
Investigating the correlates of weak central coherence in

autism.

Elizabeth Milne

A thesis submitted for the degree of 

Doctor of Philosophy (Ph.D)

University of London 

2003

University College London 

Department of Human Communication Science, 2 Wakefield Street, London, WCIN IPF



ProQuest Number: 10015024

All rights reserved

INFORMATION TO ALL USERS  
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com plete manuscript 
and there are missing pages, th ese  will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10015024

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



ABSTRACT

It has been suggested that autism is characterised by a cognitive style 

biased towards local rather than global information processing. This cognitive 

style is known as weak central coherence. There is a wealth of experimental 

evidence which illustrates that when compared to controls, individuals with 

autism show superior performance on tasks which require detail-focussed 

information processing. There is also emerging evidence that some individuals 

with autism have a deficit in the perception of coherent motion. This thesis 

presents the argument that deficit in a single aspect o f visual processing could 

underlie both abnormalities in motion detection and the lack o f global bias or 

weak central coherence shown in visual tasks in autism. Using random dot 

kinematograms to measure coherent motion detection and traditional tests of 

central coherence and local / global information processing (the children’s 

embedded figures test and Navon tasks) it was found that not all the children with 

autism in the sample had weak central coherence when compared to matched 

controls and that only a sub-group of children had specific difficulty in detecting 

coherent motion. However in some cases significant relationships between 

variables indicated that the children with poor motion detection ability were also 

the ones who showed superior performance on the CEFT and a lack o f global bias 

in the Navon task. The findings are discussed in terms of areas o f the visual 

magnocellular pathway / dorsal stream which might underlie both a deficit in 

coherent motion detection and a lack of global bias in autism.
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1 Chapter one. Literature review

1.1 Aim of the thesis

In 1999, Francesca Happé published a review of current trends in autism 

research which suggested that “autism is characterised hy a cognitive style biased 

towards local rather than global information processing” (Happé, 1999, p. 216). 

This cognitive style is known as weak central coherence (Frith, 1989), and has 

generated much research into the cognitive abilities of people with autism. At the 

end of the review. Happé identified some outstanding questions arising from the 

theory and suggested possible new research directions. Two of these outstanding 

questions were “What is the neural basis of individual differences in local versus 

global processing?” and “Do people with autism lie on the normal continuum of 

coherence, or are there qualitative differences in their global versus local 

processing?” These two questions form the basis of research in this thesis. The 

route to these questions, and their possible answers arose not from a cognitive 

framework however, but from research on the visual system. Specifically, from an 

investigation into coherent motion detection in autism, and its implication for the 

area of the visual system which is specialised for motion perception and is known 

as the magnocellular pathway or dorsal stream. Although in the last thirty years 

research on sensory processes has taken second place in autism research, many 

researchers are now looking to what the sensory systems can tell us about autism 

and other developmental disorders. Following the surge of interest in cognitive 

neuroscience at the end of the last millennium, research on autism has seen an 

increase in studies which localise cognitive functions to specific areas and 

networks of the brain in an attempt to further understand the biological 

architecture of the disorder. This is the approach taken by this thesis as it 

investigates whether a deficit in motion perception may indicate abnormal 

neurological development in autism, and whether this may underlie weak central 

coherence.

1.2 What is autism?

Although it is possible to trace individuals who would now be thought to lie 

on the autism spectrum through history (Frith, 2003), in terms of diagnosis, 

autism is a relatively new disorder. It was first identified in 1943 by Leo Kanner
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working in Baltimore, and independently by Hans Asperger in Vienna in 1944. It 

is diagnosed on the basis of impairments in the areas of social and communicative 

development, and evidence of restrictive patterns of behaviour and interests 

(APA, 1994). The core symptoms on which a diagnosis is made include: 

impairment in the use of non-verbal behaviours such as eye-gaze and joint 

attention; delay in, or lack of, development of spoken language, or language 

characterized by idiosyncrasies such as pronoun reversal and echolalia; and 

stereotypes and repetitive motor mannerisms, such as hand flapping or rocking, 

insistence on sameness and inflexibility. The DSM-IV identifies three subgroups 

of autistic disorder, these are pure autism (sometimes referred to as classic autism 

or Kanner’s autism), Asperger’s syndrome (AS), and pervasive developmental 

disorder not otherwise specified (PDDNOS). For a diagnosis of pure autism to be 

made impairment in all three of the core areas outlined above must be present. 

Asperger’s syndrome is diagnosed on the basis of impairments in communication 

and social behaviour, but with no clinically significant general delay in language. 

