children 

had difficulties in choice reaction time tasks even with non-linguistic material, 

while reaction times in simple tasks were normal. Further, Fawcett and Nicolson 

(1992) found that dyslexic children have difficulties in balancing, only when they 

are prevented from compensating consciously by administration of a concurrent 

dual task (Nicolson & Fawcett, 1990), or by blindfolding (Fawcett & Nicolson, 

1992). The performance of the dyslexic subjects was significantly poorer than 

that of reading matched controls. Fawcett and Nicolson (1992) explain these 

deficits in terms of incomplete automatisation of the balance skill due to 

abnormalities in the cerebellum. They report that dyslexic children perform
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poorly on a number of tasks assessing the functioning of the cerebellum 

(Nicolson et al., 1995).

In a case study series, Nicolson and Fawcett (1995) examined a number 

of primitive skills. They found deficits relative to reading age matched controls 

on a number of primitive skills, such as balancing and bead threading, and also 

found deficits in naming speed and phonological processing. They argue that the 

general deficit in skill automatisation would explain specific deficits in 

phonology as one of several consequences.

A second account suggesting general processing deficits in dyslexia has 

been put forward by Tallal and collègues (Miller & Tallal, 1995; Tallal & Stark, 

1982). Tallal and Piercy (1973) developed a series of experimental tests 

(repetition test of information processing ) to examine levels of information 

processing in specifically language impaired children (SLI children). Tallal, 

Miller and Fitch (1993) examined the temporal processing abilities of SLI 

children, and found that they were significantly impaired only on those tasks 

requiring the processing of brief stimulus information, followed in rapid 

succession by another stimulus. These deficient temporal rates are thought to 

disrupt the acoustic processing of speech, thereby leading to poor recognition and 

segmentation of the speech signal.

Tallal et al. (1981) compared processing performance for auditory, visual 

and cross-modal information, and found that SLI subjects made more errors than 

normal controls in processing rapidly presented information in each condition. 

Although most of Tallal’s work has been with SLI children, she suggested that 

the rapid temporal processing deficits also characterise dyslexia (Tallal, 1980b). 

Further, Tallal (1980a) showed that the extent of these deficits in subjects with 

dyslexia is significantly related to their reading comprehension and nonword 

reading abilities. Dyslexic children, like SLI children, are impaired not only in 

the auditory, but also in the visual modality (Tallal, 1981). Miller and Tallal

(1995) thus suggest that “a generalised pansensory deficit in processing sensory 

information, which converges in the nervous system in rapid succession, may 

underlie both the phonological as well as auditory and visual psychophysical 

deficits that characterize these children” (p.283).
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1.4. Mental retardation: a developmental disorder with general deficits

There is considerable variation and heterogeneity with regard to mental 

retardation. In some cases genetic causes are known (e.g. fragile X syndrome, 

phenylketonuria), while in others the interplay of genetic and environmental 

factors is unknown (Simonoff et al., 1996). A distinction is drawn between 

pathological and familial or subcultural subtypes (Penrose, 1963). The former is 

also termed severe mental retardation, and the latter mild mental retardation.

Severe mental retardation is characterised by diminished fecundity and a 

much reduced life expectancy. The majority of cases show gross pathological 

abnormalities of the brain at post mortem (Crome, 1960; Shaw, 1987). It is also 

more likely that genetic abnormalities can be identified and social class 

distribution approximates that of the general population (Simonoff et al., 1996).

There is an increased tendency for mildly mentally retarded people to 

come from socially disadvantaged backgrounds, however genetic influences are 

important (Simonoff et al., 1996). The heritability factor has been estimated to be 

of about 50% (Plomin & Neiderhiser, 1991; McGue et al., 1993), however the 

exact nature of genetic influences and the interaction with environmental factors 

has so far not been extensively studied. Simonoff et al. (1996) state that “there is 

a dearth of systematic genetic research in idiopathic mild mental retardation” 

(p.273).

In the present thesis, individuals with mild mental retardation are 

included, as a group which is viewed as representing the lower end of the normal 

spectrum, not necessarily suffering from any specific genetic disorder. Children 

with mild mental retardation perform significantly worse on tests tapping general 

cognitive functioning (Anderson, 1992) and their IQ profiles have not been found 

to be irregular (i.e. marked peaks and troughs in performance have not so far 

been reported). Consequently, as opposed to autism and dyslexia, it is assumed 

that this group is best characterised by low general functioning without specific 

deficits. It thus presents an ideal comparison group not only for the subjects with 

autism who often have IQs in the mild mental retardation range (i.e. IQ of 50 to 

70), but more importantly representing a cognitive profile of overall reduction 

against which predictions of specific deficits and otherwise intact functioning can 

be empirically tested.
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1.5. Aims and research agenda

For the purposes of this thesis the main specific deficit hypotheses for 

autism and dyslexia (i.e. the ToM deficit in autism and the P-deficit in dyslexia) 

are adopted as a basis for investigation. As opposed to these, a general deficit 

hypothesis is adopted for mild mental retardation (i.e. learning difficulties).

The modularity thesis (Fodor, 1983) and the theory of modularisation of 

cognitive functions (Karmiloff-Smith, 1992), as well as a theory of intelligence 

which incorporates and further elaborates upon the former notions (Anderson, 

1992) is introduced in the next chapter. These provide a theoretical framework 

for the understanding of normal development that can also make specific 

predictions with regard to the patterns of breakdowns that are observed in, for 

example, autism, dyslexia and mild learning difficulties.

These theories will be used to examine the specificity of the deficits in 

autism and dyslexia, as well as the generality of deficits in mild mental 

retardation. An attempt is made not only to show deficits in dyslexia that are not 

present in autism and vice versa (i.e. dissociations), but especially to focus on 

examining areas of intact functioning and their delineation from areas of 

deficient functioning. The group with mental retardation is thought to present an 

ideal baseline of overall reduced functioning, and will be used for comparison 

purposes in this regard.
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Chapter 2 

General and specific cognitive processes: the modularity 

thesis

2.1 The modularity thesis

This thesis aims to investigate modular and central processes in 

developmental disorders. In this chapter Fodor’s (1983) work on modularity and 

central processing, and Karmiloff-Smith’s (1992) related concept of 

modularisation is reviewed. Fodor’s (1983) modularity concept is used to explore 

several candidate processes: phonology as a module and decoding as a 

modularised process, and intelligence and reading comprehension as central 

processes.

In his model Fodor (1983) conceptualises the mind as consisting of a 

number of input systems or modules. These systems, which may be considered as 

extensions of the sensory systems, provide input to higher level processes that 

Fodor terms central processes. To qualify as a Fodorian module, a psychological 

process must fulfill nine criteria: domain-specificity, mandatory operation, 

impenetrable (i.e. only final output is accessible to central processes), fast, 

informationally encapsulated, delivering shallow outputs, fixed neural 

architecture, and exhibiting a specific pattern of breakdown and ontogeny (pace 

and sequencing).

Domain-specificity refers to the specificity of the range of stimuli that a 

module can operate upon. A module is an expert system with a circumscribed 

area of processing that corresponds to a psychological domain. Fodor gives the 

example of the perceptual systems that effect the phonetic analysis of speech. If 

segments of an utterance are isolated then the hearer is unable to identify these 

isolated segments as part of language; instead these are perceived as “whistles” 

or “glides” (Liberman et. al., 1967), Fodor thus concludes that the input analyser 

or module dedicated to this process is capable only of analysing a very specific 

area of auditory perception (i.e. continuous speech).
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The second criterion is that the operation of modules is mandatory. This 

means that the processing of a module is automatic and is obligatorily applied; in 

other words this processing cannot be stopped intentionally and is as such 

inflexible and insensitive to demands made by the conscious parts of the mind. 

Fodor supports this notion by observing that “you can’t help hearing an utterance 

as an utterance, or seeing a visual array as consisting of objects distributed in 

three-dimensional space”, (Fodor, 1983, p.52).

Thirdly, central processes have only limited access to the mental 

representations that modules compute. Modules receive their input from sensory 

systems that Fodor calls “transducers” and transform this input into 

representations that central processes can compute. This occurs via several so 

called “interlevels” of representations. Central processes have access only to the 

final representations of the modules; interlevel representations are inaccessible. 

Again Fodor gives an intuitively appealing example supporting this notion: “Not 

only must you hear an utterance of a sentence as such, but you can hear it only 

that way” (p.56).

Fourthly, input systems are fast processors. This seems to follow in part 

from mandatory and automatic processing; no time is devoted to decision 

making. In addition, modules are on-line processors which work immediately 

and are not driven from representations in memory. Consequently, they have to 

process at least as fast as the rate at which the more peripheral sensory systems 

provide input to them. Fodor points out that identification of sentences and visual 

arrays is among the fastest of our psychological processes, and gives the example 

of shadowing of speech, which can be accomplished with a quarter second 

latency (Marslen-Wilson, 1973). Within this quarter second, perceptual analysis 

and integration of the speech, repetition and comprehension of the utterance is 

accomplished.

The fifth criterion, informational encapsulation, captures the essence of 

Fodor’s modularity thesis. Modules are closed systems in that they are unaffected 

by feedback from higher processes. This is a very strong claim that at first 

viewing stands in opposition to many recent findings in psychology, especially 

from the area of psychology termed ‘New Look’ psychology (Bruner, 1973). 

Findings such as the phoneme restoration effect (Warren, 1970), the effects of 

context on word recognition and sentence recognition, and in the visual domain.
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the maintenance of perception in case of scotoma on the retina, all seem to 

suggest that information feedback upon input operation is present. This in turn, 

led to the proposal of top-down models, where the encoding of stimuli is affected 

by the subject’s beliefs and expectations. Fodor argues that all this evidence does 

not, however, show that this feedback penetrates down to intramodular levels, 

but only that it may be operative upon the final representations delivered by the 

modules. Fodor puts forward some caveats in regard to interpreting data that 

presumably shows penetrability of input systems. He argues that in order to 

disprove his thesis, one would need to show that the locus of top-down effect is 

internal to the module, and that simply showing penetrability of processes that 

may be similar to modular processes, is not in itself evidence for the penetrability 

of modules. Further, he warns that informational encapsulation is not equivalent 

to the suggestion that no top-down processes operate within modules. In fact, 

processes internal to a module may mimic effects of cognitive penetration. To 

make his point clear, he gives the example of context facilitation in sentence 

recognition. In a sentence context about a microphone and a spy, the word bug 

facilitates recognition of the word microphone, but to an equal extent facilitates 

activation of the word insect (Swinney 1979). These effects, he argues are better 

explained in terms of lexical network associations, in which recognition 

thresholds change with spreading activation (Morton, 1969; Collins & Loftus, 

1975; Meyer & Schyaneveldt, 1971), rather than in terms of explicit knowledge 

by the reader. The lexical network is thereby part of the language module, and 

top-down processing within this domain is possible. Consequently, the 

encapsulation leads to an advantage in speed of processing, as decision time is 

not needed, and the confirmation possibilities of perceptual stimuli are restricted. 

The modules “buy speed at the price of unintelligence”, (p.80).

Informational encapsulation hinges on the next criterion that modules 

have ‘shallow’ outputs. Shallow outputs result as a consequence of the 

constrained domain of information that a module processes, and can be viewed 

as the opposite of global meaning or meaning in context. Informational 

encapsulation thus has advantages when exact stimulus analysis without top- 

down processing is required. On the other hand, for processing of stimuli that 

require integration and evaluation in context, informational encapsulation would 

be a disadvantage. The question is thus, where is the line between perception and
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cognition, or between modular and central processing to be drawn? Fodor makes 

a few speculative claims, concentrating on the deepest level that modules may 

have as their outputs. He offers two examples of processes that are relatively 

non-shallow, but may still be sufficiently shallow to fulfill the criteria of modular 

functioning. One is the definitional content of words in sentences, and another 

the perception of basic-level categories (Brown, 1958; Rosch, 1976). Fodor 

points out that a conclusion, on what the boundaries of a module may constitute, 

will be reached through empirical research only, and will thus be answered in the 

future.

The seventh criterion refers to the fixed neural architecture of modules. 

Fodor (1983) argues that an informationally encapsulated system is best 

represented in the brain as a discrete area with fixed neural architecture. The 

nature of information processing within a module is complex, but stable over 

time so that specialisation in terms of neurological structure is of benefit here. 

The specific neurological structures in the brain associated with perceptual and 

with language systems support this notion of fixed neural architecture. As 

opposed to this, non-modular processes would be served by uniform brain 

structures, that initially may be characterised by equipotentiality and plasticity.

Criterion eight follows from the previous one: If modules have fixed 

neural architecture, then they will exhibit characteristic and specific breakdown 

patterns. Fodor does not elaborate this point in any great detail, other than saying 

that well-defined pathological syndromes exist in the perceptual as well as the 

language processing domains (i.e. agnosias and aphasias). However, he argues 

that specific breakdowns could just as well result from the damage of a merely 

functionally distinct process, such as memory or attention. Thus inferring the 

workings of a module on the observation of a specific breakdown of functioning 

alone may be unwarranted.

Finally, the last criterion: ontogeny of input systems exhibits a 

characteristic pace and sequencing. Again, this idea is linked to the fixed neural 

architecture criterion. Fodor puts this criterion forward as the most tentative, 

saying that so far no facts available contradict this claim, and the claim itself as 

even more vague: “a great deal of the developmental course of the input systems 

is endogeneously determined”. This follows from Fodor’s ideas of the evolution 

of modularity and its genetic determination.
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In summary, a module is not ‘intelligent’, as no conscious thought is 

involved. No planning of action is possible. As a long as a module receives input 

it will compute, regardless of whether this information is required at a particular 

moment, and whether or not attention will be paid to it. Consequently, modules 

are highly specialised and able to process very complex information at high 

speeds.

2.1.2 What is central processing?

Central processes do not share any of the characteristics of modules. They 

are provided only with the final computational output of the modules (i.e. 

representations). These representations from the various modules need to be 

evaluated in conjunction and possibly corrected in the light of background 

knowledge. Fodor (1983) calls this process of constructing corrected 

representations, “the fixation of perceptual belief’, (p. 102), and “the computation 

of best hypotheses about what the world is like”, (p. 104). Fodor (1983) then 

makes an analogy to scientific hypothesis confirmation, in that the modules 

provide clues about the not directly observable world (i.e. empirical data) and the 

central systems use this data for hypothesis testing (i.e. the scientist’s activity). 

He further argues that science is both isotropic and Quinean. Isotropic means that 

information that may be relevant to the confirmation of a hypothesis may be 

drawn from anywhere in the knowledge base; Quinean refers to the fact that any 

confirmation of a hypothesis is dependent on the properties of the entire belief 

system. From this it becomes clear that central processes are global and 

unencapsulated, requiring the intentional or conscious evaluation of information. 

Given these characteristics, Fodor (1983) argues that one would expect unstable, 

instantaneous connectivity that changes from moment to moment rather than 

discrete anatomical structure as in the case of the modular neural architecture. 

However, the characterisation of central processes remains vague, and Fodor 

justifies this with the nature of science as a tool that parses the observable into its 

constituent parts. As the definition of central processes is the opposite (i.e. 

characterised by holistic functioning), Fodor concludes his monograph with his 

first “Law of the Nonexistence of Cognitive Science”: “The more global a 

cognitive process is the less anybody understands it“, (p. 107). Central processes.
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in Fodor’s definition, are defined at an abstract level, and to some extent merely 

as default to being non-modular.

2.2 What is modularisation?

Fodor’s nativist account of the human mind (i.e. fixed neural architecture 

and set pace and sequence of maturation in the ontogeny of modules) has led 

developmental scientists to suggest a model of the mind that allows for 

developmental processes, but that takes Fodor’s main idea of modules on board. 

Karmiloff-Smith (1992) in her book “Beyond Modularity" introduces a process 

called modularisation that is proposed to occur during development. For 

example, a process such as decoding needs to be laboriously acquired at first. 

Every step in the learning process requires attention and conscious thought. 

However with more and more skill the process becomes autonomous and at last 

cognitively informationally encapsulated and impenetrable. When asked: “How 

did you do this?”, the person with this newly modularised process can no longer 

explain how (s)he has achieved a particular result, but the process has gained in 

terms of cognitive efficiency. Conscious thought is no longer required and no 

valuable central resources are used up; the person can thus concentrate on 

something new. This process has been termed modularisation. It is a more liberal 

account than Fodor’s, in that it does not insist that a cognitive process has 

modular status only if innately predetermined, but essentially supports his notion 

of modularity. A wider range of processes can be conceived of as modular or 

modularised (e.g. chess, reading).

2.3 What is intelligence?

Relevant work on the concept of intelligence will be reviewed in this 

section, while section 2.4 suggests a view of intelligence in line with Fodor’s 

concept of central processes, and in section 2.5 a theoretical framework of 

intelligence is reviewed (i.e. the basic cognitive architecture; Anderson, 1992) 

which integrates the concepts of modularity and central processes with 

intelligence, while also suggesting a way of testing central processes 

independently from modular functioning.

When intelligence was first considered in the scientific context, the main 

aim was the education of those considered not able to profit from the prevailing
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school system. Binet and Simon (1905) were instructed by the French 

Government to construct tests that would screen out mentally retarded children 

from normal children so that the former could then be transferred to special 

schools to secure more beneficial education. Only implicitly, and with regard to 

the practical purpose did these researchers define intelligence as something that 

is independent of environmental influences, so that children who were able but 

came from disadvantaged homes with little intellectual stimulation would not 

mistakenly be identified as mentally handicapped. With Binet and Simon (1905) 

the discipline of psychometrics had started. No intelligence test can be 

unconfounded by environmental effects, but the goal was to minimize these 

effects by creating tasks that are relatively knowledge-free.

The absence of theory in the early psychometric discipline resulted in the 

unconvincing practice of defining intelligence as simply that which the 

intelligence test measures, with very little concern as to what this actually means 

in relation to the human mind or brain. In the same way validity was commonly 

estimated in terms of correlation with previous tests, with little concern for 

external validity.

Intelligence tests have, however, proved useful and informative; certain 

patterns or profiles are evident and reliably found, and individuals normally have 

similar scores across tests. Considering the variety of tests and subtests that have 

been designed, such correlations are by no means expected, and have been taken 

to point to some underlying capacity or ability required by all tests. Spearman 

(1904) developed the so called tetrad difference method (i.e. factor analysis) to 

identify this common ability, calling it general intelligence or the g-factor. In 

factor analysis, common variance in a correlation matrix is identified and 

represented as one factor. Spearman (1904) calculated this for a matrix of 

intelligence scores, arriving at one principal factor which he called g, which 

explained most of the common variance, and several minor factors specific to 

each test.

His theory was disputed by Thurstone (1931, 1938, 1957) who developed 

Multiple Factor Analysis, and arrived at a description of intelligence in terms of 

eight primary, independent abilities. At first these factors were independent or 

orthogonal to each other. When test batteries were assembled to measure factors, 

these tests intercorrelated, and Thurstone adopted an oblique factor model. But
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these intercorrelations could not be ignored, and consequently Thurstone later 

introduced a secondary g-factor into his theory to account for this. Oblique factor 

analysis is considered problematic in that it does not give objective information 

on the amount of actual correlation among factors: There are small positive 

loadings scattered in the matrix (which cause the true correlation among the 

factors to be underestimated), and the researcher determines the degree of 

obliqueness, there is no set criterion (Gustafsson, 1984). Thurstone’s g-factor is 

not as dominant as Spearman’s, in that only a residual correlation is explained by 

it, whereas the original g-factor was used to explain the largest amount of 

common variation among the subtests. This is due to different usage of factor 

analysis; Spearman employed principal component analysis, a priori looking for 

one major factor only, whereas Thurstone rotated factors into places of major 

clustering (i.e. simple structuring) a priori looking for multiple factors. It can 

thus be seen that models of intelligence derive from the specific factor analytic 

techniques relied upon, implying that a particular, possibly implicit, assumption 

about the nature of intelligence would guide a researcher to use one technique, 

but not another.

More recently, factor analytic methods have been developed that allow 

for testing of hypotheses, and are not biased in favor of one model, by specifying 

an almost infinite range of different models (Joreskog, 1969; 1973). These tests 

show that hierarchical models with a unitary g-factor at the top, and group factors 

subordinated, fit the data better than models with several factors without 

hierarchical organisation (Gustafsson, 1984). Vernon's hierarchical model (1950;

1965) comes close to such an ideal model. Vernon extracted one factor (i.e. ‘g’) 

at the highest level, two broad group factors (verbal-educational and spatial- 

practical-mechanical) at the second level, from which in turn successively 

smaller group factors were extracted.

Horn and Cattell's (1966) factor-analytic theory of crystallised and fluid 

intelligence combines Multiple Factor Analysis with a Hierarchical Model. The 

first-order analysis resulted in something very similar to Thurstone's primary 

abilities, the second-order provided five factors of which crystallised (Gc) and 

fluid (Gf) intelligence are the most important. Crystallised ability is defined by 

tests assumed to measure the influence of schooling and acculturation, whereas 

fluid ability is defined by tests assumed to measure the biological capacity of the
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individual to acquire knowledge. These two factors correlate with each other, as 

expected both mathematically and theoretically. Theoretically, fluid (i.e. 

knowledge-free) intelligence has been seen as equivalent to g [in both 

Spearman’s and Vernon's terms] (Undheim, 1981), so that it is not unexpected 

that the level of fluid intelligence would determine, to some extent, the level of 

knowledge acquisition (i.e. crystallised intelligence). This would explain the 

correlation found, and imply a causal direction. Similarly, Spearman's specific 

factors did not co-vary with each other; this variability points to a knowledge 

factor rather than a biological factor which would be more stable, thus equating 

to crystallised intelligence.

Factor analysis of different data sets has repeatedly shown that people 

tend to perform similarly across IQ tests as well as subtests. Even with respect to 

Thurstone's model, which focused on intra-individual variation between different 

test and subtest-performances, an overall tendency to perform at a certain level 

could not be disputed (i.e. secondary g-factor; Thurstone, 1957). If there is some 

aspect of the human mind or brain that is stable across all sorts of cognitive 

performances, then this is very unlikely to be determined by the learning history 

of individuals. This has been taken to mean that g is largely innate and 

independent of environmental stimulation.

2.3.1 Intelligence as central processing

Fodor’s model fits an evolutionary account of the human mind. Modules 

operate on incoming stimuli from the environment that remain relatively stable in 

time (i.e. the three-dimensional layout of the world and spoken language). It is 

thus beneficial to survival that modular processes follow a set pace and sequence 

in ontogeny. The ability to compute information in a module’s domain is 

equivalent in all humans. Modules are thus neither related to g nor to knowledge, 

and are not a candidate for individual differences in cognitive functioning (i.e. 

intelligence). On the other hand, central processes are suited to processing 

unpredictable events in the environment. Whichever hypothesis of the origin of 

human intelligence one may favour, the result will be that intelligence is an 

ability that emerged so that problems could be solved no longer just by instincts 

but by invention and learning. Individuals vary in their predispositions in the 

ability to learn, or to solve problems (i.e. g-factor). One may thus argue that
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intelligence is one property of central processes. Fodor (1983) states: “I suspect 

that it is precisely its possession of [such] global properties that we have in mind 

when we think of a cognitive process as paradigmatically intelligent”, (p. 107).

In conclusion, it is likely that there are parts of the brain that are endowed 

with very specific structures (i.e. modules) that are independent of general 

cognitive abilities. On the other hand, general cognitive abilities can be viewed 

as a major aspect of central processes. Individual differences in intelligence are 

well captured in the concept of the g-factor (Spearman, 1904). A theoretical 

model that combines all the theoretical concepts considered so far (i.e. modules, 

central processing, intelligence and the g-factor) is introduced in the next section.

2.3.2 Intelligence as speed of central processing

Anderson’s (1992) model of the Minimal Cognitive Architecture is an 

attempt to disentangle modular processing from central processing, knowledge 

acquisition from intelligence, and development from maturation. In this model 

intelligence is viewed as an innate capacity, determined by a Basic Processing 

Mechanism (BPM). The BPM is assumed to run at a fixed speed from birth 

onwards, and individuals vary in this speed. This variation in speed is thought to 

be reflected in the concept of general intelligence or the ‘g’ factor, first 

introduced by Spearman (1904).

Two innate specific processors (SPl and SP2) constitute another 

component of the minimal architecture. They have universal computing power 

and acquire knowledge in two qualitatively different ways. SPl is dedicated to 

knowledge representations of a verbal/propositional nature, and SP2 to those of a 

visual/spatial nature. The latent power of these two specific processors is innate, 

but the rate at which knowledge is acquired is dictated by the BPM. Anderson 

(1992) put forward a differentiation hypothesis to explain the relationship 

between the BPM and SPl and SP2. At low BPM-speed, the two SPs can only 

perform simple computations that may not make full use of the latent power of 

the SPs. At high BPM-speeds, however, innate differences in the latent powers of 

the SPs will be more pronounced. The differentiation hypothesis is supported by 

empirical findings of changes in the structure of abilities with increasing IQ. 

Spitz (1982) has shown that mentally retarded people matched for mental age 

with normal control groups are most strongly handicapped on g-loaded tests and
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that g accounts for more of the variation at lower IQs. On the same lines, the 

relationship between Verbal and Performance IQ changes with level of 

intelligence (Lawson & Inglis, 1985). As full scale IQ, as measured by the 

WAIS, increases, the proportion of normal individuals with higher VIQ than PIQ 

scores increases, and these two scales are most similar at average levels of ability 

(Matarazzo, 1972). Detterman and Daniel (1989) also showed that 

intercorrelations among the subtests of the WAIS-R and the WISC-R were much 

higher for the below-average IQ group.

Modules (in Fodor’s sense) are the third component in Anderson’s model. 

The functioning of modules is thought to be independent of the BPM, and thus 

explains why not all knowledge is constrained by its speed. This independence 

between modular and more central processes is supported by islets of ability 

shown by savants. Savant skills cluster in five main areas: art, music, language, 

spatial skills and memory (Sloboda et. al., 1985). Anderson (1992) suggests that 

these skills may indicate the functioning of preserved modules, spared by global 

brain damage that affects the functioning of the BPM predominantly. Similarly, 

Pring and Hermelin (1993) suggested intelligence-independent high-level 

processing observed in autistic savants, to be viewed as an extended form of 

modular functioning.

A psychometric intelligence measurement confounds the processes of 

these three components: The speed of the BPM determines rate and complexity 

of knowledge representations through the two specific processors, while the 

specific processors are also fed by modular inputs which form the basis of their 

representations. Modular inputs are thought to be evolutionarily invariant and 

thus do not add to individual variation in IQ test scores. However, failure of a 

module can result in striking patterns of cognitive breakdown that will influence 

intelligence test scores. In such a case, the specific processors will not receive 

normal input, and consequently knowledge representations may be abnormal or 

absent. This may then show in spiky IQ profiles, where the performance on one 

subtest may be more impaired than on another.

From this model, it follows that knowledge is acquired via two different 

routes (figure 2 shows a representation of the Minimal Cognitive Architecture 

and its two routes for knowledge acquisition). Route 1 leads to acquisition of 

knowledge through the specific processors (Anderson calls this the “thinking”
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route). The rate and complexity of this knowledge, in turn, is constrained by the 

speed of the BPM. On the other hand, knowledge that is invariant across 

different people is acquired by the modules. This knowledge is given directly and 

automatically, in line with the criteria prescribed for modular functioning (Route 

2 or “direct route”).

Route 1

BPM SPl

SP2

Route 2

Figure 2: The Minimal Cognitive Architecture (with examples of modular functions):

BPM: Basic Processing Mechanism, SPl: Specific Processor 1, SP2: Specific Processor 2 

K: Knowledge, ToM: Theory of Mind module, SYN: Syntactic Processing Module, PHO: 

Phonological Processing module, 3DP: Perception of three-dimensional space.

Anderson (1992) has achieved the separation of intelligence from 

modular functioning; the BPM’s performance may be viewed as an equivalent to 

central processes in Fodor's definition and reflects Spearman’s (1904) ‘g’ factor 

in the distribution found in the normal population. The elaboration of the two 

specific processors may constitute a first differentiation of Fodor’s central 

processes by suggesting two different representational formats. In the present 

discussion intelligence, as defined by Anderson, will be viewed as a 

characteristic of central processes as defined by Fodor.

2.4 Reading - a modularised process?

Phonological processing, an important prerequisite for reading acquisition 

is viewed as a module, the selective damage of which is thought to lead to
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dyslexia (see chapter 1). Reading is an a-theoretical term under which a 

multitude of psychological component processes are subsumed. These processes 

range from phonology and word recognition at a pre-lexical stage to high-level 

comprehension processes involving inference making and metacognition at post- 

lexical stages. Gough and Tunmer (1986) put forward a simple model of reading, 

comprising two component processes: word recognition and comprehension. 

Reading ability is thereby the product of word recognition and comprehension 

skills; deficits can occur in one subcomponent independently of the other. 

Conners and Olson (1990) suggest a very similar two-component model, where 

word recognition is composed of phonological and orthographic skills, and 

reading comprehension is best determined by listening comprehension, which in 

turn is dependent on general verbal ability and verbatim memory.

Both these models are useful as they split reading into processes that 

could be viewed as modular (or modularised), versus those that are a correlate of 

central processes or intelligence. Reading abilities appear to involve a 

modularised process on the one hand, and central processes on the other. Reading 

can be viewed as a combination of at least two main component processes: word 

recognition and comprehension. Relevant literature will be reviewed in the next 

section to show that word recognition can be viewed as a modularised process, 

while reading comprehension is best viewed as a central process.

2.4.1 Interaction of central and modularised processes

While phonological processing has been suggested to constitute a module 

in the Fodorian sense (Anderson, 1992; Stanovich, 1990; Shankweiler & Crain, 

1986), word recognition can be seen as an acquired module or a module that 

comes into existence through a process of modularisation (e.g. Perfetti, 1992; 

Stanovich et al., 1985; Stanovich & West, 1983). In numerous studies it has been 

established that the effects of background knowledge and contextual information 

decline as word recognition efficiency increases (e.g. Pring & Snowling, 1986; 

Stanovich, 1986; 1980; Perfetti, 1985; Briggs, Austin & Underwood, 1984; 

Perfetti & Roth, 1981; Perfetti, Finger & Hogabaum, 1978). Word recognition 

thereby becomes automatic and is beyond the influence of strategic control, thus 

becoming gradually informationally encapsulated.
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Perfetti et al. (1978), for example, varied the predictability of words by 

manipulating the set size from which they were drawn (e.g. the months in the 

calendar are a closed, and relatively small set; first names are a large, open set). 

They found that skilled third graders were nearly unaffected by set size, while 

less skilled readers were substantially affected, naming words from a large, open 

set especially slowly. Perfetti and Roth (1981) found that skilled readers, asked 

to name words that are counterpredicted in a given context, were hardly affected 

relative to low predictability contexts. Less skilled readers, however, were 

dramatically affected, in the way one might expect for a process that was slow 

and unreliable enough to allow specific word predictions to be generated and 

then disconfirmed. Perfetti and Roth (1981) also found that when words were 

visually degraded to slow down word recognition times, skilled readers showed 

context facilitation effects identical to those shown by less skilled readers on un

degraded words. Thus simply slowing down a reader’s word recognition rate 

increases the facilitating effect. In skilled readers word recognition processes 

function sufficiently fast so that slower acting context effects cannot bear upon 

these. This reflects the relationship between a rapidly executing process (i.e. 

module) and the ability of some outside source of information to affect it (i.e. 

central processes).

Pring and Snowling (1986) examined the extent to which 8 and 10 year 

old children use context to facilitate decoding of novel words (i.e. nonwords). 

They were presented with word-nonword pairs, where the non words were always 

pseudohomophones. The target (i.e. pseudohomophone) and the preceding word 

were semantically related (e.g. doctor-nirse), unrelated (e.g. black-nirse), or 

neutral (e.g. xxx-nirse). The authors found that the 8 year old children showed a 

significant semantic facilitation effect, while this effect was not significant for 

the group of 10 year old children. These findings can be taken as evidence for the 

progressive encapsulation or modularisation of word recognition in the 

development of reading.

Stanovich and Cunningham (1991) note the two advantages of 

modularity; the “veridicality that results from the organism’s ability to code the 

features of the environment without distortions” (p. 14), and “the speed of 

encapsulated systems when the specificity and efficiency of stimulus analysing 

mechanisms is great relative to the diagnosticity of the background information”
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(p. 15). They argue further that “the greater diagnosticity of the external stimulus 

in reading, as opposed to listening, puts a greater premium on an input system 

that can deliver a full representation of the stimulus to higher-level cognitive 

systems” (p. 16). This refers to the relatively low probability of predicting words 

from the context in which they appear. A reader’s probability of predicting the 

next word is between .25 and .35 (Stanovich & Cunningham, 1991). 

Consequently top-down processes or central processes are not very helpful in 

skilled word recognition, especially as they are slow and take up resources that 

are limited and required for higher-level comprehension processes. Context-free 

word recognition thus characterises skilled reading.

In another study, Pring and Snowling (1989) used a modified Stroop task, 

in which 8 and 10 year olds had to name the colour of the ink in which target 

words were presented. The target words were either preceded by semantically 

related or unrelated primes. The measure of ink colour naming time is sensitive 

to priming effects, in that the primes activate responses that compete with the 

required responses in the colour naming task, slowing these down considerably. 

Pring and Snowling (1989) found the older, better readers were influenced more 

by a preceding context that was semantically related than the younger less skilled 

readers. On a first viewing, these results seem to contradict those suggesting that 

context effects decrease with increasing reading skill. However, it is important to 

differentiate between pre-lexical stages of autonomous word recognition and 

post-lexical stages of editing and correcting of representations. The former 

correspond to automatic, modular processes that proceed without consultation; 

the latter to attentional or conscious processes that use central resources. Only 

the former’s reliance on context is thought to decrease with age and better word 

recognition abilities. In the colour naming study the children had to focus on the 

colour naming response, and so had to allocate their attention and central 

resources to this task. The influence of the words, so the argument goes, may be 

an automatic one, which is mediated through links between semantic and word 

recognition systems. It can be seen from this that it is not clear what exactly 

belongs in the domain of a “reading module”. Once the mapping between 

phonology and orthography has become established, decoding in an automatic, 

modular fashion should be possible. However, there may also be associated 

semantic representations. A network of phonological-orthographic and semantic
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representations may constitute the domain of a ‘reading module’ most accurately, 

and cannot be penetrated by top-down processes, such as expectancies and 

inferences.

Nation and Snowling (in press) investigated the use of contextual cues by 

dyslexic readers, poor comprehenders and normal readers. Subjects were 

presented with printed words in two conditions: the words were either presented 

in isolation or following a spoken context. Accuracy and speed of responses were 

measured. Nation and Snowling (in press) found that all children’s reading was 

significantly better in the context condition. This context effect was greatest for 

the dyslexic group, and smallest for the group of poor comprehenders. It thus 

seems that dyslexic children use their central processing abilities in word 

recognition to a greater degree than normal children, or children who are poor 

comprehenders. The finding that all groups’ accuracy and speed was improved 

by contextual cues again can be explained in terms of progressive modularisation 

in development (a process impaired in dyslexia), or by the fact that modular and 

central processes may be confounded in the behavioural measures employed.

Stanovich and West (1983) explored the influence of context on the 

latencies to produce target words that are presented as completion of sentences. 

They compared recognition times for words that were contextually congruous, 

incongruous and neutral. They found that words in the congruous contexts were 

named faster relative to the neutral condition, when the target followed the 

context immediately. Latencies in the incongruous condition decreased only 

when a delay was introduced between the context and the target. Stanovich and 

West (1983) argued that facilitation is due to an automatic spreading mechanism 

within the lexicon, uninfluenced by expectancies. On the other hand, inhibition 

effects are due to controlled attentional processes, reflecting the activity of the 

comparatively slow central processes that set in when the modular process has 

been completed, operating on the modules’ output representations. This study 

thus presents a successful attempt at disentangling modular and central processes 

empirically. Given that semantic factors act fast and mandatorily suggests again 

that at least some level of semantic representation is part of the domain of what 

one might call the ‘reading module’.

In conclusion, phonological processes can be viewed as a module in the 

Fodorian sense, while word recognition may be an acquired module or a
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modularised component of the cognitive architecture. A culturally acquired skill 

such as reading cannot be fitted into Fodor’s nativist account of modularity but, 

once fiilly developed may still share the essential characteristics of a module.

2.5 Autism and dyslexia as disorders of modular functioning

Both autism and dyslexia have been suggested to constitute modular 

disorders. Frith, Morton and Leslie (1991) suggested that the cognitive 

competence underlying mentalising constitutes an innate module that can be 

damaged selectively, leading to the specific impairments observed in autism. 

Humans have this innately specified cognitive mechanism for the successful 

functioning in socially complex environments where understanding of other 

minds brings an advantage for one’s survival. The ability to impute mental states 

appears to unfold with a relatively set pace and sequencing in ontogeny, with a 

watershed in development between the ages 3 and 4 when children begin to pass 

the false belief test (Wimmer & Pemer, 1983).

Similarly, Frith and colleagues (Frith, 1995; Morton & Frith, 1995) have 

suggested that the critical cognitive deficit in dyslexia is in phonological 

processing. A deficit in phonological processing can be viewed as a subtle 

speech processing deficit, explaining the delay in language acquisition and the 

analytic speech sound difficulties often observed. Snowling (1987) suggested 

that the impairment in dyslexia gives rise to poorly specified phonological 

representations. While these poor phonological representations appear to be 

sufficient for the acquisition of spoken language functions, they are insufficient 

to support the acquisition of an alphabetic code. The ability to develop a 

grapheme to phoneme mapping system is severely impaired, leading to specific 

reading and spelling disability.

As opposed to autism and dyslexia, mental retardation (i.e. learning 

difficulties) are viewed not as modular dysfunctioning, but as impairments of 

domain-general or central processes. Mental retardation is diagnosed solely on 

the basis of low IQ. It is thus unlikely that a single, specific deficit could account 

for the overall reduced cognitive abilities. It has been shown that retarded 

children have a cognitive deficit even when compared with normal children 

matched on mental age (Anderson, 1992). It appears that they achieve the same 

MA via a different route. They are still handicapped on tests which require
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reasoning and abstraction, but they outperform younger children on tests that tap 

experience, rote performance and maturation (Spitz, 1982). The items on which 

the retarded are most handicapped are those which are psychometrically g-loaded 

(Spitz, 1982). Anderson (1992) suggests that this, in turn, can be explained by a 

slow BPM: that is a central processing deficit, as opposed to a modular deficit.

2.6 Conclusion

The hypothesis that dyslexia and autism are modular disorders, while 

mild mental retardation is a disorder of central processes, forms the guiding 

framework for the empirical work reported in the following chapters.

Intelligence as a central process will be examined through a low-level, 

knowledge-free parameter (inspection time) that has been found to correlate 

consistently with standard IQ measurements of intelligence. It is predicted that 

for both autism and dyslexia, intelligence, measured as basic processing 

efficiency, is intact. In contrast, children with mild mental retardation are 

predicted to show significantly impaired performance on such a measure. The 

inspection time paradigm is chosen for this purpose of investigation, and will be 

introduced in chapter 3.

Phonological processes will be assessed by a battery of tests to examine 

the hypothesis that dyslexia presents a disorder in the functioning of a 

‘phonology module’. In contrast, a group with autism and a group with mental 

retardation is predicted to perform as well as normal control groups. In the case 

of the autism group, the hypothesised deficit in mentalising (i.e. ‘Theory of Mind 

module’) should not affect the functioning of other modules, while in the MLD 

group modular functioning should be intact given that central processes only are 

affected.

Two component processes in reading, one hypothesised to be 

modularised and one to be central, will be examined in chapters 5 to 7. Finally, in 

chapters 8 and 9, two subgroups within the autistic group that have become 

apparent from the results of chapter 6 and 7, are examined with regard to 

differences in central processes (central coherence and executive function), and 

modular processing (Theory of Mind functioning).
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Chapter 3 

Inspection Time as a measure of central processing?

3.1 Introduction

In chapter 2 autism and dyslexia were characterised as disorders of 

modular functioning, and mental retardation as a disorder of central processing. 

Although a modular deficit is thought to result in specific disorders such as the 

two discussed here, this is not to say that central processes remain unaffected. 

The functioning of the central systems is dependent on receiving correct inputs 

from the modules. If a module is selectively damaged, then certain modular 

output representations will be lacking in the central systems.

In the case of autism, it has been suggested that the specific deficit in the 

ToM module leads to the pervasive communication and language impairments 

(Frith & Happé, 1994), and may even explain the poor performance on standard 

IQ tests (75% of people with autism are mentally retarded; Wing, 1993). 

Standard intelligence assessments involve both pragmatic and communicative 

elements, which cause difficulties for individuals with autism. Extraneous task 

demands such as these may explain some of the prominent peaks and troughs on 

standard IQ assessments that children and adults with autism consistently show 

(e.g. Harris, Handleman & Burton, 1990; McDonald, Mundy, Kasari & Sigman, 

1989; see Lincoln, Allen & Kilman, 1995 for review). Deficits in understanding 

experimenter’s intention (theory of mind; Frith, 1989), for example, may 

underlie poor performance on the Comprehension subtest (Happé, 1994d). The 

typical pattern further includes better performance IQ than verbal IQ (Lord & 

Schopler, 1988). Even when this does not apply, selective impairment on certain 

subtests (e.g. Comprehension; Asamow, Tanguay, Bott & Freeman, 1987) and 

superior performance on others (e.g. Block Design; Shah & Frith, 1993) are 

commonly found (see Happé, 1994d for review). Indeed, a verbal - performance 

discrepancy does not appear sufficient to describe the spiky IQ profile in autism; 

performance on Picture Arrangement (performance scale) is often poor, while 

Digit Span (verbal scale) is good. Certainly, autism seems to flout the premise of 

standard IQ tests, which include a set of heterogeneous subtests in order to
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extract the factor common to success across these tasks (general intelligence, or 

‘g’; Spearman, 1904).

Autism further challenges notions of general intelligence (assessed by 

tests such as the WISC) by the frequent presentation of savant skills; areas of 

surprising talent in otherwise low-functioning individuals (Hermelin & 

O’Connor, 1983). Savant abilities are perhaps ten times more common in autism 

than in other forms of mental handicap, with an estimated incidence of 1 in 10 

for the best-known skills such as music, drawing, mnemonism and calendar 

calculation (Rimland & Hill, 1984). The incidence in autism of some sort of skill 

out of line with general development (e.g. jigsaw constmction, hyperlexia, 

memory for routes) is probably higher still.

It may be these islets of ability, along with the uneven profile of skills, 

which have led to the impression of good or superior intelligence in even 

apparently retarded children with autism. Thus, in the first report of autism, 

Kanner (1943) concluded that; “The astounding vocabulary of the speaking 

children, the excellent memory...and the precise recollection of complex patterns 

and sequences, bespeak good intelligence.”. Despite this impression of hidden 

intellectual strengths, on standard psychometric assessments most children with 

autism fall in the retarded range, and these assessments have proven stable over 

time (Lockyer & Rutter, 1970; Lord & Schopler, 1989; Freeman, Ritvo, 

Needleman & Yokota, 1985), and predictive of later achievement (Venter, Lord 

& Schopler, 1992; Gillberg & Steffenburg, 1987).

Dyslexia, unlike autism, is characterised by at least average performance 

on standard IQ assessments. However, a spiky profile across the range of subtests 

has been observed (Vargo et al., 1995). There is often a knowledge component 

required in standard intelligence assessments, so that acquired knowledge and 

general intelligence (i.e. crystallised and fluid intelligence; Horn and Cattell,

1966) are confounded. Given that reading is probably the most important route to 

knowledge acquisition in literate societies, children with reading difficulties may 

be penalized on some intelligence tests. There is some empirical support for this 

argument. Siegel (1992) observed that 54% of her subjects in the 7 to 8 year age 

range were diagnosed as dyslexic, but only 38% in the 13 to 16 age range. This 

decrease reflects a drop in IQ scores due to reading disability. Stanovich (1986) 

found that correlations between IQ and reading increased with age. On the other
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hand, reduced performance on other subtests that are relatively independent of 

knowledge may be a direct consequence of the modular deficit in phonology. 

The particular pattern that has been observed across the subscales of the WISC 

has been termed the ACID profile (Vargo et. al., 1995), with weaker performance 

on the Arithmetic, Coding, Information and Digit Span subtests. A deficit in 

representation of the phonological code is thought responsible for the reduced 

performance on the Coding, Digit Span and Arithmetics subtests, while the 

trough on the Information subtest is most likely to stem from reading difficulties, 

in terms of slower knowledge acquisition through the written word (a 

developmental rather than on-line effect of poor phonological representations).

Children with mild mental retardation, as opposed to autism and dyslexia, 

generally have low IQs with a flat profile across the subtests. The only criterion 

for a classification of mild mental retardation is low IQ test performance; mental 

retardation is unlikely to represent a unified disorder at the cognitive level, 

because its diagnosis is not theory-driven. For the present purposes it is assumed 

that mental retardation of no known etiology simply presents the lower end of the 

normal continuum of individual differences in central processing (i.e. 

intelligence or ‘g’).

Based on the hypothesis that autism and dyslexia constitute modular 

disorders it is predicted that central processing assessed by a measure 

uncontaminated by knowledge factors and competencies in pragmatic and 

communicative aspects of language (which rely directly or indirectly on intact 

modular output representations), should be unaffected. That is to say, if groups of 

children with autism or dyslexia are compared with groups of normal children on 

such a measure, no significant differences should obtain. This is despite the fact 

that, for children with autism at least, large differences on conventional measures 

of IQ are expected. On the other hand, given the hypothesis that mental 

retardation consitutes a disorder of central processing, groups of children with 

mental retardation should show significantly impaired performance compared to 

normal controls. A model that conceptualises intelligence, in particular the 

concept of general intelligence as synonymous with central processing was 

introduced in chapter 2. Anderson (1992) suggests a basic processing mechanism 

(BPM) that determines the rate of knowledge acquisition, and thus represents the 

speed of central processing. Individual differences in this speed are assumed to
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be innate and stable throughout development, and are thus reflected in 

intelligence measurements (the ‘g’ factor; Spearman, 1904). Anderson (1992) 

suggests a simple empirical measure of speed of information processing called 

inspection time (IT). This knowledge-free parameter has consistently been found 

to correlate with IQ (see section 3.3). The IT measure is thus ideally suited to 

examine the thesis that autism and dyslexia can be characterised by intact central 

processing capacities (i.e. domain-specific deficits only), while learning 

difficulties should be characterised by a deficit in central processing (i.e. domain- 

general deficit).

3.2 The Inspection Time paradigm

The inspection time measurement is based on the accumulator model of 

perceptual decision making, introduced by Vickers and colleagues. (Vickers, 

1970, 1979; Vickers, Nettelbeck & Willson, 1972; Vickers & Smith, 1986). This 

model proposes that stimulus discrimination occurs after a subject has taken a 

number of discrete samples (i.e. inspections) of the sensory representation of the 

stimuli until sufficient evidence for a discrimination has accumulated. Two 

assumptions are being made: every sample or inspection is one discrete unit in 

time, and the sampling rate is constant in time.

The inspection time task is designed as a very simple perceptual 

discrimination task. The subject is usually presented with two vertical line 

segments differing in length by a large amount (around 1 degree), significantly 

larger than the level of noise in the system. The stimulus presentation is followed 

by a backward mask that determines its duration. The backward mask is thought 

to interrupt the sampling mechanism so that the interval from the onset of the 

stimulus display to its termination (SOA) can be precisely determined in 

milliseconds. The subject’s task is simply to indicate which is the longer line, 

and can take as long as s/he wishes to make a response. The IT measure, as 

opposed to Reaction Time (RT), is thus not contaminated by response time. The 

IT paradigm is based on the assumption that exactly a single inspection is 

necessary and sufficient to make a discrimination of the sensory representation. 

The IT task thus measures the duration of a single inspection. The success rate of 

response for this parameter has been set differently, for example at 71%, 80% or
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95% correct discrimination at a particular duration time. Nettlebeck (1987) found 

no significant differences between IT estimated using high and medium success 

criteria. Individuals differ in the amount of time it takes for them to make such a 

single inspection or discrimination, and different models have been proposed for 

the locus of this difference. Vickers and Smith (1986) suggested that the 

individual differences lie in post-sensory processing, the time taken to observe or 

to ‘inspect’ this sensory data. White (1993), on the other hand, suggested that the 

differences are located at the sensory level. However, the terms sensory and post- 

sensory are often not clearly defined. Hecker and Mapperson (1996) argue, on 

the basis of the results of a factor analysis (re-analysing previous data), that the 

IT measure does not present a single factor, and therefore cannot be indexing an 

individual’s sampling rate or sensory rate. The debate is ongoing, (see for 

instance. White, 1996; Vickers, Pietsch. & Hemingway; 1995) though the 

proposal that the IT task measures the speed of the BPM, or central processing 

speed, would fit better with a post-sensory account of individual differences in 

inspection time.