A diagnosis of PDDNOS is given when a severe and pervasive impairment in the 

development of social interaction or communicative skills, or when stereotypes 

and repetitive interests are present, but not all the criteria of autism or AS 

diagnosis are met. This collection of disorders are known as autistic spectrum 

disorders. Although the DSM-IV states that the prevalence of autism is 2 -  5 cases 

per 10,000, recent studies indicate that this may be as high as 62.6 cases of 

pervasive developmental disorders in 10,000, and 16.8 per 10,000 for autistic 

disorder (Chakrabarti & Fombonne, 2001). The male: female ratio of autism is 

about 4:1, increasing to 15:1 in Asperger’s syndrome (Wing, 1981).

The actual cause of the disorder is still unknown. However, based on the 

higher concordance rate for mono- than di-zygotic twins, and the increased risk 

for autism to occur in a family who already have a child with autism (Bailey et al., 

1995), it is generally accepted that to some degree autism has an as yet 

unspecified genetic cause. It is also likely, although again unproven, that the 

aetiology of the disorder is heterogeneous rather than homogeneous. Support for 

this position comes from the fact that roughly 25% of cases of autism are 

associated with another known medical condition such as fragile X syndrome, 

tuberous sclerosis and Rett syndrome (Gillberg & Coleman, 1996). It is also 

suggested by the lack of consensus in finding autism’s ‘home in the brain’ (Rapin,
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1999), and reflected in the varying presentations of individuals with the disorder 

(Beglinger & Smith, 2001). One very broad sub-grouping within the disorder is 

that of high and low functioning children with autism. The children who 

participated in this research can all be classed as ‘high functioning’, which is a 

general term used to describe children who are diagnosed as being on the autism 

spectrum, but who do not have a learning disability, i.e. have IQs over 70. 

Approximately 70% of children with autism have IQs which are less than 70. A 

caveat should therefore be mentioned that this research, as with much research of 

the cognitive abilities in children with autism, draws its conclusions from a 

selected sample of children. That is children who have sufficient ability to 

understand the instructions of psychological tasks, are motivated enough to 

participate in such studies, and whose behaviour is suitable for them to be able to 

attend school on a regular basis.

1.3 Sensory system abnormalities in autism.

The study of sensory system abnormalities in autism was a popular line of 

research shortly after the disorder was identified. For example, Goldfarb, (1956) 

suggested that in autism there is a discrepancy between the different sense 

modalities. He based his claim on the observation that children with autism were 

more likely to smell, lick or touch things than they were to look or listen to them. 

Hermelin & O'Conner, (1965) and Frith & Hermelin, (1969) carried out a series of 

experiments that investigated visual discrimination learning and visual tracking in 

children with autism. Although the results showed differences between the 

performance of the participants with and without autism, it was later concluded 

that these differences could have been due to confounding factors such as 

intellectual functioning, as control groups were rarely matched for mental age, 

having much higher levels of general ability than the children with autism 

(Hermelin & O'Conner, 1970). With these claims, the investigation of sensory 

processing in autism declined, and in 1987 Frith and Baron-Cohen wrote a review 

of a large body of work on perception in autism in which they concluded “The 

results from all studies reviewed here are consistent with the hypothesis that low 

level perceptual processes are intact in autistic children” (Frith & Baron-Cohen, 

1987 p. 98). However, anecdotal examples of abnormal perception in autism 

continued to arise. For example, Gerland in her autobiographical account
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describes having the experience of ‘fragmented perception’ (Gerland, 1997), and 

similarly, an account of an individual with autism cited in Jolliffe, Landsdown and 

Robinson (1992) states “I am not looking at the whole but rather just an outline of 

parts”. Grandin has also described abnormalities of depth perception in 

individuals with autism (Grandin, 1996b), and difficulty in filtering out 

background noise (Grandin & Scariano, 1989). Hypersensitivity to sound and 

aversive reactions to noise are also included as diagnostic criteria for autism in the 

DSM-IV (APA, 1994). In addition. Frith and Baron-Cohen’s review article 

described a perceptual caveat in a child with autism; “... an autistic boy we have 

seen ... could always find small coins long before anyone else in the room had 

seen them, although he appeared oblivious to many other visual aspects of the 

environment.” (Frith and Baron-Cohen, 1987, p 86 -  87).