3.3 The relationship between IT and IQ

Nettelbeck and Lally (1976) reported the first correlations between IT and 

IQ. They obtained a correlation of -0.92 (p<0.01) between the Performance Scale 

of the WAIS and IT, and a correlation of -0.41 ( not significant) between the 

Verbal Scale of the WAIS and IT, using a subject sample of ten adults. Lally and 

Nettelbeck (1977) and Brand (1980) reported equally high correlation 

coefficients. These high correlations inspired a great deal of research attempting 

to replicate these results. In further studies, correlations ranged between -0.2 and 

-0.9 (Nettelbeck, Hirons &Wilson, 1984; Nettelbeck, 1982; Lally & Nettelbeck, 

1980). Brand and Deary (1982) obtained correlations between -0.04 and -0.09. 

However, methodological flaws limit the usefulness of these studies (e.g. small 

sample sizes and huge ranges of IQ, and inclusion of subjects with mental 

retardation). Hunt (1980), reviewing the evidence, concluded that most results 

have been significant, but that correlations are low, (typically under -0.3). Some 

studies which excluded subjects with mental retardation found low or 

insignificant correlations (Hulme & Tumbell, 1983; Irwin, 1984).

58



In a review of 29 theses and published articles, Nettelbeck (1987) found a 

reliable relationship between IT and IQ. The best estimate of the strength of the 

association across the full range of IQ is -0.5 according to his results. This 

coefficient, however, has been corrected for restriction of variability, the raw 

coefficient being -0.35. Kranzler and Jensen (1989) conducted a meta-analysis of 

25 studies including measures of general intelligence. Although a negative 

relationship between IT and IQ was always obtained, the 95% confidence 

interval for each correlation contained zero. Kranzler and Jensen (1989) then 

corrected the coefficients for the effects of sampling error, attenuation and range 

restriction, arriving at a best estimate of -0.54 for the correlation between IT and 

IQ for adults. The raw correlation coefficient ( i.e. before correction ) was -0.30, 

and the correlation with Performance IQ was strongest.

Most studies suggest that correlations between verbal IQ and IT are lower 

than between performance IQ and IT. Nettelbeck (1987) concluded that there is 

“confusing contradiction” with regard to the verbal IQ- IT relationship, with few 

studies reaching significance. The higher correlation with performance IQ could 

be viewed within the model of crystallized and fluid intelligence, originally 

proposed by Cattell (Cattell, 1963; Horn & Cattell, 1966). Fluid intelligence is a 

concept much like ‘g’, a stable characteristic that does not include knowledge 

acquisition. Deary (1993) found in a confirmatory factor analysis that fluid 

intelligence declines with old age, whereas crystallised intelligence seemed to be 

stable across the life span. The Performance scale of the WISC or WAIS has 

been thought to reflect primarily fluid intelligence, whereas the Verbal Scale 

reflects mainly crystallized intelligence (Sternberg, 1990). The finding that IT is 

correlated more consistently and strongly with performance IQ than verbal IQ 

supports Sattler’s (1982) suggestion that fluid intelligence is more akin to a 

biological parameter of the brain, and may decline with age. It is interesting to 

note that Nettelbeck and Rabbitt (1992) found a decline in IT in old age.

A correlation of -0.5 attributes 25% of the variance in IQ test scores to 

differences in speed of the BPM as reflected in inspection time. Most researchers 

regard this as a high proportion considering that IT reflects just a single low-level 

parameter (Anderson, 1992). The inspection time task has the advantage that it 

does not penalize for differences in knowledge acquisition, unlike most of the 

standard intelligence measures which require knowledge to varying extents. It is
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thus thought to be suitable for groups of children that have deficits in particular 

cognitive areas that may prevent the development of some language abilities, but 

who nevertheless may have intact basic processing mechanisms.

Method

Procedure

The IT task was presented in the form of a computer game specially devised for 

children. The stimulus shown was a line-drawn alien with two antennae which 

were either the same or different lengths. Four variations (both antennae short, 

both antennae long, left antenna longer, right antenna longer) were randomly 

presented. The subject’s task was to make a two choice discrimination between 

same or different length antennae. Stimulus duration was controlled by a mask. 

Subjects were warned that the alien would appear for a very brief period before 

hiding behind a bush (the backward mask). After presentation of a stimulus the 

subject had to press one of two buttons on a simple purpose-made box to indicate 

their choices between same or different length antennae. The button for ‘Same’ 

was on the left and a picture of an alien with two equally long antennae was 

displayed on the left of the computer screen. The same arrangement applied to 

the button for ‘Different’ on the right. Each correct response was followed by a 

‘beep’. After each button press the subject pressed the space bar to initiate the 

next stimulus.

Stimulus exposure duration was controlled by varying the stimulus onset 

asynchrony (SOA) of the stimulus and a backward mask, using a PEST 

procedure (Taylor & Creelman, 1967) designed to estimate 70% accuracy of 

responding. The PEST algorithm calculates whether a given SOA results in 

accuracy greater or less than 70%. If so, the SOA is increased or decreased as 

appropriate by a given step-size. This step-size is halved for every change of 

direction in the performance staircase (increasing SOA to decreasing SOA or 

vice versa), and in this way the PEST procedure homes in on the SOA required 

for the desired level of accuracy. The initial exposure duration used by the PEST 

procedure was 568 ms (40 VDU screen-frames), the initial step-size was 114 ms
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(8 frames) and the final step-size was 14.2 msec (1 frame), which is the shortest 

SOA possible. The SO As of the last four turns or reversals in the performance 

staircase were used to calculate a subject’s IT. A trial consisted of four blocks, 

each of 25 stimulus presentations.

The IT programme was run on a Toshiba laptop computer, with stimuli 

displayed on a 12 inch VGA monochrome monitor (brightness held constant 

across test sessions). A response box with two differently coloured buttons was 

held by the subject, with right and left thumb or index finger operating the right 

and left buttons, respectively.

All subjects were seen individually in a quiet place at school. The 

subjects were first introduced to the task during a practice session with feed

back. All subjects were taken through the IT task twice, the testing session 

lasting approximately half an hour. This was done to obtain optimal performance 

in the clinical groups, and to ameliorate possible effects of poor comprehension 

of instructions, attention, or motivation.

3.4 IT in autism, dyslexia, mental retardation and normal controls 

Subjects

A group of 18 subjects with autism, a group of 10 subjects with dyslexia, 

a group of 21 subjects with moderate learning difficulties^ (MLD), and a group 

of 13 normal subjects took part in this study. Individuals in the autism group 

came from three schools for children with autism. Fifteen had received a 

diagnosis of autism and 3 had received a diagnosis of Asperger syndrome, 

according to clinical criteria in line with DSM-IV (APA, 1994). The autism and 

Asperger subjects did not differ in IQ (81 vs 83), but the Asperger Syndrome 

individuals were somewhat older (15 and 16 years vs mean 10:6 years).

The dyslexic subjects came from a special unit for children with dyslexia 

and had all been statemented. Individuals with mental retardation came from 

three special schools, and were of mixed and unknown etiologies. The normal

In the UK, the term moderate learning difficulties is used for individuals with generally low ability or 
low developmental level for their chronological age (i.e. synonymously with mental handicap or mental 
retardation).
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group were bright 9-year-olds who formed a control group for a separate 

experiment. No child in this group had a FIQ of less than 111. The selection of 

an above average IQ group allowed a particularly stringent test of the hypothesis 

of unimpaired speed of processing in autism. IQ was assessed using the Wechsler 

Intelligence Scale for Children (Third Edition; Wechsler, 1992). Two subtests 

from the verbal scale (Vocabulary, Similarities), and two subtests from the 

performance scale (Picture Completion, Block Design), were given to all 

participants, from which IQ was pro-rated. Where available, data from a full 

WISC-III assessment was used (15 cases from the autism group). Subject 

characteristics are shown in Table 1.

Table 1: Chronological age and IQ test scores o f subjects in IT task; means, sds

CA
FIQ
PIQ
VIQ

11.3(1.1) 
62.4 (9.2) 
67.1 (11.0) 
65.3 (8.5)

11.5 (3.5)
82.8 (20.5)
86.8 (20.4) 
81.8(24.5)

9.6 (0.10) 
127.2 (9.3) 
118.5(14.3) 
128.1 (8.7)

11.3 (0.8) 
105.6 (9.5) 
102.6(12.5) 
106.9 (9.7)

Results
Table 2 shows mean inspection times and standard deviations from both IT trials 

for each of the four groups of subjects. The fifteen subjects diagnosed with 

autism did not differ in their IT scores from the three subjects diagnosed with 

Asperger syndrome (mean 43 vs 40 msecs), and their results were therefore 

combined. Graph 1 shows the inspection times on both trials for the four groups.

" IQ data from 10 subjects only.
 ̂ 11 subjects with dyslexia were tested on the IT task. However, two o f these were unable to learn 

the task. It is unclear whether this was due to difficulties in visual processing, motor coordination 
problems, or other factors. Their ITs on the first trial were 466 and 280, longer than ITs measured 
in any other group. The experimenter felt that these data points did not reflect the actual ITs o f  
these children, but rather were contaminated by response difficulties o f  som e other nature. As a 
consequence the dyslexic group shrank to 9 subjects, and only the descriptive data for these is 
thus displayed in table 1. One further subject o f these 9 could only be tested once as the school 
was unable to accommodate a further visit. As this subject’s IT on the first trial was 39 m secs 
(average IT in the control group was 49 msec for ITl and 42 m secs for IT2), this subject was 
included in all the analyses to follow.
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Table 2: Inspection Times from trial 1 and trial 2: means, sds

M troi t Pi'M
1 r r - i  
1 IT-2

75.6 (37.1) 
59.4 (24.4)

53.7(16.7) 
40.3 (8.5)

49.1 (14.6) 
42.8(10.9)

67.2 (20.3) 
49.0(16.6)

Graph I : Inspection Tim es on trials 1 and 2 for ail subject groups

E3IT1 

■  IT2

MLD Autis tic N orm al D yslex ie

A repeated measures ANOVA with one within-group factor with two levels (IT 

task performance: trial 1 and trial 2), and one between-group factor with four 

levels (group: dyslexic, autistic, MLD, and normal) was performed. The results 

showed that there was a significant effect of IT task trial (F(3, 54)=24.9, p=.000). 

Follow-up t-tests"^ showed that the autistic and the dyslexic groups improved 

significantly from trial 1 to 2 (autistic group: p=.008; dyslexic group: p=.038), 

while the other two groups’ performance did not improve significantly from the 

first to the second trial.

The effect of group was significant F(3, 54)=4.02, p=.012); there was no 

significant IT task by group interaction (F(3,54)=l. 18, p=.326). On both trials, 

follow-up t-tests showed that the MLD group had significantly (p<.05) longer

If the p-values are adjusted for multiple comparisons, then the results o f the follow-up t-tests are 
no longer significant. Given that the comparisons were planned and the effects predicted had 
been predicted, it seem s warranted to accept these results.
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inspection times than did participants in the autistic or normal groups, who did 

not differ significantly from each other, or from the dyslexic group. The 

difference between the ITs in the MLD group and the dyslexic group did not 

reach significance.

To explore whether age effects might be responsible for the autistic 

group’s performance (the autism group was significantly older than the normal 

group), an ANCOVA with age covaried was also performed. The difference 

between the two groups still did not approach significance (F(2, 28)=.93, p=.34).

3.5 Comparison of IT in IQ-matched subgroups

As can be seen in Table 3, the MLD group were of lower measured IQ than the 

autism group. To ensure that this difference could not account for the difference 

in IT performance, a comparison of FIQ-matched pairs of subjects was 

performed (where age did not differ significantly). As Table 3 shows, even when 

IQ-matched, the subjects with autism performed significantly better on the IT 

task than did the MLD group (t = 2.54, df=18, p = .02). Again partialling out age 

did not alter the results.

Table 3: IT scores for WISC FIQ pairwise matched subgroups

CA 12.1 (3.7) 10.11 (0.4)
FIQ 6&0(8.2) 67.4 (7.2)
IT 42.5 (8.8) 58.4(17.7)

3.6 Correlation between IT, CA and IQ

Pearson correlation coefficients were calculated to explore the relationship 

between ITs from the second trials, IQ, and CA in each group. The results of this 

analysis are shown in table 4. Correlations did not reach significance in the 

autistic and dyslexic group, but the expected relationship to IQ was found in the 

MLD and normal groups. Table 5 presents correlation between IT and the four 

subtests of the WISC on which all subjects were assessed: Picture Completion, 

Block Design (Performance Scale) and Similarities and Vocabular y (Verbal
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Scale^). The only significant correlation was between IT and Block Design in the 

MLD group.

Table 4; Correlations between IT2 with CA, FIQ, PIQ and VIQ

FIQ X IT2 -^ 9 -.35 - j2 * -.69*
PIQ X IT2 -.43 -.27 -.37 -.51
VIQ X IT2 -.03 -.33 -.51* -.69*
C A x IT 2 .17 .26 -.15 -.44

Table 5: Correlations between IT2 and four WISC subtests

Picure Completion -.20 -3 9 -.12
Block Design -.27 -.51* -.61
Similarities -.11 -3 9 -.46
Vocabulary -2 9 -.24

Discussion
The analysis of the inspection times on the first trial showed that, as predicted, 

the dyslexic and autistic group did not perform significantly worse than the 

normal group, whereas the MLD group did perform significantly worse than the 

normal group. However, it is evident that standard deviations are large, 

especially in the dyslexic and MLD group (20.3 and 37.0 msecs respectively), 

and that the dyslexic group shows a trend to obtain slower ITs than the normal or 

autistic group. Assuming that standard IQ assessments reflect intelligence 

relatively more accurately in dyslexia than in autism, the slower performance by 

the dyslexic group in relation to the normal group might be attributable to the 

dyslexic group having on average FIQs 22 standard units below those in the 

normal group.

A comparison of the inspection times across the two trials showed that 

the three groups with developmental disorders improve considerably. This 

improvement reached significance only for the autistic grfep, perhaps because 

these. 'j'lAlo groups more homogeneous with regard to performance on the 

inspection time task (particularly on the second trial), while there is more

 ̂ N o subscale data were availabe for the dyslexic group, as summary IQ data provided by the
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variability in IT in the MLD group. All the groups, in particular the

groups with developmental disorders, most likely performed better on trial 2, 

because factors extraneous to the IT measurement itself (i.e. attention, coping 

with the task demands) were overcome during the first trial. Subjects with 

autism, dyslexia and mental retardation may have made errors in the first trial 

due to specific task demands. The strength of the association between stimulus 

and response (i.e. right button = different, left button = same) may have been 

relatively weak on the first trial. Subjects may have made errors by pressing an 

incorrect button despite correct stimulus discrimination, due to an instability in 

the required motor response. Secondly, the switching between two responses is 

in itself likely to present a considerably higher cognitive load for children than 

for adults. Further, because subjects determine the onset of a stimulus by 

pressing the space bar, they need to ensure that they are ready to attend to the 

new stimulus when doing so. This requires the coordination of attention and 

motor responses, which may improve beyond a single trial. A number of errors 

due to processes external to the measurement of an inspection may increase the 

IT score immensely, as exposure duration is a function of accuracy. If subjects 

make many such errors, they may not reach their true minimal stimulus duration 

within the course of a single trial. Consequently the IT score may not present an 

accurate measurement of a subject’s inspection time on the first trial. It is 

therefore important that children (particularly those with developmental 

disorders) are tested more than once, preferably until the reliability between trials 

approaches 1. Correlations between the first and second trials were .74 (p<.05) in 

the dyslexic, .48 (p<.05) in the autistic, .67 (p<.01) in the MLD and .76 (p<.01) 

in the normal control group. As expected the highest correlation is obtained for 

the normal group, and the lowest for the autistic group, indicating the greatest 

performance differences between trials for the autistic group and the smallest for 

the normal group. This raises the possibility that the autistic group’s IT scores 

might drop considerably more thah those of the other groups, given a third trial.

Nettelbeck and Vita (1992) found that children benefit from practice for a 

longer period than adults, with inspection times decreasing more slowly. The 

present results indicate that children with developmental disorders may need

school was used.
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even longer than normal children to perform at their optimal level on this task, 

despite the fact that the Space Invader task used here is thought to be particularly 

‘user-friendly’. The ITs on the second trials are likely to present a more accurate 

measurement of inspection time, although the results from both trials showed that 

both the autistic and the normal group were significantly faster than the MLD 

group, as had been predicted. This supports the hypothesis that autism constitutes 

a modular disorder, with central processing in terms of BPM speed left intact. In 

mild mental retardation on the other hand, central processing speed is 

compromised. This reduced speed may reflect a slower BPM, the limiting factor 

of general intelligence. It is important that future work is carried out, where the 

IT task may be administered several times for groups with mild mental 

retardation, in order to ascertain that maximum performance levels are reached. 

It is possible that the MLD group’s performance, which is characterised by larger 

standard deviations than the other groups’ performance, may improve for 

significantly longer periods of time. Alternatively, the larger standard deviations 

in the MLD group may reflect the greater heterogeneity in this disorder given 

that classification occurs on the basis of IQ alone. Low IQs in the MLD group 

could be the result of a slow BPM in some cases, but not in others, possibly 

reflecting different etiologies.

The dyslexic group performed similarly to the normal and the autistic 

group. However, the dyslexic group’s larger standard deviations, and slightly 

slower performance may account for the lack of a significant difference between 

this group and the MLD group. Dyslexia thus seems to be characterised, like 

autism, by intact central processing speed, but extraneous task demands may 

pose greater problems for the dyslexic group than the autistic group. The IT task 

requires left and right responses that are associated with a stimulus judgment 

(i.e. ‘same’ versus ‘different’) that is independent of side. The left-right 

confusion that is often associated with dyslexia might explain the trend of longer 

IT scores and the greater variability in the dyslexic group.

The finding that IT is intact in autism, where IQ ranges from the severely 

retarded to the highly intelligent (in the present group FIQ ranged from 55 to 

127), indicates that low IQ in autism may not necessarily reflect low intelligence 

in terms of BPM speed. In particular, the IQ-matched comparison between the 

autistic and MLD group showed that the superior performance on the IT task was
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not due to the autism group having higher IQs than the MLD group. 

Furthermore, there is a tendency for the autistic group to perform slightly faster 

than the normal group of highly intelligent children (mean FIQ=127); autism 

may be associated with above average central processing speeds.

It has been suggested that savant skills are modular processes (Dowker, 

Hermelin & Pring, 1996; Hermelin & O’Connor, 1993; Nettelbeck & Young, 

1996). Nettelbeck and Young (1996), for example, observed that although the 

rules applied by savant calendrical calculators are complex, this application is 

rigid, largely un-adaptable, and dependent on the retrieval of information stored 

through rote memory. This description indicates informational encapsulation, one 

of the main aspects of modular functioning. However, it seems likely that 

modules performing the complex operations in domains of savant skills are not 

strictly Fodorian modules, but rather have achieved their modular status through 

a process of modularisation. Once these processes are fully modularised, they, 

like Fodorian modules, process information at high speeds in an encapsulated 

fashion (i.e. independent of central processing). However, central processing 

might be necessary (but not sufficient) for the initial acquisition of savant skills, 

as these require the acquisition of intricate knowledge (e.g. recognition of 

regularities) of, for example, calendar systems in savant calendrical calculation, 

or of musical tone structures in savant musical abilities. This contribution of 

central processing might decline with progressive modularisation, until these 

processes are completely separate. Moreover, one may speculate that central 

processing is required not only in these early stages of modularisation, but that in 

fact only a very efficient (i.e. fast) central processor is powerful enough to allow.(Àr 

savant skills to be set up successfully. It is interesting in this respect that Young 

and Nettelbeck (1995) found that inspection time in a musical savant with autism 

was above average. Young and Nettelbeck (1995) observed that most of the 

parents of the 51 savants that they studied, had above average IQs. Autism, at 

least when associated with a savant skill, may be characterised by a particularly 

fast central processor (i.e. BPM). Such a fast processor may be necessary for the 

initial acquisition of a savant skill, but not sufficient for this acquisition as there 

are indications that weak central coherence may also play a causal role in the 

high incidence of savant skills in autism (Pring, Hermelin & Heavey, 1995).
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3.7 Correlations between Inspection Time, IQ and age

In the dyslexic group correlations between all three IQ test scores and IT 

are stronger for the second trial, correlations with age are positive. It is 

noteworthy that performance IQ correlates fairly strongly with IT (r=-0.43), 

while a correlation with verbal IQ is absent (r=-0.03). Although correlations with 

verbal IQ are found to be lower and less consistent than correlations with 

performance IQ (Nettelbeck, 1987), the absence of a relationship in the dyslexic 

group (and the presence of a strong relationship in the other three groups; see 

below) may reflect that verbal IQ rather than performance IQ tends to be affected 

by the phonological deficit and the reading difficulties. Thus the verbal scale 

may more greatly underestimate intelligence in dyslexia than does the 

performance scale.

In the autistic group correlations increase from trial 1 to trial 2 for FIQ 

and VIQ, but not for PIQ. Fourteen of the eighteen subjects with autism had a 

full WISC assessment. The highest correlation was obtained for the Information 

subtest on trial 2 (r=-0.46), a measure presumably unaffected by the ToM deficit, 

in that this test measures purely factual knowledge. The second highest 

correlation was obtained for the Block Design subtest (r=-0.40) One may argue 

that these two subtests reflect the two assets most associated with autism; the 

information subtests may reflect the good memory for detailed facts, while the 

Block Design subtest is viewed as an islet of ability or even particular strength 

that results from weak central coherence.

In the MLD group, the correlations for all three IQ scales increase 

considerably from trial 1 to trial 2, and are also higher for verbal IQ on trial 2. 

The correlations are significant for FIQ and VIQ on trial 2 (-0.52, p<.05 and -

0.51, p<.05 respectively). However, the highest correlation between the four 

WISC subtests and IT was obtained for the Block Design subtest (-0.51, p<.05), 

a performance scale subtest.

In the normal group, correlations are high and significant for FIQ on the 

first trial (-0.69, p<.05), supporting the argument that normal populations reach 

their true inspection times considerably sooner than children with developmental

 ̂However, the correlation between BD and IT2 for all 18 subjects with autism is lower (r=-0.27), 
see table 2.
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disorders, presumably due to better adaptation to task demands extraneous to the 

inspection time measurement, such as attention. Similarly in the MLD and 

autism groups, the correlation of IT (trial 2) with VIQ is higher than that with 

PIQ. However, as in the case of the MLD group, the highest subtest correlation is 

with the Block Design test, a performance scale subtest. Correlations overall are 

higher (r=-0.69) than those reported in the literature (r=-0.5), and are only 

slightly reduced when the relatively high negative correlation with CA (r=-0.44) 

is taken into account. If age is partialled out, the correlation between FIQ and IT 

remains high, r=.60. The high correlation between CA and IT in this group is 

thus more likely to reflect sample characteristics, rather than that the task 

requirements may be greater for younger subject ages. However, there has been a 

debate in the literature with regard to developmental change in IT. For example, 

Nettelbeck and Wilson (1985) found a significant decrease in inspection times 

with age. Anderson (1989), however, has argued that processing speed itself does 

not change, and that developmental improvements are related to response 

demands and not speed of stimulus processing.

3.8 Summary

Children with autism, dyslexia and mental retardation, and normal control 

children were tested on the inspection time task developed by Anderson (1986). 

The IT task is thought to measure central processing efficiency (i.e. the speed of 

the BPM). The children were tested twice, and the results showed that they 

improved considerably from the first to the second trials. The IT scores from the 

second trials are thus thought to reflect the underlying inspection times more 

accurately. The autistic group’s inspection times were at least as fast as those of 

bright, normal children, while the inspection times of the MLD group were 

significantly longer. The dyslexic group’s inspection times were within the 

normal range.

These results were taken as support for the hypothesis of specific, 

modular deficits in autism and dyslexia, and general, central deficits in mental 

retardation.
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Chapter 4 

Specificity of Phonological Processing

4.1 Introduction

The aim of the present chapter is to investigate the domain-specificity of 

phonological processing. In dyslexia there is a deficit in phonological processing 

while domain-general processes are thought to be intact. On the other hand, in 

autism and mental retardation deficits are present in other domains (e.g. ToM in 

autism) or in domain-general processes (e.g. low IQ in MLD). Given the 

assumption of phonological domain-specificity, phonological processing is 

expected to be unaffected in autism and mild mental retardation, in contrast to 

dyslexia.

4.2 The Phonological Assessment Battery

The exact nature of the phonological deficit in dyslexia (referred to here 

as P deficit) is still unknown, however researchers have developed a variety of 

tasks aimed at assessing phonological processes. Most phonological tasks 

employed have not been standardised (McBride-Chang, 1995), but the 

phonological assessment battery (PhAB; Frederickson, Frith & Reason, 1997) 

provides standardisation norms for a number of such tasks. This battery was used 

in the present investigation to assess phonological skills in the three groups with 

developmental disorders and normal control groups. In addition the WORD 

(Wechsler Objective Reading Dimensions, 1993) spelling subtest was 

administered.

The PhAB tests measure three different clusters of phonological skills; 

phonological awareness, verbal fluency, and speed and automaticity of naming. 

In addition, the reading of nonwords is assessed, which required grapheme-to- 

phoneme decoding skills that are difficult to acquire with impaired phonological 

skills.
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4.2.1 Phonological Awareness

The term Phonological Awareness (PA) is used differently by different 

researchers and has been measured by a variety of different tasks. PA has been 

broadly defined as the “sensitivity to sounds in spoken language” (Gallagher, 

1995); a definition which holds for the various operationalisations of the PA 

construct. In general, PA tasks assess the sensitivity to units of speech varying in 

size. Alliteration and rhyme tasks assess processing of onset and rime segments 

of words, syllable tapping tasks assess PA at the syllable level, and phoneme 

manipulation tasks (e.g. deletion, insertion, substitution, spoonerism, Pig-Latin) 

assess PA at the phoneme level. Normally developing pre-readers usually 

succeed on alliteration and rhyme tasks. Bradley and Bryant (1985; 1983) have 

shown that these skills predict later reading abilities. Sensitivity at the phoneme 

level develops in conjunction with reading ability. According to Goswami and 

Bryant (1990) this level is considerably more difficult to master. However 

Seymour and Evans (1994) found that in beginning readers the awareness of 

phonemes to proceed the awareness of rhymes. PA at the phoneme level does not 

appear to be a precursor or prerequisite to reading, while PA as awareness of 

onset and rime level might well be a prerequisite. Studies with illiterates (Morais 

et al., 1979) and readers who read ideograms (e.g. traditional Chinese writing 

system) rather than ah alphabetic script (Read et al., 1986) have shown that these 

populations are unable to perform various PA tasks at the phoneme level. The 

relationship between phoneme awareness and reading is thus considered to be a 

reciprocal one (Perfetti, 1991; Torgesen et al., 1994).

McBride-Chang (1995) has identified three latent constructs that underlie 

all PA tasks, by use of structural equation modelling techniques. She found that 

in addition to intact speech perception and verbal short term memory, successful 

test performance also requires a domain-general component, which McBride- 

Chang calls ‘general cognitive component’. Frith (1995) also points out that 

meta-cognitive skills, over and above phonological processing skills, are needed 

to successfully perform on standard PA tasks. As with all behavioural measures, 

the tests of PA are not ‘process pure’. The results of the PA tests, particularly in 

the autistic and the MLD groups, may thus not only assess their phonological
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processing skills, but in addition will reflect low general cognitive abilities. In 

the MLD group low general cognitive ability as a consequence of low ‘g’ or a 

slow BPM would be the most likely factor to affect test performance. In the 

group with autism more specific deficits such as the metarepresentational deficit 

associated with impaired Theory of Mind, are likely to cause low test 

performance, particularly in the presence of intact BPM processing speeds. This 

argument follows Morton and Frith (1993), who pointed out that poor PA is not 

the same as failure on a measure of PA; such failure can have a number of 

different reasons. Nevertheless, the results should give important information on 

such limiting factors of task performance, especially in the instance of 

dissociations in performance between the groups. The PA tests included in the 

PhAB are an alliteration and a rhyme test at the onset/rime level, and a 

spoonerism test at the phoneme level.

4.2.2 Verbal Fluency

Verbal fluency tests assess the speed with which the mental lexicon can 

be accessed and words retrieved on the basis of an onset sound (alliteration 

fluency), a rime (rhyme fluency test) or on the basis of a concept (semantic 

fluency). Frith, Landed and Frith (1994) put forward the idea that "part of P is to 

guide access to thousands of phonologically coded words in the mental lexicon”, 

and Crawford, Moore and Cameron (1992) have established that there are strong 

correlations between the alliteration and rhyme fluency measures and reading 

ability. The alliteration and rhyme fluency tests are thought to assess similar 

phonological processing skills as the PA alliteration and rhyme tests do. 

However, ceiling levels are reached on the PA measures between 8 and 10 years 

while the fluency measures are thought to be discriminative even in adults (Frith 

et al., 1994). One important difference between the PA and fluency measures is 

that the alliteration and rhyme PA measures are untimed recognition tests, 

whereas the alliteration and rhyme fluency tests are timed production tests. Bunn 

(1995), who developed the fluency tests for the PhAB, suggests that a 

dissociation between these two assessments, good performance on PA and poor 

performance on fluency, may also indicate that the PA tasks are easier to 

perform. Children with dyslexia may be able to compensate for their 

phonological processing deficit through remediation training on time-unlimited
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PA tasks. On the other hand, in time-limited, on-line production tests such as the 

verbal fluency measures, implicit aspects of phonological processing are tested, 

which cannot be learned through explicit phonological training. For the present 

purposes dissociations between explicit tasks, where compensation is possible 

and implicit tasks, may give important clues with regard to which target 

processes are modular (i.e. not modifiable by central or explicit processing), and 

which tests, in particular are best suited to measure these modular processes.

As opposed to the alliteration and rhyme fluency measures, the semantic 

fluency test is not thought to assess phonological processing, but forms a contrast 

test, and assesses the specificity of the phonological deficit. Frith, Landed and 

Frith (1994) have shown a striking dissociation in dyslexia, with a deficit in 

alliteration and rhyme fluency, but not in semantic fluency.

4.2.3 Naming Speed

It has been suggested that children with dyslexia fail to automatise the 

link between visual identification of letters and phonological coding, and a strong 

relation between reading progress and naming speed has been shown across a 

wide age range (Wilson & Cline, 1995). Dyslexies have been found to be 

significantly impaired on rapid automatic naming (RAN) tasks; they take 

significantly longer and made more errors than CA matched controls on letter, 

digit and object naming tasks (Denckla & Rudel, 1976a; 1976b). Wolf (1991), in 

a review, concluded that the naming deficit is specific to dyslexia. Subjects with 

dyslexia are significantly slower than both ‘garden-variety’ poor readers and 

younger reading age controls. There are different positions in the literature with 

respect to whether slowed automaticity of naming in dyslexia reflects impaired 

phonological processing only (Torgesen et al., 1990; Snowling, Van Wagtendonk 

& Stafford, 1988; Wagner & Torgesen, 1987), an additional deficit in timing 

mechanisms (Bowers & Wolf, 1993), or evidence in favour of the automatisation 

deficit hypothesis put forward by Nicolson and Fawcett (1990) (Yap & Aryan 

van der Leij, 1994). Bowers and Swanson (1991) found that the naming deficit 

explained variance in reading performance independently of variance explained 

by PA tests. When a subject performs a naming speed task, the mental lexicon 

needs to be accessed either from a visual alphanumeric presentation (i.e. digits), 

a grapheme presentation (i.e. letters), or from a pictorial presentations (objects),
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but the crucial component is the production of the phonological word form. This 

in turn depends on the quality of phonological representations (Snowling, 1995).

4.2.4 Nonword Reading

In nonword reading the operation of the phonological reading route (e.g. 

the operation of the grapheme to phoneme correspondence rules) is assessed; the 

subjects have never encountered these ‘letter clusters’ before, and so can not 

make use of whole word recognition. A specific nonword reading deficit has 

been frequently and consistently reported for subjects with dyslexia (Van 

Ijzendom & Bus, 1994; Rack et. al., 1992). In both nonword reading and PA 

tests at the phoneme level, phoneme segmentation skills are assessed. However, 

in nonword reading the on-line, implicit operation of grapheme to phoneme 

conversion abilities (visual presentation) is assessed, while in PA tests at the 

phoneme level more explicit phonemic skills operating on speech sounds 

(auditory presentation) are assessed. Any selective impairments on either of the 

two tests may give important insights into what aspects of phonological or more 

general cognitive functioning may be compromised in a particular childhood 

developmental disorder.

In section 4.3 to 4.5 of the present chapter, each of the three groups with 

developmental disorders is compared with younger reading level matched normal 

control readers. In section 4.6 a sample of subjects with autism are compared 

with a sample of subjects with mental retardation, matched on Full scale IQ, and 

in section 4.7 a sample of subjects with autism are compared with subjects with 

dyslexia matched on word recognition abilities.

Materials

I. Phonological Awareness

1) PA at the level of onset sounds - Alliteration Test

In the alliteration subtest of the PhAB, subjects are orally presented with three 

words and asked to identify which two start with the same sound. In Part I
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(consisting of 5 stimuli) the words start with single consonants and are relatively 

easy (e.g. ship, fat, fox). In Part II (consisting of 5 stimuli) the subject is given 

the more difficult task of isolating the first sound from initial consonant blends 

(e.g. snake, clap, crawl). The subject is instructed to repeat the two words that 

start with the same sound.

Score: Number of correct identifications of word pairs (maximum score =10).

2) PA at the level of end sounds - Rhyme

In the rhyme awareness test as in the alliteration test, the subject is orally 

presented with three words. The task is to repeat back to the experimenter the 

two words that have the same ending sound (i.e. the words that rhyme). The test 

consists of two parts, twelve items in Part I where the non-rhyming word is 

distinctively different to the rhyming words (e.g. made, hide, fade). In Part II, 

consisting of nine items, the end sound of the non-rhyming words are similar 

sounding to end sounds of the rhyming words (e.g. badge, match, catch), making 

this task considerably harder.

Score: Total number of correct identification of word pairs (maximum score = 21).

3) Assessing PA at the phonemic level - Spoonerisms

The spoonerism test is the hardest PA test in the battery, since it requires not only 

phonemic awareness but also considerable working memory capacity. In Part I, 

the subject is presented with semi-spoonerisms where the child is asked to 

replace the first sound of a word with a new sound (e.g. cot with a /g/ = got). In 

Part II, the subject has to exchange initial sounds in two words (i.e. full 

spoonerism; e.g. sad cat = cad sat). For each parts a maximum time limit of three 

minutes is allowed. In contrast to the alliteration and rhyming tests, the 

spoonerism test requires not only analysis of sound patterns, but also the 

synthesis of sounds.

Score: Part I: total number of correct responses (maximum score = 10); in Part II 

the subject has to produce two changed words, so that 0, 1 or 2 points can be 

scored per trial, resulting in a maximum score of 20. The total spoonerism score 

(maximum = 30) is used in the following analyses.

In addition, the time for Part I is noted. Time for Part II will not be 

reported, since all subjects made use of the maximum time period allowed, and
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no subject achieved ceiling performance. Thus the time measure was not 

informative in this case.

II. Nonword Reading

The non word reading test consists of 10 one syllable non-words in Part I and 10 

two syllable nonwords in Part II.

Score: the total number of correctly pronounced nonwords (maximum = 20).

III. Verbal Fluency

The alliteration, rhyme and semantic fluency tests were administered in a similar 

manner. In all three tests the subjects are asked to generate as many words as 

possible in a 30 second time period.

1) Alliteration fluency

In the alliteration test all words have to start with a particular sound (in Part I the 

experimenter asks for words beginning with a ‘b ’ sound, in Part II words starting 

with a ‘m’ sound are required).

2) Rhyme fluency

In the rhyme tests all words produced by the subjects have to rhyme with a target 

word (‘more’ in Part I, ‘whip’ in Part II).

3) Semantic fluency

In the semantic fluency tests the subject is asked to generate members of the 

‘animal’ category in Part I and of the ‘food’ category in Part II; as many as 

possible within the thirty second time period.

Scores: for all fluency tests the total number of correct responses (within 30 

seconds) is counted, words with more than one meaning are counted only once.
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IV. Naming speed

In the two naming speed tests subjects are required to name a random sequence
•items

of 50 in Part I and 50 in Part II.

1) Picture naming test

In the picture naming test the stimuli consist of line drawings of common objects 

(e.g. box, table, ball, hat, and door)

2) Digit naming test

In the digit naming test the stimuli consist of 50 single digit numbers.

Scores: the average time for Part I and Part II is calculated for both naming tests. 

In addition the total number of naming errors made is noted.

4.3 Phonological processing in autism

Subjects

A group of eleven subjects with a diagnosis of pervasive developmental disorder 

(autism or Asperger’s syndrome) was compared with a group of eleven younger 

normal subjects matched on word recognition abilities measured by the Basic 

Reading (BR) subscale (raw scores) of the WORD (Wechsler Objective Reading 

Dimensions, 1993). This equates subjects for single word reading level, but not 

for reading ability which takes age into account (shown in terms of standard 

scores). Table 6 shows the means and standard deviations of Basic Reading 

scores, full scale IQ scores and chronological age of the two groups.

Table 6: W ORD-BR subtest, FIQ and CA for PhAB autistic/normal comparison: means, sds

Basic Reading (raw scores) 37.7 (5.8) 38.1 (5.1)

Basic Reading (standard scores) 9 3 .9 (1 1 .1 ) 110.1 (7.8)

FIQ 7 1 .6 (1 6 .5 ) 122 .3 (15 .7 )

CA 1 ly  8 mth (3y) 8y 7 mth (9 mth)
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Results
The performance of the two groups was compared by multivariate analyses of 

covariance with chronological age as a covariate. As can be seen from table 6 the 

group with autism is on average 3 years and 5 months older than the normal 

control group. It was thought important to partial out the effects of performance 

that were a function of age. This would ensure that findings of good performance 

by the group with autism would not be due to that group being older. The results 

of the phonological awareness (PA) tests (alliteration, rhyme and spoonerism) 

together with the nonword reading scores and WORD Spelling subtest (raw 

scores) are presented in table 7, the results of the fluency tests in table 8, and the 

results of the naming test in table 9.

In addition, all subjects’ raw scores were tranformed into standardised 

scores, and compared by independent t-tests, shown in table 10. This gives an 

indication of the performance of the two samples relative to their age group. The 

standardised scores have a mean of 100, and a standard deviation of 15. Average 

performance within the 68% confidence interval is represented by scores 

between 84 and 114.

Table 7: PA, spelling and nonword reading for autistic/normal comparison: means, sds.

Alliteration observed mean 10 9.9 (.30) 9.9 (.30)

adjusted means 9.9 9.9 .149, .703

Rhyme observed means 21 16 .2 (3 .2 ) 17.2(1 .9)

adjusted means 17.2 17.3 .679, .420

Spoonerisms observed means 30 9.7  (8.6) 22.0 (3.2)

adjusted means 9.8 21.9 11.79, .003**

Spoonerisms observed means secs 79 .0  (36.9) 5 3 .0 (8 .6 )

adjusted means 7 8 4 53.6 2.95, .102

Nonword observed means 20 17.4 (2.2) 16 .8 (2 .9 )

adjusted means 17.1 17.1 .000, .994

Spelling observed means 50 29.3 (4.9) 27 .0 (3 .4 )

adjusted means 2T 2 29.1 1.44, .245

The two groups performed at ceiling on the alliteration task (maximum score = 

10). There were no differences in rhyming abilities and nonword reading, but on
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the spoonerism task the normal controls performed significantly better than the 

subjects with autism.

Table 8: Fluency for autistic/normal comparison: means, sds

Alliteration Fluency observed means 7.1 (3.6) 6.3 (2.3)

adjusted means 6.6 6.8 .011, .915

Rhyme Fluency observed means 5.5 (2.4) 4.9  (2.0)

adjusted means 5.1 5.3 .041, .842

Semantic Fluency observed means 10 .3 (5 .0 ) 10.5 (1.9)

adjusted means 9.7 11.1 .508, .485

There were no significant differences in fluency between the two groups. 

Table 9: Naming Speed for autistic/normal comparison: means, sds

Picture Naming Speed observed means 48 .5 (1 4 .1 ) 49.4 (8.5)

adjusted means 5 3 ^ 44.1 4.13, .056 *

Picture Naming errors' observed means 1.6 (.80) 2.7 (1.2)

adjusted means 1.5 2.8 4.88, .040*

Digit Naming Speed observed means 27.9 (7.5) 26.0 (5.1)

adjusted means 3 0 8 23.0 8.86, .008**

Digit naming errors^ observed means .86 (.81) .27 (.34)

adjusted means 1.0 .10 9.33, .007**

The autistic group performed significantly slower at rapid naming of both digits 

and pictures of common objects, and made significantly more errors on the digit 

naming test, but significantly fewer errors on the picture naming test. A repeated 

measures ANOVA was performed to compare the differences in picture naming 

and digit naming error scores in the two groups (within-group factor: error 

scores, between-group factor: group). There was a significant main effect of error 

scores; both groups made more errors in the digit naming test than the picture

' When the error analysis was done without the removal o f  the age factor, by use o f  a non- 
parametric Mann-Whitney U test (W ilcoxon rank sum), the result remained significant: (U  =
29.5, W  = 95.5, p= .04*).
■ When the error analysis was done without the removal o f the age factor, by use o f  a non- 
parametric Mann-Whitney U test (W ilcoxon rank sum), the result remained significant: (U =
31.5, W =  155, p= .04*).
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naming test (F(20,l)=33.7, p=.000). The effect of group was non-significant 

(F(20,l)=1.00, p=.329), while the interaction error by group was significant 

(F(20,l)=9.70, p=.005). The group with autism made more errors in the digit 

naming test (follow-up t-test: t(20)=2.23, p=.037), and fewer errors on the picture 

naming test (t(20)=-2.44, p=.024), relative to the normal group.

Table 10: PhAB-Standardized Scores autistic/normal comparison: means, sds
Measure

Alliteration

Rhyme

Spoonerism total 

Non word Reading 

Alliteration Fluency 

Rhyme Fluency 

Semantic Fluency 

Digit Naming Speed 

Picture Naming Speed

Autistic, n = ll

98.9  (3.6)

9 1 .3 (1 7 .0 )  

86 .0 (1 7 .1 )  

105 .7 (11 .9 )  

100 .2 (19 .8 )  

103.8 (15.7) 

93.0 (21.9) 

9 0 .5 (1 3 .1 )  

9 1 .5 (1 3 .7 )

Normal, n = ll

100.2 (.603) 

104.7 (9.8)

115.1 (2.7) 

113 .6 (11 .9 )  

106 .3 (12 .2 )  

110 .4 (12 .9 )  

104 .9 (8 .2 )

111.1 (9.9) 

103.5 (13.6)

Both groups’ performance was within the 68% confidence interval representing 

average performance. The lowest scores were the spoonerism totals in the autistic 

group, while the normal group achieved the highest scores on this measure. 

Significant differences were obtained for rhyme (t(20)=-.227, p=.034), 

spoonerisms (t(20)=-5.59, p=.000), picture naming speed (t(20)=-2.05, p=.054) 

digit naming speed (t(20)=-4.13, p=.001).

Discussion

1) Phonological Awareness, Nonword Reading and Spelling

When matched for reading level the autistic and normal groups performed 

similarly on rhyming and alliteration tasks, although differences in the latter may 

be obscured by ceiling effects. From this it appears that phonological awareness 

at the onset/rime level is relatively intact in autism. The groups performed 

significantly differently on the much harder spoonerism test which assesses PA 

at the phoneme level. The spoonerism test in particular requires the functioning 

of other cognitive skills such as working memory. From the correlational data



available for normal subjects^ (n=17), the highest and the only significant 

correlation between the PA measures and full scale IQ was between the 

spoonerism total scores and FIQ (r=.76, p=.002). The normal group thus benefits 

from domain-general processing skills on this test. In the data available for 

subjects with autism (n=17), there were no substantial or significant correlations 

between any of the PA measures and either FIQ or the two IQ subscales, so that 

there may be a third factor involved which may not be picked up by IQ 

measurements in populations with autism. The most likely factor would be a 

working memory (WM) or executive functioning (EF) component. In the 

spoonerism task information needs to be held in mind while, according to a 

specific rule, a manipulation is performed on this information. These 

requirements fit with Pennington and Ozonoffs (1996) description of WM: 

“WM is a system that allows an organism to temporarily hold on-line constraints 

relevant to the current context...”. This active component of WM as opposed to 

the slave systems such as the articulatory or phonological loop, has been called 

the central executive (Baddely & Hitch, 1974), and is synonymous with 

executive function. It is well documented that executive function deficits are 

associated with autism (Pennington & Ozonoff, 1996), and Benetto, Pennington 

and Rogers (1996) have found specific working memory deficits in individuals 

with autism" .̂ The poor performance of the group with autism on the spoonerism 

test may thus stem from executive function deficits which may not necessarily 

result in lower IQ test scores. Most of the WISC subtests probably do not require 

WM operations to any great extent.

Apart from executive function demands, the requirement of the explicit 

handling of phonemes in tests like the spoonerism task might pose a further 

problem for children with autism. One may argue that explicit awareness of 

phonemes may not be necessary in successful acquisition of decoding skills, 

rather such explicit learning may be the by-product of reading experiences^ in

 ̂ Correlations were obtained for all subjects in a group, not only the ones selected in a matched 
group comparison. The group of all subjects will be referred to as baseline group.

However, Russell, Jarrold & Henry (1996) did not find specific impairments in WM in autism. 
These authors compared the performance of the subjects with autism with MLD controls, while 
in the Bennetto et al. (1996) study, the subjects with autism were of (near) average IQ, and were 
compared with a group with various diagnoses such as dyslexia and ADHD, but without mental 
retardation.
 ̂ The implication of explicit awareness of phonemes may, however, have more importance in 

spelling processes.
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normal development. Particularly in autism, characterised by a meta- 

representational deficit, such awareness might be compromised, so that measures 

that test the operation of grapheme-phoneme mapping in a more implicit manner 

might be of more value. Non word reading might be considered an ideal test to 

assess the implicit ‘awareness’ of phonemes in the alphabetic script. Nonword 

reading can only be achieved successfully if a subject has knowledge of the 

phoneme-grapheme correspondence rules, and can thus assemble correct 

pronunciations on the basis of these rules. The rules in turn can only be acquired 

if a subject has at least implicit ‘awareness’ at the phonemic level. The finding 

that the group with autism is just as good as the normal control group on the 

nonword reading test suggests that the subjects with autism have at least implicit 

PA at the phonemic level and utilise it in their reading. This finding supports the 

interpretation that PA at the phonemic level, does not have to be explicit for 

successful reading, however many PA tests may specifically measure explicit 

PA. Consideration of such dissociations between performance on PA tasks that 

measure a combination of processes, including explicit awareness, which may 

not be required in decoding, and more implicit tests such as the nonword reading 

test, might help to avoid making inferences based on correlative evidence only. 

Poor PA is normally correlated with poor word and nonword reading, but this 

does not imply causality (i.e. explicit PA is not necessarily required in the 

acquisition of decoding). A similarly mistaken interpretation, the ‘jump’ from 

inferring poor competence from poor performance, has been pointed out by 

Morton and Frith (1993) in response to a study by Cossu et al. (1993) who 

concluded that PA is not required in the acquisition of reading, as children with 

Downs syndrome were found to fail on PA tests.

The autistic group was just as able to spell words correctly as the normal 

group. This is not surprising given the extremely high correlations that exist 

between word reading ability and spelling ability (r=.89, p=.000 in the autistic 

baseline group, n=17; r=.73, p=.003 in the normal baseline group, n=17). 

Nonword reading correlated significantly with spelling in both groups (autistic: 

r=.58, p=.018; normal: r=.83, p=.000). This indicates that the phonological 

processing skills required for successful nonword reading also mediate spelling 

ability in both groups. In contrast to this, performance on the spoonerism test 

correlates significantly with spelling in the normal (r=.79, p=.000), but not in the
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autistic group (r=.20, p=.442), confirming that the spoonerism test does not 

adequately reflect phonological processing ability in groups that struggle with its 

task demands for different reasons (i.e. EF requirements).

In summary, the findings support the interpretation that PA at the 

phonemic level is intact, and that poor performance on the spoonerism test, in the 

presence of good nonword reading skills, is due to task demands rather than a 

true deficit in PA at the phoneme level.

2) Verbal Fluency

The results of all three fluency measures showed that the group with autism is 

not impaired in the generation of items from the mental lexicon on the basis of 

phonology or on the basis of membership in a conceptual category. This is a 

somewhat surprising finding given that deficits in generativity (subsumed under 

the umbrella term executive functioning) have been found to be associated with 

autism (Turner, 1996). The fluency data was further inspected with regard to 

repetitions: For all three fluency tests the total number of repetitive responses per 

subject was counted. The Wilcoxon test indicated that there were no significant 

differences between the groups (p = .40). The present results thus showed that 

not only is the group with autism able to generate as many responses as the 

normal group, but that retrieval and WM operations were unimpaired in this case. 

To produce a number of different responses requires that a record is kept of those 

already produced so that repetitions can be avoided (phonological loop and 

central executive demands); in order to produce an adequate number of 

responses, representation and accessibility of the entries in the mental lexicon has 

to be intact. In this sense the results may be taken as an indication that not only is 

semantic processing at the single word level intact in autism (Snowling & Frith, 

1986), but also at the category level (e.g. associative networks of within category 

membership). This latter idea is supported by the semantic fluency data as 

members of commonly established categories need to be produced.

The phonological ability required in the alliteration and rhyme fluency 

tests may partially rely on PA of onset and rime sounds, but in addition gives an 

indication of the organisation of the mental lexicon based on the phonological 

code. The results show that the phonological representations in the mental
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lexicon in autism are as well set up and as easily accessed as in normal 

development.

3) Speed and automaticity of naming

The group with autism was significantly slower in naming speed than the normal 

group, however both groups were similar in absolute terms; significant 

differences only appeared when age was partialled out. It could be argued that 

partialling out age penalized the autistic group unjustifiably, as there was a 

significant correlation between digit naming speed and age in the normal group 

only (r=-0.66, p=.004, n=17), but not in the autistic group (r=-0.29, p=.263, 

n=17), and picture naming speed was not significantly correlated with age in 

either group (normal: r=-0.42, p=.095, n=17; autistic: r=-0.17, p=.514, n=17).

In the normal baseline group digit naming and FIQ were negatively 

correlated, but not significantly so (r=-0.39, p=.172). One might expect a 

negative association as fast naming ability may, to some extent, be related to 

faster information processing generally, which in turn may influence the 

development of intelligence as measured by IQ tests. Correlations between 

inspection times and digit naming speed were calculated for the normal data 

available (n=8) and were non-substantial (r=.10). From this data it seems that 

digit naming speed and inspection times do not tap the same process. 

Unfortunately, a sample of eight subjects does not allow any firm conclusions, 

and it would be important to examine this relationship in larger samples. From 

this preliminary data, however, it seems that the digit naming test is not 

confounded by domain-general factors such as central processing speed.

A significant correlation between FIQ and digit naming speed was 

obtained in the autism baseline sample, however, the direction is opposite to that 

in the normal baseline group (r=.47, p=.057). These results are puzzling; in the 

normal group it seems that the speed with which digits can be processed is 

associated with higher IQ test scores. In the autistic group, verbal IQ is 

associated with slower digit naming (r=.54, p=.024), but not the performance IQ 

(r=.23, p=.37). Digit naming speed can thus be dissociated from central processes 

such as intelligence; in fact higher verbal ability might interfere with, rather than 

aid, the rapid production of phonological word forms for digits.
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In the digit naming test the data base is small (digits 1 to 9), whereas in 

the picture naming test the data base is potentially huge: there are many entries in 

the mental lexicon that are either semantically or phonologically related to the 

five target items of the picture naming test. In both tests subjects have to name 

100 items (in the digit naming test 9 different items, in the picture naming test 5 

different items, that are repeatedly presented in random sequence), but the 

absolute times in the picture naming test are always found to be longer (Wilson 

& Cline, 1995). This has also been found in the present investigation and is 

thought to reflect the effect of the size of a data base. One possible explanation of 

the differences between picture and digit naming tasks, is that semantic 

activation may be involved in the picture naming test, but not in the digit naming 

test. The viewing of the pictures may lead to spreading activation along semantic 

associations of the target objects and related objects. The idea is that this 

semantic activation is faster than the activation of the corresponding 

phonological word form of the presented object. On the digit naming test, an 

abstract symbol is presented. Here the association to the phonological word form 

maybe stronger than a association to a semantic concept, and consequently the 

probability of producing an incorrect phonological representation (i.e. word) is 

lower. However, the autistic group made significantly more errors on the digit 

naming test. A deficit in executive functioning might explain this finding. The 

data base activated in the digit naming test is very small (digits 1 to 9) and the 

high error rate here is likely to indicate problems in switching or suppression (i.e. 

executive function) rather than word retrieval problems due to a large data base.

In the picture naming test, spreading of semantic activation may occur in 

the normal group, but not in the group with autism, resulting in the significantly 

higher error score in the normal group. The neural network of the mental lexicon 

of a young, normally developing child may be less established and associations 

may not be as precisely defined, which may lead to a considerable number of 

errors in behaviour under pressure (e.g. speeded test). However, a high error rate 

may just as well be an indication of a normal, healthy process of learning rather 

than necessarily implying an impairment. The error score in the dyslexic group 

on the picture naming test is as high as in the normal group, thus supporting the 

reality of this effect (see below, section 4.4). These speculations may hold if 

indeed it is found that the semantic data base is larger for subjects with high
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verbal IQs. The fact that the group with autism made significantly fewer errors 

might be due to less-well established connections between the entries in the 

mental lexicon in autism. As a consequence, less interference and editing of 

responses would be needed when performing the picture naming test, thereby 

fewer errors are made.

4.4 Phonological processing in dyslexia 

Subjects

A group of fourteen subjects with a statement of dyslexia were compared with a 

group of fourteen younger normal subjects matched on word recognition level 

measured by the WORD Basic Reading (BR) subscale (raw scores). Table 11 

shows the means and standard deviations of BR scores, full scale IQ scores and 

chronological age (CA) of the two groups.

TablelhW ORD-BRsubtest^FIQandCAforPhABdysIexic/n^^ means, sds

Basic Reading (raw scores) 31.1 (5.7) 30.9 (7.7)

Basic Reading (standard scores) 79.6 (8.24) 103.7(10.4)

FIQ 103.4(13.7) 114.2(17.9)

CA 1 ly 4 mth (ly 6 mth) By 1 mth (ly)

Results
The performance of the two groups on the various measures of the PhAB was 

compared by multivariate analyses of covariance with age as a covariate. The 

dyslexic subjects were on average three years and 3 months older than the 

normal control subjects. In other words in the present sample, the 11 year old 

dyslexic children had acquired a level of word recognition still comparable to 

that of normal children, approximately three years younger. Phonological 

processing skills are not only a prerequisite for the acquisition of reading, but 

also develop as a consequence of familiarisation of the alphabetic code and 

exposure to print. Consequently, it would be predicted that the dyslexic group be
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disadvantaged in phonological processing simply as a result of reduced reading 

experience, if compared with age-matched controls. A primary phonological 

processing deficit can thus not be unambiguously be supported by studies using a 

CA match design. An alternative is the use of reading level matched controls, 

although this design too is not without problems. No test achieves pure 

measurement of a cognitive process: A variety of skills is required, and the test 

score obtained for the target process confounds other cognitive factors. It is also 

likely that in performing the tests of the PhAB, the older dyslexic subjects have 

skills (unaffected by dyslexia) that have advanced beyond the level of the much 

younger normal children. It was thus thought appropriate to partial out the effect 

of age, so an interpretation of differences in test performance could be more 

confidently attributed to differences in phonological processing abilities.

It is also important to point out that the dyslexic group obtained lower IQ 

test scores than the normal group. This difference, as opposed to the difference in 

age, is not significant, and there is evidence that suggests that IQ test scores are 

affected in dyslexia, especially as a function of age (Siegel, 1992; Stanovich, 

1986). It is thus not certain that the lower IQ test scores in the dyslexic sample 

reflect a true difference in intelligence, and consequently to keep the analyses as 

simple as possible, IQ was not chosen as a covariate in addition to age.

The results of the phonological awareness (PA) tests (alliteration, rhyme 

and spoonerism) together with the non word reading scores and WORD spelling 

subtest (raw scores) are presented in table 12, the results of the fluency tests in 

table 13 and the results of the naming test in table 14. Table 15 presents the 

results of the comparison of standardized scores.
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Table 12: PA, spelling and nonword reading for dyslexic/normal comparison: means, sds
Measure Dyslexic, n=14 Normal, n=14 F value, p

Alliteration observed means 10 

adjusted means 

Rhyme observed means 21 

adjusted means 

Spoonerisms observed means 30 

adjusted means 

Spoonerisms observed means secs 

adjusted means 

Nonword Reading observed means 20 

adjusted means 

Spelling observed means 50 

adjusted means

9.3 (1.3)

8.7

15.4 (2.4)

14.2

9.5 (5.8)

7.4

73.5 (23.4)

70.2

10.8 (4.4) 

7.9

22.5(4.5)

22.0

8.8 (2.4)

9.4

15.5 (3.8)

16.8

16.4 (7.0) 

1&6

66.7(17.0)

70.0

13.1 (5.3) 

15.9

23.0 (5.3) 

2 3 j

.33, .573 

1.82,. 189 

8.04, .009** 

.000, .990 

8.94, .006** 

.214, .648

There were no significant differences on the alliteration and rhyme test. The 

dyslexic group performed significantly worse on the spoonerism and nonword 

reading test.

Table 13: Fluency for dyslexic/normal comparison: means, sds

1 Alliteration Fluency observed means 5.3 (2.5) 5.9 (2.3)

adjusted means 5.0 6.1 .523, .476

Rhyme Fluency observed means 4.9 (2.3) 4.5 (2.1)

adjusted means 3.7 5.8 2.75, .109

Semantic Fluency observed means 11.4 (2.5) 9.9 (1.9)

adjusted means 9.7 11.7 3.22, .085

There were no significant differences on any of the fluency measures between 

the two groups.
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Table 14: Naming Speed for dyslexic/normal comparison: means, sds
Measure Dyslexic, n=14 Normal, n=14 F value, p

Picture Naming Speed observed means 48.8 (12.1) 54.1(15.4)

adjusted means 54.1 48.8 .406, .530

Picture Naming errors observed means 2.0 ( 1.2) 2.9 ( 1.7)

adjusted means 2.2 2.7 .276, .604

Digit Naming Speed observed means 32.9 (8.9) 30.7 (8.4)

adjusted means 37.5 26.2 5.29, .030*

Digit naming errors observed means .60 (.71) .54 (.63)

adjusted means .95 .19 3.92, .059*

The dyslexic group performed significantly slower and significantly less accurate 

on the digit naming test; there were no significant differences between the two 

groups on the picture naming test. A repeated measures ANOVA was performed 

to compare the differences in picture naming and digit naming error scores in the 

two groups (within-group factor: error scores; between-group factor: group). 

There was a significant main effect of error scores; both groups made^ewer 

errors in the digit naming test than the picture naming test (F(26,l)=52.5, 

p=.000). The effect of group (F(26,l)=1.24, p=.2.76, and the interaction error by 

group were non-significant, although the interaction showed a trend 

(F(26,l)=3.16, p=.087). The group with dyslexia showed a tendency to make 

fewer errors on the picture naming test (t(26)=-1.51, p=.142), but the slightly 

higher error rate on the digit naming test was not noteworthy (t(26)=.28, p=.78).

Table 15: PhAB-Standardized Scores dyslexic/normal comparison: means, sds

Alliteration 93.5 (8.4) 97.6 (7.2)

Rhyme 88.1 (9.8) 104.2 (9.3)

Spoonerism total 85.4(10.0) 109.2(8.4)

Nonword Reading 90.1 (7.6) 107.3(11.7)

Alliteration Fluency 92.2(13.0) 106.1 (12.5)

Rhyme Fluency 100.5 (14.4) 110.2(12.3)

Semantic Fluency 94.3(11.0) 105.5 (7.9)

Digit Naming Speed 83.7(10.7) 106.5 (12.0)

Picture Naming Speed 92.8(12.1) 101.3(19.3)
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Both groups’ standardized scores were within the 68% confidence interval of 

average performance; only the dyslexic group’s digit naming scores fell outside 

of this interval, and the spoonerism scores were on the border of the lower limit. 

As the normal group tended to achieve scores above the mean, and the dyslexic 

group below the mean, most comparisons reached significance: rhyme (t(26)=- 

4.43, p=.000), spoonerism (t(26)=-6.82, p=.000), nonword reading (t(26)=-4.63, 

p=.000), alliteration fluency (t(26)=-2.87, p=.008), semantic fluency (t(26)=- 

3.06, p=.005), and digit naming speed (t(26)=-5.30, p=.000).

Discussion

1) Phonological Awareness, Nonword Reading and Spelling

The dyslexic group performed nearly as well as the normal group on the 

alliteration and rhyming test, indicating that phonological awareness at the 

onset/rime level is in line with the level of word recognition achieved, even after 

the effects of age have been removed. In contrast, the dyslexic group performed 

significantly worse on the spoonerism test and the nonword reading test. This 

finding indicates that PA at the phoneme level is lower than would be expected 

on the basis of word recognition level. As the poorer performance on the 

spoonerism test is accompanied by poorer performance on the nonword reading 

test, it is convincing to conclude that it is indeed phonological processing which 

is impaired here.

The dyslexic group was as able to spell words as well as the normal 

group. As had been pointed out in section 4.3, correlations are high between 

word reading and spelling ability. This was also the case in the dyslexic group 

(r=.66, p=.004). It is very interesting to observe that spelling ability is also highly 

correlated with nonword reading ability in the normal group (r=.79, p=.000), 

similar to the relation between word and nonword reading (r=.77, p=.000). This 

indicates that, as in the acquisition of reading ability, PA is greatly involved in 

the acquisition of spelling ability. In the dyslexic group, on the other hand, word 

reading is not correlated with nonword reading ability (r=.07, p=.774), nor is 

spelling ability correlated with nonword reading ability (r =-0.10, p=.906). It thus
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seems likely that in dyslexia both reading and spelling abilities are acquired 

without reliance on PA, possibly through some other means (i.e. possibly making 

greater use of sight vocabulary development). The fact that reading and spelling 

are as highly correlated in the dyslexic (r=.65, p=.004) as they are in the normal 

group (r=.83, p=.000), may have more to do with the specialist teaching that the 

dyslexic children received in both these areas (all were in special education) 

rather than any natural development of these skills.

In summary, the results obtained from the present study can be added to 

the number of studies in the literature that reported deficits in PA in dyslexia. It 

is also noteworthy that all the children with dyslexia participating in this study 

had received remediation training in phonology. This training may have brought 

performances on the easier PA tasks at the onset/rime level near to normal, but a 

deficit at the considerably harder phonemic level, may persist.

2) Verbal Fluency

The results of the fluency data showed that there was a tendency in the dyslexic 

group to perform worse on all three fluency measures, when the effect of age was 

partialled out. On the alliteration test, where whole word forms have to be 

retrieved from their mental lexicon on the basis of initial sounds only, the 

differences are minimal. The rhyming test requires the same process, but the 

whole word forms need to be identical except for the initial letter sounds, and 

this test is thus relatively harder. The differences between the groups on the 

rhyme test are noteworthy, but not significant. Seymour and Evans (1994) have 

challenged the idea that in beginning readers PA develops from the larger to the 

smaller segments of sound; they would thus predict groups with dyslexia to be 

more impaired on rhyme than alliteration fluency tests, as has been found here.

The results of the semantic fluency test are very interesting. The dyslexic 

group obtained higher scores in absolute terms, however, if the age factor is 

partialled out this effect is reversed. The dyslexic group’s performance is poorer 

than the normal group’s performance, but not significantly so (p=.109)^.

 ̂ In the normal group Verbal IQ correlated with semantic fluency (r= .48, p=.082), while in the 
dyslexic group the correlation was very small (r= .ll, p=.674). (The other IQ scales were 
unrelated to semantic fluency in both groups.) It thus seems that there is a straight relationship 
between verbal IQ and semantic fluency in normal development, while in dyslexia semantic 
fluency may also be somewhat impaired, although to a much lesser degree than alliteration and
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3) Speed and automaticity of naming

The findings on the naming tests showed an interesting dissociation: the dyslexic 

group was significantly impaired in naming speed when naming symbols which 

are mainly phonologically, rather than semantically represented in the mental 

lexicon. In the digit naming test the symbols have similar semantic meaning in 

that they are all digits, the only difference being the location in the number 

system. There is thus relatively little semantic distinctness for digits (at least 

when presented in a naming test where attention is focused on each digit singly, 

making any context use to substantiate meaningfulness impossible). The 

subject’s naming of digits in this test relies almost exclusively on the retrieval of 

the phonological representations from the mental lexicon with no associative 

support from the semantic network system. The dyslexic group performed worse 

than the control group on this test, presumably because of a deficit in the 

phonological code. On the picture naming test, on the other hand, the dyslexic 

group was relatively unimpaired, which could be explained in terms of the 

availability of different representational formats that can be activated 

simultaneously: the pictorial representations presented can be used to access the 

semantic system, not relying exclusively on phonological representations. There 

may thus be less dependence on the phonological code, and activation from the 

semantic network can support the activation of presumably weaker phonological 

representations. This interpretation contrasts with theoretical conceptions that 

view naming ability as distinct from phonological processing, and as an ability 

reflecting a precise timing mechanism (Bowers & Wolf, 1993), that would 

presumably be also deficient in other modalities (Fawcett & Nicolson, 1992). 

This issue can only be answered with further empirical studies.

rhyme fluency, where phonological representations are most important. Such an impairment 
could explain the lack of association with verbal IQ in this group.
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4.5 Phonological processing in mental retardation 

Subjects

A group of twelve subjects with moderate learning difficulties (MLD) were 

compared with a group of twelve younger normal subjects matched on word 

recognition abilities measured by the WORD Basic Reading (BR) subscale (raw 

scores). Table 16 shows the means and standard deviations of BR scores, full 

scale IQ scores and chronological age of the two groups.

Table 16; WORD-BR subtest, FIQ and CA for PhAB MLD/normal comparison: means, sds
Measure MLD, n=12 Normal, n=12

Basic Reading (raw scores) 32.1 (7.3) 31.9 (8.0)

Basic Reading (standard scores) 78.7 (14.6) 104.1 (10.3)

FIQ 64.2(11.1) 112.1 (16.6)

CA 12y 4 mth (2y 3 mth) 8y 2 mth ( 1 y)

Results
The performance of the two groups was compared by multivariate analyses of 

covariance with chronological age as a covariate. As can be seen from table 14 

the MLD group is on average four years and two months older. Analogous to the 

comparison of the group with autism and the normal group, the investigation of a 

domain-specific process in a group with general difficulties in higher level 

cognitive functions was thought to provide insights in how far phonological 

processing can be considered to function in the absence of normal intelligence 

levels, and in how far the PhAB measures phonological processing alone.

The results of the phonological awareness (PA) tests (alliteration, rhyme 

and spoonerism) together with the nonword reading scores and WORD spelling 

subtest (raw scores) are presented in table 17, the results of the fluency tests in 

table 18, and the results of the naming test in table 19. Table 20 presents the 

standardized scores of the PhAB subtests for the two groups.
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Table 17; PA, spelling and nonword reading for MLD/normal comparison: means, sds
Measure

Alliteration observed means 10 

adjusted means 

Rhyme observed means 21 

adjusted means 

Spoonerisms observed means 30 

adjusted means 

Spoonerisms observed means secs 

adjusted means 

Non word Reading observed means 20 

adjusted means 

Spelling observed means 50 

adjusted means

MLD, n=12 Normal, n=12 F value, p

8.5 (1.5) 

8.0

11.4 (4.6)

-  X
4.7(15.5)

L r  "

71.1 (45.9)

71.4

11.8(4.9)

12.5

23.2 (3.9) 

22.0

8.7 (2.6)

9.2

14.9 (3.7)

15.6

16.7 (7.2)

19.8

67.6(18.4)

67.2

13.3 (4.7)

12 .6 ^

24.1 (5.4)

25.2

.720, .406 

3.16, .090 

20.98, .000*** 

.032, .860 

.001, .974 

1.07, .313

The MLD group performed significantly worse on the spoonerism test than the 

normal control group. There were no significant differences on the alliteration, 

rhyme and nonword reading test, although there was a trend for the MLD group 

to perform more poorly on the rhyme test.

Table 18: Fluency for MLD/normal comparison: means, sds

Alliteration Fluency observed means 4.9 (1.9) 5.7 (2.2)

adjusted means 4.2 6.5 2.74, .112

Rhyme Fluency observed means 3.4 (2.1) 4.8 (2.0)

adjusted means 3.4 4.8 1.09, .308

Semantic Fluency observed means 8.8 (1.9) 10.1 (1.9)

adjusted means 8.1 10.8 5.10, .035*

The MLD group did not perform significantly worse on the alliteration and 

rhyme fluency test, but on the semantic fluency test the MLD group performed 

significantly worse than the normal group.

 ̂ The unexpected direction in the adjustment of the means here is surprising, and may be 
explainable in terms of the correlation between CA and nonword reading being negative in the 
MLD group (r=-.39, p=.212), and positive in the normal group (r=.45, p-.140). These opposite 
relations may have led to the adjustment which does not seem to reflect the covariation with age 
accurately. An independent t-test calculated on the basis of the observed means is also non
significant: t (22)=-.80, p=.430.
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Table 19: Naming Sneed for MLD/normal comparison: means, sds
Measure MLD, n=12

Picture Naming Speed observed means 47.1 (11.8) 

adjusted means 53.7 

Picture Naming errors observed means 2.7 (1.7) 

adjusted means 3.4 

Digit Naming Speed observed means 29.4 (8.7) 

adjusted means 31.7 

Digit naming errors observed means 1.2(1.2) 

adjusted means 1.71

Normal, n=12 F value, p

51.2(13.6) 

44.6 

2.7 (1.8) 

1.9

30.0 (7.8) 

27.8 

.50 (.52) 

- 0.001

1.43, .245 

1.72, .204 

.516, .480 

10.07, .005**

There were no differences between the groups in naming speed on either the 

picture naming or the digit naming test. The MLD group made significantly more 

errors on the digit naming test, whereas no differences in errors were observed 

on the picture naming test.

Table 20: PhAB-Standardized Scores MLD/normal comparison: means, sds

Alliteration 88.3(10.5) 96.8 (7.5)

Rhyme 77.8(10.0) 101.6 (5.3)

Spoonerism total 74.9 (8.1) 109.2(9.0)

Nonword Reading 89.9(12.9) 106.2 (9.9)

Alliteration Fluency 85.7(12.1) 104.7(11.4)

Rhyme Fluency 87.2(13.2) 111.9(12.6)

Semantic Fluency 76.3 (7.6) 106.2 (7.0)

Digit Naming Speed 86.0(16.2) 106.5 (12.0)

Picture Naming Speed 90.6(11.7) 104.8(17.9)

As can be seen from the table the MLD group achieved standardised scores 

considerably below the mean, whereas the normal group’s scores are mostly 

above the mean. However, only the rhyme, spoonerism, and semantic fluency 

scores fell below the lower limit of the 68% confidence interval of average 

performance, and the alliteration fluency scores were near that lower limit. 

Comparisons on all subtests were significant at p<.05 or p<.001.
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Discussion

1) Phonological Awareness, Nonword Reading and Spelling

The results for the MLD group were similar to those of the group with autism. 

Nonword reading was found to be preserved while performance on the 

spoonerism test was impaired. In addition the MLD group showed a trend to 

perform worse on the rhyme test. Given that the difference between IQ in these 

two groups is extremely large, and that MLD children usually perform worse 

than children in the normal range of IQ on any chosen test given to them, these 

findings can be taken as support for the domain-specificity of phonological 

processing. PA at the onset/rime level seemed to be relatively intact. PA at the 

phoneme level was intact when measured implicitly by a nonword reading test. 

On the other hand when PA at the phoneme level was measured by a test such as 

the spoonerism test where explicit segmentation and assembly of phonemes of 

two words simultaneously is required, and the WM load is considerable (see 

section 4.4), then the MLD group performed poorly. This will be further 

discussed in the general discussion below.

The MLD group was just as able to spell words as the normal control 

group. Correlations between spelling and nonword reading were very high 

(r=.90, p=.000). This is further evidence that not only is phonological processing 

intact in MLD children but that, just like normal children, they make use of these 

skills in spelling.

In summary, the MLD group, like the autistic group, appears to have 

intact phonological processing abilities, but fails phonological tests such as the 

spoonerism test, presumably due to the implication of higher cognitive abilities 

such as low IQ and slow central processing speed (i.e. inspection time). Further 

working memory deficits are also associated with moderate mental retardation 

Russell et al., 1996), and may explain poor performance, particularly on the 

spoonerism test.

2) Verbal Fluency

The MLD group showed poorer performance on all three fluency measures, but 

the difference reached significance only on the semantic fluency test. The
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performance on the alliteration fluency test was substantially, but non- 

significantly poorer than on the rhyme fluency test. This is somewhat 

counterintuitive as the alliteration test is thought to be easier than the rhyme test. 

However, it may be that the rhyme test was relatively difficult for both the MLD 

children and the younger normal children, while alliteration was less of a 

challenge for the normal children. Consequently the difference between the 

groups was larger on the easier rather than the harder test. Alternatively one may 

follow Seymour and Evans (1994), who suggest that tests requiring handling of 

larger segments of sounds are more difficult than handling of smaller segments, 

and would thus expect these findings. However, differences between the groups 

did not reach significance, suggesting that to a large extent phonological fluency 

can be achieved despite intellectual impairment. This finding supports both the 

domain-specificity assumption and the usefulness of the fluency test for 

populations with intellectual impairment.

3) Speed and automaticity of naming

The MLD group’s naming speed was similar to that of the control group. In 

contrast to the group with autism, the MLD group did not have significantly 

slower naming speed when compared with normal controls, but showed a trend 

in this direction. However, the absolute naming speed of the MLD and the 

autistic group was very similar, and the MLD group tended to be slower than the 

normal group when age was partialled out.

Like the autistic group, the MLD group made more errors on the digit 

naming test. However, as opposed to the autistic group, the MLD group tended to 

make more rather than fewer errors on the picture naming test. This supports the 

interpretation offered in section 4.3, that the relative lack of errors’in the autism 

group may give an indication of less well-established connectivity in the 

semantic network system.
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4.6 Autism and mental retardation: comparison of PhAB performances. 

Introduction

A group of subjects with mental retardation was compared with a group of 

subjects with autism. This investigation aimed to examine the implication of 

different domain-general processes in the performance of the PhAB, rather than 

phonological processing per se. Both disorders can be characterised by deficits in 

domain-general processes. However, in autism not all domain-general processes 

are affected and it is likely that some deficits are the consequence of a specific 

deficit in ToM. In chapter 3, a low-level measure of domain-general functioning 

was employed (i.e. inspection time). It was shown that the BPM processes 

information as fast in subjects with autism as in normal controls, whereas in 

subjects with mental retardation the BPM processes information at a significantly 

slower rate. This speed is thought the most crucial limiting factor in the 

acquisition of all domain-general processes (Anderson, 1992).

It is of considerable interest therefore to investigate whether dissociations 

occur in the performance of the two groups on the PhAB. In the case of the 

autistic group performing worse than the MLD group, the subtest in question 

needs to be examined with regard to processing requirements that are selectively 

impaired in autism. These would most likely stem from deficits in the two major 

cognitive deficits associated with autism (ToM and executive functioning). If, on 

the other hand, the group with autism outperforms the group with MLD, then one 

needs to examine the test requirements with regard to the implication of domain- 

general processes such as the speed of the BPM, special abilities such as savant 

skills, and preserved abilities, present in autism. Islets of preserved ability and 

savant skills have been explained in terms of weak central coherence, which has 

been suggested to produce relatively good performance on certain tasks such as 

the Embedded Figures test (Jolliffe & Baron-Cohen, 1996; Frith & Shah, 1983) 

and the Block Design test (Shah & Frith, 1993).
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Subjects

A group of eleven subjects with a diagnosis of a pervasive developmental 

disorder (autism or Asperger’s syndrome) were compared with a group of eleven 

subjects with mental retardation matched on full scale IQ (WISC) and 

chronological age. Table 21 shows the means and standard deviations of WORD 

Basic Reading (BR) scores, full scale IQ scores and chronological age of the two 

groups.

Table 21: WORD-BR subtest, FIQ and CA for PhAB autistic/MLD comparison: means, sds

Basic Reading - raw 37.5 (6.7) 32.1 (7.7)

Basic Reading - standard 89.4(14.5) 78.5 (15.3)

FIQ 66.0(11.5) 65.4(10.8)

CA 12 y 8 mth (3 y 4 mth) 12 y 5 mth (2 y 3 mth)

Results
The performance of the two groups was compared by multivariate analyses of 

covariance with reading level as a covariate. The autistic group’s reading level is 

considerably higher than that of the group with mental retardation (t(20)=1.74, 

p=.098); better performance on the PhAB by the group with autism could thus be 

the consequence of better reading abilities rather than differences in domain- 

general abilities. It was thus decided to partial out the effect of reading level. The 

results of the phonological awareness (PA) tests (alliteration, rhyme and 

spoonerism) together with the non word reading scores and WORD spelling 

subtest (raw scores) are presented in table 22, the results of the fluency tests in 

table 23, and the results of the naming test in table 24.
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Table 22: PA, spelling and nonword reading for autistic/MLD comparison: means, sds
Measure

Alliteration observed mean 10 

adjusted means 

Rhyme observed means 21 

adjusted means 

Spoonerisms observed means 30 

adjusted means 

Spoonerisms observed means secs 

adjusted means 

Nonword observed means 20 

adjusted means 

Spelling (raw) observed means 50 

adjusted means

Autistic, n=11 MLD, n = ll F value, p

9.91 (.30)

9.7

16.0(3.3)

15.5

8.7 (8.8)

7.7

77.6(38.8)

79.3

16.0 (4.4)

14.7

28.9 (7.4)

27.1

8.6 (1.5) 

8.8

11.9 (4.2)

12.4

5.1 (5.6)

6.1

63.4

61.7 (31.9) 

11.2(4.9)

12.5

23.0 (4.1) 

24^

4.01, .060 

3.54, .075 

.267, .611 

1.13, .301 

Z38,J39  

2.00, .173

There was a trend for the autistic group to perform better than the MLD group on 

the alliteration and rhyme tests.

Table 23: Fluency for autistic/MLD comparison: means, sds

Alliteration Fluency observed means 6.2 (3.5) 5.1 (1.9)

adjusted means 5.7 5.6 .006, .939

Rhyme Fluency observed means 4.4 (2.7) 4.0 (2.3)

adjusted means 3.2 3.6 .097, .758

Semantic Fluency observed means 8.9 (4.6) 8.7 (2.1)

adjusted means 8.8 8.9 .010, .919

There were no significant differences between the two groups on any of the 

fluency measures.

Table 24: Naming Speed for autistic/MLD comparison: means, sds

Picture Naming Speed observed means 51.7(16.0) 47.5(12.3)

adjusted means 51.6 47.7 2.70, .572

Picture Naming errors observed means 1.8 (1.2) 2.8 (1.8)

adjusted means 1.7 2.9 .331, .117

Digit Naming Speed observed means 28J(& 4) 30.0(8.8)

adjusted means 28.1 300 .230, .729

Digit naming errors observed means 1.04(1.1) 1.22(1.2)

adjusted means 1.04 1.23 .124, .637
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There were no significant differences between the two groups on the two naming 

tests, however, there was a trend for the autistic group to make fewer errors on 

the picture naming test than the MLD group.

Discussion
There were no significant differences between the two groups on the spoonerism 

test, however from the previous comparisons with normal control groups, it is 

clear that both groups performed extremely poorly. The autistic group achieved a 

spoonerism score of 8.7, and a normal control group of the same reading level 

(e.g. control group in section 4.3) achieved a score of 22. The MLD group 

achieved a score of 5.1, while the normal control group used in section 4.5 (i.e. 

matched on reading level) achieved a score of 16.7. The spoonerism test is thus 

the most demanding subtest of the PhAB requiring domain-general processes that 

are impaired in autism and mental retardation. It had been suggested that this 

could most likely be attributed to WM demands (i.e. central executive 

impairment in autism; phonological loop impairment in mental retardation).

The autistic group performed somewhat better than the MLD group on 

the alliteration and rhyme test, and similarly to the normal control group 

employed in section 4.3 (i.e. matched on reading level) and the dyslexic group in 

section 4.4. The differences between the autistic and the MLD group were not 

significant though, suggesting that the alliteration and rhyme tests are relatively 

pure tests of phonological processing.

There were no significant differenceson the nonword reading and spelling 

test, although the autistic group performed slightly better. The overall scores of 

both groups are comparable to those obtained for the normal control groups. 

Spelling and word recognition were found to be highly correlated even in the 

dyslexic group, so that no differences are unexpected given that reading level 

was controlled for in the analyses. However, non word reading and spelling, and 

nonword reading and word recognition, can be dissociated as had been found in 

the dyslexic group (see section 4.4). The finding that both the autistic and the 

MLD groups have nonword reading abilities similar to normal control groups.
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and are better than the dyslexic group, indicates that the nonword reading test is a 

pure measure of phonological processing, with no great demands on domain- 

general functioning.

Both groups’ naming speeds (picture and digit) were similar to each other 

and similar to speeds obtained in the normal control groups in sections 4.3 and 

4.5. In section 4.3 the autistic group was found to have significantly slower 

naming speeds than the control group, while the MLD group was not 

significantly slower than the control group employed. It seems though that the 

autistic and the MLD group have comparable naming speeds.

Both groups made relatively more errors on the digit naming test when 

compared with the findings of their normal control groups (sections 4.3 and 4.5). 

The autistic group made 1.04 errors on average and the MLD group 1.22, 

whereas the normal control group in section 4.3 made .27 errors and the normal 

control group in section 4.5 made .50 errors on average. The higher error score 

was interpreted to reflect WM requirements (central executive in the autistic 

group; phonological loop in the MLD group). It is interesting that the finding that 

the autistic group made significantly fewer errors on the picture naming test than 

its normal control group (see section 4.3) has also been obtained here (as a trend, 

p=.l 17) in comparison with the MLD group.

Both groups’ performance on the fluency tests was similar, and 

alliteration and rhyme fluency scores were comparable to those in normal control 

groups, and also similar to the dyslexic group’s scores. The semantic fluency 

scores of the MLD and autistic group were lower than those of normal control 

groups and the dyslexic group, however differences in semantic fluency were not 

significant in the autistic normal comparison (seesection 4.3), but were 

significant in the MLD-normal comparison (see section 4.5). The semantic 

fluency test is the only subtest included in the PhAB that does not measure 

phonological processing, but domain-general semantic knowledge. As expected 

the MLD group’s performance was poorest, while the autistic and dyslexic 

groups’ performance was in the normal range.

In conclusion, the nonword reading and the digit naming test are the 

purest measures of phonological processing. Performance of the autistic and 

MLD group is normal, in line with their reading level, although the autistic 

group’s performance was not in line with their age level in section 4.3. The
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dyslexie group could not compensate for their phonological deficit on these two 

measures (see section 4.4). Although the autistic and the MLD group also 

performed normally on the picture naming test, the results from the dyslexic- 

normal comparison in section 4.4 showed that the dyslexic group can achieve 

normal speed on the picture naming but not on the digit naming test. It was 

suggested that there is a greater semantic component involved in the picture 

naming test, which allows the dyslexic group to compensate (i.e. an implication 

of domain-general processes). The spoonerism test, although measuring 

phonological processing (i.e. poor performance by the dyslexic group in section 

4.4), is the most challenging test for groups with domain-general deficits (i.e. 

autistic and MLD groups).

4.7 Autism and dyslexia - comparison of PhAB performances.

Introduction

A group of subjects with autism was compared with a group of subjects with 

dyslexia. Based on the assumptions that dyslexia presents a domain-specific 

deficit in P, and in autism functioning of P remains uncompromised, the 

following inference could be drawn: If the dyslexic group performs significantly 

worse than the autistic group on any of the PhAB tests, then the particular test in 

question represents a relatively pure measurement of P. Domain-general 

processes would be unlikely to contribute to performance on a test, as otherwise 

they might have allowed for compensation (i.e. better performance).

By comparing these two special groups more might be learned about the 

nature of the P deficit as well as the properties of the tests pinpointing to measure 

this function.

Subjects

A group of nine subjects with a diagnosis of a pervasive developmental disorder 

(autism or Asperger’s syndrome) were compared with a group of nine subjects 

with dyslexia matched on word recognition abilities measured by the WORD 

Basic Reading subscale (raw scores) and chronological age. Table 25 shows the
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means and standard deviations of WORD Basic Reading (BR) scores, full scale 

IQ scores and chronological age of the two groups.

Table 25: WORD-BR subtest, FIQ and CA for PhAB autistic/dyslexic comparison: means, sds
Measure

Basic Reading - raw 

Basic Reading - standard 

FIQ 

CA

Autistic, n=9

33.4(5.7)

88.8(15.9)

68.9(14.2)

11 y 4 mth (3 y 3 mth)

Dyslexic, n=9

33.1 (5.6)

8T4(&5)

102.0(13.5)

11 y 5 mth (1 y 7 mth)

Results
The performance of the two groups was compared by independent t-tests. The 

results of the phonological awareness (PA) tests (alliteration, rhyme and 

spoonerism) together with the non word reading scores and WORD spelling 

subtest (raw scores) are presented in table 26, the results of the fluency tests in 

table 27, and the results of the naming test in table 28.

Table 26: PA, spelling and nonword reading for autistic/dyslexic comparison: means, sds

Alliteration means 10 9.9 (.33) 9.1 (1.6) 1.41,.176

Rhyme means 21 16.3(3.3) 14.9 (2.7) 1.02, .324

Spoonerisms means 30 8.4 (8.8) 9.6 (7.0) -.30, .771

Spoonerisms means secs 71.8(17.1) 7T8(2Z4) -.21,.834

Nonword means 20 15.7 (4.9) 10.9 (5.0) 2.01, .062

Spelling (raw) means 50 25.4 (5.8) 24.9 (4.6) .22, .825

The two groups performed differently only on the nonword reading test; the 

autistic group performed better than the dyslexic group (p= .06).

Table 27: Fluency for autistic/dyslexic comparison: means, sds

Alliteration Fluency means 5.7 (2.5) 5.1 (2.1) .56, .582

Rhyme Fluency means 4.3 (2.1) 4.7 (1.7) -.49, .633

Semantic Fluency means 8.7 (4.2) 11.9 (2.2) -2.03, .059*
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The dyslexic group performed significantly better than the autistic group on the 

semantic fluency test. There were no differences between the two groups on the 

alliteration and rhyme fluency test.

Table 28: Naming Speed for autistic/dyslexic comparison: means, sds

Picture Naming Speed means 48.9(14.5) 454(8.2) .54, .598

Picture Naming errors means 1.8 (1.2) 2.2 (1.2) -.58, .568

Digit Naming Speed means 26.7 (6.7) 33.4(8.2) -1.88, .078

Digit naming errors means .94 (.85) .72 (.67) .62, .545

There was a trend for the autistic group to perform faster than the dyslexic group 

on the digit naming test.

Discussion
The autistic group performed better (near significance at p<.05) on the nonword 

reading and the digit naming speed test. These two tests thus seem to measure P 

most selectively, allowing less compensation in dyslexia from domain-general 

processes. They may have thus greater theoretical as well as diagnostic value 

than the other tests.

In the nonword reading test the operation of the grapheme to phoneme 

correspondence rules are tested on-line in a production task, whereas the other 

FA measures test explicit phoneme awareness in auditory recognition paradigms. 

It was shown in section 4.3 that the autistic group can master the easier explicit 

tests (i.e. alliteration and rhyme), and in section 4.4 and in the present study it 

has been found that the dyslexic group can also master these tasks to near normal 

levels. It seems reasonable to assume that the two groups achieve the same level 

of performance through different means. The autistic group has intact 

phonological skills and can use these in explicit tasks as long as the semantic 

system is not involved to any great extent. On the other hand, the dyslexic group 

can learn to master these tasks through remediation training making use of 

domain-general processes. It would be very important to examine to what extent 

learning from phonological remediation training can be transferred to the more
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implicit and more natural on-line situations of nonword and word reading. 

Longitudinal studies examining the effects of such training on measures such as 

nonword reading would be of great interest here.

In the digit naming test the operation, and the speed of access to 

phonological representations of numbers is tested. In this test whole word 

phonological forms are of importance, rather than the smaller units of sounds 

tested in PA tasks. The digit naming test, like the nonword reading test, is an on

line task. There is no WM load in terms of phonological loop engagement, and 

no explicit phonological processing is required. Subjects perform this test 

automatically and implicitly. Therefore it may be harder for the dyslexic group to 

achieve a similar performance level as remediation training may mainly benefit 

explicit and off-line tasks.

The dyslexic group performed significantly better on the semantic 

fluency test. This result is expected as semantic fluency is thought to function 

independently of phonological processes. The relatively intact functioning of 

semantic processes thus supports the notion of the domain-specificity of the P 

deficit.

4.8 General Discussion

The various tests of the PhAB are all aimed at testing phonological processing 

abilities thought to be deficient in dyslexia. Nevertheless, these tests rely on other 

factors in addition to phonological processing, which may obscure the underlying 

deficit. It is difficult to construct a test that assesses directly the functioning of a 

specific domain or module through overt behavioural measures. A relatively pure 

test of phonological processing or P would have to minimize the contribution of 

domain-general processes such as processing speed (i.e. inspection time), 

learning (IQ), planning (executive function) and processing of meaning (central 

coherence). In chapter 3 a low-level measure (inspection time) was used to 

measure the processing efficiency of domain-general (i.e. central) processing. 

Anderson (1992) put forward a cognitive model where processing efficiency 

determines knowledge acquisition and thus IQ. In his model, the speed of a basic 

processing mechanism (BPM) is variable across individuals, and can be 

measured by inspection time tasks. In Anderson’s model, the speed of the BPM
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determines the rate at which a child is able to learn; the speed of the BPM thus at 

least partially determines the level of IQ^.

In chapter 3 it was found that in autism the speed of the BPM is intact. 

Nevertheless there are a number of domain-general processes affected in autism, 

which becomes immediately obvious through low IQs and/or spiky IQ profiles 

that, at least in the majority of cases where processing efficiency is intact, are 

most likely to stem from specific cognitive deficits (e.g. executive functioning, 

central coherence and meta-representational deficits). On the other hand, for 

moderate learning difficulties, the majority of cases can be characterised by 

suboptimal speeds of central processing or slow BPMs. This explains why in 

children with MLD all processes thought to be domain-general are affected (no 

spiky IQ profile, or islets of ability) and they are found to perform worse than 

normal controls on all g-loaded tasks (Spitz, 1982).

By studying the performance of three groups: an autistic group with intact 

processing efficiency and islets of intact domain-general functioning, a dyslexic 

group with intact processing speed, but a modular deficit or domain-specific 

deficit in P, and a group with poor processing efficiency and thus domain-general 

deficits, it was possible to disentangle not only some of the task demands of the 

subtests of the PhAB (e.g. inferences possible in the occurrences of dissociations 

in performance of different groups), but also to shed more light on the processes 

that are deficient in one developmental disorder but not another.

Figure 3 presents a causal model of the various domain-general processes 

involved in PhAB test performance. The top part of the figure represents the 

cognitive level, the bottom part the behavioural level. The behavioural level in 

this case refers to the PhAB test performance. This format has been chosen 

following the example given by Morton and Frith (1995), as a simple way to 

present causal models that aim to link behaviour to cognition.

The PhAB aims to measure phonological processing, so the domain of 

phonology should be implicated in all subtest performances, except for the 

semantic fluency test. This test was included in the battery mainly as a check for 

the specificity of the deficit in dyslexia, where semantic fluency as opposed to

* Not entirely, as central processes and thus IQ are always dependent on the functioning of the 
information input that they receive from the various modules (e.g. extensions of the sensory 
systems).
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Figure 3; Domain-general processes in PhAB performance
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alliteration and rhyme fluency, is expected to be normal (i.e. no general language 

or semantic deficit should be present if a child has been statemented with 

dyslexia). The phonology module, which feeds into all test performances at the 

behavioural level, except for the semantic fluency test, is not depicted in the 

figure, but could be added to the cognitive level.

Two subtests, the nonword reading and digit naming speed tests, emerged 

as the purest measures of P with the least implication of domain-general 

processing. The dyslexic group was impaired on both tasks when compared with 

a group of subjects with autism who were matched on reading level with age 

partialled out. The dyslexic group was significantly impaired on digit naming 

speed and nonword reading when compared with a normal control group 

matched on reading level with age partialled out. It thus seems that the nonword 

reading and digit naming speed tasks are the most difficult for the dyslexic group 

to compensate. They did not reach the same level of performance as normals 

despite having obtained phonological remediation training. These two tests thus 

did not allow the use of domain-general resources to catch up with normally 

developing children. By contrast, the autistic group outperformed the dyslexic 

group on the nonword reading and digit naming test, despite much lower IQ, and 

there were no significant differences on digit naming speed between the autistic 

and the MLD group. It has thus been shown that performance on the non word 

and digit naming tests is strongly dependent on a well functioning P module.

The spelling test is difficult to locate with respect to domain-general and 

domain-specific processes using the results of the present analyses. In all three 

groups spelling correlated significantly with word reading (autistic group: r=.89, 

dyslexic group: r=.73, MLD group: r=.84, normal group: r=.73 and the dyslexic 

group: r=.66). As a consequence, in the analyses performed where the groups 

were in each case matched on reading level (i.e. single word reading), no 

significant differences on the spelling test were obtained. However, it is very 

interesting to observe that in the normal group all the PA measures correlated 

significantly with spelling, whereas in the autistic and the MLD group only 

nonword reading correlated significantly with spelling ability. In the dyslexic 

group as opposed to the other three groups, none of the PA measures correlated 

to any extent with spelling ability. Similarly, there was no correlation between 

nonword reading and spelling (r=-0.03), or between nonword reading and word
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reading (r=.07); correlations were around .7 in the other three groups. Word 

reading, however, correlated with spelling to nearly the same extent as it did in 

the other groups (around .7 to .8). This suggests that the ability to read and spell 

are just as interlinked in the dyslexic group as in the other three groups, but are 

most likely achieved through a different route; a route that does not rely heavily 

on P. It could be that a logographic strategy is still employed. The fact that 

spelling is as well developed as reading in the dyslexic group is most likely due 

to the specialist teaching that all the dyslexic children received; all of them either 

were or had been at special schools, and were receiving one-to-one tuition on a 

regular basis. The strong relationship between nonword reading and word 

reading, as well as nonword reading and spelling in the normal, autistic and 

MLD group, but not in the dyslexic group supports the notion that the two groups 

with domain-general deficits have intact phonological skills and employ them in 

the reading and spelling process just like normal children, while this is not the 

case for children with dyslexia.

In the autistic and MLD group P is thought to be intact, but performance 

on tests that rely to a considerable extent on domain-general processing is 

depressed. All three groups with developmental disorders performed 

significantly worse than their respective normal control groups on the 

spoonerism test and they made significantly more errors on the digit naming test. 

The spoonerism test relies heavily on working memory (WM) resources. 

Subjects need to hold information on-line while they perform operations upon it 

(i.e. initial sounds/sound clusters of two words need to be swapped over, and two 

new pronunciations need to be produced). In the digit naming test, digits need to 

be read out loud as fast as possible. Subjects need to select the correct 

phonological form of a digit, and as soon as articulation of this has been 

executed, a new one needs to be started. This involves response selection and 

inhibition processes, processes that are associated with the central executive 

component of working memory.

Working memory is impaired in dyslexia when language tasks are 

performed, but not in non-language tasks (Katz et al., 1981; Liberman et al., 

1982). It follows that the modality transcendent, active component of WM (i.e. 

central executive) is intact in dyslexia, while the phonological loop is impaired
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(Baddeley & Gathercole, 1992). Further the phonological loop impairment is 

most likely a consequence of the P deficit.

WM deficits have also been found in children with mental retardation 

(Russell et al., 1996) and children with autism (Bennetto et al., 1996). More 

specifically, Russell et al. showed that the phonological loop component of WM 

is intact in autism, while in mental retardation the phonological loop is impaired. 

Both groups performed poorly on so called ‘capacity’ tasks that taxed both the 

phonological loop and the central executive. The autistic group’s poor 

performance can be attributed to the central executive component of WM, as the 

phonological loop component was found to be intact, and superior to that of the 

MLD group. However, it is not clear whether the MLD group’s poor 

performance on the capacity tasks is solely due to the impairment in the 

phonological loop, or whether this group also has a deficit in the central 

executive. In the present discussion, pending evidence to the contrary, it is 

assumed that the phonological loop impairment is the limiting factor for the 

MLD group’s poor performance on the WM capacity tasks; whether or not 

mental retardation, like autism, is characterised by a central executive 

impairment, remains to be decided by future empirical work^.

The phonological loop presents a time-limited ‘window’ of conscious or 

explicit processing, and thus it would be likely that processing speed or 

efficiency would be related to the span or rate of decay of information in the 

phonological loop. Spoonerism scores were correlated with IT scores most 

substantially (i.e. negative) in the MLD group (r=-0.47, n=8). The correlations 

were in the same direction in the normal group, (r=-0.32, n=8), but not in the 

autistic group (r=.44, n= ll). One may speculate that central processing speed 

determines the resource capacity of the phonological loop (i.e. short 

representation times); consequently the faster the central processing, the better 

the performance on the spoonerism test. In the autistic group, however, the poor 

performance on the spoonerism test may be due to an impairment in the central 

executive, independent of central processing speed. Consequently, spoonerism 

scores and inspection times did not correlate in the autistic group.

 ̂A test that measures the functioning of the central executive, but without a phonological loop 
requirement, is needed to understand the reasons for poor performance on WM capacity tasks by 
children with mental retardation.
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To reiterate, the dyslexic, autistic and MLD group performed 

significantly poorer on the spoonerism test and made more errors on the digit 

naming test (significant for autistic and MLD group) than the normal group. In 

the case of the dyslexic and the MLD group the poor performance is due to an 

impairment in the phonological loop. In the dyslexic group the phonological loop 

impairment is due to the P deficit, while in the MLD group the phonological loop 

impairment is due to slow processing or low efficiency of processing (i.e. long 

inspection times). The autistic group performed poorly because of a deficit in 

executive functioning with preserved functioning of the phonological loop 

(Russell et al., 1996). Table 29 illustrates which of the processes suggested to be 

required in the spoonerism test might be dysfunctional in the dyslexic, autistic 

and MLD groups. Poor performance on the spoonerism test in all three groups 

may thus be the consequence of deficits in different components. A plus sign 

indicates that the process in question is thought to be intact, a minus sign 

indicates a deficit.

Table 29; Poor spoonerism performance: cognitive profile of dyslexic, autistic and MLD group

P module - + +

Phonological Loop - consequence of P deficit + - consequence of slow BPM

Central Executive + - +

BPM speed + + -

The alliteration and rhyme tests are similar to the spoonerism tests in their 

WM requirements. In both these tests three items need to be held in mind 

simultaneously and two of these need to be selected and produced according to 

some criterion (e.g. identical initial sound). The phonological loop requirement is 

great here, but the executive requirement is smaller than in the spoonerism task, 

as the information held in mind does not need to be manipulated. This explains 

the finding that the MLD group performed significantly worse than the autistic 

group on the alliteration and rhyme test (i.e. matched for FIQ, reading level 

partialled out). The dyslexic group showed a trend to perform worse than the 

normal control group, but presumably can make up for this by fast central 

processing speed that can process the information even in the presence of a
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deficient P module. This would be the case if the central processor was fast 

enough to compensate.

The semantic fluency test is the only test without a P component. The 

dyslexic group did not perform significantly worse than the normal group, but 

showed a tendency to do so^°. The autistic group performed as well as a normal 

control group despite the large difference in IQ, while the MLD group performed 

worse than both their normal controls and an autistic group matched on FIQ 

(reading level partialled out). To explain this finding a difference was attributed 

to the rate of knowledge acquisition determined through the BPM, and the 

quality of knowledge acquisition determined through the relative weakness or 

strength in central coherence. It is argued that in the presence of a central 

coherence deficit (i.e. autism), but with intact BPM speed, the same quantity of 

semantic information can be acquired when the task demands are to enumerate 

single words that belong to one category (i.e. semantic fluency). The autistic 

group performed well on this task. It is possible that the MLD group performed 

poorly because the quantity of knowledge acquired has been limited by the slow 

speed of the BPM.

In the picture naming test, however, the autistic group was found to make 

significantly fewer errors than the normal group, and showed a tendency to make 

fewer errors than the MLD group. It was speculated that the deficit in processing 

connected information suggested for autism (i.e. weak central coherence), may 

offer an explanation for this finding. In individuals with strong central coherence, 

one would assume strong and numerous connections between the nodes set up in 

semantic memory. When performing the picture naming task, spontaneous 

spreading activation in semantic memory may activate not only the target object, 

but spread to all objects closely related. As a consequence there is a considerable 

amount of interference so that errors are produced. For a group with weak central 

coherence (i.e. autistic group) such a task may be easier, as spontaneous 

activation may not be spreading to the same degree, and the associations between 

the nodes or items in the semantic memory store may not be as strong.

This trend still maintains when Verbal IQ is controlled for. This may indicate that the 
representation of words in the mental lexicon rely on phonological coding even in a test that

114



4.9 Summary

Phonological processing abilities were assessed by use of the PhAB in three 

groups with intact domain-general processing speeds (dyslexic, autistic and 

normal control), and a group with deficient domain-general processing speeds 

(MLD). Further, the dyslexic and autistic groups have specific deficits: a deficit 

in the P-module in the dyslexic group, a deficit in the ToM-module and 

circumscribed domain-general deficits (executive function impairment and weak 

central coherence) in the autistic group, while the MLD group is characterised by 

overall deficits in domain-general processing (i.e. due to slow central processing 

speed).

It was found that phonological processing was intact in the autistic and 

MLD group, when assessed by tests that do not depend strongly on good domain- 

general processing (e.g. nonword reading test). However, performance on the 

spoonerism test was poor in both groups. This has been attributed to the working 

memory demands of this test: in the MLD group, performance is poor due to a 

phonological loop impairment, while in the autistic group, poor performance is 

more likely due to a central executive impairment.

In the dyslexic group, performance on a number of phonological tests was 

poor, especially the nonword reading, digit naming and spoonerisms tests. From 

the data of the MLD group, it became apparent that the nonword reading and 

digit naming tests did not require intact domain-general processing to a large 

extent, as this group performed as well as a normal control group. The dyslexic 

group’s poor performance confirmed the existence of a specific deficit in the P 

module.

requires only semantic similarity for production. Alternatively, this maybe a “Matthew” effect as 
Stanovich (1986) has described. Semantic processing will be further examined in chapter 7.
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Chapter 5

Domain-specific and domain-general processes in sentence 

reading

5.1 Introduction

The modularity thesis (Fodor, 1983; Anderson, 1992) suggests that some 

cognitive processes are domain-specific and others domain-general. In chapter 3, 

a domain-general process (central processing speed) was investigated, and in 

chapter 4, a domain-specific process (phonological processing) presented the 

focus of the empirical work. In these two chapters, the classification of processes 

as either domain-specific or domain-general has been a priori. The work 

presented in the following chapters, on the other hand, attempts to investigate a 

number of processes for which the specificity/generality classification has not 

been clarified to any great extent. It is not only important to investigate whether a 

deficit or ability is present in a candidate cognitive area in the developmental 

disorders of interest, but also to improve the understanding of the exact nature of 

such an area. In other words, target processes need to be identified and located 

with respect to the specificity/generality dichotomy and their intactness or 

deficiency needs to be studied in the developmental disorders. A number of 

target processes in reading, for which domain status and patterns of breakdown 

in the three populations is to varying extents as yet unknown, form the focus for 

chapters 5 to 7.

The propositional priming technique developed by Ratcliff & McKoon 

(1978) was chosen to investigate the encoding of meaning during sentence 

reading in children. In the present chapter, the application of the propositional 

priming technique to normal children is presented, and the findings of sentence- 

level, but not propositional priming effects for all the groups, are reported.

In normal development, phonological processing (P) is intact and forms 

the basis for the acquisition of grapheme-to-phoneme correspondence rules (i.e. 

g-p rules). The knowledge of g-p rules, in turn, is necessary for the acquisition 

of decoding and word recognition. The goal of reading in the natural
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environment is the acquisition of new information through comprehension 

processes. In order to achieve this goal, the reader needs to access the word 

meanings and represent these as a basis for higher-level comprehension 

processes. This process of lexical access and representation in short term 

memory will be referred to as the encoding stage in reading. There is a 

considerable debate in the literature concerning word recognition, lexical access 

and encoding (Neumann, 1990). Earlier models of word recognition employed a 

‘computer hardware metaphor’ whereby it was assumed that each word 

encountered in print, had to be ‘looked up’ in the mental lexicon. When the 

‘entry’ of a particular word was found (i.e. the word was recognised), then its 

meaning could be extracted in a second process of access and activation. In more 

recent models that have used connectionist modelling techniques (Seidenberg, 

1990), the old metaphors are no longer used. Instead word recognition refers to 

activation of neurons. The representation of entries or words in the lexicon is no 

longer separated in terms of earlier phonological and visual access, and later 

semantic access. Instead, these processes are hypothesised to operate together. In 

the present use of the term encoding, representation of all the codes of a word 

(visual, phonological and semantic) is included.

The purpose of the encoding stage in reading is to make the semantic 

content of words and connected text available, so that the reader can further 

process this information. It is assumed in the present model of reading’ that the 

reader uses the encoded representations of sentences and text to abstract the 

major ideas or gist to the relative neglect of the exact wording (i.e. loss of surface 

form) and minor details. The reader uses the representations formed during 

encoding as a basis for higher-level comprehension processes, and ‘re-represents’ 

these as gist, in order to comprehend the meaning of a sentence.

Table 30 presents cognitive processes implicated in reading, indicates 

their domain-specific or domain-general status if known, and indicates whether 

these are intact or deficient in autism, dyslexia and mental retardation. A plus 

sign indicates that a process is intact, or is predicted to be intact, whereas a minus 

sign indicates a deficit. The domain status of encoding processes examined here

' The term ‘reading’ is not used as a scientifically specified term, but rather with its lay meaning 
(i.e. umbrella term for all processes implicated from decoding to meta-cognition).
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and its functioning in the developmental disorders is not clear; this is indicated 

by question marks in table 30.

Table 30; Reading processes (specific and general) in dyslexia, autism, and mental retardation
Cognitive Process Domain Status Dyslexia Autism MLD

Phonological Processing modular

Word recognition modularised

Encoding ? ?

Comprehension of meaning domain-general 4-

It is the aim of the present chapter to examine to what extent the encoding 

stage in reading may be considered domain-specific, and to what extent domain- 

general processes may be implicated. Further, by studying the three 

developmental disorders (autism, dyslexia and mental retardation), it is hoped to 

shed further light on the extent of the respective deficits present: To what extent 

is the domain-specific deficit in dyslexia restricted to the P and decoding level, 

and to what extent might encoding also be affected?

5.2 The propositona! priming technique

Priming, in general, refers to the phenomenon that responses to a target 

item are facilitated by presentation of preceding, semantically related items. 

Priming techniques have been used extensively to study the structure of semantic 

memory. Ratcliff and McKoon (1978) extended the use of the priming paradigm 

by showing that priming phenomena can also be observed for newly acquired 

material. They argued that the size of priming effects is related to the ‘distance’ 

or ‘closeness’ of material encoded in memory. The size of a priming effect 

between two words in a sentence context thereby reflects the strength of the 

meaningful relation between these words in the semantic system of the reader. In 

a number of studies they found support for the propositional representation of 

sentences and text in memory (Ratcliff & McKoon, 1978; McKoon & Ratcliff, 

1980). Kintsch (1974) had previously suggested that the structure of sentences 

and text is encoded in a propositional format in memory. In this model, a 

proposition is regarded as the smallest meaningful unit in encoding. A 

proposition is defined as a relation between a verb or a modifier, and its 

arguments. Lesgold (1972) and Wanner (1975) found that subjects are more



likely to recall a target word from a test sentence when they are given a retrieval 

cue from the same proposition than from a different proposition, and Kintsch and 

Glass (1974) found that subjects have a strong tendency to recall all of a 

proposition or none of it. Further, Kintsch and Keenan (1973) showed that, with 

the number of words held constant, sentences with few propositions are read 

more quickly than sentences with many propositions. It was thus assumed that 

meaning is stored and retrieved from long-term memory in propositional units. 

Ratcliff and McKoon’s (1978) data was the first obtained by use of a priming 

technique. Such a technique avoids subject selection artifacts, which are inherent 

in data obtained in free or cued recall. Subjects select items in free and cued 

recall, whereas in a priming paradigm, the experimenter selects items, the 

responses to which (s)he wishes to study.

Ratcliff and McKoon (1978) in their experiment gave subjects a number 

of unconnected sentences to read in the study phase. In a test phase they 

presented subjects with single words from the sentences, as well as distractor 

words that the subjects had not encountered within the experimental context. The 

words from the sentences appeared in pairs. The words used to construct the 

word pairs were from the same proposition, from two different propositions, or 

from two different sentences. Subjects had to indicate by pressing buttons 

whether or not they recognised a word from the study phase (i.e. item 

recognition). They found response times of 671 (+/- 4) milliseconds (ms) to 

words primed by a word from a different sentence, response times of 571 (+/- 3) 

ms to words primed by a word from the same sentence but from a different 

proposition, and response times of 551(4-/- 3) ms to words primed by words from 

the same proposition of the same sentence. Their data thus not only provided 

evidence that priming occurred for words taken from sentences subjects had 

studied before, but that this priming effect was significantly larger for words that 

were taken from the same proposition than for words that were taken from two 

separate propositions. The propositional priming effect increased when delays 

between the study and test phase were introduced, indicating that as the verbatim 

memory trace disappears with time, a ‘deeper’ level, or meaningful memory 

trace that is based on the propositional format of text, remains. They interpreted 

these findings as support for Kintsch’s model, assuming that the degree of 

relatedness of encoded information in memory is related to the size of a priming
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effect obtained in their experiments. It is assumed that propositional encoding 

provides the basis for comprehension processes to operate upon.

In autism and mental retardation, where functioning at the P and decoding 

level is intact, the question is whether these abilities may also extend to the 

encoding level. If the MLD and/or autistic groups show deficits in encoding, then 

a contribution from domain-general processing at this level is likely. In the case 

that encoding processes as measured by the propositional priming technique 

involve domain-general processing, the following predictions are made for the 

three groups with developmental disorders. In autism, a weakly coherent 

processing style might lead to focus on words as separate entities with a relative 

neglect of the meaningful context in which they are embedded (i.e. sentences). 

Consequently there may be an abnormality in the encoding process, leading to 

the well documented reading comprehension deficits associated with autism. It is 

thus predicted that a group with autism would not show a propositional priming 

effect, or show a weaker propositional priming effect than a normal control 

group.

In the MLD group, on the other hand, the propositional priming effect 

should be evident, if the experimental sentences are within this group’s 

comprehension ability. The MLD group might require longer to access the word 

meanings and to encode the meaningful relations between the words, however, in 

this case this would be due to overall insufficient domain-general processing (i.e. 

slow BPM speed) rather a specific deficit such as weak central coherence.

A dyslexic group is predicted to show a propositional priming effect if 

domain-general processing operates at this level, given the specificity of the 

deficit in dyslexia.

In the case that encoding processes as measured by the propositional 

priming technique involve domain-specific processing with no or little 

contribution from domain-general processing, then it should follow that 

propositional priming effects should be found in the autistic and MLD groups, 

but not in the dyslexic group. The phonological processing deficit in dyslexia 

might lead to delayed lexical access as the phonological representations of words 

are not as well set up as in normal development. In the case that the encoding of 

sentences measured in a propositional priming paradigm depends on intact
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phonological representations, then one would expect the dyslexic group not to 

show this effect.

Method

Design

A within subjects design with three conditions was employed. The conditions 

were reaction times to within propositional primed words at the beginning of the 

sentence, at the end of the sentence and between propositional primed words (i.e. 

middle of the sentence).

Materials

Sentences: Twelve two-proposition sentences were constructed. The two 

propositions were not related, in that the second could not be predicted from the 

first. The propositions consisted of the minimum constituents that are required 

for a number of words to qualify as a proposition: two nouns connected by a 

predicate. The two propositions were embedded in a sentence context simply by 

connecting them by a conjunction (e.g.. ‘and’, ‘but’ or ‘while’). All sentences 

thus had the following structure: N1 VI N2 conj N3 V2 N4 (N = noun, v = verb). 

All the nouns were thus evenly spaced in the surface form of the sentences. 

Three sentences from the study are given below as examples^:

1. The gardener read the newspaper and the cook looked out of the window.

2. The monkey played in the tree while the crocodile slept on a rock.

3. The dancer arrived at the hotel but the musician missed the train.

W ord lists: Three word lists were constructed from the nouns used in the 

sentence reading task and a number of distractor words that subjects had not

 ̂ In constructing such two-proposition sentences, the first nouns of each proposition are 
semantically related for the sentence to read “naturally” (e.g. gardener and cook, or monkey and 
crocodile). However these nouns (i.e. N1 and N3) are not used as priming pairs in this study.
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encountered previously. Each list was 70 words long. Twenty-eight words from 

the sentences were presented in pairs. In each list different pair combinations 

from different sentences appeared. The lists were identically structured in that in 

all lists four pairs were constructed from the first and second nouns of a sentence 

(i.e. within propositional priming pair from the first half of the sentence), four 

were constructed from the third and forth noun of a sentence (i.e. within- 

propositional priming pair from the second half of a sentence), and four were 

constructed using the second and the third noun of a sentence (i.e. between 

propositional priming pair from the middle of the sentence). In addition there 

were two priming pairs chosen randomly from nouns stemming from two 

different sentences, and a further three nouns from the sentences (randomly 

chosen) were interspersed to divert attention from the pairwise presentation of 

the words from the sentences. The remaining thirty-nine words were identical in 

all three lists. They were all nouns depicting concrete objects or people (e.g. 

professions such as ‘gardener’ or relations such as ‘father’, ‘friend’, etc.).

Three noun pairs that have been constructed from the three sentences presented 

above (one for each condition), are shown below:

within proposition;

N1 N2: gardener / newspaper 

N3 N4: cook / window 

between proposition:

N2 N3: hotel / musician 

between sentences:

N l(S l) N4 (S5): gardener/window

Procedure

Sentence reading task: The sentences were presented individually on a 

computer screen. The subjects read the twelve sentences aloud one after the other 

at their own speeds (i.e. resource limited condition). If they encountered word 

recognition difficulties the experimenter provided the correct pronunciations. 

They pressed a button when they were ready to proceed to the next sentence. The
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sentences always appeared in the same order and there were three trials (i.e. 

subjects had to read each sentence three times). This was done to ensure that they 

would set up sufficiently strong memory traces of each sentence.

Item recognition test: Once subjects had completed the sentence reading task 

they were tested in a word identification paradigm on the memory they had 

retained from the sentences. They were seated in front of the computer screen, 

holding a response box with a ‘Yes’ and a ‘No’ button. Once they were ready the 

program was started (one of the three lists was randomly chosen for each 

subject). A fixation cross appeared in the middle of the screen and was replaced 

by the first word of the list. The subjects was instructed to decide as quickly as 

possible whether or not they had read the word in the sentence reading task or 

whether they had not seen the word in the context of this experiment. The words 

were presented until the subjects had made their choice. Once the subject had 

pressed one of the two buttons, and after a short preparation phase (250 ms), the 

next word was presented and so on.

5.3 Investigation of propositional priming in normally developing children 

Subjects

Thirteen normal children were tested on the propositional priming task to 

establish the feasibility of this technique as a tool for the study of reading 

comprehension in autism and dyslexia. This technique has not previously been 

used with children. Table 31 presents the means and standard deviations of 

chronological age, word reading and reading comprehension (subtests of the 

WORD) and FIQ scores for these participants.
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Table 31: WORD (BR/RC), FIQ and CA for normal subjectss in priming task: means, sds

Measure Normal, n=13

CA  10.0 (1.0)

FIQ 125.1(11.6)

Basic Reading raw 43.4 (4.5)

Basic Reading standard 108.8 (6.5)

Reading Comprehension raw 28.1 (2.8)

Reading Comprehension standard 113.3 (9.6)

Results

For each subject only the RTs from correct responses were used in the following 

analyses so that it could be ensured that the data points referred to encoded 

information only. Unfortunately, it was found that subjects frequently gave 

erroneous responses (21.4 % of responses were incorrect) despite having read 

each sentence three times. Memory traces of the sentences had not been set up as 

well as had been hoped. In addition to the elimination of errors, outliers were 

also removed from the data set. Average reaction times to the N2 nouns (i.e. 

primed nouns) of the N1 N2 pairs (i.e. within propositional), to N4 nouns of the 

N3 N4 pairs (i.e. within propositional), and to the N3 nouns of the N2 N3 pairs 

(i.e. between propositional) were calculated.

Table 32 presents means and standard deviations of the reaction times in 

the three conditions (P = proposition).A repeated measures ANOVA with one 

factor (e.g. position of primed noun in the sentence) with three levels (i.e. N1 N2, 

N2 N3, and N3 N4) was conducted. An F value of 3.70 (df=24) with a p value of 

.040 was obtained. The mean reaction times (RTs) of the three levels were 

further examined by multiple comparisons to find out between which means the 

significant difference in RTs was present.

RTs to primed within-propositional nouns from the beginning of the 

sentences were significantly slower than RTs to primed within-propositional 

nouns from the end of the sentences in an independent t-test: (t(24)=1.98, 

p=.059. RTs to primed within-propositional nouns at the beginning of the 

sentence were also slower than RTs to primed between-propositional nouns in 

the middle of the sentences, but this difference was not significant using
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unadjusted p: t(24)=l.68, p=.106. The third comparison, RTs to between 

propositional nouns and within propositional nouns at the end of the sentence, 

showed no significant difference: t(24)=.34, p=.737.

The present results were not predicted. RTs to the between propositional 

primed nouns were expected to be significantly slower than RTs to primed nouns 

in the two within-propositional conditions. The trends obtained were that RTs 

were fastest to primed nouns at the end of the sentences, less fast to primed 

nouns in the middle of the sentences, and slowest to nouns at the beginning of the 

sentences.

Table 32: RTs for the N1N2, N2N3 and N3N4 word pairs for normal subjects: means, sds
RTN2, within PN1N2 RT N3, between P N2N3 RT N4, within P N3 N4

mean 1971 1636 1591

sd 621 364 303

The present experiment proved unsuccessful in obtaining a propositional priming 

effect in children. The results were unchanged, when the data of the two within- 

proposition conditions was collapsed.

Discussion

The propositional priming effect

Ten-year old children in the present study showed RTs three times longer than 

those obtained for adults (Ratcliff & McKoon, 1978). In addition, the children 

had a fairly low success rate: 78.6 % to primed words, compared with 90% in 

Ratcliff and McKoon’s (1978) study with adults, and standard deviations in the 

children’s sample were very large in comparison to those obtained for adults (e.g. 

400 ms versus 4 ms). In light of this, it is perhaps not surprising that the 

propositional priming effect, which is only in the magnitude of approximately 20 

ms in adults, was not obtained in the present study with children.

The present results may nevertheless give some important indications: 

firstly response times decreased from primed words from the beginning of 

sentences, to the middle of sentences, and were fastest to primed words from the
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end of sentences. One may consider that it is possible that this trend reflects that 

the children relied more heavily upon a verbatim representation of the sentences. 

The activation strength associated with words in a verbatim sentence 

representation may differ depending on the position of the words in the sentence. 

The presentation of a word from the end of a sentence may activate the memory 

trace of the sentence more quickly than a word from the beginning of the 

sentence. In other words, backward activation may act faster than forward 

activation upon verbatim representations of sentences. Children’s reading at this 

age may be qualitatively different from that of adults in that they may have 

stronger verbatim memory, or surface form retention of the content of single 

sentences, and less retention of meaning than adults. This verbatim memory may 

override any effects of encoding in form of units of meaning (i.e. propositions). 

Propositional or deep level encoding, as opposed to surface level encoding, may 

not occur automatically at the early stages of development, but rather be a skill 

that needs to be acquired. It is likely that in the early years of reading more 

resources are still dedicated to decoding, and fewer resources to encoding and 

comprehension.

Researchers (Ratcliff & McKoon, 1981, Stanovich & West, 1983) have 

argued that contextual priming effects at the sentence and propositional level are 

automatic, and not strategic in nature. Stanovich and West (1983) have shown 

that contextual facilitation by sentence context in naming last words of 

uncompleted sentences is unaffected by probability manipulations (i.e. 

strategies). Fischler and Bloom (1979) attempted to decrease the depth of 

processing by instructing subjects to avoid generating expectancies from context, 

and again contextual facilitation proved not malleable. Stanovich and West 

(1983) obtained facilitation (i.e. priming) effects, but no inhibition. Facilitation 

without inhibition has previously been interpreted as indicating the operation of a 

cost-free spreading activation process (Neely, 1977; Posner & Snyder, 1975 a, 

b), mainly observed in studying semantic memory. Ratcliff and McKoon (1981) 

showed that the priming observed in item recognition of newly acquired material 

is also automatic rather than strategic. It thus seems that the propositional 

priming effects observed in adults are most likely a consequence of domain- 

specific (e.g. automatic) rather than domain-general central processing. However, 

Ratcliff and McKoon (1981) were also able to show, when manipulating the time
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course of processing, that strategic processing can occur at later stages of 

processing. The long RTs observed for children in the present experiment may 

thus indicate that processing may not be as automatic as in adults. Future 

research may investigate whether encoding which makes use of the propositonal 

nature of text and meaning may be a modularised cognitive component. If so, 

then one may not expect to obtain a propositional priming effect in readers that 

presumably have no longer than 2 to 3 years experience in reading connected 

discourse. The issue of whether the priming technique measures strategic rather 

than automatic processing in children is thus important to clarify. It is possible 

that children are scanning their surface form memory traces of the sentences, as a 

strategy to cope with the task requirements, rather than having immediate and 

automatic access to encoded representations. They may not have automatic 

access, as they may not have encoded the information as efficiently (i.e. using the 

smallest unit of meaning) as adults have.

These questions, raised by the present results, are amenable to empirical 

test, and suggest the importance of priming techniques for studying encoding of 

new material in children, where findings may be very different than those for 

adult populations. Further research in this area may provide insights into the 

development of encoding abilities in reading.

5.4 Sentence facilitation effects

A second repeated measures ANOVA was performed to examine whether a 

facilitation effect at sentence level was present in the data. Average reaction 

times to the distracter words (i.e. new) words, to the ‘unprimed’ words (i.e. the 

first words of the pairs), and to the ‘primed’ words (i.e. the second words of the 

pairs) across conditions were calculated for each subject. Table 33 presents the 

means and standard deviations in the three conditions. These three RT measures 

were treated as three conditions of the factor ‘facilitation’.

An F value of 6.59 (df = 24) and a p value of .005 were obtained. Further 

multiple comparisons established that there was a significant difference between 

reaction times to new words (slowest) and reaction times to ‘primed’ words 

(fastest): t(24)=2.84, p=.009. Differences between the new words and ‘unprimed’ 

words, and ‘unprimed’ words and ‘primed’ words were in the predicted direction
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but not significant (t(24)=1.29, p=.209, and t(24)=1.45, p=.160, respectively). In 

other words when a subject encounters a word (s)he has not read, it takes longest 

to give a correct response (i.e. ‘No’ response). If an ‘unprimed’ word is 

encountered the subject needs less time to respond (i.e. ‘Yes’ response), while a 

response to a ‘primed’ word is fastest (i.e. ‘Yes’ response).

Table 33: RTs to new, unprimed and primed words for normal subjects: means, sds
RT ms Normal, n=13

new words 2031 (413)

unprimed words 1824 (404)

primed words 1614 (329)

Discussion

Response requirements and sentence facilitation effects

It is likely that there is a different process implicated in giving a ‘Yes’ response 

and a ‘No’ response. It could be that in the case of the new words, the subject has 

to scan the memory trace exhaustively, whereas in the case of words that the 

subject has read before (unprimed or primed), not the entire memory trace needs 

to be scanned, and thus the scanning process will always be shorter. 

Consequently one would expect reaction times to new words to be longer simply 

because of the scanning times. However, the difference in time between 

unprimed and primed words cannot be attributed to different response 

requirements, as in both cases a ‘Yes’ response is demanded.

There is an important methodological issue which may complicate the 

interpretation of facilitation effects. In the original study by Ratcliff and McKoon 

(1978) reaction times to primed nouns in the within and between propositional 

and in a ‘different sentence’ condition were compared. This means that only 

correct ‘Yes’ responses that were preceded by correct ‘Yes’ responses were 

compared. As no propositional priming effect was obtained, the present data was 

analysed with regard to a ‘facilitation’ at sentence level. Here reaction times to 

unprimed words (i.e. the first words of a pair, which are always preceded by a 

‘No’ response) are compared to reaction times to primed words (i.e. the second 

words of a pair, which are always preceded by a ‘Yes’ response). One may thus
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argue that simply because response requirements are different here, one may 

obtain the trends in the data. Any trends or effects obtained in reaction time 

analyses across word pairs are thus called facilitation effects rather than priming 

effects, so that unwarranted assumptions are not made. However, it is hoped that 

at least the following conclusions can be drawn when facilitation effects are 

obtained: The subject can use a word presented from a sentence as a cue to 

access a second word from the same sentence more quickly. Such a word may 

act like a reference point on a map, which, when activated may focus attention to 

a particular area of the encoded trace. So far it has been shown that a word that is 

preceded by a word from the same sentence is responded to faster than a word 

preceded by a word a subject had not encountered in the context of the 

experiment. In order to show that the facilitation effects are placed at the 

sentence level rather than just caused by a general, more or less unstructured, 

memory trace of all the words encountered in the sentence reading task, a 

baseline is needed. There were two word pairs included in the word lists where 

the two words were selected from two different sentences. Although the data 

base is relatively small, if a facilitation effect between sentences is not present or 

is found to be smaller than at the sentence level, then it can be concluded with 

more confidence that the sentence is treated as a unit of meaning in children’s 

reading. Mean RTs to unprimed words from ‘different sentence’ word pairs were 

1682 ms (sd=413 ms), and mean RTs to primed words in these pairs were 1758 

ms (sd=305 ms) This difference is in the opposite direction to that obtained for 

‘same sentence’ word pairs and is also considerably smaller (-76 as opposed to 

+210 ms in the ‘same sentence’ condition). It thus seems warranted to conclude 

that children encode words from the same sentence more closely than words 

from different sentences.

From the present results it can be concluded then, that some facilitation at 

the sentence level occurs, despite difficulties with using Ratcliff and McKoon’s 

(1978) propositional priming effect as a tool for the investigation of the quality 

of encoding. An alternative measure, surface form retention, was thus used in 

chapter 6, for the same purpose.

129



5.5 Propositional priming in autism, dyslexia and mental retardation

As expected from the analysis of the normal data, no propositional priming 

effects were detectable in the three groups with developmental disorders and the 

analyses are not reported here. Since only sentence facilitation effects (the three 

conditions: within-propositional N1 N2 and N3 N4, and between-propositional 

N2 N3 were collapsed) could be obtained in normal children, these effects form 

the focus for examination of the disordered groups.

5.6 Sentence facilitation effects in autism, dyslexia and mental retardation 

Subjects

Twelve subjects with pervasive developmental disorder (11 with a diagnosis of 

autism, 1 with a diagnosis of Asperger syndrome), eleven subjects with mental 

retardation, and twenty-one subjects statemented with dyslexia, were tested with 

the sentence priming task. Table 34 presents means and standard deviations of 

chronological age, WORD Basic Reading and Reading Comprehension subtests 

and FIQ.

Table 34; WORD (BR/RC), FIQ and CA for disordered subjects in the priming task: means, sds

CA 11.1 (2.7) 11.9 (2.0) 11.7(1.6)

FIQ 76.8 (26.8) 62.0(12.4) 105 (12.3)

Basic Reading raw 41.0(13.2) 32.1(7/7) 33.7 (5.5)

Basic Reading standard 97.3(19.1) 80.2(13.7) 8L 9(9d)

Reading Comprehension raw 15.5 (5.7) 16.0(3.0) 24.1 (4.5)

Reading Comprehension standard 79.6 (9.5) 72.7 (4.3) 91.5 (9.6)

Results

Each subject’s data was treated as in section 5.4 (i.e. removal of errors and 

outliers). A two-factorial repeated measures ANOVA with one within-group 

factor with three levels (sentence facilitation: new, unprimed and primed words) 

and one between-groups factor with three levels (group: autistic, dyslexic and 

MLD) was run. There was a significant main effect of sentence facilitation
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condition (F(82,2)=4.02, p=.022), no significant main effect of group 

(F(2,41)=1.73), and no significant interaction (F(82,4)=.87, p=484). The mean 

RTs descended from new to primed words for all three groups, as was found in 

section 5.4 for the normal group. Table 35 presents means and standard 

deviations of RTs in the three conditions for the three groups with developmental 

disorders; the normal group’s data (from section 5.4) is added in italics for 

comparison.

The means were compared in multiple comparisons. In the autistic group 

the differences between the primed and unprimed words were smaller and 

standard deviations were larger than in the other groups. None of the follow-up 

comparisons showed a trend of facilitation (RT differences between new and 

unprimed words; t(22)=.12, p=.904; between unprimed and primed words: 

t(22)=.37, p=.714; between new and primed words: t(22)=.50, p=.623).

In the dyslexic group only the mean RTs to new words and the RTs to 

primed words were significantly different, when p was adjusted for the increased 

risk of type I error: t(40)=2.39, p=.022. A p-value of .017 is equivalent to p=.05 

in comparison of two means. The means showed the same trend as in the normal 

and autistic group: RTs to new words were slowest, RTs to unprimed words 

faster, and RTs to primed words showed the fastest response times.

In the MLD group, none of the mean RTs were significantly different. In 

this group, as opposed to the other three groups, neither RTs to new words 

showed a trend to be slower than RTs to unprimed words, nor did they show a 

trend when they were compared with RTs to primed words (t(20)=.94, p=.356).

Table 35: RTs to new, unprimed and primed words for all groups: means, sds

new words 2024 (874.4) 2253(686) 1700(382) 203/(4/3)

unprimed words 1980(877.7) 1983 (515) 1713 (436) /&24 (404)

primed words 1852 (802.6) 1829(437) 1570(251) /6 /4  (329)

The percentages of errors that the four groups made to new words, unprimed and 

primed words are presented in table 36 below.
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Table 36: Mean error percentages (new, unprimed and primed words) for all groups

new words 9.7 6.8 4.4 6.3

unprimed words 3T2 20.1 2T9 264

primed words 21.4 7.8 17.5 21.4

The error scores were analysed by non-parametric statistics (e.g. Mann-Whitney- 

U test). The only significant difference was obtained for the error scores to 

unprimed and primed words in the dyslexic group: U=26.57, W= 16.43, 

p=.0062). All other pair-wise comparisons were insignificant.

Discussion

The autistic group showed a facilitation effect of 12.8 ms for word pairs that were 

taken from the same sentence. This difference in RT to unprimed and primed 

nouns was also calculated for the two word pairs where the two words stemmed 

from different sentences. No facilitation was observed: the difference in RT was 

-308 ms. This difference is in the opposite direction, and indicates inhibition 

rather than facilitation. The data sample was small, but may nevertheless give 

some indication that subjects with autism like normal subjects process meaning 

within sentences more strongly than information between sentences.

The dyslexic group shows a facilitation effect of 154 ms. When this 

group’s response times to the words of the word pairs from different sentences 

were calculated, no facilitation was observed: the difference in RT was -117 ms. 

As in the previous two groups studied, there seem to be some evidence that the 

sentence is processed as a meaningful unit where facilitation is observed, while 

no facilitation and possibly inhibition occurs between sentences.

The MLD group shows a facilitation effect of 143 ms to respond faster to 

primed words from the same sentence. This group does not show a trend to 

respond more slowly to new words, as do subjects in the other three groups. The 

difference in response time to the words of the word pairs from different 

sentences is +9 ms. Like the other groups this group does not show any 

facilitation here, but the difference is positive so that there is no indication that 

some active inhibition might operate at this level.

32



For all groups, error scores to new words are much lower than to old 

words (unprimed and primed). It thus seems that a subject can with more 

confidence classify a word as ‘new’ (i.e. ‘No’ response) than to recognise it from 

the sentences (i.e. ‘Yes’ response).

All three groups with developmental disorders make considerably fewer 

errors to primed old words than to unprimed old words (12.3 % improvement in 

the dyslexic group, 10.8 % in the autistic group, 10.4 % in the MLD group, and 

only 5 % in the normal group). This may indicate that the normal group’s 

encoding, though not more successful than that of the other groups in absolute 

terms (e.g. percentage correct), seems stronger, in that ‘cues’ ( i.e. the unprimed 

words), can help to access the encoded material, and subsequently the error score 

of the primed words is reduced. In the normal group, the strength of the encoded 

relation between two words in the same sentence is stronger so that the cue does 

not have the same effect.

General Discussion
The behavioural demands of the propositional priming task may have been too 

high for the children involved. Subjects were required to read and represent the 

content of twelve sentences in the study phase. In the test phase subjects needed 

to maintain attention throughout the presentation of the 70 word list. They were 

required to make an explicit decision as to whether they had encountered the 

words before in the study phase. The high error rates indicate that some or all of 

these task demands were excessive for the age group and ability levels involved .

The propositional priming technique relies on small differences in RTs 

(20 ms in adults). Children’s response times were nearly three times as long as 

those of adults, and standard deviations were large. It thus seems that this 

technique is likely to be unsuccessful when studying children’s encoding.

The only conclusions that can be drawn from the data patterns are that all 

four groups show some facilitation of response times at sentence level, but not 

between sentences. Although this effect does not reach significance, the fact that 

is has been obtained for all groups, gives this interpretation some stability. It 

further suggests that none of the four groups have an impairment in encoding the
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sentences, at least in so far as a verbatim or surface form memory trace is 

concerned, which leads to the facilitation in response times to the primed words, 

but not to the preceding items (i.e. unprimed words).

The propositional priming technique is a measure of discourse 

processing, indicating the meaningful integration, or processing of relations 

between words. The fact that the autistic group processed words that were 

preceded by a word from the same sentence faster than words that were preceded 

by words not encountered before (i.e. new words) does not necessarily mean that 

the relations between the words have been processed. This could just as well be 

explained by memory traces still activated after lexical access. In fact this effect 

may be considered fairly ‘automatic’, indicating modular processes rather than 

central ones. In other words, from this data the inference that sentence meaning 

has been processed does not necessarily follow; this result could obtain simply 

by processing a sentence as a string of unconnected words.

As this experimental measure has proven unsuccessful in providing 

information on meaningful encoding of sentences in these groups, a new, more 

robust measure has been chosen to examine meaningful encoding of sentences 

(in chapter 6).

5.7 Summary

A propositional priming technique was employed with the aim of investigating 

encoding processes in sentence reading with respect to the domain-status of these 

and their functioning in autism, dyslexia and mental retardation. This technique 

had previously only been used with adults, and the well-established propositional 

priming effect obtained in adult studies could not be replicated in normal 

children in this study. As a consequence, this techniques could not be used for 

the chosen purpose. However, sentence facilitation effects were obtained in the 

normal group and the three groups with developmental disorders (autistic, 

dyslexic, and MLD). The theoretical relevance of these results is limited. An 

alternative measure for the purpose of investigating comprehension in reading is 

introduced in the next chapter.
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Chapter 6

Domain-specific and domain-general processes in story reading

6.1 Introduction

In reading a sentence, the visually presented words need to be recognised and 

held in memory as a configuration so that syntactic and semantic relationships 

between them can be processed. The representation of the sentence on a page is 

referred to as the surface form of a sentence. For comprehension processes to 

operate the reader needs to process the surface form first to allow for the creation 

of more abstract representations of content (i.e. deep form). Consequently, the 

reader has some memory of the surface form of the text (s)he has just processed, 

as well as a representation of the text’s meaning (Van Dijk & Kintsch, 1983).

A considerable amount of surface form of a sentence is lost once the 

reader has extracted the meaning of the sentence. Jarvella (1971), for example, 

presented subjects with two versions of a narrative and interrupted their reading 

at several test points. Three clauses immediately preceding each test point were 

varied to create two conditions: the last clause always remained physically 

identical, but in one condition the sentence boundary was after the first clause, 

whereas in another condition, the sentence boundary was after the middle clause. 

This manipulation had a strong impact on verbatim recall: when the middle 

clause was part of the last sentence, subjects had no trouble remembering its 

exact form; when it was part of the first sentence, performance was substantially 

impaired.

These and similar results (Bransford & Franks, 1971; Sachs, 1967) 

suggested that surface form is held in short term memory until its meaning is 

understood, and is then discarded entirely. Any long term memory for surface 

form was attributed to the reader’s ability to reconstruct form from meaning. 

However, these results have been challenged by evidence that suggests that there 

is some memory for surface form that is measurable even after intervals of a 

week after the first reading (Bates et al., 1980; replicated by Stevenson, 1988). 

These studies employed a more robust design involving reversed text control 

groups. Here discourse has been created in which each recognition target is
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replaced by a meaning-preserving paraphrase. The amount of surface form 

retention is calculated as a difference between subjects who had been presented 

with the original form and choose the original targets as opposed to subjects 

presented with the reversed form choosing the original. This measure is thus very 

sensitive and controls for the success rate that results purely from subjects’ 

linguistic and constructive abilities.

There are a number of studies providing similar evidence for memory of 

surface form in long term memory, albeit of a more indirect kind. For example, 

Tardif and Craik (1989), gave subjects several texts to read aloud (some were 

given the original version; some a paraphrased version). One week later the 

experiment was repeated: half of the subjects received the other version. It was 

found that the reading times of those subjects who read a different version the 

second time increased. Anderson (1974) and Anderson and Paulson (1977) found 

that subjects can judge the truth of a sentence more quickly when its surface form 

matches a sentence that was presented earlier. It can thus be concluded that some 

amount of surface form is retained in long term memory.

Van Dijk and Kintsch (1983) proposed three levels of representation or 

distinct memory traces that result from processing discourse. In addition to 

surface form representation, there are two levels of representation for the deep 

form of text. Firstly, the meaning of a sentence is stored in propositional format 

(see chapter 5) and a propositional text base is created for the entire text. 

Secondly, the propositional text base is represented with respect to the contextual 

information or general knowledge that a reader has. This is reflected in the use of 

a “situation model” for the integration of meaning of text. There are thus at least 

three levels of text representation: at the lowest (i.e. closest to the percept of the 

text and most domain-specific) is the representation of surface form. This level 

of representation will be referred to as level I representation. Secondly the 

propositional format of sentences and the whole text is represented (level II 

representation), and finally at the highest level (i.e. most abstracted from the 

written word and related to domain-general knowledge) is the situation model or 

level III representation.

Fletcher and Chrysler (1990) attempted to isolate the effects of surface 

memory, the propositional text base, and the situation model in a single 

experiment using recognition memory as a criterion measure. Subjects’
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discrimination between target sentences and meaning-preserving paraphrases 

gave an indication of surface form memory. Discrimination between sentences 

that alter the meaning of the test sentences (but not the underlying situation) was 

taken to reflect the propositional basis of text, while the improvement in 

performance when distractor sentences that violate the situation described were 

used, reflected the situation model’s influence. Fletcher and Chrysler found that 

71% responses were correct at level I, 87 % responses were correct at level II and 

98 % of responses were correct at level III. These results, the authors concluded, 

presented evidence for the existence of three separate levels of representation.

Schmalhofer and Glavanov (1986) studied the time course of retrieval of 

the three separate levels of representation from long term memory. Subjects had 

to read a programming manual and were then presented with four types of probe 

sentences (original, paraphrased, change of meaning, and change of correctness). 

They used the trade-off between speed and accuracy to estimate the strength of 

the three different memory traces at six different time intervals after reading 

(ranging from 1 to 11 seconds after each test sentence was presented). In order to 

calculate, for example, the time course of the memory trace for surface form, the 

speed of correct responses to the original sentences was traded off against the 

number of false alarms to the paraphrases. Analogous methods were employed 

for the propositional text base and the situation model, making use of response 

times and accuracy scores to the relevant sentences. Schmalhofer & Glavanov’s 

results showed three distinctly different speed-accuracy functions for the three 

levels of representation. Kintsch et al. (1990) has found that the three levels have 

distinctly different decay functions, matching those that Schmalhofer and 

Glavanov (1986) had obtained for retrieval. To summarise, there is strong 

empirical support for the psychological reality of three different levels of 

representation of text as Van Dijk and Kintsch (1983) had suggested, but so far 

few accounts of the importance and functional relatedness of these three levels.

Gemsbacher’s (1990) structure building framework (SBF) is an exception 

in that it is an attempt to explain the relationship between surface form and 

comprehension (the propositional text base and the situation model are not 

differentiated here). The goal of reading is to build a coherent mental 

representation of the content of a text. The SBF suggests that the reader lays a 

foundation for this representation after encountering the first text segments.
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When further information is encountered, this information is either mapped onto 

the foundation if it is coherent or, if the information is incoherent, the reader 

makes a processing shift and thereby initiates a new substructure. Two specific 

mechanisms operate in structure building: enhancement (i.e. the increase in 

activation given to contextually relevant information) and suppression (i.e. the 

inhibition of contextually irrelevant information). The fewer processing shifts a 

reader initiates the more surface form remains accessible. This is analogous to 

the idea of ‘chunking’ in memory. The more coherent a mental representation is, 

the more information has been integrated within fewer substructures or ‘chunks’. 

Consequently, surface form memory increases as the amount of information 

captured within each substructure increases. Gemsbacher thus suggests that 

surface form retention can be used as a marker for level of comprehension. In 

this account, surface form is not necessarily functionally implicated in 

comprehension, but rather a by-product of good comprehension.

Gemsbacher, Varner and Faust (1990) explored individual differences in 

comprehension of text. They found that less skilled comprehenders’ memory for 

surface form was much poorer than that of skilled comprehenders. Furthermore, 

less skilled comprehenders were poorer at suppressing irrelevant information, as 

they failed to inhibit the activation of contextually irrelevant word meanings 

(Gemsbacher, 1991a). In one study Gemsbacher (1990) created scrambled 

stories by randomising the sentence order of stories. There were no differences in 

surface form retention between the ordered and the scrambled condition for the 

less skilled comprehenders. On the other hand, the skilled comprehenders 

showed much higher levels of surface form retention in the ordered stories, while 

their performance dropped to that of the less skilled comprehenders in the 

scrambled condition. Gemsbacher (1990) interpreted these findings as evidence 

for the less skilled comprehenders’ frequent processing shifts that occurred 

independent of the inherent organisation of the text.

One very interesting feature of Gemsbacher’s model in the context of 

domain specificity and domain-generality is that comprehension skill is 

conceptualised as domain-general. Gemsbacher obtained evidence that structure 

building occurs not only in reading of text but also in listening comprehension 

and picture stories. It is thus most likely a domain-general skill that is 

independent of a particular modality. In the present experiment, Gemsbacher’s
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paradigm was adopted to study domain-specific and domain-general processes in 

encoding and comprehension. Surface form is hereby thought of as a lower level, 

passive, automatic memory process that accompanies comprehension rather than 

drives it. Surface form memory is the perceptual representation of text, in its 

“raw” form uninfluenced by higher-order meaning making processes. On the 

other hand, the propositional text base is thought of as a more abstract, non- 

perceptual representation that requires some representational redescription 

(Karmiloff-Smith, 1992) and thus central or domain-general resources and 

processes are implicated. These more domain-general processes in reading 

comprehension are investigated in the next chapter.

Gemsbacher used adult populations in her studies; her techniques will be 

used for the investigation of surface form representation in children. In normal 

development, one might expect surface form and comprehension to be related in 

the same way as in adulthood, while for the children with developmental 

disorders there may be dissociations between the more domain-specific process 

of surface form memory and the more domain-general processes of stmcture 

building and general comprehension skill.

The present chapter examines surface form memory for scrambled and 

ordered stories in normal development, autism, dyslexia and mental retardation. 

In chapter 7, comprehension abilities of these groups are measured in terms of 

their representation of gist (i.e. number of story events retold) presented in 

ordered and scrambled stories. In both the ordered and the scrambled condition, 

the aim is to investigate the propositional text base and situation-model level of 

representation. In the scrambled condition the situation model has been obscured 

requiring inferential processes to an extent not required in reading of ordered 

stories. This latter condition thus assesses not only the propositional text base, 

but, more importantly, the extent to which subjects have a situation model 

available to them, independent of the provision of such a model by the text, and 

to what extent they are able to use it (i.e. meta-cognition).

The dyslexic group, whose phonological processing abilities are deficient 

and who consequently have poor decoding abilities, may find it very difficult to 

keep track of surface form. This experiment thus investigates whether there is a 

weakness in dyslexia at the representational level of surface form. In other 

words, can dyslexic readers, given unlimited time, retain the same amount of
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surface form as normal reading-matched controls? If they are unable to 

compensate, then what are the implications of such a deficit in surface form 

retention for comprehension?

An important theoretical question that has hardly been investigated, is 

whether surface form representation in long term memory is important in its own 

right, making an independent contribution to comprehension. Alternatively, it 

may be that surface form memory is a “by-product” of normal comprehension 

processes and that a relative deficit, as expected in a dyslexic population, will not 

affect the construction of mental representations of content and meaning (see 

chapter 7).

Secondly, children with autism, who are efficient decoders, may show a 

disturbance or dissociation between these levels of representation. Weakly 

coherent processing in autism is predicted to lead to less economic structure 

building and poor suppression. If, as Gemsbacher et al. (1990) have suggested, 

poor comprehension implies poor surface form retention, then weak central 

coherence may lead to very poor surface form retention. Alternatively, as has 

been observed for cases of savant skills (e.g. hyperlexia), one might predict that, 

at least for those subjects with autism that can be classified as hyperlexic readers, 

an extraordinary skill in surface form retention might be present in conjunction 

with poor comprehension (i.e. dissociation). The literature on hyperlexia is 

reviewed in section 6.2.

Thirdly, Gemsbacher (1990) has conceputalised the SBF as a process that 

operates not only in reading, but across domains and modalities as a general 

comprehension skill. The examination of surface form retention in mental 

retardation should provide clues as to what extent surface form retention is 

reliant upon domain-general processing, and to what extent it may represent a 

modularised component (an extention of phonological and syntactical modules). 

If the MLD group shows significantly poorer surface form retention, then it is 

likely that even at this lowest level of text representation central resources are 

required for successful performance. On the other hand if surface form retention 

is as high as in the normal group, surface form retention may be more accurately 

viewed as a modularised, domain-specific component of functioning.
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6.2 Hyperlexia and reading comprehension deficits in autism

The term hyperlexia was first introduced by Silberberg and Silberberg (1967) to 

refer to a specific reading disorder where decoding abilities outstretch 

comprehension. It had previously been observed that children with gross 

cognitive impairments were in some instances exceptionally fluent decoders 

(Phillips, 1930). Silberberg and Silberberg (1967) suggested a definition of 

hyperlexia consisting of three criteria: a discrepancy between decoding and 

reading comprehension, early onset of reading and related behavioural disorders 

(e.g. autism, severe language disorder). There have now been many descriptive 

case studies and a number of experimental studies (see Aram & Healy, 1988 for 

a review) reporting children or adults with hyperlexia. Hyperlexia is 

predominantly seen in boys (Huttenlocher & Huttenlocher, 1975) with a sex 

ration of 7:1 (Aram & Healy, 1988). In most cases hyperlexia is associated with 

pervasive developmental disorder (i.e. autism), but the two conditions are also 

dissociable; hyperlexia is also seen in children with unspecified neurological 

damage, and/or mental retardation (Elliot & Needleman, 1976). Aram and Healy 

(1988) state in their review that the onset of reading is described as sudden, 

without any formal instruction and relatively early (as early as 1 year of age). 

The nature of the reading activity is further described as compulsive and 

repetitive, and can thus be differentiated from ‘normal’ precocious reading. In all 

the studies reviewed language deficits (e.g. delayed and abnormal speech 

developments) were found to be associated with hyperlexia. The nature of these 

language deficits in reading (e.g. reading comprehension deficits) has been 

investigated in a number of studies.

Mehegan, Fritz and Dreifuss (1972) studied twelve children with 

hyperlexia; only two of these were able to execute directions after having 

successfully read these. Similarly, Huttenlocher and Huttenlocher (1973) 

examined three children with hyperlexia and required them to follow directions 

that were presented in written as well as spoken form. The hyperlexic children 

were significantly poorer in their performance than age matched controls.

Healy (1982) administered the Standford Diagnostic Reading Test to 

twelve hyperlexic children and evaluated their comprehension skills. Part A of 

this test consists of single sentence items, mainly literal in content, which require 

a picture recognition response. The children were able to choose the correct
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picture for most of these questions indicating fairly good comprehension of 

simple sentences. In Part B subjects were required to read short passages and to 

choose the correct word in a cloze test. This required the reader to relate the 

meaning of several sentences to one another. The hyperlexic children performed 

poorly on this test.

Goldberg and Rothermal (1984) altered some paragraphs by changing the 

punctuation marks, making comprehension of the sentences more difficult. This 

alteration did not have a significant effect on the reading speed of the hyperlexic 

children. They concluded that “these children read sentences without heed to 

their meaning”.

Frith and Snowling (1983) found that hyperlexic children showed the 

abstract-concrete effect and the Stroop effect. This showed that they had 

accessed the meaning of the words they read. They also found that the hyperlexic 

children were sensitive to syntactic constraints. However, in a homograph 

reading test, the hyperlexic children significantly less often chose the sentence- 

appropriate pronunciation of a homograph. Similarly, in a gap test, where 

subjects had to read short stories and were stopped at given intervals in order to 

choose the correct word out of three words offered (all three words were from the 

same syntactic class), the hyperlexic children performed poorly. The authors 

concluded that the reading comprehension deficit in autistic children is “beyond 

lexical access”. Autistic children with hyperlexia have semantic knowledge and 

they understand the meaning of single words and short, literal propositions, 

however they have difficulty in accessing the meaning of more complex 

sentences and larger segments of text. The comprehension failure thus lies in the 

integrational use of semantic knowledge in context, particularly in the absence of 

syntactical information. Frith and Snowling (1983) state that the performance of 

the autistic-hyperlexic readers can be characterised by a certain neglect of 

context or “field-independence”.

The definition or diagnosis of hyperlexia, however, is not uniform. Some 

authors require a discrepancy between decoding and comprehension (e.g. 

Silberberg & Silberberg, 1967), although the exact degree of discrepancy is not 

further specified. In such a definition, the actual decoding skill is not required to 

be in itself striking or “hyper” (i.e. in comparison to a normal baseline for a 

particular age group, for example). On the other hand, some authors have
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required a double discrepancy (Snowling & Frith, 1986; Rispens & Berckelaer, 

1991; Aaron, 1989), requiring decoding to be superior to a norm (e.g. 

chronological or mental age) and comprehension to be below a norm (e.g. IQ or 

verbal ability).

Snowling and Frith (1986) studied sixteen hyperlexic children. Those 

subjects at the lower end of the verbal ability spectrum within this group tended 

to have comprehension failure exceeding that expected from their verbal ability, 

while the higher verbal ability subjects’ comprehension level was in line with 

their verbal ability. Only the lower verbal ability subjects were considered as true 

hyperlexics.

When the former definition of hyperlexia is employed, the only necessary 

criterion is reading comprehension failure that may just be a symptom of the 

language deficit expressed in the written word. The latter definition, on the other 

hand, resembles definitions of savant abilities where it is required that a skill is 

superdeveloped with respect to the normal population, while general cognitive 

abilities are suppressed. O’Connor and Hermelin (1994)’s definition of savant 

abilities, for example, requires “the presence of an outstanding above-average 

specific ability that is in excess of that found in the normal population together 

with some form of mental impairment or abnormality”. Some authors (e.g. Patti 

& Lupinetti, 1996; Goldberg, 1987) have suggested that hyperlexia could be 

viewed as a savant skill.

There are several theoretical considerations related to which definition 

one may favour. The first definition suggests that visual and phonological skills 

required in decoding can develop normally or near normally, and independently 

of other language skills such as semantic and syntactic abilities required in 

reading comprehension. Glosser, Grugan & Friedman (1997), for example, 

studied a mentally retarded child with hyperlexia and found that both 

orthographic and phonological whole word representations could be acquired, 

stored and retrieved in the absence of a functional link to semantic memory. 

Siegel (1984) in a longitudinal study of a girl with difficulties with semantic and 

syntactic processing of language found that she could nevertheless read words 

and sentences without comprehension of their meaning. Seymour and Evans 

(1992) conducted a longitudinal study of a hyperlexic boy, and compared his 

performance with seventeen members of his class who received the same reading
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instruction. Despite his impaired language production and comprehension he 

developed an effective orthographic system with intact reading and spelling of 

words and non words and intact semantic processing of single lexical items. 

Snowling and Frith (1986) administered the Test for the Reception of Grammar 

(Bishop, 1982) to assess syntactic processing abilities, and found no specific 

impairments in a sample of sixteen hyperlexic children. Seymour and Evans 

(1992) and a number of other authors (O’Connor & Hermelin, 1994; Cossu & 

Marshall, 1986, 1990; Marshall & Cossu, 1987) have interpreted these findings 

as support for the idea of the segregation of cognitive functioning into modular 

components that process information efficiently and in isolation from other 

modular and central processes. Hyperlexia can thus be seen as direct evidence for 

Fodor’s (1983) modularity thesis. The phonology, syntax and lexical modules 

that Fodor (1983) postulated are intact, while domain-general processing is 

substantially impaired. Such an interpretation, however, rests on the assumption 

that in cases such as autism or mental retardation the underlying cognitive 

architecture is identical to that found in healthy individuals, except that certain 

deficits are present and specific functions have been damaged selectively, 

without changing the dynamics of the whole system. Such an assumption of 

subtractability of cognitive functions is more suitable to acquired disorders where 

the end points of developmental pathways have been reached. However, the fact 

that precocious single word reading also occurs in normal development (Jackson 

& Biemiller, 1985; Pennington et al., 1987) indicates that outstanding word 

recognition in hyperlexia is not necessarily a consequence of the breakdown of 

functioning in language (i.e. semantic deficit). Such findings counter claims that 

“modularity can only be established when no other functions are normally 

available” (Marcel, 1990), and thus support modularity in normal development.

On the other hand, a definition of hyperlexia that focuses not on decoding 

as an islet of preserved ability but as an advanced skill, and also requires 

comprehension levels to be significantly lower than expected on the basis of 

verbal ability (i.e. double discrepancy), suggests qualitatively different 

functioning to normal development. Hyperlexia in such a definition, like other 

savant skills, refers to an unusual and abnormal pattern of information 

processing, not shown by normal controls. There have been at least two different 

accounts attempting to explain this. One is a deficit account, whereby as a
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consequence of a conceptual deficit, the development that would normally 

proceed for language and thinking is transferred onto more basic visual- 

perceptual skills, and as a consequence their development is enhanced (Scheerer, 

Rothman & Goldstein, 1945). A second account holds up the idea of a primary, 

genuine difference in information processing. The weak central coherence 

account (Frith, 1989) suggests such a qualitatively different style of information 

processing in autism. In many studies it had been found that subjects with autism 

show relative strengths in areas of cognition where meaningful coding and 

abstraction are not required, and where the information presented could be 

processed in a piecemeal fashion, rather than in terms of global characteristics. 

For example, in the Block Design subtest of the WISC (Shah & Frith, 1993), and 

the Children’s Embedded Figures test (Shah & Frith, 1983), the task is to treat 

information as presented without paying attention to its meaning or whole form. 

On the other hand on tasks where meaningful processing is necessary for 

success, subjects with autism often perform poorly (e.g. Comprehension subtest 

of the WISC).

When the co-occurrence of these two symptoms is stressed, it becomes 

necessary to explain why. The most parsimonious explanation would postulate a 

single abnormality that could explain both symptoms (i.e. assets and deficits) 

simultaneously. It can be argued that weakly coherent functioning would predict 

both symptoms, and is thus the most convincing account. In decoding, Perfetti 

(1992) had found that skilled decoders do not use context, but rather automatise 

or modularise their decoding skills efficiently. Weakly coherent processing 

would provide the best starting point for the modularisation of decoding skills as 

the hallmark of weak central coherence is “context-blindness” or "field- 

independence”. Similarly with regard to comprehension many verbal ability tests 

require the knowledge of semantic word knowledge under precise instructions 

(e.g. Peabody Vocabulary test). On the other hand in reading of text, where no 

guidance with respect to a particular task requirement is provided, and where 

spontaneous contextual processing is required, a comprehension failure 

unexpected on the basis of verbal ability is most likely.

There is some evidence supporting the idea that a weakly coherent 

processing style may “produce” hyperlexia. Fontenelle and Alarcon (1982) and 

Goldberg and Rothermal (1984) both reported that hyperlexic children did better
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on the Block Design subtest of the WISC than on Vocabulary, Digit Span and 

Coding subtests, and that they performed poorly on the Picture Completion and 

Picture Arrangement subtests. Cobrinik (1974) also found relative success on the 

Block Design subtest of the WISC in six hyperlexic children. There is also some 

evidence that suggests, not only within-subject peaks of performance, but 

superior performance between-subjects (hyperlexic versus controls). Cobrinik 

(1974) observed unexpectedly good word reading abilities and severe language 

deficits (i.e. hyperlexia) together with early manifestations of exceptional visual 

imagery and recall (e.g. Visual Sequential Memory). In a later study Cobrinik 

(1982) found that hyperlexic children outperformed normal controls in their 

ability to decipher incomplete words. These words had been degraded through 

deletion so that letter identification was made difficult. There are parallels 

between Cobrinik's (1982; 1974) observations and the piecemeal processing of 

weak central coherence.

These findings of different and/or superior processing in hyperlexia lead 

to an important question concerning the quality and nature of their reading 

performance. Do they employ the same processes as normal children? In other 

words do they go through the same stages in reading development starting with a 

logographic or iconic stage, and then start to use their phonological processing in 

the acquisition of g-p rules and finally an automatic orthographic code? There is 

evidence that suggests that hyperlexic children are good non word readers. Healy 

et al. (1982) found that six out of the twelve hyperlexic children they studied 

scored higher than one standard deviation above the mean for their age in a 

nonword reading task, while the other six were within 1 standard deviation in 

their ability to read non words. Aram, Ekelman & Healy (1984) studied a 39 year 

old hyperlexic subject who could read almost all the non words from the 

Woodcock Reading Mastery tests correctly. Frith and Snowling (1983) also 

found non word reading to be good in their sample of hyperlexic readers. In 

chapter 4, children with autism were found to be as good as normal control 

subjects in their nonword reading abilities. Cobrinik (1974) had suggested that 

hyperlexics’ reading might be viewed “as an extension of pattern recognition; for 

these children words constituted complex patterns in much the same manner as 

did automobile profiles and subway maps”. However, there is no evidence to 

suggest that hyperlexic children do not employ a phonological code in reading
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and, as quoted above, there is strong evidence that their phonological processing 

abilities are intact as reflected in successful nonword reading. Some authors have 

found that echolalia is often displayed by hyperlexic children (Mehegan, Fritz & 

Dreifuss, 1972; Goldberg & Rothermal, 1984; Tirosh & Canby, 1993), and some 

go as far as viewing echolalia as an auditory counterpart of hyperlexia.

In conclusion there is some evidence to suggest that children with 

hyperlexia (at least those who have hyperlexia with autism) do show some super

development, while for others it may be more accurate to conclude that their 

decoding skills are simply an islet of preserved ability or an intact module in the 

context of a severe general cognitive deficit. If hyperlexia can thus be in some 

cases a savant skill while in others simply an islet of intact, normal functioning, 

then the issue of symptom versus syndrome may be easier to tackle. Some 

authors had suggested that hyperlexia should represent part of the continuum of 

autism (Tirosh & Canby, 1993), while others conclude that hyperlexia is a 

symptom that occurs also, for example, in mental retardation (Snowling & Frith, 

1986). Snowling and Frith (1986) studied autistic and mentally retarded children 

with hyperlexia and found that they were indistinguishable in their performance. 

Hyperlexia as a symptom may be expressed similarly in children with autism and 

in children with mental retardation (i.e. domain-general deficits), but the causal 

paths may be different. Figure 4 presents an attempt to visualise these two 

possibilities. If future research finds support for this, it may then be appropriate 

to employ a double-discrepancy definition for the “savant-hyperlexia” type, 

while a simple discrepancy definition may be more appropriate for the “modular- 

hyperlexia” type.

It will be suggested in the further course of this thesis that information 

processing abnormalities in autism that are a consequence of weak central 

coherence often lead to hyperlexic reading, as well as the well-documented 

findings of good performance on the Block Design subtest of the WISC (Happé, 

1994d), relative ease on an unsegmented version of the Block Design test (Frith 

& Shah, 1993) and the ability to disembed geometrical patterns in pictures, as 

required in the Embedded Figures Test (Shah & Frith, 1983).

The percentage of people with autism who process information in a 

weakly coherent style, and to what extent this may be associated with hyperlexia
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Figure 4; Two types of hyperlexia: savant functioning and preserved modular functioning 

Savant hyperlexia type

COGNITION

BEHAVIOUR

Comprehension 
- context processing deficit

Decoding
- advanced
- strongly modularised

Domain-general process
- weak central coherence
- efficiency (fast BPM)

Modular hyperlexia type

COGNITION

BEHAVIOUR

Comprehension 
- general processing deficit

Domain-general processes
- deficiency (slow BPM)
- strong central coherence

Decoding
- spared
- strongly modularised

Normal development

COGNITION

BEHAVIOUR

Comprehension 
- contextual processing 
intact

Decoding
- in line with comprehension
- normally modularised

Domain-general processes:
- efficiency, (fast BPM)
- strong central coherence
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is so far not known. A particularly interesting study that may shed some light on 

this issue in an indirect fashion is that of Tirosh and Canby (1993). They studied 

five children with autism and hyperlexia and five sex and IQ-matched children 

with autism and no hyperlexia. They found that the hyperlexic group had more 

persistent echolalia and superior visual motor performance. This finding suggests 

that there may be at least two subgroups in the autism spectrum that can be 

differentiated in terms of superior decoding (i.e. hyperlexia) and superior 

visual/auditory processing. One might expect that hyperlexic subjects with 

autism would perform worse than non-hyperlexic subjects with autism on 

comprehension and language tests. Tirosh and Canby (1993) did, however, find a 

similar distribution of biological markers between the two groups with no 

specific profile with which to characterise the children with hyperlexia.

6.3 Hyperlexia in the group of subjects with autism

From an inspection of the reading assessments of all the subjects with autism 

taking part in the present investigation, it became obvious that approximately 

half of the subjects showed considerable discrepancies between word recognition 

(WORD - Basic Reading subscale) and reading comprehension (WORD - 

Reading Comprehension subscale). The subjects showing such discrepancies will 

be classified as hyperlexic, in terms of the single discrepancy definition (i.e. 

decoding is advanced within subjects but not necessarily with respect to their age 

group). The hyperlexic and non-hyperlexic subgroups of the autism group will be 

examined with regard to different measures of reading comprehension (i.e. 

present chapter) and weakly coherent patterns of information processing (i.e. 

chapter 8).

In section 6.4 memory for surface form of ordered and scrambled stories 

is compared for each group. In section 6.5, 6.6 and 6.7, surface form retention in 

the group with autism is examined, while section 6.6 investigates a hyperlexic 

and a non-hyperlexic subgroup in the autism sample. Based on the assumption 

that weak central coherence is one of the factors involved in the development of 

savant abilities, and given that the hyperlexic group may present a savant 

hyperlexic rather than a modular type, then it is predicted that this group will 

show superior surface form retention.
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Section 6.7 examines the group with dyslexia, and section 6.8 the group 

with mental retardation. Chapter 7 examines reading comprehension abilities in 

terms of propositional text base and situation model representation in these 

groups.

Method

Materials 

Story Reading Task

a.) Ordered condition: Eight stories, each 11 sentences long were created. A story 

schema similar to the one identified by Mandler (1978) was followed: setting, 

initiating event, conflict or change, and resolution. None of the stories required 

mental state attribution, and conflicts and changes described were exclusively 

due to events in the physical world.

b.) Jumbled condition: The order of sentences 2 to 10 was randomised within 

each ordered story to create the eight stories for the jumbled condition. Sentence 

1 and 11 were always left in their original place to provide a minimal framework 

for comprehension.

Surface form retention test

Alternative surface forms for sentence 4 to 8 of each story were created. This 

was done by swapping the order of clauses, using pronouns instead of nouns, and 

using synonyms and other appropriate substitutes (see appendix H). The meaning 

of the sentences thereby remained the same. A total of 40 sentences (5 per story) 

were used in the surface structure recognition test, 20 in the ordered and 20 in the 

scrambled condition. Two of the 5 sentences used in the recognition test for each 

story were presented as originals, the surface structure of the remaining three 

sentences was changed. The subject had to make a Yes/No choice for each 

sentence to indicate whether it had remained exactly the same (Yes) or whether it 

had changed (No). In order to attain the maximum score of 5 points for each
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story, three No and two Yes responses were required. The higher number of No 

required was chosen to make the data robust with regard to the likely occurrences 

of false positives (i.e. Yes response bias).

Procedure

Subjects received practice using a three-sentence paragraph. After reading the 

paragraph the surface form test was explained, and it was pointed out that the 

meaning of the sentences always remained the same. The subjects could inspect 

the original sentences and compare their surface form with that of test sentences 

with alternative surface form. They were then asked to retell the events they had 

read about (i.e. comprehension test, see chapter 7.)

Story Reading Task

Each participant read four stories in the ordered and four in the scrambled 

condition. The version in which a particular story was presented was 

counterbalanced across participants so that each story was given in either version 

an equal number of times. Each story was read aloud twice and the reading time 

was unlimited. If a participant encountered word decoding difficulties the 

experimenter delivered the correct pronunciation to ensure that all the words had 

been decoded accurately and were thus available for the comprehension process.

Surface form retention test

Immediately after reading a story, the five sentences (sentence 4 to 8) assessing 

surface form were presented. The order of presentation was the same as in the 

version of the story read. This sequenhal presentation was done to make this 

memory task easier, following Gemsbacher’s original procedure. After decoding 

of each sentence the participant was asked whether he or she had read this 

sentence in the story or whether the sentence had changed in its surface structure. 

After a subject had completed the test, the number of story events subjects were 

able to retell (i.e. representation of gist) was measured (data presented in chapter
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7). Then the subject read the next story (alternating condition from story to 

story), and so forth.

6.4 Surface form retention in ordered and scrambled stories 

Subjects

Eighteen subjects with pervasive developmental disorder (12 with a diagnosis of 

autism, 6 with a diagnosis of Asperger syndrome), twelve subjects with mental 

retardation, seventeen subjects statemented with dyslexia, and twenty normal 

controls, took part in this study. Table 37 presents means and standard deviations 

of chronological age, WORD Basic Reading and Reading Comprehension 

subtests and FIQ.

Table 37: WORD (BR and RC), FIQ, VIQ and CA for all groups in surface form study: means, sds

CA 12.2(3.0) 12.0(1.5) 9.2 (1.4) 12.4 (2.3)

FIQ 85.5 (20T) 103.0(12.7) 118.0(14.5) 64.2(11.1)

VIQ 84.2(19.5) 105.7 (10.3) 117.3 (16.6) 67.1 (10.3)

BR - Raw 39.2 (7.6) 33.5 (4.4) 38.0(8.7) 32.1 (7.4)

BR - Standard 94.6(17.8) 80.4 (7.6) 102.6 (22.4) 78.8(14.6)

RC - Raw 18.5 (6.6) 24.9(3.5) 23.4 (7.2) 16.2 (2.8)

RC - Standard 81.3(11.7) 80.4 (7.6) 108.3(11.2) 72.6 (4.7)

Results

The effect of scrambling (i.e. the increased difficulty or partial prevention of 

comprehension processes) was examined by comparing surface form retention in 

the two story conditions. A repeated measures ANOVA was performed with one 

within-group factor with two levels (story condition: scrambled and ordered) and 

one between-group factor with four levels (group: autistic, dyslexic, normal, and 

MED). There was no significant main effect of story order (F(l,63)=.00, p=.960); 

all groups retained similar amounts of surface form in the scrambled and in the 

ordered condition. There was a significant main effect of group (F(63,3)=4.93, 

p=.004). Surface form retention will be examined in section 6.5 to 6.8, with
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groups matched on word recognition abilities, as this effect might simply be due 

to differences in word recognition abilities. There was no significant group by 

order interaction (F(63,3)=.44, p=.724). Table 38 presents the mean total number 

of sentences correctly recognised in each condition and the corresponding 

standard deviations for each group. The total number of correctly recognised 

sentences could be used as only the difference between the two conditions was of 

interest, not the total amount; not all subjects had read 8 stories in total (five 

autistic subjects read 6 stories, two dyslexic subjects read 4 stories, one normal 

control subject read 6 stories, and one normal control subject read 4 stories, all 

MLD subjects read 8 stories).

Table 38: Surface form (ordered and scrambled) in all groups: means, sds

Autistic, n=18 13.9 (3.1) 13.6 (2.7)

Dyslexic, n=17 11.4 (3.0) 11.5 (1.9)

MLD, n=12 11.5 (2.4) 12.0(1.8)

Normal, n=20 13.9 (2.7) 13.7 (3.0)

20 (maximum) 20 (maximum)

D iscussion

The results obtained in the present study did not conform to the predictions of 

the SBF. All four groups retained equal amounts of surface form in the ordered 

and scrambled condition. According to the SBF this would imply that the 

structure building activity is similar in both conditions: even when information is 

presented in an ordered and coherent fashion, the children are not able to build 

more coherent structures of discourse than when information is presented 

incoherently. The inference to be drawn would be that all experimental subjects 

are relatively less skilled comprehenders. As this is the first study to adopt an 

experimental paradigm previously used only with adult populations, it may 

indicate that a developmental perspective on structure building abilities needs to 

be taken into account. It is likely that reading develops from a heavier emphasis 

on word recognition and equal processing of all the sentence elements (i.e. 

“close” text processing) in the earlier years of reading to more meaning 

orientated and text form independent processing in adulthood.
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Surface form retention can thus not be used as a straightforward marker 

for the level of comprehension in children. The relationship between surface 

form and comprehension will be more closely examined in chapter 7. However, 

as surface form retention is the lowest and most domain-specific level of 

representation of text, it still presents an important tool for the investigation of 

text processing in children.

6.5 Surface form retention in autism 

Subjects

Seventeen normal control subjects could be matched on word recognition level 

(Basic Reading raw scores) with the eighteen subjects with autism/Asperger 

syndrome. Nine MLD subjects could only be matched with a subset of subjects 

with autism (n=9). Means and standard deviations of the WORD-Basic Reading 

and Reading Comprehension subtests, FIQ, VIQ and CA for the autism/normal 

comparison are presented in table 39, for the autism/MLD comparison in table 

40.

Table 39; WORD (BR/RC), FIQ, VIQ and CA for surface form 
autistic/normal comparison: means, sds

CA 12.2(2.9) 9.4 (1.5)

FIQ 85.5 (20.7) 118.3 (13.4)

VIQ 84.2(19.5) 117.2(17.0)

BR - Raw 39.2 (7.6) 39.0 (7.6)

BR - Standard 94.6(17.8) 102.5 (23.7)

RC - Raw 18.5(6.6) 24.1 (6.7)

RC - Standard 81.3 (11.7) 108.7(10.9)
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Table 40; WORD (BR/RC), FIQ, VIQ and CA for surface form

autistic/MLD comparison: means, sds
Measure

CA

FIQ

VIQ

BR - Raw 

BR - Standard 

RC - Raw 

RC - Standard

Autistic, n=9 MLD, n=9

11.3 (2.5) 

79.7 (14.8) 

78.9(16.6)

35.3 (8.2) 

91.3(12.9)

15.1 (4.3)

78.1 (11.1)

12.6(2.4) 

6 6 .2 ( 1 1 . 1 ) 

70.0(10.2) 

343 (7J) 
81.1 (16.0)

16.6 (2.5)

72.6 (4.9)

Results

The surface form retention abilities of the autism and the normal group were 

examined by an independent samples t-test. There was a trend for the autistic 

group to retain more surface form (t(33)=1.19, p=.241). A one-way ANOVA 

with verbal IQ as a covariate showed significantly better surface form retention 

by the autistic group (F(34,l)=9.4, p=.004). Table 41 shows the mean percentage 

and standard deviations for surface form retention (scrambled and ordered 

condition collapsed) for the autistic/normal comparison.

Table 41: Surface form retention (percent) for autistic/normal comparison: means, sds
Autistic (1), n=18 Normal, n=17

74.1 (12.5) 69.1 (12.2)

The surface form retention abilities of the autism and the MLD group were 

examined by an independent samples t-test. The autistic group’s surface form 

retention was significantly better than that of the MLD group (t(16)=5.65, 

p=.000). Table 42 shows the mean percentage and standard deviations for surface 

form retention (scrambled and ordered condition collapsed) for the autistic/MLD 

comparison.

Table 42: Surface form retention (percent) for autistc/MLD comparison: means, sds 

76.1(8.9) 56.3 (5.5)
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Discussion
The results of this comparison of surface form retention for narratives show that 

the autistic group performed as well as the normal control group, and 

significantly better than a group with mental retardation. The autistic group thus 

showed no deficits at this lowest and most domain-specific level of text 

representation. Indeed, in relation to their IQ, their performance is surprisingly 

good. In story reading the autistic group can thus at least as easily represent and 

retrieve surface form information as the normal control group. If higher-level 

comprehension processes rely upon the availability of surface form data, then it 

can be concluded that any breakdown in comprehension in autism has to be 

located at these higher (i.e. domain-general) levels of processing. Frith and 

Snowling (1986) have concluded from a number of experiments with hyperlexic 

children that the comprehension failure lies at the level of meaning for sentences 

and larger segments of text. The extraction of meaning is not required at the 

surface form level of representation, and thus this did not present any difficulty 

to the autistic group.

6.6 Surface form retention in hyperlexia 

Subjects

From an inspection of the reading data (i.e. Basic Reading and Reading 

Comprehension subtest standard scores of the WORD) of the group with autism, 

it became apparent that approximately half of the sample showed discrepancies 

of at least 8 standard points between word recognition and comprehension 

abilities. In these cases reading comprehension abilities were much poorer than 

word recognition abilities. It was decided to divide the autistic sample in order to 

create a hyperlexic and a non-hyperlexic subgroup. In most of the subjects where 

decoding exceeded comprehension the discrepancies were large (i.e. greater than 

10 standard units); the smallest discrepancy accepted was eight standard units. 

This definition of hyperlexia does not require word recognition abilities to be 

normally developed (e.g. standard Basic Reading scores of ~ 100), but focuses on 

the unexpected lack of comprehension. Ten subjects were classified as
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hyperlexic readers and ten (including the two dyslexic ones) were classified as 

non-hyperlexic readers. In the non-hyperlexic group, the two subjects with 

discrepancies in the opposite direction, with reading standard scores below 

average and IQ scores average or above average (i.e. dyslexia) were excluded so 

as not to bias the results. The non-hyperlexic subgroup thus reduced to eight 

subjects. Table 43 shows the discrepancies between the WORD Basic Reading 

and WORD Reading Comprehension subtests (standard scores) for all subjects in 

the two subgroups. Table 44 presents the descriptive data for the hyperlexic 

subgroup ' and a normal control group matched on word recognition abilities (e.g. 

Basic Reading raw scores), and Table 45 presents the descriptive data for the 

non-hyperlexic subgroup and a normal control group.

Table 43; Hyperlexic and non-hyperlexic subgroups’ WORD BR/RC discrepancies

SI +60 SI -2

82 +28 S2 -2

S3 +26 S3 -I

S4 +25 S4 0

S5 +23 S5 + I

S6 + 19 S6 +2

S7 + 18 S7 +2

S8 + 17 S8 +3

S9 + 11

SIO +8

Table 44: WORD (BR/RC), FIQ, and CA for surface form 
hyperlexic/normal comparison: means, sds

CA 11.5 (2.7) 9.8 (1.2)

FIQ 86.3 (2F8) 122.3(13.5)

BR - Raw 404 (&5) 40.4 (6.1)

BR - Standard 101.0(19.4) 106.1 (5.2)

RC - Raw 15.5 (4.5) 25.7(4.9)

RC - Standard 77.5 (9.0) 109.2(9.5)

' It is interesting to note that not only were the FIQs in the hyperlexic and non-hyperlexic 
subgroups similar (hyperlexic: 86.3; non-hyperlexic: 84.5), but inspection times were also similar 
(hyperlexic: 35.5, n=6; non-hyperlexic: 35.2, n=5)
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Table 45: WORD (BR and RC), FIQ, and CA for surface form
nonhyperlexic/normal comparison: means, sds

CA 1T2(T3) 9.0 (1.0)

FIQ 84.5 (20.6) 110.5 (12.3)

BR - Raw 37.7 (9.1) 37.8 (10.0)

BR - Standard 86.6(12.5) 108.0(10.8)

RC - Raw 22.2 (7.1) 23.1(9.2)

RC - Standard 86.0(13.4) 111.1 (14.5)

Results

Surface form retention in the two autistic subgroups (hyperlexic and non- 

hyperlexic) was compared with surface form retention in two normal control 

groups. Two independent t-tests were run for each subgroup. Table 46 presents 

the mean percentage and standard deviations of surface form retention for all 

four groups.

Table 46: Surface form retention (%) for hyperlexic, non-hyperlexic and controls: means, sds
Hyperlexic, n=10 H-Control, n=10 Nonhyperlexic, n=8 NH-Control, n=8

80.3 (9.8) 68.1 (14.7)68.9(11.2) 69.1 (14.9)

The hyperlexic subgroup retained significantly more surface form than their 

normal control group: t(18)=2.42, p=.026, while the non-hyperlexic subgroup 

retained the same amount of surface form as their normal control group: 

t(14)=.13, p=.895. The difference between the non-hyperlexic and hyperlexic 

subgroup in surface form retention was not significant, but showed a trend for the 

hyperlexic group to retain more surface form (t( 16)= 1.55, p=.140).

Discussion

The finding of enhanced surface form retention in hyperlexia suggests an ability 

“far in access of that in normal populations” - a definition of a savant skill 

(O’Connor & Hermelin (1994). The hyperlexic group’s decoding abilities are of

158



the same level as those of the normal control group, yet the hyperlexic group has 

superior memory for surface form^.

The representation of surface form requires literal representation of text, 

and hO constructive meaning-making processes are required at this stage. One 

may speculate that the hyperlexic group may engage relatively less than both the 

non-hyperlexic autistic group and the normal control group in such meaning- 

making processes. It may be easier for this group to focus on the more immediate 

and perceptual substance of text. The earlier studies on surface form retention led 

to the conclusion that surface form is discarded as soon as the meaning of a 

sentence is understood. Only the later, more carefully designed studies obtained 

evidence that some amount of surface form is retained in long-term memory and 

remains accessible at time periods such as a week after reading. It is thus 

important to keep in mind that substantial surface form loss is a natural 

accompaniment of comprehension. The fact that the hyperlexic group is not 

prone to the same effect to such surface form loss may indicate poorer rather than 

better comprehension abilities. This conclusion is only at first sight contradictory 

to Gemsbacher’s argument, as she argued that level of surface form retention 

indicates level of comprehension. Gemsbacher’s arguments, however, rest on the 

assumption that all readers are equally involved with meaning extraction from 

text, despite the fact that some may be more successful than others (i.e. 

individual differences versus abnormality of function).

It would be very interesting to present normal controls with entirely 

random strings of words that do not comprise meaningful sentences. If it is found 

that in such a case surface form retention is enhanced as a consequence of a 

complete abortion of comprehension processes, then a deficit account for the 

savant skill of surface form retention in hyperlexia may be justified. If, on the 

other hand, normal controls’ surface form retention would still be significantly 

poorer than that of hyperlexic autistic readers, then one may examine further the

 ̂ Four of the twelve subjects with mental retardation had discrepancies between BR and RC 
standard scores above 8 units (+9, +17, +26, and +31). The average surface form retention of 
these four subjects was 54%. This gives an indication that ‘hyperlexia’ as defined here, is 
associated with high-levels of surface form retention in autism, but not in mental retardation. 
Three out of 20 normal subjects had discrepancies of 8 standard units or above (18, 8, and 9), and 
average surface form retention in this subgroup was 66%, not as high as in the hyperlexic, autistic 
subgroup.
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ideas that savant skills reflect a true superiority in processing (i.e. weak central 

coherence), unachievable by normal controls.

It is further paramount to investigate how far the savant skills so far 

documented are related to weakly coherent processing. Hermelin et al. (1994) 

have shown that autistic savants with artistic talents were better able than 

controls in manipulating segmented visual displays. In another study, Pring, 

Hermelin & Heavey (1995) found that autistic subjects without artistic savant 

skills, though better than control subjects in a Block Design task, performed 

worse than autistic subjects with an artistic savant talent. In a similar vein, the 

data obtained here supports the notion that hyperlexia in autism might be 

considered a savant skill and, as other savant skills, is associated with superior 

visual-perceptual ability such as enhanced surface form retention.

Hyperlexic reading is characterised by relative neglect of the meaningful 

context in which words are embedded and a perceptual ability to process and 

retain a lot of “equally weighted” information simultaneously (e.g. high levels of 

surface form retention). If it could be further shown that the enhanced level of 

surface form retention is related to other extraordinary perceptual skills that so 

far constitute the empirical “essence” for the present theoretical characterisation 

of central coherence, then this may shed further light on the nature of cognitive 

processes that bring about such savant skills. This issue will be pursued in 

chapter 8, where the hyperlexic and the non-hyperlexic subgroups will be 

compared on a number of measures of central coherence. If it is the case that the 

hyperlexic subgroup is characterised by a more weakly coherent processing style 

than the non-hyperlexic subgroup, then this will have important implications for 

further diagnostic “fine-tuning” of the autistic disorders. There may be at least 

two different populations within the autism spectrum in addition to the 

Asperger/primary autism differentiation. It is also interesting to note that two 

subjects with Asperger syndrome were in the hyperlexic subgroup, while there 

were four subjects with Asperger syndrome in the non-hyperlexic group. In 

chapter 9 it will be examined whether these two subgroups might also be 

differently affected by the other two main cognitive impairments associated with 

autism (i.e. Theory of Mind and executive functioning deficits).
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6.7 Surface form retention in dyslexia.

Subjects

Eighteen subjects statemented with developmental dyslexia took part in the 

study. It was possible to match ten of these closely with younger normal controls 

on word recognition abilities (Basic Reading raw scores) for the following 

analysis. Table 47 presents the means and standard deviations of chronological 

age, FIQ, word recognition and reading comprehension abilities (Basic Reading 

and Reading Comprehension raw and standard scores).

Table 47; WORD (BR and RC), FIQ and CA for surface form 
dyslexic/normal comparison: means, sds

CA 11.7(1.6) 8.4 (1.0)

FIQ 101.4(12.8) 117.0(16.1)

BR - Raw 32.4 (5.2) 31.7 (6.7)

BR - Standard 80.0 (8.7) 101.5 (8.9)

RC - Raw 24.1 (2.9) 19.3 (6.2)

RC - Standard 9&8(8.8) 104.2 (9.3)

Results

Surface form retention in the two groups was compared by an independent t-test. 

The dyslexic group retained significantly less surface form than the normal 

control group: t(18)=-.261, p=.018. Table 48 presents the mean percentage and 

standard deviations of surface form retention in the two groups. A unifactorial 

ANOVA with verbal IQ as a covariate showed no significant differences in 

surface form retention between the dyslexic and the normal group (F(19,l)=2.52, 

p=.131).

Table 48: Surface form retention (%) for dyslexic/normal comparison: means, sds
Dyslexic, n=10 Normal, n=10

57.3(13.7) 72.7(12.7)

161



Discussion
The results show that the dyslexic group retained significantly less surface form 

than the normal control group, however, once the higher verbal IQ in the normal 

group was controlled for, this difference was no longer significant. Nevertheless, 

the domain-specific deficit in P that characterises dyslexia seems to have an 

effect on the level of surface form representation of text. Despite the fact that the 

dyslexic subjects read the stories three or four times, and were provided with the 

correct pronunciations of the words they struggled to decode, this nevertheless 

did not allow them to attain levels of representation of surface form comparable 

to those obtained by younger reading-level matched normal readers. As it has not 

been investigated to what extent surface form retention is necessary for the two 

higher levels of representation in text comprehension to proceed (i.e. 

propositional text base and situation model representations), the conclusions to 

be drawn from this finding are not straightforward. In chapter 7, the relationship 

between surface form retention and higher-level comprehension will be 

examined, and may help to clarify what conclusions should be drawn from the 

present findings.

Dyslexic children are less fluent readers with word recognition being less 

automatic or modularised (Perfetti, 1985). As a consequence more central 

resources (i.e. domain-general processing) need to be dedicated to the lower 

levels of reading and representation of text such as surface form. The greater 

involvement of domain-general processes is shown by the heavier use and easier 

influence of context on word recognition in less skilled and dyslexic readers as 

opposed to normal, more fluent readers (Perfetti, 1992). As a consequence, poor 

surface form retention may be a consequence of central resources being taken up 

in the decoding process to a much greater extent in dyslexia than in normal 

readers. In such a case, poor surface form retention may just be a “harmless” by

product in the reading of dyslexic children with no serious implications for the 

deep-level encoding or construction of meaningful representation of the content 

of text. It may even be the case that the less important surface form level of 

representation is being neglected so that more processing capacity can be 

directed to the more important levels of representation (i.e. propositional text
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base and situation model). Poor surface form retention in such a case would be 

an indication of compensatory activities.

Alternatively, poor surface form retention may reflect the poorer quality 

of the representational code itself (i.e. phonological word forms and syntactical 

representations of sentence form). Kean (1977) has argued that deficits of 

grammar seen in Broca’s aphasia can be traced to deficits in phonology since 

grammatical morphemes, lacking in meaning, depend on phonology for 

processing. Patterson (1982) and Langmore and Canter (1983), similarly, have 

shown that patients who have difficulty in reading grammatical morphemes also 

have difficulty in assembling phonology. It may be that, as in acquired disorders, 

dyslexic readers may not be able to store and access the surface elements of 

sentences (i.e. single word forms and grammatical structure of the whole 

sentence) as well as normal children. This in turn may make the accessibility of 

the semantic associations of words and sentences harder. In other words, the data 

base used for comprehension may in itself be poor. In this latter case, one may 

expect a “true” comprehension deficit in dyslexia (see chapter 7).

In this context it is also interesting to examine how far a working memory 

(WM) capacity limitation could explain poor surface form retention. If poor 

surface form retention in dyslexia is a WM capacity problem, then one might 

expect the MLD group, which also appears to suffer from WM limitations (see 

chapter 4), to have equally poor surface form retention. If on the other hand the 

MLD group has surface form retention as good as the normal control group, then 

a representational problem seems the more likely candidate to explain the present 

finding.

6.8 surface form retention in mental retardation 

Subjects

Twelve subjects with mental retardation took part in this study; eleven of these 

could be closely matched on word recognition abilities with normal control 

subjects. The means and standard deviations of the chronological ages, FIQ, 

word recognition and reading comprehension abilities of the learning difficulties 

group and the normal control group are presented in table 49.
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Table 49; WORD (BR and RC), FIQ and CA for surface form
MLD/norma! comparison: means, sds

CA 12.0(2.0) 8.6 (1.5)

FIQ 64.4(11.6) 113.3 (14.6)

BR - Raw 32.8(7.2) 32.7 (7.8)

BR - Standard 80 7(13.6) 95.2 (28.3)

RC - Raw 16.1 (2.9) 26.0 (23.1)

RC - Standard 73.2 (4.4) 101.4 (7.2)

Results

Surface form retention in the two groups was compared with an independent t- 

test. Table 50 presents the mean percentage surface form retention and standard 

deviations.

Table 51: Surface form retention (%) for MLD/normal comparison: means, sds
MLD, n=ll Normal, n = ll

59.4 (9.2) 73.7(11.3)

The group with mental retardation retained significantly less surface form than 

the normal control group: t(20)=3.27, p=.004. A unifactorial ANOVA with 

verbal IQ as a co-variate showed no significant differences between the two 

groups (F( 1,19)=. 104, p=.751).

Discussion

The MLD group, like the dyslexic group showed significantly poorer surface 

form retention than a normal control group. When verbal IQ was controlled for, 

however, the two groups did not differ significantly. Surface form retention and 

verbal IQ correlated significantly only in the normal group (r=.58, p=.007, 

n=20), but not in the MLD group (r=.03, p=.919, n=12). In normal development, 

all skills tend to be intact, and consequently correlations are observed, however, 

the crucial factor that may limit the MLD group’s performance is not verbal IQ, 

but presumably a process that is correlated with verbal IQ in this group. A likely
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candidate for both the MLD and the dyslexic group is a WM limitation. In order 

to represent the exact surface form of sentences, all the words of a sentence need 

to be memorised and rehearsed so that this information can be successfully 

stored. In chapter 4 it was found that IT correlated with measures with a strong 

WM component such as the spoonerism and the rhyme test in the MLD group, 

but not in the normal, autistic or dyslexic group. This finding was interpreted as 

showing that processing efficiency (e.g. IT), which is most compromised in the 

group with mental retardation, is the limiting factor in WM performance in this 

group. In the dyslexic group, on the other hand, the phonological store 

component of WM was thought to be the limiting factor. The correlation between 

verbal IQ and surface form retention was higher in the dyslexic group than in the 

MLD group, but insignificant and lower than in the normal group (r=.32, p=.209, 

n=17). In the dyslexic group (as opposed to the MLD group) where processing 

efficiency is normal, verbal IQ might represent a resource in processing of text at 

the surface level, presumably by making heavier use of semantics as a way of 

compensating for poor phonological representations of surface form. The MLD 

group, on the other hand, does not have verbal IQs of a level high enough to 

employ for such compensation.

In conclusion, it could be that similarly to P, surface form representation 

is a fairly domain-specific process, which nevertheless needs some minimum 

domain-general processing efficiency in order to support performance on the 

explicit behavioural measure used here, and consequently the MLD group was 

found to perform poorly.

6.9 Is surface form retention domain-specific or domain-general?

Bivariate correlations (e.g. Pearsons correlation coefficients) were calculated for 

the relationship between surface form retention and word recognition (Basic 

Reading - raw scores), reading comprehension (Reading Comprehension - raw 

scores). Full IQ, Performance IQ and Verbal IQ. The correlation coefficients 

obtained for the normal, autistic, MLD and dyslexic groups are presented in table 

51, and for the hyperlexic and non-hyperlexic subgroups in table 52.
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Table 51 : Correlations between surface form retention and BR, RC, FIQ, PIQ, and VIQ

BR-Raw -.03 .18 -.19 -.01

RC-Raw -.26 .20 .29 -.25

FIQ .27 .29 .33 45*

PIQ -.19 .24 .45 .41

VIQ .58** .32 .03 .39

Table 52: Correlations between surface form retention and BR, RC, FIQ, PIQ, and VIQ
hyperlexic, n=10 nonhyperlexic, n=8

BR-Raw .28

RC-Raw -.12

FIQ .46

PIQ .62*

VIQ .20

-^8
-.22

.35

.14

.45

D iscussion

Surface form retention in the normal and the non-hyperlexic group correlated 

highly with VIQ (normal group: r=.58; nonhyperlexic autistic group: r=.45). On 

the other hand in the MLD and the hyperlexic autistic group correlations between 

PIQ and surface form retention are high (MLD group: r=.45; hyperlexic group: 

r=.62). One may speculate that domain-general processes implicated in text 

comprehension may be more intact not only in the normal group, but also in the 

non-hyperlexic group, considerably more so than in the hyperlexic and MLD 

group. As a consequence surface form retention in the normal and the non

hyperlexic group accompanies comprehension, while in the hyperlexic group and 

the MLD group, surface form retention may rather be the consequence of poor 

(verbal) comprehension.

Correlations between IT and surface form retention are high in the normal 

group (r=-.56, n=7), while for the MLD and the autistic group these correlations 

are lower (MLD: r=-.27, n=8; autistic group: r=-.21, n=l 1). Unfortunately, no IT 

data is available for the dyslexic subjects who took part in this study. The reason 

the correlations are not higher for these groups may be that surface form 

retention is not driven to the same extent by domain-general processing in these

166



two groups. If so, then the correlations should be higher for the non-hyperlexic 

autistic group than the hyperlexic autistic group.

6.10 Summary

An attempt was made to use Gemsbacher’s (1990) measure of surface form 

retention to assess structure building (i.e. comprehension) in autism, dyslexia and 

mental retardation. It was found that, unlike Gemsbacher (1990) had found for 

adults, surface form retention did not drop when stories were presented in a 

scrambled format. Surface form retention in younger readers may thus not be 

sufficiently sensitive to comprehension processes.

Surface form retention itself was further investigated in the three groups 

with developmental disorders and normal control groups. It was found that a 

group with autism tended to retain higher level of surface form than a normal 

group (significantly higher if verbal IQ was partialled out), and significantly 

higher levels than a group with mental retardation.

It was observed that approximately half of the subjects with autism had 

substantial discrepancies between their standard scores on the WORD Basic 

Reading and Reading Comprehension subtests. Two subgroups were formed, 

one hyperlexic, one non-hyperlexic. It was found that the hyperlexic subgroup 

retained significantly more surface form than a normal control group, whereas 

the non-hyperlexic subgroup retained similar levels of surface form as a normal 

control group matched on word recognition abilities. It was speculated that 

hyperlexia represents a savant skill, characterised by weakly coherent processing.

Both a dyslexic and a MLD group retained significantly less surface form 

than normal control groups. It was speculated here that this may be due to WM 

deficits; in the dyslexic group poor surface form retention might be a 

consequence of the P deficit leading to a deficit in the phonological loop, 

whereas in the MLD group the “time window” of the phonological loop might be 

compromised by slow central processing speed.

The graph below presents surface form retention in the autistic, 

hyperlexic, non-hyperlexic, dyslexic and MLD groups. The normal control 

groups’ surface form retention was around 70% in the comparisons (despite 

different levels of word recognition ability); 70% is thus represented here as the 

normal baseline.
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Graph 2: Surface form retention in autism, dyslexia, mental retardation and normal controls.
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Chapter 7 

Domain-general processes: representation of gist

7.1 Introduction

In this chapter representation of story events (i.e. gist) are examined. The goal of 

reading is the construction of a coherent mental model of the content of text. 

Further, the reader is concerned with how the new knowledge structure (i.e. 

content of text) can be added to already existing knowledge structures (i.e. 

accommodation),or, alternatively, how this new knowledge can be used to alter 

and modify existing views of the world (assimilation). Reading comprehension 

defined at such a global level of comprehension is taken to present a prime 

candidate process of domain-general functioning. In other words, in the present 

chapter an attempt is made to study reading comprehension at its most domain- 

general level. Gemsbacher (1990) had found that the level of reading 

comprehension is determined by an individual’s “general comprehension skill” 

that can also be observed in other modalities. The fact that Gemsbacher found 

consistent individual differences across modalities (e.g. linguistic: written and 

auditory; nonlinguistic: picture stories) indicates that the concept of a “general 

comprehension skill” is closely related to concepts of general intelligence, that 

could be operationalised as IQ or IT. Reading comprehension as examined in the 

present chapter is thus viewed as one further empirical measure for the 

investigation of domain-general functioning.

Although in the natural reading environment the reader is not instmcted 

to proceed in any specific way, and may to a large extent be free to determine 

which information to select and represent, there are nevertheless a number of 

cognitive processes that are common to human information processing and that 

apply to the comprehension of text as well as to other cognitive areas. In chapter 

5, literature has been reviewed that showed that readers engage with text by 

representing the meaning of each proposition (see section 5.2). These 

propositional representations are the building blocks for the propositional text 

base representation. Several researchers (Fletcher & Bloom, 1988; Kintsch, 

1974, 1988; Kintsch & Van Dijk, 1978; Van Dijk & Kintsch, 1983) have
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suggested that the content of text is represented by the connections between 

propositions (e.g. argument overlap) that occur simultaneously in short-term 

memory. Fletcher and Bloom (1988) asked subjects to read and recall short 

narratives. They found that the probability of recalling a proposition increased as 

the number of related propositions in the text increased, but only when they can 

be held simultaneously in short-term memory. The strongest evidence for the role 

of co-reference in the organisation of the propositional text base comes from a 

priming study by McKoon and Ratcliff (1980). They presented subjects with 

simple stories followed by a probe recognition task. Probe words were 

recognised more quickly when they were preceded by another probe from the 

same story, and as the referential distance between the words increased, 

facilitation decreased.

Fletcher (1994) presented seven phenomena that cannot be explained by a 

coherent propositional text base alone, and thus explains why a third level of 

representation has to be postulated (i.e. the situation model, see chapter 6). For 

example, the fact that two people can interpret the same discourse differently 

while agreeing on what was said, or the observation that it is insufficient to 

simply preserve the propositional representation for a successful translation of 

text. One important empirical study by Bower et al. (1979) showed that subjects 

had relatively little trouble reconstructing the canonical order of text when they 

were presented with stories in which the order of events had been scrambled. The 

reader thus engages with processes other than surface form and propositional text 

base representation, bringing general knowledge to bear upon the comprehension 

process. This knowledge can differ between individuals (e.g. diversity of 

opinions on text) or cultures (e.g. translation difficulties), but there is also some 

common ground of human information processing, whereby people can use 

certain guidelines to accomplish comprehension even in situations where the 

experimenter has attempted his best to abolish these processes (i.e. scrambled 

story comprehension). Fletcher (1994) refers to these representational activities 

as the “situation model” built from previous knowledge which the reader brings 

to text comprehension. The situation model simply refers to a frame of references 

which the reader applies, and in relation to which the events described in a story 

are interpreted. A situation model is similar to a script or scheme representation
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that a reader has acquired with repeated experience (i.e. general world 

knowledge).

Van Dijk (1980) and Van Dijk & Kintsch (1983) have argued that the 

propositional text base includes a hierarchical macrostructure created through the 

application of three macro-rules. In applying these rules the representational load 

of a text is reduced while its meaning is preserved. The first rule refers to the 

deletion of propositions that do not present a necessary interpretation condition 

for any subsequent propositions. The second rule is that of generalisation, 

whereby a sequence of propositions is replaced by one more general proposition, 

and the third rule, construction, implies that a number of propositions can be 

replaced by a single proposition that is entailed by the sequence. If these rules are 

applied recursively, the microstructure of a text (i.e. all its propositions) can be 

transformed into its macrostructure (i.e. small set of summary propositions), the 

representation of which is more economical and more memorable. Kintsch & 

Van Dijk (1978) found that propositions from the macrostructure of a text were 

recalled better than otherwise similar micro-propositions. Guindon & Kintsch 

(1984) found that macropropositions prime one another more strongly than 

comparable micropropositions.

Van Dijk’s (1980) and Van Dijk & Kintsch’s (1983) account of the 

construction of macrostructures thus focuses on the reduction of redundant 

information with the goal of creating a representation that can be stored in long

term memory. Such a structure would be much superior to the microstructure or 

propositional text base which can only be fully represented within the limits (i.e. 

time window) of short-term memory.

Causal network representations have been introduced by Trabasso & 

Sperry (1985) and are theoretically the most successful in providing a definition 

of a “situation model” as well as being empirically well supported. The authors 

state that “ the attempt to understand an event is an attempt to discover the causes 

(the events producing it) and effects (the events resulting from it)”. Trabasso et 

al. (1984) have, for example, identified the events (i.e. propositions) in stories 

and represented these as a causal network. Most stories have one main causal 

chain, whereby propositions are causally connected from the opening to the 

ending. Trabasso et al (1984) quantify causal cohesion for a story in terms of the 

percentage of events that are contained in the causal chain. The authors agree
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with Kintsch & Van Dijk’s (1978) propositional text base account whereby in the 

short term, linguistic, cohesive devices are sufficient for the comprehender to 

relate sentences, however, they argue that the long-term connectivity is 

determined by whether or not an event can be causally inferred from another 

event using world knowledge (i.e. situation model). They suggest the use of the 

term cohesion for local connectivity of text (i.e. micropropositions, propositional 

text base), and the term coherence to refer to the global connectivity of text (i.e. 

situation model).

Trabasso et al (1984) use a definition of causality whereby “causal 

statements relating two events, A and B, are made in some context against a 

background that includes the construction of a causal field  by the 

comprehender”. Cause and effect are seen as differences or changes within this 

field. A causal field is established usually from the setting statements of a 

narrative, similarly to Gemsbacher’s (1990) SBF whereby the first sentence is 

usually used to lay a foundation stmcture upon which a stmcture of the whole 

text will be built. Following this, the comprehender sets up general expectations, 

and with ongoing change in the focal events the comprehender instantiates 

expectations by backward inferences to events that are causally prior to the focal 

event at the time. These processes of expectation, prediction and instantiation are 

achieved by use of naive theories of psychological and physical causality.

Trabasso et al.(1984) identified the percentage of events that were part of 

the causal chain of a story, and those events that were not continued or did not 

lead to goal satisfaction (i.e. “dead ends”). They then examined the recall for four 

stories used by Stein & Glenn (1979) with regard to the percentage of causal 

chain events in these stories. Their results showed a striking linear relation 

between recall and the percentage of causal chain events (i.e. recall increases 

with the number of events that are part of the causal chain in a story). The 

authors conclude that “the memorability of a story does depend on causal 

cohesion among its events”. They also found that the recall of events increased as 

the number of connections of an event increased; this factor being of lesser value 

than being on the causal chain. Further, being on the causal chain overrode any 

single causal link effects. Keenan et al. (1984) employed a two sentence reading 

experiment, where the first sentences specified a cause for the event in the 

second sentence. The causal relatedness of the two sentence paragraphs was
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varied in four conditions with all sentences being referentially coherent. Keenan 

et al. (1984) found that reading times for the second sentences steadily increased 

as causal relatedness decreased.

Only two studies (Bower et al., 1979; Gemsbacher, 1990) have used the 

challenge of presenting stories/paragraphs, in which the order of events has been 

disrupted through a scrambling manipulations (i.e. randomising the sentence 

order), and no studies with healthy developing or children with developmental 

disorders have used such a paradigm. In scrambled stories, it is made extremely 

difficult for the reader to find an appropriate situation model or script, according 

to which the correct order of events can be constructed. At sentence-level, 

Hermelin & O’Connor (1967) had shown that mentally-handicapped children 

have an advantage in remembering the words of a sentence, when presented in 

the correct order (i.e. meaningful), but that children with autism showed no 

differences in their ability to remember words, whether they were presented as 

sentences (meaningful) or as word strings (not meaningful). Similarly, Tager- 

Flusberg (1991) also found support for the effect of meaning in enhancing recall 

in normal and mentally-handicapped subjects, but not in subjects with autism, 

when contrasting recall for semantically-related words with that of semantically- 

unrelated words. The same tendency for people with autism not to show a benefit 

from coherently presented information may be observed at higher levels of 

language processing (i.e. stories). On the other hand, for dyslexia the opposite 

might be expected. A greater focus on contextual meaning might be a strategy 

that children with dyslexia might not only employ in sentence reading, but also in 

story reading.

7.2 The present study

The present study was done immediately following the surface form recognition 

test in chapter 6. After subjects had completed the story reading task and the 

surface form recognition test, they were required to retell the story events. 

Analogous to the study in chapter 6, recall is tested in two conditions, for ordered 

and for scrambled stories. Subjects were required to extract the most relevant 

story events and to retell these in meaningful order. In the ordered condition, 

they had to be retold in the order in which they were encountered, while in the 

scrambled condition they were required to reorder these so that they matched the
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order of the former. The number of meaningfully retold story events was scored 

per story.

7.2.1 The autistic group

In the introduction the construction of a coherent mental representation (i.e. 

macrostructure) had been identified as one of the key factors in the processing of 

meaning of text. In the present experiment, the spontaneous creation of 

representation of meaning is examined in a group of subjects with autism. This 

study should provide important insights with regard to meaning making at text 

level in autism. It is predicted that weakly coherent processing in autism would 

be associated with little use of a relevant situation model or general idea, and 

would thus lead to poorer representation of story events (i.e. gist) in the ordered 

condition. In the scrambled condition, the selection of a relevant situation model 

to gain understanding of the story, was made extremely difficult. Differences 

between a group with autism and a control group might thus be minimal in the 

scrambled condition, as the control subjects might not be able to make use of 

their more strongly coherent processing style when the information itself is 

incoherent (i.e. scrambled). It will be particularly interesting to compare the two 

subgroups that have been identified on the basis of discrepancies between word 

recognition and reading comprehension and surface form retention in chapter 6. 

The current working hypothesis is that the hyperlexic subgroup may show more 

weakly coherent processing than the non-hyperlexic subgroup. If this were the 

case, then it would be expected that the hyperlexics’ abilities to construct 

meaning from text would be poorer than that of the non-hyperlexic group. This 

might explain the comprehension deficit in hyperlexia. It should also be possible 

to characterise the quality of such an impairment as weakly coherent, not a 

deficit in recall of information itself, but the absence of a meaningful integration 

of elements of information. In other words, comprehension in readers with 

weakly coherent processing styles should be characterised by the absence of a 

frame of reference or overall gestalt of content (i.e. situation model).

It is further expected that the construction of meaning will not be 

significantly different in the scrambled condition to that of the ordered condition 

for the more weakly coherent subjects. Consequently, the hyperlexic group
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should benefit less from presenting information in an ordered format than the 

non-hyperlexic group.

7.2.2 The dyslexic group

The dyslexic group has been found to represent less surface form than normal 

reading-level matched control readers. It is not as yet clear whether the greater 

loss of surface form in this group may reflect a true representational deficit (an 

extension of the P deficit that affects the lexical and syntactical representation of 

sentences) or, whether the greater loss of surface form may reflect a 

compensatory strategy to reduce the burden on domain-general resources so that 

the more important processing of meaning can proceed normally.

By examining story retelling abilities, it is thought possible to examine 

the quality of meaningful representations of text that are unconstrained by the 

exact form and wording of the original material. Perfetti (1985) found that less 

skilled readers are considerably more context dependent in their word 

recognition abilities. If the dyslexic groups’ comprehension abilities are more 

affected in the scrambled condition than those of normal control readers then this 

would indicate that the heavier use of context does not only occur at sentence 

level for the identification of individual words, but also for the meaning of larger 

segments of text. On the other hand, if the dyslexic group is just as able to 

comprehend scrambled stories as the normal group, then this can be taken as 

support that the deficit in dyslexia is sufficiently specific to affect the lower 

levels of word recognition and surface form representation, but that higher-level, 

more text-independent processes that rely on general knowledge are intact and 

allow compensation for deficits at the lower levels.

7.2.3 The MLD group

The MLD group was found to represent less surface form than a normal control 

group of the same reading level. As a consequence of the domain-general deficits 

in mental retardation (e.g. IQ, IT), this group may have limited retention of 

surface form. In this case the MLD group is predicted to be less able to retell 

story events in both the ordered and the scrambled condition. Alternatively, it is 

possible that, as has been suggested for the dyslexic group, the MLD group may 

focus more on the representation of gist, and may thus neglect the less important
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surface form level of representation so that limited central resources can be 

dedicated to the abstraction of meaning. It would then follow, that story retelling 

abilities for the ordered stories may be comparable to those of normal control 

subjects, whereas for the scrambled stories these might be considerably poorer 

given the challenging inferential requirements in reordering of story events in 

accordance with a fitting situation model.

7.2.4 Surface form and gist representation

It will be important to examine the relation between surface form representation 

and gist representation (i.e. story events) in the normal group, and then to see 

whether there may be abnormalities in this relation in the groups with 

developmental disorders. It is expected that a strong dissociation between surface 

form and gist representation is present in the hyperlexic group, and to a lesser 

degree in the non-hyperlexic group. If the dyslexic and MLD groups’ poor 

retention of surface form constitutes a compensatory response, one would expect 

negative correlations between surface form and gist representation. On the other 

hand, if there is a true deficit in comprehension in both groups, then one would 

expect that the representation of gist may be more constrained by the amount of 

surface form retained (i.e. positive correlations between surface form and number 

of meaningfully retold story events).

Method

Materials

as chapter 6

Procedure

After the participant had completed the story reading task and surface form 

recognition test for a story, he or she was asked to retell the story. In the ordered 

condition, the experimenter asked: “Can you tell me what happened in this story” 

and tape recorded the participant’s response. In the scrambled condition, the 

experimenter said: “These stories got mixed up. When you read these, try to
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figure out what really happened. Tell me how you think the story would go, if it 

would be in the right order.” The response was then tape recorded.

Representation of story events (i.e. gist) - Scoring System

The most important story events were selected for each story and each received a 

score of 1 point, if retold in the correct (i.e. meaningful) order. A story event was 

considerd to be correctly retold, if the gist of it was captured, details such as 

exact names and places or illustrative adjectives, etc. were not required. If 

essential information was missing or wrongly interpreted, the response scored 0. 

The setting and ending events (i.e. first and last sentences) were not included in 

the scoring, since the position of these was identical in both scrambled and 

ordered stories. In the ordered condition story events had to be retold in the order 

that subjects read them in the stories. On the other hand, in the scrambled 

condition the subjects had to re-order the story events so that they matched the 

original stories (i.e. in the order they were presented in the ordered stories).

The exact scoring system was developed after story construction. It was 

found that the number of story events was not identical and the maximum scores 

varied slightly. Story condition was counterbalanced across subjects, and the 

maximum scores per condition was the same (i.e. 40). Table 53 shows the total 

number of story events per story in the two story sets. Each set of stories was 

presented to half of the subjects in ordered format, and to the other half in the 

scrambled format.

Table 53: Total number of story events per story in the two story sets

1 11 2 10

3 9 4 9

5 10 6 10

7 10 8 11

In each condition a total number of 40 story events were thus obtainable. The 

scores are presented as averages (i.e. divided by the number of stories a 

participant read per condition). One story is shown below, both in the ordered 

and the scrambled condition, to illustrate the scoring system. The story events 

and the sequence in which they were presented is shown in table 54.
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O rdered story

Bob and Jane set out to go swimming one day.
They went to a beach they had never been to before.
They swam far out to sea.
Suddenly Bob spotted a big cave in the cliff.
They swam into the cave.
Then they climbed onto a ledge to have a rest.
The swimming had made them very tired and they soon fell fast asleep. 
When they woke up the tide had risen.
There was only one way to get out.
They had to swim underwater out of the cave.
They were very lucky to get home safely.

Scrambled story

Bob and Jane set out to go swimming one day.
When they woke up the tide had risen.
Suddenly Bob spotted a big cave in the cliff.
They had to swim underwater out of the cave.
Then they climbed onto a ledge to have a rest.
They went to a beach they had never been to before.
There was only one way to get out.
They swam into the cave.
The swimming had made them very tired and they soon fell fast asleep. 
They swam far out to sea.
They were very lucky to get home safely.

Table 54: Story events and their sequence in the ordered and scrambled condition

Beginning set out to go swimming Beginning
1 went to a beach 6
2 swam far out 10
3 spotted a cave 3
4 swam into cave 8
5 climbed on a ledge 5
6 tired from swimming 9
7 fell asleep 9
8 woke up 2
9 tide has risen 2
10 only one way out 7
11 swam underwater 4
Ending get home safely Ending

7.3 Representation of gist in autism 

Subjects

Fourteen subjects with pervasive developmental disorder could be matched on 

FIQ with either normal control subjects or subjects with learning difficulties. The 

means and standard deviations of chronological age and reading abilities (e.g.
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Basic Reading and Reading Comprehension - raw and standard scores) are 

presented in table 55.

Table 55: WORD (BR and RC), FIQ and CA for autistic/ normal-MLD comparison: means, sds
Measure

CA

FIQ

VIQ

BR - Raw 

BR - Standard 

RC - Raw 

RC - Standard

Autistic, n=14 Normal/MLD, n=14

13.0(3.0)

80.5 (24.7)

79.6(22.8)

39.6(7.7)

93.0(19.1)

18.5(7.6)

78.9(13.6)

12.0 (2.3)

80.0 (24.8) 

81.7 (26.8) 

35.6 (9.3) 

86.9 (20.2) 

20.4 (6.5) 

84.7(21.0)

Results

The mean number of story events retold in the correct meaningful order per 

subject per condition was compared. A repeated measures ANOVA with one 

within-group factor with two levels (story condition: ordered and scrambled) and 

one between group factor with two levels (group: autistic and MLD/normal). 

There was a significant main effect of story condition (F(26,l)=54,2, p=.000); 

subjects retold significantly more story events in the ordered than the scrambled 

condition. There was no significant effect of group (F(26,l)=2.52, p=, 125); but 

there was a significant group by story interaction (F(26,l)=9.36, p=.005. A 

follow-up t-test showed that the MLD/normal group retold more story events in 

the ordered condition than the autistic group (t(26)=-1.95, p=.062). Table 56 

presents the means and standard deviations of the scores in the ordered and the 

scrambled condition, and for the difference between these scores.

Table 56: Number of story events retold for autistic/normal-MLD comparison: means, sds

ordered condition 10 5.3 (1.7) 7.5 (2.9)

scrambled condition 10 3.9(1.1) 3.9 (2.0)

difference ordered minus scrambled 1.4 (1.7) 3.6 (1.7)
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Discussion
The results show that subjects with autism, matched on FIQ with a mixed group 

of normal and MLD control subjects, retold the same number of correctly 

connected story events when presented with scrambled stories. On the other 

hand, when presented with ordered (i.e. coherent) stories, the story retelling 

abilities of the control group were significantly better than those of the autistic 

group. It thus seems that the autistic group is less able to make use of coherently 

presented information, when extraction of gist is required as opposed to surface 

form retention..

The relative inability to use meaning is reminiscent of the finding that 

autistic subjects provide the most frequent pronunciation of homographs rather 

than the pronunciation required by a sentence context (Happé, 1997). It is 

analogous to findings such as the unusual strength in memorising scrambled 

word strings (Hermelin & O’Connor, 1967) as opposed to memory for ordered 

word strings (i.e. sentences), or the greater ability to memorise unrelated items 

(Tager-Flusberg, 1991) as opposed to memory for related items.

Enhanced surface form retention (see chapter 6) together with decreased 

representation of meaning or gist for ordered stories is a new finding supporting 

the account of weak central coherence. The fact that both groups recalled the 

same number of correctly connected story events in the scrambled condition is a 

strong indication that the scrambling manipulation has equalised the groups in 

terms of the ability to extract gist. The scrambled condition removed the benefits 

of story coherence for the control group, thus they performed significantly worse 

in this condition. However, the autistic group’s processing itself is weakly 

coherent, and thus this group was unable to improve significantly when 

information was presented in strongly coherent format (i.e. ordered condition).

7.4 Representation of gist in hyperlexia

The hyperlexic and the non-hyperlexic subgroups created in chapter 6 have very 

similar FIQs and are thus ideal for a comparison of their recall abilities in the two 

story conditions. The descriptive data of these two subgroups and their respective 

control groups was presented in tables 43 to 45, in chapter 6, pages 157 and 158.
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Results

The two groups’ recall abilities were compared by a repeated measures ANOVA 

with one within-group factor with two levels (condition: ordered and scrambled) 

and one between-group factor with two levels (group: hyperlexic and non- 

hyperlexic). There was a significant main effect of condition (F(16,l)=20.03, 

p=.000) and of group (F( 16,1)= 13.22, p=.002), but no significant condition by 

group interaction (F( 16,1)= 1.62, p=.221). Follow-up t-tests showed that the 

hyperlexic subgroup retold significantly fewer story events in the ordered 

condition (t(16)=-.299, p=.009) and in the scrambled condition (t(16)=2.22, 

p=.041) than the non-hyperlexic subgroup. The means and standard deviations of 

the mean number of story events retold in the ordered and scrambled condition, 

and the difference between these scores, are presented in table 57.

Table 57: Number of story events retold for hyperlexic/non-hyperlexic comparison: means, sds

ordered condition 10 4.5 (1.3) 6.7 (1.8)

scrambled condition 10 3.1 (1.1) 4.2 (1.0)

difference ordered minus scrambled 1.4 (1.7) 2.7 (2.0)

Discussion

The results mirror those obtained for the autistic/control group comparison in 

section 7.3, as the non-hyperlexic group’s performance in relation to the 

hyperlexic group’s performance is akin to that of the normal control group in 

relation to the autistic group. Like the normal control group, the non-hyperlexic 

group was significantly better able at retelling coherently presented information 

than the hyperlexic group. The non-hyperlexic group was also found to retell 

significantly more information in the scrambled condition, which might suggest 

greater ability in this group to make use of a situation model and to engage in 

inferential processes in the reordering of story events. The two groups were 

matched on FIQ, with VIQs and PIQs also being similar (HYP: VIQ = 83.7; PIQ 

= 92.4; NHY: VIQ = 84.9; PIQ = 88.0), and the better performance by the non- 

hyperlexic group can thus not be attributed to higher general cognitive abilities in



this group. Despite the very similar verbal IQs, and despite the fact that decoding 

skills in the hyperlexic group were higher than in the non-hyperlexic group 

(HYP: BR Raw = 40.4; NHY: 37.7), the non-hyperlexic group’s mean raw 

comprehension score was 22.2, while that of the hyperlexic group was only 15 

(an independent t-test showed this to be significantly different: t(16)=-2.46,

p=.026).

The difference in representation of gist (i.e. number of story events 

retold) between the ordered and the scrambled condition was twice as big for the 

non-hyperlexic group as for the hyperlexic group. Although there was no 

significant interaction, this is an indication for the greater inability of the 

hyperlexic group to benefit from coherently presented information. It is likely 

that in larger samples, this difference would be significant. It thus seems that the 

hyperlexic group’s processing style is relatively more weakly coherent than that 

of the non-hyperlexic group. There is thus considerable variability in this 

characteristic of functioning in autism.

In chapter 6 it was found that the hyperlexic group was characterised by 

enhanced surface form retention, while the non-hyperlexic group was not 

significantly different from the normal control group. In the present chapter these 

findings are closely matched by the finding that the hyperlexic group’s ability to 

represent gist is significantly lower than that of the non-hyperlexic group. It thus 

seems that both advanced decoding and “surprising” comprehension deficits (i.e. 

in terms of gist representation), as required by a double discrepancy definition of 

hyperlexia, are supported by the present finding. Further, it has been shown that 

gist representation is poorer when information is presented in an ordered format. 

The non-hyperlexic group retold on average 2.2 story events more in the ordered 

condition than the hyperlexic group, while in the scrambled group the non- 

hyperlexic group retold only 1.1 propositions more. In the ordered condition 

subjects are provided with an intact frame of reference or situation model. 

However, the hyperlexic group is relatively less able to benefit from this 

meaningful structure in their comprehension. Thus relatively weaker central 

coherence in a subset of autistic subjects may be a cause for such phenomena as 

hyperlexia (e.g. double discrepancy type or type I hyperlexia), and as such 

similar to other savant abilities, where one specific skill is superdeveloped in the 

presence of other skills being considerably underdeveloped. It will be important
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to further examine differences in central coherence between these two very 

different subgroups within the autism spectrum. A number of empirical tasks 

presently used to measure central coherence are employed in chapter 8 to 

investigate this question further. In chapter 9, these two subgroups are 

additionally examined with regard to the other two main cognitive impairments 

associated with autism (i.e. Theory of Mind deficits and executive dysfunction).

7.5 Representation of gist in dyslexia 

Subjects

The two groups of dyslexic and normal subjects matched on word recognition 

abilities of chapter 6 were used in the following analyses. The descriptive data of 

these two groups was presented in table 48, in chapter 6, page 162.

Results

The two groups’ recall was compared by a repeated measures ANOVA with one 

within-group factor with two levels (condition: scrambled and ordered) and one 

between-group factor with two levels (group: dyslexic and normal). There was a 

significant effect of condition (F(18,l)=75.45, p=.000), both groups retold 

significantly more story events in the ordered condition. There was no significant 

effect of group (F(18,l)=.01, p=.936), and no significant interaction 

(F( 18,1)= 1.51, p=.236). The gist representation of both groups in the two 

conditions was thus comparable (ordered: t(18)=-.58, p=.571; scrambled: 

t(18)=.69, p=.501). The means and standard deviations of the number of story 

events retold in the ordered and scrambled condition, and the difference between 

these scores, are presented in table 58.

Table 58; Number of story events retold for dyslexic/normal comparison: means, sds

ordered condition 10 7.1 (1.7) 7.6 (2.2)

scrambled condition 10 4.3 (1.2) 3.9 (1.4)

difference ordered minus scrambled 2.7 (1.4) 3.7 (1.8)
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Discussion
The results showed that the dyslexic group’s ability to retell correctly connected 

story events was just as good as that of younger reading-level matched control 

subjects. Given that the dyslexic subjects surface form retention is significantly 

lower than that of the normal controls, these results together show that 

processing of text meaning is to some extent independent of the representation of 

surface form.

Dyslexic children have been found to rely more heavily on sentence 

context in their decoding of single words (e.g. Nation & Snowling, in press). 

However, at story level, there were no differences between the dyslexic and the 

control group in the scrambled condition. This may indicate that children with 

dyslexia are just as able to comprehend and reconstruct the correct story-line for 

scrambled stories as their younger controls. On the other hand, the scrambling 

manipulation proved very difficult; the normal group retold on average 3.9 out of 

a maximum of 10 story events correctly. The scrambling manipulation might 

thus have been aborting high-level comprehension processes to such an extent 

(i.e. floor effect) that possible differences in contextual dependence between 

dyslexic and normal subjects may not have been detected.

Although these findings are encouraging, there are a number of caveats. 

Firstly, the conditions employed in the present experiment were not time 

restricted. The dyslexic group used more time for reading of stories than the 

control group. This was particularly the case for reading scrambled stories. 

Unfortunately, the reading time was not recorded, and this information is purely 

based on the experimenter’s observations. As a consequence in this paradigm the 

two factors contributing to reading success (i.e. decoding and semantic skills) 

that have been put forward in the interactive-compensatory model of reading 

(Perfetti & Roth, 1981; Stanovich, 1980), cannot be disentangled. It is possible, 

and in line with these findings that the dyslexic group relied more heavily on top- 

down semantic processing (low levels of surface form retention), while the 

normal group relied more heavily on decoding skills (high levels of surface form 

retention). It should be recalled that the dyslexic group had sufficient time to 

ensure successful decoding, and was provided with correct pronunciations when
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decoding difficulties were encountered. In this context one may have expected 

them not only to perform as well as the much younger control group, but to 

outperform them.

7.6 Representation of gist in mental retardation 

Subjects

Ten subjects with mental retardation could be closely matched on word 

recognition abilities with a normal control group. Table 59 presents the means 

and standard deviations of chronological age, FIQ, word recognition and reading 

comprehension abilities (e.g. Basic Reading and Reading Comprehension raw 

and standard scores).

Table 59: WORD (BR and RC), FIQ and CA for MLD/normal comparison; means, sds

CA 12.7 (2.3) 8.8 (1.2)

FIQ 64.8 (11.2) 117.7(16.0)

BR - Raw 3 Z 3(8J) 33.2(8.2)

BR - Standard 78.3(16.1) 92.8 (28.6)

RC - Raw 16.6(2.9) 20.2 (7.3)

RC - Standard 72.0 (4.6) 103.8(10.8)

Results

The two groups’ ability to retell story events was compared by a repeated 

measures ANOVA. There was a significant effect of condition (F(18,I)=74.20, 

p=.000), no significant effect of group (F(18,l)=2.47, p=.133, and no significant 

condition by group interaction (F( 18,1)=. 10, p=.75I). Both groups retold 

significantly more story events in the ordered condition and they were 

comparable in the number of story events they retold. The means and standard 

deviations of the number of story events retold in the ordered and scrambled 

condition, and the difference between these scores, are presented in table 60.
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Table 60: Number of story events retold for MLD/normal comparison: means, sds
Measure

ordered condition

scrambled condition

difference ordered minus scrambled

Maximum MLD, n=10 Normal, n=10

10

10

6.9 (2.4) 

3.2 (1.2) 

3.6 (1.7)

7.9 (2.5)

4.4 (2.0)

3.5 (2.0)

Discussion

The results showed that the MLD group’s story retell abilities were not 

significantly different from those of a reading-level matched younger control 

group. However, on average the MLD group retold 1 story event less per story in 

both conditions, indicating that although decoding abilities seem to predict 

comprehension abilities well, at this level of discourse comprehension, the 

differences in domain-general functioning (i.e. IT and IQ) may already have led 

to a slight divergence in representation of gist. However, the results also 

demonstrate that poor surface form retention does not necessarily imply equally 

gist representation. It is possible that surface form retention requires central 

processes such as Working Memory (WM) to a greater extent than the retelling 

of story events. WM limitations in the MLD group thus may have led to 

comparatively poorer surface form retention. On the other hand, poor surface 

form retention may have been a compensatory strategy to focus central resources 

to a greater extent on the more important aspects of text processing (i.e. 

comprehension of meaning).

7.7 Surface form and gist representation

Table 61 presents bivariate correlations (i.e. Pearson correlation coefficients) for 

the relations between surface form retention and gist (i.e. number of story events 

correctly retold) in the ordered and the scrambled condition, for all groups 

separately.
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Table 61: Correlations between surface form retention and representation of gist for all groups
recall & Norma! Dyslexic MLD Autistic Hyperlexic Non-hyperlexic

surface form n=19 n=17 n=12 n=19 n=10 n=8

ordered .15 .41 .57* .34 .56 .85'

scrambled .15 .54* .51 -.24 -.04 -.11

In the normal group the number of story events correctly retold does not correlate 

with surface form retention to any great extent. It seems likely that the amount of 

surface form representation required for successful comprehension is easily 

achieved by normal control subjects. As a consequence individual differences in 

comprehension in this group are not picked up by this measure. On the other 

hand, in the dyslexic and the MLD groups, who are less able at representing 

surface form, this may constitute a limiting factor for their gist comprehension 

abilities (i.e. high correlations between surface form and story event retelling in 

these groups). Surface form representation places high demands on Working 

Memory (WM) so that for these groups with WM deficits, comprehension 

abilities may be more affected by the extent to which their surface form retention 

is impaired. This would also suggest that the surface form level of text 

representation makes an independent contribution to higher-level comprehension 

of meaning of text. It would follow that poor surface form retention may present 

a limiting factor in comprehension of meaning of text in the MLD and dyslexic 

group, rather than presenting a compensatory strategy. This supports 

Gemsbacher’s (1990) suggestion that surface form can be a marker for the level 

of comprehension.

In both the hyperlexic and the non-hyperlexic group, gist representation 

correlates highly with surface form retention in the ordered condition. This may 

reflect the fact that the chances of obtaining a high score in the ordered condition 

to some extent can be achieved by good rote memory for the sentences (i.e. 

surface form) in the order they were presented in. In the scrambled condition, 

however, such a strategy (i.e. relying on rote memory) does not accomplish a 

causally correct gist representation, and would therefore lead to poor scores. 

Consequently high surface form retention cannot guarantee for a high retelling 

score in this condition. In line with this notion the correlations between surface
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form retention and gist representation in the scrambled condition were very low, 

or even negative, in both the the hyperlexic or non-hyperlexic group.

7.8 Domain-generality of representation of gist

Table 62 presents bivariate correlations (i.e. Pearson correlation coefficients) for 

all four groups between gist representation and intelligence' (e.g. FIQ, VIQ and 

PIQ) and reading abilities (e.g. Basic Reading and Reading Comprehension - raw 

scores).

Table 62: Correlations between gist representation and CA, FIQ, VIQ, PIQ, BR and RC

ordered

CA .61** .06 .41 -.07 -.33 -.37

FIQ .49* .24 .45 .00 .19 .06

VIQ .46* .31 .38 .03 .32 -.11

PIQ .27 .25 .33 -.04 .03 .17

BR raw .81*** .36 .57* -.25 -.01 -.31

RC raw -.12 .07 .57* .17 -.05 -.20

scrambled

CA .68** -.11 .22 .59** .32 79*

FIQ .60** .41 .10 .18 .62* .08

VIQ .61 ** j3 * .01 .21 .58 .06

PIQ .26 .36 .01 .13 .54 .06

BR raw .80*** .21 .11 .44 .49 .79*

RC raw -.08 .07 .46 .69** .78** .75*

In the ordered condition, correlations between the three IQ measures and the 

number of story events retold, are reasonably high in the dyslexic, normal and 

MLD group, however there is no such relation in the autistic group or its two 

subgroups (hyperlexic and non-hyperlexic). A relatively high score in the 

ordered condition can be achieved to a large extent by rote memory of the

' Subsamples for correlations between inspection times and recall that could be calculated were 
relatively small (normal subjects: n=7, MLD subjects: n=8, and autistic subjects: n=l 1). None of 
these correlations were significant, but in the direction that would be predicted theoretically (i.e. 
negative: shorter inspection times and higher recall).
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sentences. The autistic group may not engage domain-general processes to the 

same extent, and thus correlations between IQ scores and gist representation in 

the ordered condition were low.

Word recognition abilities correlate significantly with gist representation 

in the normal and MLD group, to a lesser extent in the dyslexic group. There is a 

negative correlation in the autistic group, particularly striking for the non- 

hyperlexic group. The dyslexic group may make greater use of semantics so that 

single word recognition ability did not determine gist as much as in the normal 

and the MLD group. One may speculate that for the autistic group, greater single 

word recognition ability may reflect weaker central coherence, as the focus on 

details in reading may lead to superior word recognition and poorer 

comprehension (i.e. hyperlexia).

Correlations between the RC subtest and number of story events are 

considerable for the MLD group, and significant for the autistic group and its 

subgroups. Reading comprehension as measured by this test may not accurately 

reflect the kind of domain-general processing required in the recall of the stories 

in the normal and dyslexic groups, as this subtest measures relatively factual 

comprehension, increasing semantic complexity of single words in sentences to a 

larger extent than processing of connected discourse.

In the scrambled condition correlations between the IQ measures and gist 

representation are higher for the normal and the dyslexic group, indicating the 

greater importance of domain-general processes in comprehension of scrambled 

stories.

There was a significant positive correlation between word recognition 

and number of story events in the non-hyperlexic group in the scrambled 

condition, but not in the ordered condition. This group may have the ability to 

comprehend, assuming stronger central coherence in this group than the 

hyperlexic group, so that the limiting factor here is word recognition ability and 

WM, rather than IQ.

7.9 Summary

Domain-general processing in reading comprehension were examined by 

measuring the number of correctly ordered story events that subjects were able to
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retell in two conditions (ordered and scrambled). It was found that subjects with 

autism retold the same number of story events as a mixed group of normal and 

MLD subjects matched on full scale IQ. On the other hand, in the ordered 

condition the autistic group retold significantly fewer story events. When the two 

autistic subgroups were compared (i.e. hyperlexic and non-hyperlexic), it became 

apparent that this effect was largely due to the hyperlexic group. This group 

retold significantly fewer story events in both conditions. In analogy to the 

finding of enhanced surface form retention in the hyperlexic subgroup in chapter 

6, the suggestion is that this subgroup also benefits from meaningful (i.e. 

ordered) presentation of text. This indicates relatively weaker centrally coherent 

processing, not only compared to normal/MLD groups, but also to other non- 

hyperlexic individuals with autism.

Both the dyslexic and the MLD groups, despite poorer surface form 

retention (see chapter 6), were nevertheless able to retell as many story events as 

younger normal control groups. The comprehension abilities in these two groups 

are thus in line with their word recognition abilities.

The results from all the groups with developmental disorders showed that 

there is a relative independence of lower-level representations of text (i.e. surface 

form), and higher-level, domain-general representations (i.e. representation of 

gist).

Graph 3 presents the average number of story events retold per group 

(autistic, dyslexic and MLD group) in the two conditions. The normal control 

groups and the mixed normal/MLD control group employed in this study had 

very similar scores in the two conditions. An average of these is used to represent 

a normal comparison baseline in the graph below. Graph 4 presents the same data 

for the two autistic subgroups (hyperlexic and non-hyperlexic) and the normal 

comparison baseline.
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Graph 3: Number of correctly retold story events (autistic, dyslexic, MLD, and normal group)
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Graph 4; Number of correctly retold story events (hyperlexic, non-hyperlexic and normal group)
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Chapter 8 

Central coherence in hyperlexia

8.1 Introduction

In chapters 6 and 7 two subgroups within the autism group were identified. One 

group had discrepancies between their decoding and reading comprehension 

abilities and was considered hyperlexic, while for the other subgroup reading 

comprehension abilities were in line with decoding abilities. The hyperlexic 

group was found to have significantly enhanced surface form retention of 

sentences while benefitting significantly less from the ordered presentation of 

stories than the non-hyperlexic group and the control group. These findings were 

interpreted as stemming from weak central coherence, as the processing of local 

detail over and above processing of the global meaning would lead to both 

enhanced surface form retention and reduced extraction of gist from meaningful 

material (i.e. stories in the ordered condition).

The identification of these two subgroups indicated that there may be 

considerable variability within the autism spectrum with regard to the extent to 

which weak central coherence characterises information processing in autism. In 

the present chapter a number of empirical measures have been employed to 

examine the extent to which these two subgroups can be characterised by 

differences in weak central coherence.

It is important to note that the label ‘hyperlexic’ does not refer to a well 

specified definition, and may thus be misleading. ‘Hyper’ merely suggests an 

ability greater than expected. In chapter 6, it was suggested that it may be useful 

to distinguish between two different types of hyperlexia. The ‘savant’ type is 

diagnosed by a double discrepancy definition, where decoding skills are 

advanced, and comprehension abilities lower than expected from verbal ability 

(e.g. Verbal IQ). This type in particular is predicted to be characterised by weak 

central coherence. Weak central coherence may make the acquisition of the 

alphabetic code relatively easier while impairing comprehension. In learning to 

read, the child needs to learn the grapheme-phoneme correspondences requiring 

segmentation of the sounds for whole words into its constituent phonemes. The
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sound pattern of the word is the overall gestalt and the individual phonemes that 

make up the word have lost some of their defining features in the process of 

continuous speech. A phoneme’s sound can change in line with its neighbouring 

phonemes (i.e. phonemes are not natural categories, and are context sensitive). 

Consequently it is feasible to hypothesise that an information processing style 

characterised by weak central coherence may be advantageous in acquiring 

sophisticated phonological skills which in turn enable the successful setting up of 

the grapheme phoneme correspondence rules of a particular language. The 

developmental pathway of reading acquisition in such a case would be different 

to most normal children, who show a more balanced style of processing, that is 

not tilted towards one end of the spectrum, and for such children with autism the 

usage of the term ‘hyper’ with respect to their decoding skill would indeed be 

appropriate.

The ‘modular’ type is characterised by decoding as an islet of preserved 

ability (the intact functioning of the phonology and word recognition modules), 

while comprehension is impaired in line with the language deficit associated with 

the disorder. In the case of this second type of hyperlexia, central coherence is 

not predicted to be particularly weak, but rather the extent of this type of 

hyperlexia is closely related to the extent of brain damage present that impairs 

domain-general or central processing. In this latter case, one would expect more 

severe symptoms on a diagnostic checklist for autism; consequently all 

participants were also assessed using a diagnostic checklist, developed for this 

purpose (see chapter 9).

The decoding abilities of the participants with hyperlexia are not all 

outstandingly high. In fact they can be below average (see table 1). It will be 

important to find a way to assess to what extent the decoding skills present in a 

participant reflect a true “abnormality of excellence” (Frith, 1989), in other 

words the savant type of hyperlexia, or may simply be a modular islet of ability 

in the context of extensive brain damage.

In the present investigation, the Embedded Figures test (children and 

adult versions, Witkin et al. 1971), the Block Design test (Shah & Frith’s (1993) 

version and WISC Block Design standard scores), and the visual illusions test 

(Happé, 1997b) were used to assess central coherence at the lower, perceptual 

levels of processing, while a Sentence Completion test (Happé, in prep) and a
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Mirror Reading test (Happé, in prep) were used to assess central coherence at a 

higher levels of functioning.

Method

1.) Embedded Figures Test 

Rationale

In the embedded figures test (EFT) devised by Witkin et al. (1971), ‘the subject’s 

task is to locate a previously seen simple figure within a larger complex figure 

which has been so organised as to obscure or embed the sought-after simple 

figure’ (p 3). In other words the ability to overcome perception of the overall 

gestalt is necessary, in order to allow detail-focused processing. The faster and 

the more accurately a subject performs this task, the more weakly coherent the 

style of processing employed.

a) Children’s embedded figures test (CEFT)

Materials

There are two series of pictures depicting common objects or meaningful scenes 

and two cut-out cardboard models, one of a triangle (‘tent’) and one of a triangle 

placed on top of the left side of a bigger rectangle (‘house’). The ‘tent’ shape is 

embedded in the pictures of one series (11 pictures), and the ‘house’ shape is 

embedded in the pictures of the other series (14 items).

Procedure

The subjects were instructed to look at the objects and scenes and to locate the 

target shape as quickly as possible. Subjects had the cut-out shapes available 

throughout the trials. They were encouraged to point to the correct locations in 

the pictures, but could if necessary use the model shapes in their search.
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Scoring

The total number of correct identifications was scored, each was awarded 1 

point. A maximum score of 25 correct identifications could be achieved. In 

addition, following Shah and Frith (1983), three search strategies were 

distinguished: immediate identification of the target shape without obvious 

search, identification of the target after some visual search time without using the 

model shape (i.e. no sliding or repeated placing on the picture), and a long search 

where identification was mostly achieved by use of the model shape. If the 

majority of responses were immediate, the subject obtained a score of 1, 

responding after thorough scanning and viewing of the picture received a score 

of 2, and a majority of responses after long search times with eventual success 

obtained a score of 3.

b) Adult embedded figures test (EFT).

Materials

One set of cards with complex geometrical figures from the adult version of the 

embedded figures test (EFT) were used. As opposed to the administration 

guidelines in the manual of the EFT, where simple shapes that are embedded in 

the complex figures are presented on cards, these were presented on transparent 

foil in this study. This was done to ensure that subjects understood the task and to 

reduce the response requirements, as subjects had the model shapes available to 

them throughout the trials.

Procedure

Subjects were instructed to examine the complex figure, and to tell the 

experimenter as quickly as possible when they had spotted the hidden simple 

geometric shape within the larger complex figures. The experimenter timed the 

response with a stopwatch. Subjects were then allowed to try out whether the 

simple form fitted the location (i.e. placing the transparent foil on the figure).
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Scoring

If a first response was incorrect, no point was scored, however, the subject was 

allowed to persevere and search further so that a sense of achievement and hence 

motivation was maintained. Each correct response scored one point; a maximum 

score of 12 correct points could be thus be obtained. The average time for the 

correct identifications was calculated and presented in seconds.

2.) Block Design test 

Rationale

The Block Design test in its segmented and unsegmented versions as used by 

Shah and Frith (1993) was administered. The smaller the difference in time 

between the segmented and unsegmented condition (i.e. the benefit from 

presegmentation), the more weakly coherent the processing.

Materials

There were five different two-dimensional designs in segmented and in 

unsegmented format, making a total of ten stimuli. In the segmented version the 

four cubes were outlined (i.e. with gaps between them) so that each individual 

cube was separately visible. In the unsegmented version, the individual outlines 

of the cubes were unmarked so that the design patterns were presented as wholes. 

Four one-inch cubes were available to reconstruct the patterns. The cubes were 

identical with one black and one yellow side, two sides divided horizontally into 

yellow and black, and two sides divided vertically into yellow and black.

Procedure

Subjects were familiarised with the cubes and given practice with one design not 

used in the study. It was explained that the designs had to be reconstructed with 

the four cubes as quickly as possible by choosing the correct surfaces and 

orientations to lay out the patterns. The designs were placed in a fixed position 

with one edge parallel to the table. The presentation condition of the ten stimuli 

(segmented and unsegmented) was alternated from trial to trial. The time it took 

subjects to reconstruct the designs in each condition was recorded with a
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stopwatch. After each trial the experimenter picked up the cubes and dropped 

them back randomly.

Scoring

The average time for the correct construction of the designs in the segmented 

condition and for the unsegmented condition was calculated. The average time 

for the segmented condition was subtracted from the average time for the 

unsegmented condition.

3.) Visual Illusions 

Rationale

Happé (1997b) found that children with autism were less likely to succumb to 

optical illusions than were controls. The perception of visual illusions has been 

explained in terms of a process of integration whereby the perception of the to- 

be-judged parts are influenced by the overall gestalt of an optical display. The 

finding that this effect is significantly reduced in autism presents further support 

for weakly coherent or fragmented processing at low-levels. The fewer illusions 

a subject succumbs to the more weakly coherent the style of processing.

Materials

Happé (1997b)’s materials were used here, but only in the 2-dimensional 

presentation. In the original study, there was also a 3-dimensional presentation. 

There was a total of six visual illusions: Ponzo, Miiller-Lyer, Titchner circles, 

Kanisza triangles, Poggendorf and Hering illusion. For each illusion a control 

design was also available, requiring the same object size or line length judgments 

without the illusion-inducing context.

Procedure

For each illusion the subject was asked to judge the crucial number, size or 

length of the shapes or lines which are usually misjudged when the induction of 

the illusion is successful. Control displays requiring the same judgments were 

presented to guarantee that subjects understood the task instructions and were
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able to make such judgments generally. Subjects who failed more than one 

control question were excluded from the analysis.

Scoring

The total number of illusions a subject succumbed to was counted, obtaining a 

point of one for each, given that at least five of the six control questions were 

answered correctly.

4.) Mirror Reading Test 

Rationale

Subjects whose decoding skills of mirror script are aided by meaningful context 

(i.e. meaningful story) can be characterised by stronger central coherence than 

those who require similar reading times for both meaningful and nonsensical 

presentation of words. In addition the relative skill in mirror reading itself may 

give clues about a subject’s ability to process information in piecemeal fashion as 

decoding in mirror reading relies on identifying the individual letters and 

assembling them into words as the letters cannot be immediately recognised 

without a mental translation process (i.e. visual rotation).

Materials

The materials used here were those of Happé (in prep). These comprised two 

short stories from the Neale Analysis of Reading Ability (1966) shown in mirror 

writing, one meaningful and one nonsensical in content. Four additional 

sentences in mirror writing were used for practice purposes.

Procedure

Subjects were instructed to read out aloud the two stories. All subjects read the 

meaningful stories first so that practice effects would occur in the same direction 

across the two conditions. They were encouraged to give pronunciations even if 

they were not entirely sure of their correctness and were told to proceed to the 

next word, if they failed to read a word.
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Scoring

Reading times of the two stories were recorded by a stopwatch, and the reading 

time for the meaningful story was subtracted from the reading time for the 

nonsensical story.

5.) Sentence Completion test 

Rationale

Subjects were hypothesised to employ two different strategies in responding to 

the uncompleted sentences presented here. The reasoning was that weak central 

coherence would lead to processing the words of a sentence separately rather 

than contextually, and thus the probability of producing a more locally 

associative response, based on an association set up in semantic memory, would 

be higher. On the other hand when the entire sentence context is taken into 

account, it is likely that an integrative relevant response would be produced. The 

greater effort required to suppress locally-associative responses for subjects with 

relatively weaker central coherence is thought to be time consuming, thus leading 

to slower response times.

Materials

There were 10 incomplete sentences in total (Happé, in preparation). The 

sentences ended with words that have strong local associations inappropriate in 

the sentence context, for example the noun ‘salt’ has a strong association with the 

noun ‘vinegar’ or ‘pepper’ in everyday usage, but not in the sentence context in 

which it was presented here: “The sea tastes of salt and ....”.

Further example sentences:

“You can feed birds bread and ...”

“You should not swallow apple ...”

“Hens lay eggs and ...”
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Procedure

Subjects were instructed to complete a sentence as quickly as possible once the 

experimenter had finished reading it to them.

Scoring

The total number of globally appropriate responses (i.e. sensitive to sentence 

context) and the total number of locally appropriate responses (i.e. sensitive to 

semantic associations) were counted. In addition, the number of incomplete 

responses (repetitions of words from the sentence, no response or a 

grammatically inappropriate and unclear response) were also noted. The average 

response initiation time was measured by a stopwatch.

8.2 Central coherence in hyperlexia - subgroup comparison I 

Subjects

Twenty-one subjects were tested in total: twelve comprised the hyperlexic group, 

9 the non-hyperlexic group. All subjects had been diagnosed with pervasive 

developmental disorder, seven had received a diagnosis of Asperger syndrome 

and 16 had received a diagnosis of autism. Two of the subjects diagnosed with 

Asperger syndrome were in the hyperlexic group, the remaining five were in the 

non-hyperlexic group. The hyperlexic group comprised all the subjects of the 

hyperlexic subgroup formed in chapter 6 and 7, and two additional subjects. One 

of these two additional subjects had been unable to follow the instructions of the 

highly demanding story experiments, but was able to complete the present tests. 

The second new subject had been unable to participate in the story experiments 

due to long periods of school absences. The non-hyperlexic group included one 

additional subject to the non-hyperlexic subgroup described in chapters 6 and 7. 

This subject had been uncooperative with regard to the story experiments, but 

was willing to perform the present tasks. Tables 63 and 64 show the 

chronological ages, WORD Basic Reading and Reading Comprehension 

Standard scores, and the discrepancies between these scores, as well as the Full-,
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Performance- and Verbal Scale IQ scores' for subjects in the hyperlexic group 

and the non-hyperlexic group. Table 65 shows the means and standard deviations 

of these measures for both groups.

Table 63: WORD (BR and RC), FIQ, PIQ,VIQ and discrepancies for hyperlexic subjects (n=12)
= 7 =

1 7.10 146 86 60 127 124 122
2 7.3 115 86 29 75 84 72
3 9.4 110 82 28 78 82 80
4 10.11 110 84 26 96 90 103
5 13.8 91 66 25 59 54 69
6 8.8 109 86 23 73 92 63
7 9.0 91 72 19 55 58 59
8 13.7 98 79 19 89 104 78
9 16.0 76 58 18 59 70 52
10 11.8 93 76 17 95 118 79
11 13.7 91 80 11 111 115 109
12 9.4 86 78 8 76 75 82

Table 64: WORD (BR and RC), FIQ, PIQ,VIQ and discrepancies for nonhyperlexic subjects (n=9)

1 15.9 102 104 -2 121 123 116
2 16.4 88 90 -2 65 60 82
3 9.0 95 96 -1 96 104 91
4 10.1 81 81 0 94 92 98
5 10.8 76 75 1 75 82 74
6 16.4 88 86 2 68 60 82
7 16.1 86 84 2 64 69 64
8 16.6 65 62 3 65 71 63
9 10.11 100 96 4 96 103 91

Table 65: WORD (BR and RC), FIQ, PIQ, VIQ for subgroup comparison I: means, sds

Hyperlexic
mean 10.9 101.3 39T 77.8 14.8 82.7 8&8 8Œ7

sd 2.8 18.3 6.6 8.7 4.5 21.8 229 21.0
Non hyperlexic

mean 13.5 8&8 38.7 86.0 229 82.7 84.9 84.6
sd 3.2 11.7 8.9 12.6 6.9 20.0 221 16.8

' The hyperlexic and non-hyperlexic group were not only similar in their IQ scores, but also in 
their inspection time scores (hyperlexic: 39.9, n=8; non-hyperlexic: 36.2, n=5) and this difference
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Results

The embedded figures tests (EFT and CEFT) total scores and the EFT times were 

analysed by multivariate analyses of co-variance with age as a covariate as the 

non-hyperlexic group was on average 2.8 years older than the hyperlexic group. 

The three different response strategies that had been differentiated for the CEFT, 

were analysed by a chi-square test (immediate response strategy represented one 

category, and responses strategies 2 and 3 were collapsed and represented a 

second category). Table 66 shows the data for the CEFT and EFT total scores 

and the EFT times. Table 67 shows the frequencies with which subjects in each 

group employed an immediate as opposed to slower response strategies.

For the modified Block Design task a time difference score was calculated 

(design completion times in the segmented condition were subtracted from those 

in the unsegmented condition). These difference scores were compared by an 

independent t-test. This was done for the times in seconds, and for time scores 

that had been transformed into log times. The two groups were also compared in 

their WISC Block Design standard scores by a further independent t-test. Table 

68 shows the time difference between the segmented and unsegmented condition 

(secs and logs) and the WISC BD standard scores for the two groups.

The visual illusions data was analysed by a chi-square tests. Subjects who 

succumbed to 3 or less than 3 illusions represented one category, and subjects 

who succumbed to 4 or more illusions represented another. Table 69 shows this 

frequency data for the two groups.

For the mirror reading test, the reading times in the meaningful condition were 

subtracted from the reading times in the nonsense condition. As all subjects read 

the meaningful story first and they tended to be faster at reading the nonsense 

story, due to practice effects. Therefore times of the nonsense condition were 

subtracted from the times in the meaningful condition rather than vice versa. 

Independent t-test comparisons were performed for the time data in seconds and

in inspection time was insignificant (t(l 1)=.70, p=.50).
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for this data transformed into logs. Table 70 shows the difference time data (secs 

and logs) for both groups.

The sentence completion data was analysed by chi-square tests (integrative and 

associative responses). Subjects who provided less than 7 integrative responses 

formed one category, those who provided 7 or more integrative responses formed 

another. Subjects who provided two or more associative responses formed one 

category, and those who provided less than 2 another. Table 71 presents the 

frequency data for integrative responses, and table 72 for associative responses 

for the two groups. Table 73 shows the mean completion times for the two 

groups, which were compared by an independent t-test.

Table 66; CEFT/EFT totals and EFT times for subgroup comparison I : means, sds

EFT (m ax=12) observed means 8.6 (1.9) 9.4 (1.4)

adjusted means 8.7 9.3 .441, .515

EFT (secs) observed means 9.2 (4.3) 10.5 (8.2)

adjusted means 8.9 1&8 .382, .545

CEFT (m ax=25) observed means 19.1 (3.6) 19 .5 (1 .4 )

adjusted means 19.6 1&9 .128, .724

There were no significant differences between the two groups on the EFT and 

CEFT total scores or the EFT response times.

Table 67: CEFT response strategies for subgroup comparison I: frequencies

hyperlexic 5 [5.1] 7 [6.9]

non-hyperlexic 4 [3.1] 5 [5.1]

There were no significant differences between the groups in the frequency to 

employ strategy 1 as opposed to strategy 2 or 3 (chi=.31, df= l, p=.577).

“ One subject was unable to perform the EFT, and had great difficulties on the CEFT. He is 
excluded from the present analysis.
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Table 68: BD differences (secs, logs), WISC-BD scores for subgroup comparison I: means, sds

BD  difference (secs) 8.7(12.7) 11.2(9.9)

BD  difference (logs) .15 (.17) .28 (.22)

W ISC BD standard scores 10.3(5.3) 6.9 (4.1)

The hyperlexic group was on average 8.7 seconds slower in tl

condition and the non-hyperlexic group was 11.2 seconds slower. This group 

difference did not reach significance in an independent t-test comparison (t(17)=- 

.45, p=.657). When the time data was transformed into logarithmic scores, the 

difference again did not reach significance (t( 17)=-1.40, p=.178). However, there 

was also a trend for the hyperlexic group to have higher WISC Block Design 

standard scores (t( 19)= 1.61, p=. 124).

Table 69: Visual illusions succumbed to for subgroup comparison I: frequencies
Frequencies, observed [expected] 3 or fewer 4 or more

hyperlexic

non-hyperlexic

7 [5.7] 

3 [4.3]

5 [6.3]

6 [4.7]

There were no significant group differences in the number of subjects who 

succumbed rarely to illusions (3 or less) as opposed those who succumbed 

frequently (4 or more visual illusions) (chi=1.29, df= l, p=.26), however opposite 

trends were present in the two groups.

Table 70: Mirror reading differences (secs, logs) for subgroup comparison I: means, sds

Mirror reading meaningful minus nonsense (secs) 

Mirror reading meaningful minus nonsense (logs)

8 .0 (3 5 .8 )

.024 (.13)

3 .3 (4 1 .6 )

-.001 (.16)

In the mirror writing task, both groups read the story in the nonsense condition 

faster than the story in the meaningful condition; the latter was presented first. 

This difference was larger for the hyperlexic group, but not significantly so.

 ̂ One subject in the hyperlexic group was unable to perform the Block design test. His PIQ is 58, 
and he only obtained 1 standard point on the Block Design subtest o f the WISC.
 ̂ The subject who was unable to perform the EFT was also unable to perform the Block Design  

task. This boy with Asperger’s syndrome is thus again excluded.
 ̂ One subject in the hyperlexic group was unable to perform the Mirror Reading test. His PIQ is 

54, and he only obtained 1 standard point on the Block Design subtest o f  the WISC.
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whether using raw scores in seconds (t(18)=.27, p=.791) or logs (t(18)=.40, 

p=.696).

Table 71 : Sentence completion (integrative) for subgroup comparison I: frequencies

hyperlexic 6 [3.3] 5 [7.7]

non-hyperlexic 0 [2.7] 9 [6.3]

None of the subjects in the non-hyperlexic group gave less than 7 integrative 

responses, whereas 6 out of 11 subjects in the hyperlexic group gave less 

than 7 integrative responses. These frequency differences were significant on a 

non-parametric chi-square comparison (chi=7.01, df=l, p=.008).

Table 72: Sentence completion (associative) for subgroup comparison I: frequencies

hyperlexic 5 [4.0] 7 [8.0]

non-hyperlexic 2 [3.0] 7 [6.0]

The frequencies with which subjects gave associative responses were not 

significantly different for the two groups (chi=.78, df= l, p=.349), though a larger 

proportion of subjects in the hyperlexic gave 2 or more associative responses.

Table 73: Sentence completion times for subgroup comparison I: means, sds 

sentence completion time (secs) 50.5 (33.9)__________ 4 2 .3 (1 8 .7 ) |

The difference in sentence completion was not significant on an independent t- 

test (t(18)=.65, p=.525), however the differences were again in the predicted 

direction with the hyperlexic group needing more time to complete the sentences.

Discussion
On most of the central coherence measures used (with one exception), the 

hyperlexic and the non-hyperlexic subgroups did not differ significantly, possibly
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due to great variability in the samples. However, all group differences were in 

the predicted direction.

On the embedded figures tests, neither group reached ceiling 

performance, although high scores were attained on average. The level of 

performance on the CEFT is nearly identical to that obtained by Shah and Frith 

(1983) where the group with autism reached 20.55 on average while in the 

present investigation a score around 19 was achieved. In Shah and Frith’s (1983) 

study both a normal and an MLD control group of a verbal mental age of 9.5 

years were found to obtain significantly lower scores than the group with autism. 

Thus it seems likely that both the hyperlexic and the non-hyperlexic group 

performed at levels higher than expected, and thus both subgroups may be 

characterised by weak central coherence to the same degree.

Both groups performed faster on the segmented version of the Block 

Design test than on the unsegmented version. However, one subject from the 

hyperlexic and one from the non-hyperlexic subgroup (both with WISC BD 

standard score of 1) were unable to perform the Shah and Frith (1993) version of 

the Block Design test. The time differences between reconstructing designs in 

segmented and unsegmented formats suggested that the hyperlexic group did not 

benefit to the same extent from presegmentation, indicating weaker central 

coherence in this group. Comparing the log time differences between the two 

conditions obtained here to those obtained by Shah and Frith (1993) shows that 

the hyperlexic group performed similarly to the high IQ autistic group (log 

difference of 0.16 in Shah and Frith’s (1993) study, 0.15 in the present study), 

whereas the non-hyperlexic group performed similarly to the old normal group 

(log difference of 0.29 for the old normal group in their study, 0.28 in the present 

study). The hyperlexic group also showed a trend to have higher WISC Block 

Design standard scores than the non-hyperlexic group, despite both group having 

very similar IQs (FIQ, PIQ and VIQ). The size of the discrepancies between 

Basic Reading and Reading Comprehension standard scores, which formed the 

basis of the hyperlexia definition employed here, correlated significantly with the 

WISC Block Design scores (r=.47, n=23, p=.031). Further, the creation of two 

categories with regard to the WISC BD standard scores, (a standard score of 10 

presenting one category, and a standard score lower than 10 the other) led to 

categorisation of two-thirds of the hyperlexic subjects in the former (8 out 12
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subjects), whereas two-thirds of the non-hyperlexic subjects were categorised in 

the latter (6 out of 9 subjects). Thus, weak central coherence as measured by 

Frith and Shah’s (1993) Block Design task and the WISC Block Design subtest 

appears to be more characteristic of the hyperlexic group.

The results of the visual illusions test indicated a trend for the hyperlexic 

group to succumb on average to fewer illusions. This result again presents a trend 

for the hyperlexic group to be characterised by a relatively more weakly coherent 

style of processing than the non-hyperlexic group.

The differences between the reading times of the mirror writing story 

(meaningful minus nonsense) showed that both groups read the nonsense story 

more quickly. This is most likely due to the order of administration (all subjects 

read the meaningful story first). Subjects became considerably more competent 

at reading mirror writing by the time they finished the first text and started on the 

nonsense story. It would be interesting to know whether practice effects would 

have been equally large in normal control subjects, to the extent that they 

override the effect of contextual meaning as was observed here. On average, the 

difference between the conditions was greater in the hyperlexic group (on 

average 8 seconds faster at reading the nonsense than the meaningful story) than 

in the non-hyperlexic group (on average 3 seconds faster).

The results of the sentence completion task show that the hyperlexic 

group gave significantly fewer integrative responses than the non-hyperlexic 

group, indicating relatively greater failure at using the overall sentence context to 

facilitate a coherent sentence ending. This finding supports the hypothesis that 

the hyperlexic group has an even more weakly coherent style of processing than 

the non-hyperlexic group. A greater proportion of hyperlexic subjects gave 

locally associative responses, however this difference presents only a small trend. 

Sentence completion times were also in the predicted direction with the 

hyperlexic group needing on average 8 seconds longer than the non-hyperlexic 

group, possibly indicating that the hyperlexic subjects need more time to 

suppress associative responses in order to generate integrative responses. 

However, due to extremely large standard deviations, particularly in the 

hyperlexic group, this difference did not present a strong trend statistically.

The reasons for one of the subgroups to outperform the other in the 

domain of reading (i.e. surface form retention and recall), would have to be
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explained on the basis of some other difference that exists between the 

subgroups.

8.3. Interim summary

The findings provided some support for the hypothesis that hyperlexia can be 

characterised by particularly weak central coherence. All the differences 

observed were in the predicted directions, and a number of trends and one 

significant difference were found. Overall very large individual differences were 

observed.

It is possible that two types of hyperlexia (these types had been suggested 

in chapter 6, p 148) were combined in the formation of the hyperlexic subgroup. 

One type with a modular islet of decoding skill coexisting with more severe 

central impairments (i.e. lower IQ, more severe autism), and a second hyperlexia 

type whose poor comprehension is a consequence of weak central coherence. In 

the following a more refined subgroup comparison is conducted to explore these 

ideas further in that differences may be clarified with a stricter definition of the 

weak coherence hyperlexia type is adopted. Subjects for this subgroup were 

required to have average or above average decoding skills, and an even larger 

discrepancy between decoding and reading comprehension (see part 2). A double 

discrepancy definition, whereby decoding skills are above average ability, but 

reading comprehension is below the level expected from their verbal ability 

holds for two subjects only. One has a Basic Reading standard score of 146, a 

Reading Comprehension standard score of 86 and a verbal IQ of 122, the other a 

Basic Reading standard score of 110, Reading Comprehension standard score of 

84 and a verbal IQ of 103. All the other hyperlexic subjects’ reading 

comprehension scores are in line with their Verbal IQs. It is possible that only 

these two subjects truly present the hyperlexia type that results from extremely 

weak central coherence. As there were only two subjects that fitted the double 

discrepancy definition, this idea could not be investigated further here. In the 

future it might be possible to identify more subjects with autism of that nature, 

and it would then be possible to conduct group comparisons.

Reading is a culturally acquired skill. It is conceivable that weak central 

coherence may facilitate decoding skills, because decoding favours piecemeal 

processing of phonemes. Weak central coherence in autism may facilitate
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hyperlexic developments in only those individuals who become interested in the 

written word. On the other hand individuals with autism with a similar degree of 

weak central coherence, but with different interests may be non-hyperlexic. 

Instead, they might excel in another area where detailed processing is a useful 

asset.

8.4 Central coherence in hyperlexia - subgroup comparison II 

Subjects

Six subjects were selected from the former hyperlexic subgroup. The first 

priority was to choose the ones with the highest WORD Basic Reading standard 

scores, and secondly those with the largest discrepancies. They were matched on 

Performance IQ with six subjects from the former non-hyperlexic subgroup. 

Table 74 and 75 show reading scores, IQ scores, age and the discrepancies 

between Basic Reading and Reading Comprehension standard scores for all 

subjects in the two subgroups. Table 76 shows the means and standard deviations 

of these scores for the two subgroups.

Table 74: W ORD (BR and RC), FIQ, PIQ,VIQ and discrepancies for nonhyperlexic subjects (n=6)

7.10
7.3
9.4 
10.11

146
115
110
110
109

127 124 122

103

13.7 104

Table 75: W ORD (BR and RC), FIQ, PIQ,VIQ and discrepancies for hyperlexic subjects (n=6)

121 123 116
96 104 91

15.9 102 104

10.1

16.6 65
10.11 100 103

No, n=6 CA BR St RC St Discrepanc

No, n=6 CA BR St RC St Discrepancy FIQ PIQ VIQ
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Table 76: WORD (BR and RC), FIQ, PIQ, VIQ for subgroup comparison II: means, sds

Hyperlexic, n=6 I
mean 9.6 114.7 41.7 83.8 15.0 89.7 9&0 863

sd 2.3 16.3 6.1 2.9 4.2 20.3 15.7 22.0
Non hyperlexic, n=6

mean 12.2 8&5 35.3 85.7 20.2 91.2 9 5 ^ 883
sd 3.2 14.8 9.3 15.8 6.9 19.4 18.3 18.5

Results
The data was analysed exactly as in subgroup comparison I. Table 77 and 78 

presents the results for the EFT and CEFT data, table 79 for the Block Design 

test and the WISC Block Design standard scores, table 80 the frequencies with 

which subjects succumbed to visual illusions, table 81 the mirror reading data, 

and table 82 to 84 the sentence completion frequency data.

Table 77: CEFT/EFT totals and EFT times for subgroup comparison II: means, sds

EFT (m ax=12) observed means 8.8 (1.5) 9 5 (1 .0 )

adjusted means 8.9 9.4 .386, .550

EFT (secs) observed means 7.7 (4.4) 11 .3 (9 .1 )

adjusted means 7.1 12.0 1.08, .325

CEFT (m ax=25) observed means 18 .5 (3 .9 ) 20.0  (3.9)

adjusted means 19.2 19.2 .000, .979

There were no significant differences between the groups on the EFT and CEFT 

total scores and the EFT response times.

Table 78: CEFT response strategies for subgroup comparison II: frequencies

hyperlexic 4 [3.5] 2 [2.5]

non-hyperlexic 3 [3.5] 3 [2.5]

There were no significant differences between the groups in the frequency to 

employ strategy 1 as opposed to strategy 2 or 3 (chi=.34, df= l, p=.558).

210



Table 79; BD differences (secs, logs), WISC-BD scores for subgroup comparison II: means, sds
Measure

BD difference (secs)

BD difference (logs) 

WISC BD standard scores

Hyperlexic, n=6 Nonhyperlexic, n=6

9.1 (11.5) 

.19 (.18) 

12 .8 (4 .1 )

10 .3 (11 .1) 

.22 (.2 1 ) 

9.2 (2.5)

The hyperlexic group is on average 9.1 seconds slower in the unsegmented 

condition and the non-hyperlexic group is 10.3 seconds slower. This difference 

did not reach significance in an independent t-test comparison (t(10)=-.19, 

p=.856). When the time data was transformed into logarithmic scores, the 

difference again did not reach significance (t(10)=-.29, p=.779). There was a 

trend for the hyperlexic group to have higher WISC BD scores (t(10)=1.88, 

p=.089).

TableSO: Visual illusions succumbed to for subgroup comparison II: frequencies

hyperlexic 4 [2.5] 2 [3.5]

non-hyperlexic 1 [2.5] 5 [3.5]

There was a strong trend for the hyperlexic group to succumb to fewer visual 

illusions than the non-hyperlexic group (chi=3.08, df=l, p=.079).

Table 81 : Mirror reading differences (secs, logs) for subgroup comparison II: means, sds

Mirror reading meaningful minus nonsense (secs) 

Mirror reading meaningful minus nonsense (logs)

-.67 (47.3)

.000 (.18)

24.2 (32.0)

.073 (.13)

The hyperlexic group read the story in mirror writing faster in the nonsense 

condition than the meaningful condition, while for the non-hyperlexic group the 

opposite was the case. Standard deviations were extremely large in this case, and 

the differences were not significantly different for either the time data as seconds 

(t( 10)=-1.06, p=.312) or as logs (t(10)=-.82, p=.432).
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Table 82: Sentence completion (integrative) for subgroup comparison II: frequencies
Frequencies, observed [expected] less than 7 integrative 7 or more integrative

hyperlexic

non-hyperlexic

2 [ 1]

0 [ 1]

4 [5]

6 [5]

None of the subjects in the non-hyperlexic group gave less than 7 integrative 

responses, whereas there 2 out of 6 subjects in the hyperlexic group gave less 

than 7 integrative responses. These frequency differences were not significant 

but presented a small trend in the predicted direction (chi-square comparison: 

chi=2.40, df=l,p=.121).

Table 83: Sentence completion (associative) for subgroup comparison II: frequencies
Frequencies, observed [expected] 2 or more associative less than 2 associative

hyperlexic

non-hyperlexic

2 [21

2 [2]
4 [4] 

4 [4]

The frequencies with which subjects gave associative responses were exactly the 

same for the two groups (chi=.00, df= l, p=1.0).

Table 84: Sentence completion times for subgroup comparison II: means, sds 

I sentence completion time (secs) 5 5 .2 (4 1 .2 ) 38.7 ( 15~ ) |

The difference in sentence completion was not significant according to an 

independent t-test (t(10)=.92, p=.380).

Discussion
As in subgroup comparison I, there were no differences between the groups on 

the embedded figures measures, or on the modified Block Design task. The 

trend for the hyperlexic group to have higher WISC BD scores was still present, 

and stronger here. So was the tendency for hyperlexic subjects to succumb to 

fewer visual illusions.

The time differences between reading a story in mirror writing in the 

meaningful presentation condition versus the nonsense presentation condition, 

though still far from statistical significance, were more pronounced here. The
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hyperlexic subjects read the nonsense text more quickly, while the non

hyperlexic group read the meaningful text more quickly, despite the order effect, 

which benefits the nonsense version.. Standard deviations were still extremely 

large. Nevertheless, one may speculate that this difference between the groups 

could reflect the speed with which subjects were able to pick up the mirror 

reading skill which in turn might reflect the extent to which meaningfulness has 

an influence on decoding. Subjects with relatively stronger central coherence (i.e. 

non-hyperlexic) might not be as good at piecemeal processing of mirror writing. 

It is not possible to examine this idea on the basis of the present data; the 

hyperlexic group may have improved in mirror reading more quickly due to 

some other factor.

The finding of subgroup comparison I that the hyperlexic group provided 

significantly fewer integrative responses in the sentence completion test, was not 

obtained here, although there was a trend in this direction. The groups were 

identical in the number of associative responses they gave, and as in subgroup 

comparison I, the hyperlexic group needed longer to complete the sentences.

8.5 Summary

From the present investigation of hyperlexic and non-hyperlexic subgroups it 

seems most likely that both groups can be characterised by weak central 

coherence (control group comparison would be important to confirm this) and 

that the hyperlexic group (both in the larger, more lenient group in section 8.2 as 

well as in the stricter group definition in section 8.4) can be characterised by 

weak central coherence to a larger degree. It can be concluded that weak central 

coherence may make hyperlexic developments as defined here more likely, but 

that it is not necessary and sufficient to do so. Reading being a culturally 

acquired skill may or may not be a domain of special interest for a child with 

autism. If so, (s)he is likely to acquire decoding more easily and comprehension 

less easily than a normal child. One reason for this may well be the qualitative 

difference in the central coherence style of processing. However, to test this 

hypothesis, further empirical work is needed. Both the non-hyperlexic and the 

hyperlexic subgroups could, for example, be compared to normal and

MLD subjects. Further, the minority of hyperlexic subjects who meet the criteria
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for a double discrepancy definition could be compared to non-hyperlexic and 

control subjects. It might be this minority who presents the very extreme end of 

the central coherence continuum.
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Chapter 9 

Executive function and Theory of Mind in hyperlexia

9.1 Introduction

The investigation in chapter 8 did not lend strong support to the hypothesis that 

the two subgroups identified as hyperlexic and non-hyperlexic are characterised 

by different degrees of central coherence. The present chapter investigates 

possible group differences in other cognitive mechanisms implicated in autism.

The two cognitive impairments most associated with autism are Theory 

of Mind (ToM) and executive function impairments (see literature review in 

chapter 1). A ToM mechanism is viewed as a highly evolved, specific 

information processing device which allows for representation of mental states of 

self and others. Leslie (1991), in particular, assumes that the ToM mechanism is 

a module, and the syndrome of autism a consequence of a deficient ToM module.

Some of the findings in chapter 8 indicated that hyperlexia, as defined 

here, is associated to some extent with weak central coherence. However, overall 

differences between the hyperlexic and non-hyperlexic groups with regard to 

central coherence were not substantial enough to infer a causal implication of 

weak central coherence in the occurrence of hyperlexia. It is possible that the 

greater comprehension deficit in the hyperlexic subgroups might stem from a 

lack in mentalising ability caused by modular dysfunctioning of the ToM 

mechanism. Hyperlexia is observed in cases where the phonology module shows 

intact functioning and decoding skills develop successfully while the broader or 

more general comprehension failure could be caused by the ToM deficit. 

Assuming that all subjects with autism have weak central coherence (as 

suggested in chapter 8), it may be that a subset, namely those with the more 

severe ToM deficits, may adopt a reading style leading to enhanced surface form 

retention and reduced use of meaning. Why would they do this? Subjects less 

able to mentalise and communicate, may not process the communicative nature 

of text, while the group with the better mentalising abilities can avoid overly 

literal processing of text. The prediction following from this reasoning would be
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that the hyperlexic group should be significantly more impaired on tests 

assessing ToM functioning than the non-hyperlexic subgroup.

Executive functioning has been defined as “the ability to maintain an 

appropriate problem-solving set for attainment of a future goal” (Ozonoff et al., 

1991) and includes various higher cognitive processes such as planning, 

inhibition of prepotent but irrelevant responses, and maintaining and switching of 

attentional set (see literature review in chapter 1). Executive function deficits 

reflect cortical damage in the frontal parts of the brain, and are not autism 

specific. If hyperlexia, as defined here, is the result of a modular islet of 

functioning in the context of broader cognitive failure, then it would follow that 

the hyperlexic group may have more severe executive function impairments than 

the non-hyperlexic group. Given that ToM functioning, like central coherence 

may be fairly similar across the two groups, it may be the case that a 

differentiation could be made on the basis of executive function. In addition to 

the severity of executive function impairments, it may also be that the extent of 

brain damage may express itself in the severity of the autistic symptoms 

observed. In addition to ToM and executive function tests, all subjects were 

assessed on an autism symptom checklist.

In the present investigation Theory of Mind functioning was assessed by 

four tests, two requiring first order attribution of false belief (Sally-Ann and 

Smarties test) and two requiring second order attribution of false belief (Ice

cream van and Birthday puppy). Executive function was assessed by one visual- 

spatial test, the Colour Trail Making test (D’Elia et al., 1994), and a language 

based test, the Hayling test (Burgess & Shallice, 1996). In addition a third test, 

also verbal in nature was administered, one of the two subtests of the Speed and 

Capacity of Language Processing test (Baddeley et al., 1992). This subtest, the 

Speed of Comprehension test, was originally devised by Collins and Quillian 

(1969) to test the speed of re triev a lsem an tic  memory. Baddeley et al. (1992) 

recommended this measure as particularly sensitive to acquired brain damage, 

given that a subject’s crystallized verbal intelligence is preserved (tested by the 

second subtest, a lexical decision task). If the response time is significantly 

slower than expected on the basis of the level of crystallized verbal intelligence, 

this is taken as indicative of brain damage. The subject is required to indicate the 

truth value of a number of sentences. An executive function demand is placed by
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the continuous response selection requiring switching between the two responses 

(‘true’ and ‘false’), while weak central coherence could lead to deficient 

processing of the overall meaning of the sentences. In both cases a high error 

score would be the result; executive function impairments and weak central 

coherence are not always easily teased apart.

Method

1) Theory of Mind (ToM) functioning 

Rationale

In first-order ToM tests, the subject needs to represent a person’s mental state 

separate from his or her own state. This requires first-order metarepresentation: 

“I know/believe that B believes that [...].” A second-order ToM task is 

considerably more difficult as the subject needs to be able to represent a person’s 

mental state about another person’s mental state, requiring second-order 

metarepresentation: “I know/believe that B believes that C believes that [...].” If a 

subject fails to represent these mental states as separate from the world or 

another’s mental states (i.e. decoupling and copying mechanisms need to be 

intact, Leslie, 1987), he or she is considered to lack or have a deficient ToM 

module.

ToM tests

Two first-order and two secondorder tests were administered. The two first-order 

tests were the Sally-Ann test (Baron-Cohen, Frith & Leslie, 1985), which is a 

version of the false belief test originally devised by Wimmer & Pemer (1983) 

and the Smarties test, devised by Pemer et al. (1989). The two second-order tests 

were the ice-cream van task, adapted from Pemer & Wimmer (1985) and the 

birthday puppy test was developed by Sullivan, Zaitchik & Tager-Flusberg 

(1994).
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Scoring

A subject is considered to pass first order ToM tests, if he or she achieves a Pass 

on both tests administered. The same applies to the second order tests: only if 

both tests are passed, can it be said with some degree of confidence that the 

subject has the ability to attribute mental states. One point is scored if a subject 

passes both first-order tests, and 2 points are scored if a subject also passes both 

second-order tests. If a subject passes none or only one of first or second-order 

tests, 0 points are scored.

2) Executive Function Tests

a) Hayling Test 

Rationale

The Hayling is a verbal test requiring the initiation and suppression of prepotent 

responses. Burgess and Shallice (1996) found that poor performance on the 

Hayling test was associated with frontal lobe lesions, but not with lesions in more 

posterior regions of the brain. The Hayling test consists of two parts, one requires 

the completion of sentences by an appropriate word (i.e. contextually 

meaningful), and the other requires the completion with an inappropriate word 

(i.e. contextually nonsensical). The former is thought to measure the initiation of 

responses, a process that could be conceptualised to require relatively strong 

central coherence. The second part is thought to measure subjects’ ability to 

suppress prepotent responses, taxing executive functioning. Executive function 

deficits are thought to be present if a subject requires relatively more time in 

initiation of appropriate responses in part I, and has difficulty in suppressing 

appropriate responses, leading to a comparatively high error score in part II.

Materials and procedure

The Hayling test (Burgess & Shallice, 1996) consists of two parts: response 

initiation and response suppression. In each section the subject is presented with 

15 incomplete sentences (i.e. last words omitted). In the response initiation
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section, the subject is instructed to think of a word that fits into the sentences as 

quickly as possible. In the response suppression section, the opposite is required: 

the subject is asked to think of a word which makes no sense at all in the 

sentence context. The Hayling test yields two measures: Initiation time (total of 

response latencies) and response suppression (error score of words related to the 

context).

Scoring

In the response initiation section the experimenter measures the time it takes a 

subject to provide a response. In the suppression section, responses are examined 

in the degree they are appropriate, and therefore erroneous. Table 85 presents the 

classification and scoring system for errors in the suppression section.

Table 85: Hayling - response suppression (part II) error scoring schem e

Suppression errors Classification
word definitely and obviously com pletes the sentence
opposite to expected response
word is semantically related to subject o f sentence
word is semantically related to expected response
word vaguely fits
word is com pletely unconnected

b) Colour Trail Making Test 

Rationale

The Trail making test is a visual-spatial test requiring the attentional shift of one 

set and the maintenance of another set. Boucugnani and Jones (1989) and Shute 

and Huertas (1990) found that deficits on the Trail Making test indicated brain 

damage, in particular the functioning of frontal systems. Part A requires 

sustained visual attention involving perceptual tracking and simple sequencing, 

while in part B, on top of the skills required in part A, two stimulus set 

manipulations need to be executed, while the response selection of one set 

requires maintenance, that of the other set requires response alternation. The 

effect of the heavy executive demands in part B are assumed to be reflected in 

the extent of slowing in the performance of part B relative to part A. An
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interference index is calculated to indicate the slower performance on part B, 

relative to the completion time of part A.

Materials and procedure

Part A of the Colour Trail Making test consists of the numbers 1 through 25 

appearing separately (within small circles of two different colours), distributed in 

an apparently random fashion on a sheet of paper. Part B consists of two sets of 

the numbers 1 through 25, one set within small circles coloured in red, and the 

other set within small circles coloured in yellow, also displayed in an apparently 

random fashion. The subject’s task is to connect the numbers in sequence (Part A 

and B), but additionally in part B, the subject is required to select the numbers in 

alternating colours (red 1, yellow 2, red 3,....).

Scoring

The times for part A and part B are noted, and the interference index is 

calculated: the time for part A is subtracted from the time for Part B and this sum 

is divided by the time for Part A. A score of 1 thus indicates that a subject takes 

twice as long to complete section B than section A. A score smaller than 1 

indicates that a subject takes less than twice as long while a score larger than 1 

indicates that the subjects takes more than twice as long. This index indicates the 

degree to which the subject is slowed down by the demands of switching 

between two responses while following a sequence.

3) Speed of Comprehension test (SPOC)

Rationale

The Speed of Comprehension test requires the selection of context sensitive 

responses under time pressure, and involves continuous switching between two 

alternative responses (‘true’ and ‘false’). Executive function demands are thought 

to be reflected in both the total number of correct responses given (i.e. time- 

constrained processing), and the number of erroneous responses made. As the 

SPOC involves the processing of the meaning of sentences and requires decision
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making with regard to the truth value of the sentences, the results will also be 

discussed in terms of degree of central coherence.

Materials and procedure

The SPOC consists of a series of sentences, about half of which are true and half 

false. The subject has to indicate as quickly as possible whether or not a sentence 

is true or false. The test is usually presented visually, but for the present 

investigation it was chosen to present the statements aurally, since the subjects 

varied considerably in reading speed. The experimenter read out the sentences at 

the same pace to each subject.

Scoring

After 2 minutes the test is terminated and the total number of correct responses 

and the total number of erroneous responses is calculated. In addition a relative 

error score is calculated by dividing the total number of errors by the total 

number of correct responses for each subject. This provides an estimate of each 

subject’s error frequency in proportion to the overall achievement and thus 

presents a within-subject measure.

4) Autism checklist (DSM-IV based 

Rationale

Three main areas of impairments were assessed: difficulties in social interaction, 

difficulties in verbal and nonverbal communication and difficulties in flexibility/ 

repetitive behaviour (see appendix IV). For each of these categories four 

symptoms were checked, and each participant was assessed on all of these. As all 

participants had received a diagnosis of either Asperger syndrome or autism, the 

purpose of using this checklist was to assess the relative severity of the disorder 

in each individual case.
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The total number of symptoms observed was counted. A minimum of six points 

was required to grant a diagnosis of autism, and a maximum score of twelve 

points could be obtained.

9.2. Executive function and ToM in hyperlexia: subgroup comparison I 

Subjects

The hyperlexic and non-hyperlexic subgroup examined in section 8.2 in chapter 

8 were used here. The descriptive data of these two groups and their mean ages, 

reading and IQ scores are found on page 201, in tables 63 to 65 in chapter 8.

Results
Tables 86 and 87 present the results of the executive function measures (Colour 

Trail Making and Hayling test), table 88 for the ToM scores, table 89 for the 

checklist scores, and table 90 for the Speed of Comprehension test.

It can be seen from table 86 that both groups required the same amount of time 

on the Colour Trail Making test - part A. The two groups were thus considered to 

be perfectly matched for the comparison of the time they required to complete 

part B. An independent t-test was run on the time difference between part A and 

part B (part B minus part A), and the interference index, representing another 

measure for the relative slowing on part B.

The results of the Hayling test were compared by a two independent t-tests: one 

for the initiation times in part I, and a second for the suppression error scores of 

part II. Age did not correlate with either of the two measures and thus did not 

need to be controlled for.
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The autism checklist data and the ToM test data were analysed by non- 

parametric statistics (chi-square tests). Two categories were derived for each test. 

Subjects who scored 8 or more points on the autism checklist were placed in one 

category, subjects who scored 6 to 8 points in another. Subjects who obtained a 

score of 1 or 2 on the ToM tests were placed in one category, and those who 

failed all tests (score of 0) formed the other.

The Speed of Comprehension (SPOC) test data was analysed by two-independent 

t-tests, one for the total number of correct responses and a second for the relative 

error scores.

Table 86: Colour Trail Making test for subgroup comparison I: means, sds

Colour Trail Making Part A (seconds) 74.6 (32.4) 74.5 (34.5)

Colour Trail Making Part B (seconds) 154.0 (56.5) 133.1 (38.5)

Colour Trail Making Part B minus A 79.4 (43.7) 58.6  (29.3)

Interference 1.2 (.74) .98 (.70)

There were no significant differences on the Colour Trail Making test, although 

there was a trend for the hyperlexic group to be considerably more slowed down 

on part B than the non-hyperlexic group (for the time difference score: 

t(19)=1.23, p=.232, and for the interference index: t(19)=.62, p=.503). The data 

was examined with regard to outliers and there wzis one in the hyperlexic group 

and two in the non-hyperlexic group. The data was re-analysed after exclusion of 

these three subjects, and the differences between the groups became more 

pronounced. For the time differences between part A and part B the following 

results were obtained: hyperlexic group: 70.8 (33.6), non-hyperlexic group: 48.4 

(24.4) and t( 16)= 1.52, p=.148. For the interference index: hyperlexic group: 1.02 

(.45), non-hyperlexic group: .66 (.36) and t( 16)= 1.80, p=.091.

Table 87: Hayling initiation and suppression for subgroup comparison I: means, sds

Hayling Initiation-Part I (seconds) 5 0 .5 (1 6 .7 ) 3 6 .3 (1 7 .1 )

Hayling Suppression-Part II (errors) 6.8 (5.0) 8.5 (3.6)
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T h e  f e s a l+3
shoi/\ieci a strong trend for the hyperlexic group to require more time to 

initiate appropriate responses in part I (t( 19)= 1.91, p=.072). The hyperlexic 

group showed a small tendency to make fewer errors in the suppression of 

appropriate responses in part II (t(I9)=-.87, p=.396). The data was examined 

with regard to outliers. One outlier was present in the non-hyperlexic group on 

the suppression error measure, and the data was re-analysed after exclusion of 

this subject’s data. The result showed a stronger tendency in the direction already 

observed: the hyperlexic groups tended to make fewer errors on part II of the 

Hayling test (t( 18)=-1.39, p=.I83).

Table 88: ToM test data for subgroup comparison I: frequencies

hyperlexic 4 [2.9] 8 [9.1]

non-hyperlexic 1 [2.1] 8 [6.9]

The. te .sa U s  0  ̂ T h e  T h eo t-q oj Mind Tesls .Sbow eoL  4 b ( x t
there  were no significant differences between the groups (chi=1.40, df= l, 

p=.240).

Table 89; Autism checklist data for subgroup comparison I: frequencies

hyperlexic 7 [6.3] 5 [5.7]

non-hyperlexic 4 [4.7] 5 [4.3]

There were no significant differences between the two subgroups on the autism 

checklist (chi=.398, df=I, p=.53).

Table 90: Speed o f Comprehension test results for subgroup comparison I: means, sds

Speed o f Comprehension total correct 17.6 (5.3) 2 2 .8 (5 .4 )

Speed o f Comprehension total errors 3.0 (2.3) 3.0 (2.4)

Speed o f Comprehension relative errors .22 (.21) .15 (.13)

The hyperlexic group gave significantly fewer correct responses to the sentences 

(t(19)=-2.21, p=.040). The relative error scores (number of errors divided by total
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number of responses) in the two groups were not significantly different 

(t(19)=.86, p=.403), but again the observed differences were in the predicted 

direction.

Discussion
Both subgroups required the same amount of time to complete the Colour Trail 

part A (approximately 74 seconds). In part B, the hyperlexic group needed 

considerably more time than the non-hyperlexic group (on average 20 seconds 

more). This indicates a trend that it is more difficult for the hyperlexic group to 

perform two operations simultaneously that require holding in working memory 

one dimension (i.e. sequence of numbers), while switching between two stimuli 

(i.e. colours) in another dimension. Once controlled for outliers, differences on 

the interference index (which standardises the slow-down effect), an even 

stronger trend in the predicted direction (p=.091) was shown. Overall there is 

some indication that the hyperlexic group was more affected by the part B 

requirements that place heavy demands on executive functioning, in particular, 

working memory.

The initiation times of appropriate responses in part I of the Hayling test 

were longer in the hyperlexic group (p=.073). The number of errors in 

suppression of appropriate responses in part II of the Hayling test were higher in 

the non-hyperlexic group (p=.182). If the hyperlexic group had more severe 

executive function impairments, one would expect this group not only to be 

poorer at initiating a word that meaningfully completes a sentence, but also to 

show more difficulty in suppressing a word that would meaningfully finish a 

sentence. Alternatively, the Hayling initiation test could also be viewed as a 

measure of central coherence, being somewhat similar to the sentence 

completion test used in chapter 8. The time it takes a subject to initiate a response 

may as much reflect the time taken to ‘make meaning’ as it may reflect the time 

taken to initiate a response. Viewing the present results in terms of weak central 

coherence would explain the lower error score of the hyperlexic group in the 

suppression section. If one’s style of processing can be characterised by weak 

central coherence, one is less engaged with the processing of meaning, and
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subsequently one does not need to suppress appropriate responses to the same 

extent as subjects with more strongly coherent processing styles, thus leading to 

the lower error scores.

There was a tendency for the hyperlexic group to have a higher incidence 

of failure on the ToM tests, and a slight tendency to score higher on the autism 

checklist. However these differences were small and might at least to some 

extent be accounted for by the age differences between the groups (i.e. the 

hyperlexic group was on average 2.8 years younger than the non-hyperlexic 

group).

The results of the Speed of Comprehension test showed a significant 

difference in the total number of correct responses; the hyperlexic group gave 

fewer correct responses. The reasons for this could lie in the demands of 

executive functioning (i.e. selection and switching of ‘true’ and ‘false’ answers), 

the domain of semantic knowledge (e.g. ‘a fork is a kitchen utensil’), or weak 

central coherence. Although the groups make an identical number of total errors, 

the hyperlexic group has a slightly higher relative error score, however, 

differences were small and far below significance level (p = .403). As the 

number of errors were small overall, it is not possible to pinpoint a tendency to 

persevere versus a tendency to make more errors overall (i.e. at random points). 

Again, the age difference may have disadvantaged the hyperlexic group.

9.3 Interim summary

Overall the results indicated, some trends for the hyperlexic group to perform 

worse than the non-hyperlexic group, while the results in chapter 8 indicated 

relative performance ‘superiority’ on tasks where weak central coherence helps. 

However, overall the group differences mostly failed to reach significance. 

Noteworthy trends were particularly observed on the executive function 

measures and significant differences were observed on the Speed of 

Comprehension test. The Colour Trail Making test results suggested executive 

function deficits, whereas the Hayling test results fit better with an interpretation 

in terms of weak central coherence, as the hyperlexic subjects made fewer errors 

on the suppression of appropriate responses in part II. In the case of executive
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function deficits, more rather than fewer errors in part II would accompany 

longer response initiation times in part I.

Similarly, the Speed of Comprehension data showed significantly fewer 

correct responses, but no significant differences in the number of errors that 

subjects made. A combined difference in the latter together with the difference in 

the former would have suggested an executive function deficit explanation. 

Instead, this finding might further support the weak central coherence notion in 

hyperlexia as it is necessary to process overall sentence meaning in order to be 

able to make a correct true/false judgments with regard to the statement 

presented in a test sentence. However, as the Speed of Comprehension test is a 

test for adult subjects and requires knowledge of complex semantic word 

meanings that children might not be familiar with, the observed differences 

might alternatively be due to age differences (i.e. the older non-hyperlexic 

subjects may have more advanced general knowledge).

On the ToM tests and the autism checklist differences were considerably 

smaller, and one may conclude that a combination of differences in central 

coherence and executive function may differentiate the groups best. However, 

the current definition of hyperlexia does not warrant the conclusion that true 

differences between those categorised as hyperlexic and those as non-hyperlexic 

necessarily exist. Reading is only one domain a child with autism might choose 

to be preoccupied with. Some of the non-hyperlexic subjects might have other 

areas of special interest that may be equally suited to a weakly coherent 

processing style. It has also become clear that individual differences on many of 

the measures employed were large despite similar IQs and single case studies 

could be used to study subject profiles to provide more insights into such 

heterogeneity.
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9.4 Executive function and ToM in hyperlexia: subgroup comparison II

M ethod

Subjects

The same subgroups that had been formed using a stricter definition of 

hyperlexia (chapter 8, section 8.4) were further examined with regard to ToM 

and executive function and the autism checklist. They were also compared on 

their performance on the Speed of Comprehension test (SPOC). The descriptive 

data of the two subgroups is shown in tables 74 to 76, on pages 209 and 210.

Results
The results were analysed exactly as in subgroup comparison I. Table 91 shows 

means and standard deviation of the performance on the Colour Trail Making 

Test and table 92 for the Hayling test. Table 93 presents the frequency data of the 

ToM tests and table 94 of the frequency data of the autism checklist. Finally, 

table 95 shows the means and standard deviations of the Speed of 

Comprehension test.

Table 91: Colour Trail Making test for subgroup comparison II: means, sds

Colour Trail Making Part A (seconds) 68.2 (23.7) 66.3 (27.6)

Colour Trail Making Part B (seconds) 165.7 (69.1) 131.5 (38.7)

Colour Trail Making Part B minus A 97.5 (54.5) 65.2  (34.7)

Interference 1.5 (.84) 1.2 (.79)

As in subgroup comparison I, the groups performed similarly on part A of the 

Colour Trail Making test, and on part B the hyperlexic group was considerably 

more slowed down than the non-hyperlexic group. However, standard deviations 

were large, particularly for the performance on part B by the hyperlexic group. 

Consequently no significant differences were obtained either for the time 

difference between part A and B (t( 10)= 1.22, p=.249) or for the interference 

index (t(10)=.64, p=.539).
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Table 92: Hayling initiation and suppression for subgroup comparison II: means, sds
Measure Hyperlexic, n=6 Nonhyperlexic, n=6

Hayling Initiation-Part I (seconds) 39.0 ( 13.9)

Hayling Suppression-Part II (errors) 6.3 (4.6)

35 .5 (1 9 .8 )  

9.3 (4.3)

Unlike subgroup comparison I, the differences between the two groups’ initiation 

times on part I of the Hayling test were smaller, though in the predicted direction 

(t(10)=.35, p=.731). The trend that the hyperlexic group made fewer errors on the 

Hayling part II test (see subgroup comparison I) was obtained here as well, 

though insignificant due to small samples and large standard deviations (t(10)= 

-1.71,p=.271).

Table 93: ToM test data for subgroup comparison II: frequencies

hyperlexic 3 [2.0] 3 [4.0]

non-hyperlexic 1 [2.0] 5 [4.0]

There was a trend for the hyperlexic group to show a higher incidence of failing 

the ToM tests (as in subgroup comparison I), but again differences were not 

significantly different (chi=1.50, df= l, p=.221).

Table 94: Autism checklist data for subgroup comparison II: frequencies_________________

hyperlexic 4 [4.0] 2 [2.0]

non-hyperlexic 4 [4.0] 2 [2.0]

There were no group differences with respect to the severity of autism; for both 

groups the same total number of symptoms were observed (chi=.000, df= l,

p=1.00).
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Table 95: Speed of Comprehension test results for subgroup comparison II: means, sds
Measure Hyperlexic, n=6 Nonhyperlexic, n=6

Speed o f Comprehension total correct 17.5 (6.0) 23.7 (6.0)

Speed o f Comprehension total errors 2.7 (2.4) 2.3 (1.9)

Speed o f Comprehension relative errors .22 (.23) .11 (.10)

The results of the Speed of Comprehension test mirror those obtained in 

subgroup comparison I. The hyperlexic group achieved a lower total number of 

correct responses. The differences were not significant here (t( 10)=-1.77, p=.107, 

presumably due to the smaller sample sizes, but were of the same magnitude as 

in subgroup comparison I. The hyperlexic group also showed a slight tendency to 

make more errors (t( 10)= 1.01, p=.336), as was observed in subgroup comparison 

I.

Discussion
The hyperlexic group here, as in subgroup comparison I, was more slowed down 

on the Colour Trail test - part B than the non-hyperlexic group. On the Hayling 

test, differences in response initiation times were not as pronounced here as they 

were in subgroup comparison I, but in the same direction. The hyperlexic group 

was again found to have a lower error score when suppression of appropriate 

responses is required.(Hayling - part II). There was a tendency for the hyperlexic 

group to have a lower success rate on the false belief tests, while both groups had 

the same number of symptoms on the autism checklist. On the Speed of 

Comprehension test the results were also similar to those obtained in section 9.2; 

the hyperlexic group achieving a lower total score. Differences with regard to the 

errors that subjects made here, were small (even smaller than in subgroup 

comparison I).

9.5 Summary

To adopt a stronger definition of hyperlexia in terms of good decoding skill and 

large discrepancies between decoding and comprehension did not lead to greater 

differences between the subgroups. Variation across individuals is often as large
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as variation across the chosen group boundaries, indicating that the present 

hyperlexia definition does not necessarily reflect underlying differences in terms 

of the cognitive impairments associated with autism. Choosing a domain of 

interest such as reading, where a weakly coherent style of processing is 

conducive to the development of at least some components of the domain (e.g. 

decoding and word recognition in reading), might appeal particularly to 

individuals with autism who have greater impairments in the cognitive 

mechanisms associated with autism (i.e. executive function and theory of mind 

functioning), in addition to their comparatively weaker style of processing.
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Chapter 10 

Conclusions and Implications

10.1 Conclusions

It was the aim of this thesis to gain insights into the cognitive architecture of the 

mind. To this purpose, it was chosen to study abnormal development, based on 

the assumption that deficits present in developmental disorders may “cut nature 

at the joints” - revealing separable components of the normal mind. In the 

normally developing child, it is extremely difficult to separate out individual 

cognitive functions, as intact functions operate smoothly together in concert. By 

contrast, the study of developmental disorders, which affect some functions but 

not others, can allow inferences to be drawn with respect to the modular nature 

of the healthy mind. Clearly, such inferences rest on the assumption of 

subtractability, that the mind is organised in such a way that individual functions 

can be selectively damaged without changing the dynamics of the whole system. 

Secondly, not only is it assumed that the minds and brains of normally 

developing children are similar to those of the children with developmental 

disorders (apart from those parts that are damaged in the latter), but that the 

minds and brains of all people are alike in their architecture. These requirements 

are more likely to hold for some cognitive mechanisms than for others; those 

cognitive functions that are genetically fixed, (i.e. independent of individual 

learning histories) are the ones most likely to be similar in all the members of the 

human species. Disorders of known genetic origin may in turn be the most likely 

to affect these genetically specified functions.

Fodor’s (1983) modularity account provides a theoretical basis for these 

assumptions underlying cognitive functions, the study of which might allow 

conclusions concerning the species as a whole. A module, in Fodor’s (1983) 

definition, is a mechanism that is genetically fixed with a set pathway in 

ontogeny, that corresponds to a discrete anatomical site in the brain, and has 

evolved in response (i.e. as an adaptation) to stable parameters of the 

environment (e.g. three-dimensional vision as an adaptation to the spatial layout 

of the world). Modules are thus inflexible devices; they act fast and mandatorily.
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and operate upon highly specific and complex types of information (e.g. visual- 

spatial stimuli). Informational encapsulation allows for a high degree of 

specialisation and extremely fast information processing, because only a single 

format of information is involved. This means that each module is uninfluenced 

by the activity of other modular processes and unmodularised processes (i.e. 

central processes). Central processes do not share any of the characteristics of 

modules. They are provided only with the final computational output (i.e. 

representations) of the modules and use these representations in evaluating the 

meaning and implications of the immediate environmental characteristics. Fodor 

(1983) calls this process of constructing corrected representations, “the fixation 

of perceptual belief’, (p. 102), and “the computation of best hypotheses about 

what the world is like”, (p. 104). Central processes in Fodor’s account are not 

further specified, but Anderson (1992) in his model of the basic cognitive 

architecture has elaborated upon the characteristics of central processes. He 

suggested a basic processing mechanism (BPM), the speed of which is 

genetically determined and which determines the rate of knowledge acquisition. 

The differences in the speed of the BPM across people is viewed as a basis for 

differences in intelligence. The knowledge acquired by of central processes, on 

the other hand, is determined by the individual’s learning history and can thus be 

highly idiosyncratic; however, the complexity of the information processed by 

central processes is constrained by the BPM.

Fodor’s (1983) modularity concept is extremely nativistic and may apply 

to a few psychological processes (e.g. three-dimensional vision, phonological 

and syntax processing). Karmiloff-Smith (1992) introduced the concept of 

modularisation, which is applicable to a greater variety of processes (e.g. word 

recognition, chess), that operate in a modular fashion. Such processes are thought 

to have started off as central processes, becoming increasingly informationally 

encapsulated and autonomous in development; this is more cost-effective, as the 

limited resources of central processes are no longer required in their operation.

The division of processes into modular and central was used in this thesis 

as a framework for the study of developmental disorders with specific deficits. 

Autism and dyslexia, in particular, were selected as disorders conceptualised as 

dysfunctions of single, specific cognitive mechanisms (Morton & Frith, 1995). It 

was suggested that the two specific deficits in autism and dyslexia could be
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viewed as modular deficits. In the case of autism, a failure in the functioning of 

the Theory of Mind mechanism (e.g. Baron-Cohen, Frith & Leslie, 1985) has 

been suggested to constitute the most important deficit at the cognitive level, 

causing the autistic symptoms observed at the behavioural level. In the case of 

dyslexia, the phonological deficit theory (e.g. Snowling, 1987) has received most 

empirical support as the primary cause of the reading failure. Autism and 

dyslexia were contrasted with the disorder of mild mental retardation, regarded 

as the extreme lower end of normality in terms of intellectual functioning (central 

processing). It was thus possible to derive some specific predictions with regard 

to functioning and dysfunctioning of modular and central processes in the 

developmental disorders in question.

Central processes were investigated with respect to the speed of the BPM, 

while the modularity of cognitive function was investigated in the domain of 

phonology. Anderson’s (1986) inspection time paradigm was used as a measure 

of the speed of the BPM. It was predicted that the groups with specific 

developmental disorders (i.e. autism and dyslexia) should have processing speeds 

similar to normal control subjects, based on the hypothesis of modular deficits 

and intact central processing. It was found that the group with autism had at least 

average inspection times, the group with dyslexia had inspection times within the 

normal range, while the group with mental retardation had significantly longer 

inspection times. These results showed that subjects with autism who are of 

below normal intelligence as measured by standard IQ assessments, may 

nevertheless have intact central processing speeds. On the other hand, children 

with mild mental retardation showed below average performance on the 

inspection time task, in line with their below average IQs. The subjects with 

dyslexia who, by definition, are of average intelligence, showed intact central 

processing speeds. These results thus support the notion of autism and dyslexia 

as modular disorders, and mild mental retardation as a disorder of central 

processing. It was thus established that basic central processing speed is intact in 

autism and dyslexia, but impaired in mental retardation. The inspection time 

paradigm does not require the use of Theory of Mind, other than for the 

communication and understanding of the task instructions, and this may explain 

the good performance of the autistic group.
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An interesting finding in this study was that there were some subjects in 

the MLD group that had inspection times in the normal range. A low IQ alone is 

sufficient to grant a diagnosis of mental retardation, and it is possible that some 

of these children’s low IQs might not be due to slow central processing speed, 

but may instead be a consequence of more specific problems and/or other central 

deficits (e.g. executive function) that do not affect the speed of the BPM. It 

would be very interesting to examine these individuals with normal central 

processing speeds in more detailed case studies, in order to find out whether 

other factors can explain the poor performance on standard IQ tests. Overall, the 

IT task was successful in measuring central processing speed, although 

substantial practice effects were observed from the first to the second trials. 

These practice effects were most likely due to difficulties in motor-attention 

coordination (i.e. pressing of the button to start a stimulus display only when 

ready to attend to the stimulus), and the time it took to establish motor-cognitive 

associations (i.e. left button associated with ‘same’ judgment; right button 

associated with ‘different’ judgment). It will be important to test children in 

future research over several trials, so that it can be guaranteed that they have 

reached an asymptotic level of performance. This is particularly important for the 

MLD group, as this group has the lowest IQs, and might therefore have struggled 

more with the extraneous task demands.

The examination of the phonology module’s functioning, on the other 

hand, proved more difficult than the examination of central processing speed. 

The problem was that behavioural measures are unable to assess modular 

processing directly, independent of central processing. The results of the 

investigation of phonological processing in chapter 4, using the Phonological 

Assessment Battery (PhAB; Frederickson, Frith & Reason, 1997) illustrate this 

point. Phonological processing was predicted to be deficient only in dyslexia, 

based on the theory that dyslexia is caused by a specific deficit in the phonology 

module. On the other hand, children with autism and children with mild mental 

retardation were predicted to show no deficits, as modular functioning proceeds 

independently of central processing deficits. Further, the functioning of one 

module (phonology) should be uninfluenced by dysfunction of another (ToM in 

autism). The results confirmed these hypotheses, but revealed a complex pattern 

of subtest performances across the groups. It was argued that the results revealed
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that any behavioural test that assesses a cognitive function through overt, explicit 

responses involves some contribution from central processes. Consequently it 

was suggested that those subtests of the PhAB on which the group with mental 

retardation performed poorly are most likely to require the greatest contribution 

from central processes (impaired by reduced processing speed). Similarly, the 

autistic group may have some abnormalities in central processing, a result of 

deficits in ToM, executive function impairments, and weak central coherence. In 

conclusion, it appeared that the nonword reading and digit naming tests can be 

considered the purest tests of phonological processing, with little demand on 

domain-general processing, as both the autistic and the MLD group performed 

normally on these tasks. This was also supported by the finding that the dyslexic 

group showed poorer performance on these two tests than on the other subtests. 

This indicated that the dyslexic group was unable to compensate for their 

phonological deficit on these two tests (i.e. central processes were unable to 

improve performance). The spoonerism test, on the other hand, was the most 

challenging test for the MLD and autistic groups, indicating central processing 

requirements (i.e. working memory, central processing speed). Phonological loop 

demands were thought difficult to master for the MLD group, which in turn was 

attributed to slow central processing speed, limiting the resource capacity of the 

phonological loop. On the other hand, it was thought that central executive 

requirements proved difficult for the autistic group. The dyslexic group’s poor 

performance on this test was attributed to phonological deficits. In chapter 4 test 

requirements of the individual subtests of the PhAB were examined carefully, by 

pinpointing deficits and preserved abilities in the three groups with 

developmental disorders. The finding of dissociations between digit naming and 

nonword reading (i.e. preserved) and the spoonerism test (i.e. deficient) in autism 

and mental retardation, in conjunction with the finding of poor performance on 

all three tests in dyslexia, allowed conclusions with regard to intact functioning 

of the phonology module in the former two groups, but not the latter.

Central processes can be employed to some extent to compensate for 

modular deficits; for example the dyslexic group showed similar performance 

levels to younger normal subjects on a number of PhAB subtests. By contrast, 

central processing deficits, measured by the inspection time task, cannot be 

compensated for by intact modular processing (e.g. MLD group’s performance
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on the inspection time task was poorer than that of normal subjects). Similarly, 

intact performance on the inspection time task is not suppressed by deficient 

modular processing (e.g. the autistic group’s performance was as good as that of 

normal subjects of above average IQ).

Brain imaging studies have suggested that the same level of performance 

on phonological tasks can be achieved through involvement of different brain 

regions in compensated dyslexic subjects (e.g. Paulesu et al., 1996), supporting 

not only the phonological deficit hypothesis, but also the idea that other, possibly 

central resources, can be employed in phonological tests.

It was the aim of the investigations in chapters 5, 6 and 7 to examine 

systematically the interaction between modularised and central processes. Here it 

was assumed that all processes are run centrally, some of which then become 

modularised in development, so that the demand upon limited central resources is 

minimised. Reading was viewed as a process consisting of two components 

(word recognition and comprehension), according to the simple model of reading 

put forward by Gough and Tunmer (1986). It was suggested that word 

recognition is a modularised process, while comprehension is a central process. 

Reading abilities were thus thought an ideal area for study - an area in which 

modularisation of some components of the reading process occurs, while other 

components remain governed purely by central processes. By studying dyslexia, 

it was hoped to gain insight as to how far the deficit in the phonology module 

would prevent modularisation of decoding and word recognition, and as to how 

far such a deficit would have influences on central processes. In other words, the 

experiments presented in chapters 5 to 7 examined different levels of 

representation in reading, levels that depended greatly on the literal 

representation of the written word, such as surface form retention and 

propositional encoding, and levels of representation that depended on meaningful 

abstraction. While the former might be modularised in adults, in children they 

were still centrally processed. From a developmental perspective it might be 

useful to distinguish central processes into low-level and high-level ones. Low- 

level central processes operate directly on representations relayed to them by 

modules, and may become modularised themselves. High-level central processes, 

on the other hand, abstract meaning from the former, using representational 

formats more independent from modular and low-level central ones. From this
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theoretical basis, it follows that the dyslexic group would be unimpaired in high- 

level central processes, while low-level central processes would be deficient as a 

consequence of the deficit in the phonology module. Autism, on the other hand, 

is characterised by central processing deficits and abnormalities, despite central 

processing speed being intact. Executive function deficit and weak central 

coherence were viewed as an impairment to /abnormality in central processing in 

autism, that would affect higher-level central reading processes, but would leave 

low-level central and modularised processes intact. In mental retardation, on the 

other hand, deficits would be present in all processes that require central 

processing speed. It was thought that this processing speed limitation might 

explain other central deficits such as working memory impairments, while 

central coherence was thought to be normally strong.

In chapters 5 and 6 an attempt was made to employ techniques from adult 

studies of comprehension processes in reading. Unfortunately, both the use of 

propositional priming effects (Ratcliff & McKoon, 1978) and surface form 

retention levels as a marker of comprehension, proved unsuccessful in children. 

It was speculated that reading might not be as modularised at younger ages, so 

that valuable central resources, adults may reserve purely for text-form 

independent meaning processing, may in children still be employed in decoding 

and text form processing. It was argued that the much longer reaction times in 

the priming paradigm indeed indicated that children’s responses were not 

automatic, but rather under strategic or central control. The failure to obtain 

poorer surface form retention in scrambled stories as opposed to ordered stories 

was attributed similarly to surface form retention in children reflecting central 

processing. Children may spend valuable central resources simply to achieve 

sentence-form representation, rather than sentence meaning representation. 

Therefore surface form retention in children may not give an indication of central 

comprehension processes in reading, but represent a central process in itself. One 

may thus view surface form retention in children as a low-level central process 

that may gradually, throughout development, become modularised. The results 

indicated that indeed central resources are employed in surface form retention, as 

the MLD group had significantly lower levels of surface form retention than a 

group of normal control subjects matched on word recognition. The dyslexic 

group also showed reduced levels of surface form retention, and this was
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attributed to low-level central processes being more reliant upon modular 

representations (i.e. phonological representations). As opposed to low-level 

central processes, high-level central processes may not rely upon representational 

formats that are based on perceptual input that modules have pre-processed. The 

finding that the autistic group retained significantly higher levels of surface form 

further supported the idea that central processes operated at this level of text 

representation. This is because the style of central information processing in 

autism (i.e. weak central coherence) was predicted to lead to overly literal and 

piecemeal processing of text, placing a greater emphasis to the exact wording of 

sentences, rather than the more global gist-oriented representation of meaning. 

This could thus explain the finding of enhanced surface form retention in autism. 

One may further speculate that the superior surface form retention in autism 

might be due to most central resources being spent on relatively low-level central 

processes, where such a style of processing achieves representational qualities 

better than in normal children. However, at high-levels of central processes, low- 

level central representations need to be condensed and reduced meaningfully, in 

order to maximise the amount of information that can be used.

In chapter 7, a high-level central process was investigated, namely the 

representation of gist in the comprehension of stories. This process was regarded 

as such , because it is believed that meaning representations are not dependent on 

the perceptual input and modular representations of text. The results confirmed 

this idea. The dyslexic group showed no impairment in their retelling of story 

events, so that despite a modular deficit in phonology, and a low-level central 

deficit in surface form representation, high-level central representations were 

intact, and thus somewhat independent of the former. This confirmed that 

compensation can be achieved by high-level central processes, and that these 

might be needed to a much greater extent in dyslexic children’s comprehension 

of the written word. There was some indication that the dyslexic group indeed 

used up more central resources to achieve the same levels of performance as 

younger reading level matched normal children, as they needed considerably 

more time to perform this task. The idea that children with autism perform poorly 

on tasks involving higher-level central processing that requires meaning-making 

is supported by the finding that the group with autism was less able to retell the 

gist of stories in ordered presentation than normal and MLD children matched on
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IQ. In order to achieve meaningful representation of story events, it is no longer 

sufficient to be able to represent the exact wording of the individual sentences 

making up the stories, but the overall meaning of these needs to be abstracted. 

On the other hand, in the scrambled condition, the operation of such meaning 

making central processes was to a great extent prevented, since the informational 

input was poor (i.e. scrambled), and so the control group performed as poorly as 

the autistic group.

In conclusion, the results supported the usefulness of a distinction 

between low-level and high-level central processes. Particularly in development, 

it is further useful to view modularised and low-level central processes on a 

continuum, as some processes that are modularised in adults may still rely upon 

limited central resources in children.

Children with dyslexia are likely to perform as well as normals on high- 

level central process, given sufficient extra time to compensate for deficits in 

low-level central and modular processes. By contrast, children with autism are 

unimpaired in modular processing, and excel in low-level central processes that 

that do not require great transformations of the modular representations relayed 

to them. They are particularly impaired at high-level central processes that 

depend on representational formats independent of modular ones. This was 

attributed to weakly coherent central processing that resembles a module’s 

processing, by processing information in a somewhat encapsulated fashion, not 

processing for meaning (i.e. “fixation of belief’).

In chapters 6 and 7, it was observed that half the subjects in the autistic 

group showed large discrepancies between word recognition and reading 

comprehension measured by the WORD Basic Reading and Reading 

Comprehension subtests, and were considered hyperlexic. It was further 

suggested that two different types of hyperlexia could possibly be differentiated. 

One was a savant type, associated with weak central coherence; the implication 

of weak central coherence in other savant skills had previously been suggested 

(Bring, Hermelin & Heavey, 1995), and may also be relevant to some cases of 

hyperlexia. On the other hand, a second, modular type of hyperlexia, might be 

more frequently observed in mental retardation, where decoding is an islet of 

preserved functioning in the context of broader cognitive dysfunctioning. A 

double discrepancy definition might be more suitable for the diagnosis of the
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savant type, while a single discrepancy definition might be more appropriate for 

the modular hyperlexia type. Only two subjects in the autistic group fitted a 

double discrepancy definition in terms of advanced decoding (above the level 

expected for their age) and in terms of surprisingly low reading comprehension 

(below the level expected on the basis of IQ). However, based on a single 

discrepancy definition, there were ten hyperlexic subjects in the autistic group; 

these retained higher levels of surface form when compared with normal control 

subjects matched on reading level, and were poorer at gist representation than IQ 

matched control subjects. The remainder of the subjects with autism (i.e. non- 

hyperlexic) were similar in terms of surface form retention levels to normal 

controls and were more able at gist representation than the hyperlexic subjects. 

There was thus a double discrepancy not in terms of conventional measures (e.g. 

standardised reading scores for decoding and comprehension and IQ), but in 

terms of the experimental measures employed (i.e. enhanced surface form 

retention and suppressed gist representation). These findings were thus taken as 

an indication that this form of hyperlexia was not the result of preserved modular 

functioning, as this would not explain either the enhanced level of surface form 

retention nor the lower gist representation relative to IQ. On the other hand, weak 

central coherence can explain both these findings in combination, and the 

hyperlexia observed here was more likely that of a savant type. It followed that 

the hyperlexic group might employ a processing style even more weakly 

coherent than that of the non-hyperlexic group. The two subgroups were thus 

examined with a number of tests that have been used for the assessment of 

central coherence (Block Design test. Embedded Figures test, visual illusions 

test,).

The results provided some support for the idea that the hyperlexic group 

indeed employed a more weakly coherent style of processing; however the 

differences were small overall, and it was argued that both groups are 

characterised by weak central coherence. A child does not become hyperlexic by 

virtue of having particularly weak central coherence, but firstly by choosing the 

domain of reading as an area of special interest, and that then secondly weak 

central coherence may then contribute to reading development through superior 

performance in modularised and low-level central processes. This impairs high-
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level central processes, leading to the pattern of superior decoding and inferior 

comprehension.

The hyperlexic and non-hyperlexic group were further examined with 

regard to differences in another central process (executive function), Theory of 

Mind module, and symptom severity (autism checklist). The results showed that 

the groups could not be differentiated on the basis of mentalising ability and 

severity of autistic symptoms, but that there was some support for the hyperlexic 

group to have poorer executive functioning. The concepts of executive function 

and central coherence are not always easily differentiated, and some of the test 

results were interpreted in favour of a weak central coherence interpretation 

rather than executive function interpretation. It is not exactly clear how these two 

accounts are related, and evidently a degree of overlap exists. One may speculate 

that the central executive is the governor of central processes, and if high-level 

central processes cannot transform low-level representations into relevant 

meaning, then the central executive does not have the input required to act upon 

these.

10.2 Implications

Overall the findings in this thesis have shown that the division into central and 

modular processes is a useful one, and its application to the study of deficits and 

preserved functioning in developmental disorders has been an effective starting 

point for investigation. However, the examination of modular processes through 

overt behavioural measures was not easy, and in future research the use of brain 

imaging techniques might be used instead. Such studies have already shown that 

individuals with dyslexia and individuals with Asperger syndrome, who have 

successfully compensated for their deficits on behavioural measures, seem to 

achieve this by the activation of different brain areas to those activated by normal 

controls (e.g. for dyslexia see Paulesu et al., 1996; for Asperger syndrome, see 

Fletcher et al., 1994).

The examination of central processes proved successful when speed of 

information processing was examined, and in future studies one might also 

examine this in other modalities. Research with adults using an auditory 

inspection time task has already begun (e.g. Deary, Head & Egan, 1989). It
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would be interesting, once well-developed tasks are available, to use these with 

children.

With regard to development the distinction of developmental modules 

(i.e. modularised) and central processes appears not to be clear-cut. It was shown 

that processes in adults which proceed automatically, and may therefore be 

modularised (i.e. measured by surface form retention of text and propositional 

priming effects), may in children still be governed by central processes. There 

are doubts over the transferability of techniques that previously had only been 

used for the study of adult comprehension processes to the study of these 

processes in children. The results of such experiments with children may require 

different explanations to the ones given for adult subjects.

For the study of development, in particular it may be more useful to view 

central processes on a continuum between low and high levels. At one end of the 

spectrum, central processes that make direct use of modular representations, such 

as representation of surface form of text, could be described as low-level central 

processes. On the other hand, central processes that have abstracted meaning 

from modular and low-level central processes, such as the representation of the 

gist of stories, could be described as high-level central processes. Future work 

may investigate the course of modularisation of cognitive functions in 

longitudinal studies.

Central processing speed may be implicated in the formation of 

modularised cognitive functions. It would be interesting to examine central 

processing speed in individuals with autism who have other savant skills, in 

order to examine whether there is a requirement of at least a minimum of 

processing speed before such skills can develop.

The finding of superior surface form retention and inferior representation 

of gist in a hyperlexic subgroup of the autistic group was attributed to weak 

central coherence. It was surprising that there were only small differences 

between a hyperlexic and a non-hyperlexic subgroup on a number of weak 

central coherence measures, despite being matched on IQ. This may be partially 

explainable in terms of the great individual variation observed. It would have 

been interesting to know whether the non-hyperlexic subjects had other talents 

that may also be associated with weakly coherent functioning. These groups 

could not be distinguished with regard to theory of mind or symptom severity.
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It thus became apparent that group comparisons simply on the basis of IQ 

matching may not equalise groups with respect to other ability factors. One 

might consider matching subjects on the basis of weak coherence. One may 

classify a group as weakly coherent on the basis of a number of measures such as 

the modified Block Design task (Shah & Frith, 1993) and the Embedded Figures 

Test (Shah & Frith, 1983), and one may then compare their performance on 

executive function tasks or Theory of Mind tasks. This may shed some light on 

whether deficits occur in conjunction or are independent from each other. One 

possible direction for future research would be to try and establish whether there 

are a number of uniform patterns that reflect underlying brain dysfunction, or to 

what extent individuals might have their own idiosyncratic profiles. Such a 

study could proceed via a number of detailed case studies to look at performance 

profiles of IQ, IT, EF, ToM and WCC.

Further insight into what are presently referred to as 'central processes’ 

may come from differentiating between low-level central processes that operate 

on the basis of modular representations (e.g. surface form retention), and high- 

level central processes such as the abstraction of meaning and the governing of 

behaviour. These two high-level central processes might well be referred to as 

central coherence and executive function.
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Appendices

Appendix I

Propositional priming experiment

a) Sentences used in the sentence reading task.

The gardener read the newspaper and the cook looked out of the window. 

The monkey played in the tree while the crocodile slept on a rock.

The dancer arrived at the hotel but the musician missed the train.

The dog slept in the chair and the cat chased the ball.

The driver waited in the hall while the president signed the form.

The dentist prepared the instruments but the uncle cancelled the appointment 

The father received a parcel and the mother wrote a letter.

The pupil made a drawing while the teacher fetched some books.

The lady offered wine but the neighbour wanted juice.

The policeman worked in the office and the criminal sat in the sun.

The children cleaned the house while the parents went to the shop.

The girl prepared lunch but the family went to a restaurant.

b) Word lists (1 ,2  and 3) used in the word recognition test 

The new words that were not presented in any of the sentences above required no 

responses, and were classified as type 3 nouns. Old words (i.e. presented in the 

sentence reading task) were classified as type 2 nouns, if they were primed (i.e. 

preceded by another noun from the sentences), and as type 1 nouns, if they were 

unprimed (i.e. preceded the prime target, or presented as single old words 

between two new words). The three lists were different in the selection of 

priming pairs from the sentences (i.e. a noun presented in a within-propositional 

pair in list 1 is presented in a between-propositional pair in list 2, and so forth).
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Table I: Word lists used in the propositional priming study - word recognition test
Sequence List 1 type response List 2 type response List 3 type response
1
2

3

4

5

6
7

8
9

10 
11 

12

13

14

15

16

17

18

19

20 
21 

22
23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Street

flower

neighbour

juice

rain

cinem a

beggar

father

parcel

cousin

mountain

family

restaurant

park

king

milk

rock

dentist

shopkeeper

boat

musician

train

computer

painter

shop

ticket

fisherman

hall

president

daughter

cam psite

postm an

gardener

new spaper

m useum

table

pupil

breakfast

car

desk

drawing

teacher

secretary

castle

sun

city

farmer

dog

chair

beach

pond

hairdresser

N

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y

Y 

N 

N

Y 

N 

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y 

N 

N 

N

Y

Y 

N 

N

Y 

N 

N

Y

Y 

N 

N 

N

Street

flower

lady

wine

rain

cinem a

beggar

parcel

mother

cousin

mountain

girl

lunch

park

king

milk

tree

uncle

shopkeeper

boat

dancer

hotel

computer

painter

house

ticket

fisherman

president

form

daughter

cam psite

postman

new spaper

cook

m useum

table

drawing

breakfast

car

desk

teacher

books

secretary

castle

policeman

city

farmer

chair

cat

beach

pond

hairdresser

N

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y

Y 

N 

N

Y 

N 

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y 

N 

N 

N

Y

Y 

N 

N

Y 

N 

N

Y

Y 

N 

N 

N

Street 

flower 

wine

neighbour 

rain

cinem a  

beggar 

mother 

letter 

cousin  

mountain 

lunch 

family 

park 

king 

milk

crocodile 

appointment 1 

shopkeeper 3 

boat 

hotel 

musician 

computer 

painter 

parents 

ticket 

fisherman 

driver 

hall

daughter 

cam psite 

postman 

cook 

window 

museum  

table 

books 

breakfast 

car 

desk  

pupil 

drawing 

secretary 

castle

office

city

farmer

cat

ball

beach

pond

hairdresser

N

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y

Y 

N 

N

Y 

N 

N

Y

Y 

N 

N 

N

Y

Y 

N 

N

Y 

N 

N 

N

Y

Y 

N 

N

Y 

N 

N

Y

Y 

N 

N 

N
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Table I continued

53

54

55

56

57

58

59

60  

61 

62

63

64

65

66
67

68
69

70

uncle 1

appointment 2 

architect 3

dolphin

letter

dancer

bill

priest

house

parents

artist

picnic

tree

crocodile

chips

nephew

policeman

office

dentist 1 Y instrument 1 Y

instruments 2 V uncle 2 Y

architect 3 N architect 3 N

dolphin 3 N dolphin 3 N

father 1 Y parcel 1 Y

musician 1 Y train 1 Y

bill 3 N bill 3 N

priest 3 N priest 3 N

parents 1 Y children 1 Y

shop 2 Y house 2 Y

artist 3 N artist 3 N

picnic 3 N picnic 3 N

crocodile 1 Y monkey 1 Y

rock 2 Y tree 2 Y

chips 3 N chips 3 N

nephew 3 N nephew 3 N

office 1 Y criminal 1 Y

criminal 2 Y sun 2 Y
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Appendix II

Story comprehension experiment

a) Stories in ordered and scrambled presentations

Story 1 - ordered

Bob and Jane set out to go swimming one day.
They went to a beach they had never been to before.
They swam far out to sea.
Suddenly Bob spotted a big cave in the cliff.
They swam into the cave.
Then they climbed onto a ledge to have a rest.
The swimming had made them very tired and they soon fell fast asleep. 
When they woke up the tide had risen.
There was only one way to get out.
They had to swim underwater out of the cave.
They were very lucky to get home safely.

Story 1 - scrambled

Bob and Jane set out to go swimming one day.
When they woke up the tide had risen.
Suddenly Bob spotted a big cave in the cliff.
They had to swim underwater out of the cave.
Then they climbed onto a ledge to have a rest.
They went to a beach they had never been to before.
There was only one way to get out.
They swam into the cave.
The swimming had made them very tired and they soon fell fast asleep, 
They swam far out to sea.
They were very lucky to get home safely.

Story 2 - ordered

It was the first time that Lucy went shopping for her mother.
She set off with her mother’s purse, a shopping list and a bag.
Lucy went to the big supermarket.
She found all the things on the list without any trouble.
On her way back she decided to take a short-cut.
After a while she did not recognise the street names anymore.
Soon it was getting dark.
Lucy walked up to an old lady to ask for help.
The lady was very nice and said she would walk Lucy home.
When they arrived at Lucy’s house it was pitch dark.
Lucy’s mum thanked the lady, and Lucy was glad to be home safe and sound.
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Story 2 - scram bled

It was the first time that Lucy went shopping for her mother.
Lucy walked up to an old lady to ask for help.
She found all the things on the list without any trouble.
When they arrived at Lucy’s house it was pitch dark.
After a while she did not recognise the street names anymore.
She set off with her mother’s purse, a shopping list and a bag.
The lady was very nice and said she would walk Lucy home.
On her way back she decided to take a short-cut.
Soon it was getting dark.
Lucy went to the big supermarket.
Lucy’s mum thanked the lady, and Lucy was glad to be home safe and sound.

Story 3 - ordered

Anne and Tim lived in the same street and were good friends.
One afternoon they were digging in the garden at Tim’s house.
After a while Anne dug up a small coin.
Tim found two more coins a little while later.
They dug deeper and deeper looking for more coins.
Altogether they had nine pieces at the end of the afternoon.
They took the coins home to show their parents.
Tim’s father took the coins to the museum the next day.
They found out that the coins were very old and very valuable.
Tim and Anne gave them to the museum for everybody to see.
The next day, there was a newspaper article describing their incredible find.

Story 3 - scrambled

Anne and Tim lived in the same street and were good friends.
Tim’s father took the coins to the museum the next day.
Tim found two more coins a little while later.
Tim and Anne gave them to the museum for everybody to see.
Altogether they had nine pieces at the end of the afternoon.
One afternoon they were digging in the garden at Tim’s house.
They found out that the coins were very old and very valuable.
They dug deeper and deeper looking for more coins.
They took the coins home to show their parents.
After a while Anne dug up a small coin.
The next day, there was a newspaper article describing their incredible find.

Story 4 - ordered

Mary’s school went hill walking for their term outing.
Mary and her friend Amy loved walking.
They ran ahead of everybody else.
After a while they had lost sight of their class.
They turned around and ran down the hill to look for them.
Suddenly Mary tripped over a big tree root.
She fell and could no longer move her right leg.
Amy ran quickly down the hill to get help.
She called the mountain rescue from the phone box in the village.
Half an hour later, Mary was rescued by helicopter.
Luckily her leg was not broken and she did not have to stay in hospital.
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Story 4 - scram bled

Mary’s school went hill walking for their term outing.
Amy ran quickly down the hill to get help.
After a while they had lost sight of their class.
Half an hour later, Mary was rescued by helicopter.
Suddenly Mary tripped over a big tree root.
Mary and her friend Amy loved walking.
She called the mountain rescue from the phone box in the village.
They turned around and ran down the hill to look for them.
She fell and could no longer move her right leg.
They ran ahead of everybody else.
Luckily her leg was not broken and she did not have to stay in hospital.

Story 5 - ordered

The Smith family had many pets.
They had a cat, two dogs and a parrot.
One day the cat, called Shelly, disappeared.
The whole family set out to search for her.
They asked all the neighbours and put up a sign in the newsagents. 
After a long search without any luck they went home.
The children went out again the next day.
Mr. Smith was in the basement looking for some tools.
Suddenly he heard a little meowing from the big cupboard.
Inside, there was Shelly with six little kittens.
When the children came home, they were so pleased.

Story 5 - scrambled

The Smith family had many pets.
Mr. Smith was in the basement looking for some tools.
The whole family set out to search for her.
Inside, there was Shelly with six little kittens.
After a long search without any luck they went home.
They had a cat, two dogs and a parrot.
Suddenly he heard a little meowing from the big cupboard.
They asked all the neighbours and put up a sign in the newsagents. 
The children went out again the next day.
One day the cat, called Shelly, disappeared.
When the children came home, they were so pleased.

Story 6 - scrambled

It was Tom’s birthday and he invited all his friends.
His mother had made a big birthday cake for him.
When it was ready Tom finally went into the kitchen to see it.
The cake had beautiful candles on it and was covered with icing. 
Tom could hardly wait for his friends to arrive, he was so happy. 
He went into the dining room to lay the table.
Then he went back into the kitchen to fetch the cake.
Blackie, his dog was sitting in the corner, eating the cake!
He was very sad that he no longer had a birthday cake.
His mother phoned the local bakery.
The bakery delivered an even bigger cake just in time for the party.
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Story 6 - o rdered

It was Tom’s birthday and he invited all his friends.
Blackie, his dog was sitting in the corner, eating the cake!
The cake had beautiful candles on it and was covered with icing. 
His mother phoned the local bakery.
He went into the dining room to lay the table.
His mother had made a big birthday cake for him.
He was very sad that he no longer had a birthday cake.
Tom could hardly wait for his friends to arrive, he was so happy. 
Then he went back into the kitchen to fetch the cake.
When it was ready Tom finally went into the kitchen to see it.
The bakery delivered an even bigger cake just in time for the party.

Story 7 - ordered

Liz was at her grandparents for the summer holidays.
One morning they set off for a picnic in the countryside.
Grandmother had packed a big basket with delicious cake and lemonade. 
It was very hot and sunny.
After a while they looked out for a nice spot to have their picnic.
The clouds turned black and a thunderstorm was right above them.
They were soaked very quickly when it started to rain.
On their way back they passed a big farmhouse.
Grandmother rang the door bell.
The farmer’s wife invited them in.
They shared their cake with the farmer’s family and Liz had a good time.

Story 7 - scrambled

Liz was at her grandparents for the summer holidays.
On their way back they passed a big farmhouse.
It was very hot and sunny.
The farmer’s wife invited them in.
The clouds turned black and a thunderstorm was right above them.
One morning they set off for a picnic in the countryside.
Grandmother rang the door bell.
After a while they looked out for a nice spot to have their picnic.
They were soaked very quickly when it started to rain.
Grandmother had packed a big basket with delicious cake and lemonade. 
They shared their cake with the farmer’s family and Liz had a good time.

Story 8 - ordered

Martin and his little brother wanted to go in their Dad’s motorboat. 
They lived next to a big lake, and spent much of their time fishing.
It was the first time that they took out the motorboat by themselves. 
They raced faster and faster right into the middle of the big lake.
The engine suddenly made a sunny noise and stopped altogether.
They did not have a paddle, so they were stuck in the middle of the lakt 
Luckily Martin found a plastic container under the front seat.
When he took off the lid he could smell the petrol.
He managed to start the engine after he filled up the tank.
They went straight back to the shore and moored the boat.
They decided that fishing was more fun than messing about in boats.
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Story 8 - scram bled

Martin and his little brother wanted to go in their Dad’s motorboat. 
When he took off the lid he could smell the petrol.
They raced faster and faster right into the middle of the big lake.
They went straight back to the shore and moored the boat.
They did not have a paddle, so they were stuck in the middle of the lake. 
They lived next to a big lake, and spent much of their time fishing.
He managed to start the engine after he filled up the tank.
The engine suddenly made a sunny noise and stopped altogether. 
Luckily Martin found a plastic container under the front seat.
It was the first time that they took out the motorboat by themselves. 
They decided that fishing was more fun than messing about in boats.

b) Sentences from the stories (original and with altered surface form) used in the

surface form 
Story 1

retention test:

Sequence Surface form Test Sentence

ordered/scrambled (s=same, d=/different)

1/2 s Suddenly Bob spotted a big cave in the cliff.

2/4 d Both of them swam into the cave.

3/3 d They found a ledge to have a rest.

4/5 d They fell fast asleep because they were so tired from the swimming.

5/1 s When they woke up the tide had risen.

Story 2
Sequence Surface form Test Sentence

ordered/scrambled (s=same, d=/different)

1/2 d She found everything on the list with no trouble at all.

2/4 s On her way back she decided to take a short-cut.

3/3 s After a while she did not recognise the street names anymore.

4/5 d It was getting dark already.

5/1 d Lucy asked an old lady to help her.

Story 3
Sequence Surface form Test Sentence

ordered/scrambled (s=same, d=/different)

1/2 d A little while later Tim found two more coins.

2/4 d Looking for more coins they dug deeper and deeper.

3/3 d At the end of the afternoon they had nine pieces altogether.

4/5 s They took the coins home to show their parents.

5/1 s Tim’s father took the coins to the museum the next day.
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Story 4______
Sequence

ordred/scrambled

Surface form

(s=same, d=different)

Test Sentence

1/2 s After a while they had lost sight of their class.

2/4 d They turned around to look for them and ran down the hill.

3/3 s Suddenly Mary tripped over a big tree root.

4/5 d She fell and could not move her right leg anymore.

5/1 d To get help Amy ran quickly down the hill.

Story 5
Sequence Surface form Test Sentence

ordered/scrambled (s=same, d=different)

1/2 d The whole family set out to search for Shelly.

2/4 d They put a sign up in the newsagents and asked all the neighbours.

3/3 s After a long search without any luck they went home.

4/5 d The next day the children went out again.

5/1 s Mr. Smith was in the basement looking for some tools.

Story 6
Sequence Surface form Test Sentence

ordered/scrambled (s=same, d=/different)

1/2 d The cake was covered with icing and had beautiful candles on it.

2/4 s Tom could hardly wait for his friends to arrive, he was so happy.

3/3 d He laid the table in the dining room.

4/5 s Then he went back into the kitchen to fetch the cake.

5/1 d His dog Blackie was sitting in the comer, eating the cake!

Story 7
Sequence Surface form Test Sentence

ordered/scrambled (s=same,dl=different)

1/2 s It was very hot and sunny.

2/4 d Soon they looked out for a nice spot where they could have their picnic.

3/3 s The clouds turned black and a thunderstorm was right above them.

4/5 d When it started to rain they were soaked very quickly.

5/1 d They passed a big farmhouse on their way back.

Story 8
Sequence Surface form Test Sentence

ordered/scrambled (s=same,

d=/different)

1/2 d They were going faster and faster towards the middle of the big lake.

2/4 d Suddenly the engine made a funny noise and then stopped.

3/3 d They were stuck in the middle of the lake since they did not have a paddle.

4/5 s Luckily Martin found a plastic container under the front seat.

5/1 s When he took off the lid he could smell the petrol.
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Appendix III 

Theory of Mind tests

a) First-order: Sally-Ann test

In this task the child is introduced to two dolls (Sally and Ann). Sally has a 

basket and Ann has a box. The child watches as Sally places her marble in a 

basket and then goes away. While Sally is gone, Ann moves Sally’s marble from 

the basket into her own box, and then goes out. The child is asked the question: 

“Where will Sally look for her marble when she comes back?” The correct 

answer (i.e. Sally will look in her basket) indicates the child’s ability to take 

Sally’s false belief into account, whereas an answer based on the real location 

(i.e. box) indicates that a child is unable to base his or her answer on Sally’s 

mental state.

Scoring

A subject is considered to pass this test when (s)he answers correctly the false 

belief question and a memory control question (i.e. “Where is the marble 

really?”). Subjects who fail the control question are excluded from the analysis. 

A score of 1 is given when the test is passed, a score of 0 when failed.

b) First-order: Smarties test

A closed Smarties tube is presented to the child and he or she is asked to guess 

the content. Having answered “Smarties”, the real content (i.e. “a pencil”) is 

shown. The tube is closed again and the child is asked what a friend would say 

was in the Smarties tube, if he or she would enter the room now. The correct 

answer here again hinges on the child’s ability to take the friend’s false belief 

into account.
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Scoring

A subject is considered to pass the test, if he or she answers both questions 

correctly, the false belief question (answer: “He will say that there are Smarties 

in the tube.”) and the memory control question; “What is really in the tube?” 

(answer: “There is a pencil in the tube.”). Subjects who fail the control question 

are excluded from the analysis. A score of 1 is given when the test is passed, a 

score of 0 when failed.

c) Second-order: Ice-cream van task

In this task, the subject is shown a village scene with a park, church and houses. 

Two figures (John and Mary) and an ice-cream man and his van are introduced. 

The following story is told as the figures act out the events:

This is Mary and this is John. Today they are in the park. Along comes the ice-cream van. John 

wants to buy an ice-cream, but he has left his money at home. He’ll have to go home first before 

he can go and buy an ice-cream. The ice-cream man tells John, “It’s alright John, I’ll be here in 

the park all day. So you can go and get your money and come back and buy your ice-cream. I’ll 

still be here”. So John runs off home to get his money. But when John has gone, the ice-cream 

man changes his mind. He decides he won’t stay in the park all afternoon, instead he’ll go and 

sell ice-cream outside the church. He tells Mary, “I won’t stay in the park like I said. I’m going to 

the church instead”.

Comprehension check 1: Did John hear the ice-cream man tell Mary that?
So in the afternoon, Mary goes home and the ice-cream man sets off for the church. But on his 

way he meets John. So he tells John, “I changed my mind, I won’t be in the park. I’m going to 

sell ice-cream outside the church this afternoon”. The ice-cream man then drives to the church. 

Comprehension check 2: Did Mary hear the ice-cream man tell John that?
In the afternoon, Mary goes over to John’s house and knocks on the door. John’s mother answers 

the door and said: “Oh, I’m sorry Mary, John’s gone out. He’s gone to buy an ice-cream”.

Belief question: Where does Mary think John has gone to buy an ice-cream? 

Justification question: Why does Mary think that?

Reality question: Where did John really go to buy his ice-cream?

Memory question: Where was the ice-cream van in the beginning?
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Scoring

In order to obtain a “Pass” for this task the subject needs to answer the crucial 

belief question correctly (answer: “Mary believes that John has gone to buy an 

ice-cream in the park”) and all the control questions. The justification question 

(answer: “Because Mary doesn’t know that John has met the ice-cream man 

again and that the ice-cream man told him that he would be selling the ice-cream 

at the church.”) is difficult for many subjects and requires a high level of 

linguistic competence. Consequently a “Pass” is given, even if the justification 

given is incomplete. A score of 1 is given when the test is passed, a score of 0 

when failed.

d) Second-order: Birthday Puppy test

The following story is told to the child while three figures (Mom, Peter and 

birthday puppy) act out the events:

Tonight it’s Peter’s birthday and Mom is surprising him with a puppy. She has hidden the puppy 

in the basement. Peter says, “Mom, I really hope you get me a puppy for my birthday.’’ 

Remember, Mom wants to surprise Peter with a puppy. So, instead of telling Peter she got him a 

puppy. Mom says, “Sorry Peter, I did not get you a puppy for your birthday. I got you a really 

great toy instead.”

Probe Question 1: Did Mom really get Peter a toy for his birthday?

Probe Question 2: Did Mom tell Peter she got him a toy for his birthday?

Probe Question 3: Why did Mom tell Peter that she got him a toy for his 

birthday?
Now, Peter says to Mom, “I’m going outside to play.” On his way outside, Peter goes down to 

the basement to fetch his roller skates. In the basement, Peter finds the birthday puppy! Peter says 

to himself, “Wow, Mom didn’t get me a toy, she really got me a puppy for my birthday.” Mom 

does not see Peter go down to the basement and find the birthday puppy.

Nonlinguistic control question: Does Peter know that his Mom got him a puppy 

for his birthday?

Linguistic control question: Does Mom know that Peter saw the birthday puppy 

in the basement?
Now the telephone rings. Ding-a-ling! Peter’s grandmother calls to find out what time the 

birthday party is. Grandma asks Mom on the phone, “Does Peter know what you really got him 

for his birthday?
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Second order ignorance question: What does Mom say?

Memory aid: Now remember, Mom does not know that Peter saw what she got 

him for his birthday.
Then Grandma says to Mom, “What does Peter think you got him for his birthday?”

Second order false belief question: What does Mom say to grandma? 

Justification question: Why does Mom say that?

Scoring

As in the ice-cream van test, the subject needs to answer all question correctly in 

order to achieve a “Pass”. However, if an insufficient Justification is given, the 

subject still passes as a good justification not only requires attribution of mental 

states, but in addition substantial linguistic skills. A score of 1 is given when the 

test is passed, a score of 0 when failed.
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Appendix IV 

Autism checklist:

All the symptoms listed in the three categories below scored each one point if 

observed.

I. Difficulties in social interaction

a. Has odd eye contact, odd voice or odd gestures.

b. Lacks real friendships (appropriate to age/developmental level).

c. Lacks drive to share through communication (pointing things out, bringing 

things to show).

d. Lacks sensitivity to the emotions of other people.

II. Difficulties in verbal and nonverbal communication

a. Has relative lack of verbal and nonverbal communication.

b. Shows problems with initiating and sustaining conversation.

c. Has odd use of language (echoing, idiosyncratic words, reapeating to self, 

etc.).

d. Shows relative lack of varied spontaneous pretend play or imagination.

III. Difficulties in flexibility: repetitive behaviour

a. Has particularly intense or narrow interests.

b. Resists apparently trivial changes of routines.

c. Shows stereotyped and repetitive motor mannerisms (handflapping, rocking, etc.)

d. Shows particular interest in details and parts of objects.

Minimum criteria for autism - 6 in all, including at least:

2 from I 

1 from II 

1 from III
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Appendix V 

Raw data

The raw data for the subjects tested with the various measures used in this thesis 

is available from:

Professor Uta Frith

MRC Cognitive Development Unit

4 Taviton Street

London

WCIHOBT

phone: 0171-3874692.
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