Beyond autobiographical accounts, there is relatively little recent literature 

that has focussed on exploring sensory problems in autism, yet there are many 

who think it is a profitable area for research. For example. Temple Grandin raised 

the issue in response to an article produced by the National Institutes of Health 

(USA) documenting “the state of the science” of autism (Bristol et al., 1996). In a 

following article published in the same edition of the Journal of Autism and 

Developmental Disorders she responded with the following; “The report was a 

good document but unfortunately it did not adequately address the need to do 

research on sensory problems in autism.” (Grandin, 1996a). The recent work 

which does address the issue of sensory processing in autism suggests that a large 

proportion of children with autism do display unusual responses to sensory 

stimuli. The term ‘unusual responses’ is suitably vague at this stage, as research 

has indicated that both hyper- and hypo- responses can be characteristic of 

sensory processing in autism and it is not yet clear what the relationship of these 

responses and the autistic symptomatology may be. However, there are some 

researchers who claim that “there is enough evidence to suggest that sensory 

processing impairment is as central to autism as the impairments of social 

interaction, communication, and imagination.” (Talay-Ongan & Wood, 2000.)

The differences in perception of, and response to sensory stimulation may 

suggest a common link between the neurological underpinnings of sensory 

perception and autism. The clustering of sensory impairments in people with 

autism is also indicative of brain damage in the disorder. As stated above, no
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clearly specified area of cortical damage has been identified in the disorder, 

however, as Happé states, “reviews of the biology of autism conclude that 

evidence for an organic cause is overwhelming” (Happé, 1994).

1.4  T h e  b ra in  b a s is  o f  a u tism .

From a convergence of behavioural and neuropsychological data on the 

cognitive phenotype of autism, and physiological data from brain imaging studies, 

many brain areas have been suggested as possible sites of abnormality in autism. 

Some of these can be related to sensory processes, however generally this research 

is based on anatomical observations originally arising from autopsy. Following 

the advances of in-vivo brain imaging the scope of this research has grown and 

the nature and extent of brain abnormalities which have been identified in autism 

has been assessed with a varying range of methods which are reviewed below. For 

clarity, these are defined as ‘structure’, ‘functional’ and ‘structure during 

function’. Structural techniques measure the actual structure of the brain, and 

attempt to ascertain if there are any areas of brain size, shape or chemical 

composition that are different in people who have autism. The specific techniques 

employed include, autopsy (e.g. Bauman & Kemper, 1985), structural magnetic 

resonance imaging (MRI e.g. Abell et al., 1999) and histological spectroscopy 

(which involves measuring the concentration of brain metabolites, e.g. Otsuka, 

Harada, Mori, Hisaoka, & Nishitani, 1999). Functional techniques use pre

existing knowledge about the brain to extrapolate theories about specific areas 

which may be different in individuals with autism. For example, measuring 

performance on various cognitive tasks coupled with an understanding of which 

areas of the brain are required to perform such tasks may highlight areas of the 

brain that might function differently in autism (e.g. Ozonoff, Pennington, & 

Rogers, 1991). Functional techniques also include animal lesion models, in which 

animals, usually monkeys, are given specific lesions to targeted areas of the brain 

and any subsequent behavioural change is then suggested to be causally related to 

the area of lesion (e.g. Bachevalier, 1996; Kluver & Bucy, 1939). Similar 

conclusions have been drawn in situations where patients who suffer localised 

brain lesions subsequently develop autistic like patterns of behaviour (e.g. 

Adolphs, Tranel, Damasio, & Damasio, 1994). Finally, structure during function 

techniques combine the two approaches, by studying brain activity while
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participants are engaged in a specific task. Examples of this techniques include 

functional magnetic resonance imaging (fMRI, e.g. Baron-Cohen et al., 1999; 

Ring et al., 1999) and positron emission tomography (PET, e.g. Haznedar et al.,

2000). Both of these techniques involve measuring changes in blood flow in the 

cortex during task performance in order to determine areas of high metabolic 

activity, suggesting which areas of the brain are involved while performing the 

particular tasks. A less spatial, but more temporally sensitive technique is that of 

measuring voltage change across the scalp using event related potentials (ERP, 

e.g. Grice et al., 2001). This highlights differences in the brain of individuals with 

autism in terms of the way information is processed and distributed across the 

brain, even if structural abnormalities are not detected. Using a combination of 

these techniques, some areas of the brain have started to attract more attention as 

possible candidates of abnormalities in autism. These include (but are not 

restricted to) the cerebellum, the parietal lobes and the amygdala.

The cerebellum.

The cerebellum is a large structure found at the base of the brain above the 

brain stem. It constitutes about 10% of the total mass of the central nervous 

system and is composed of an outer mantle of grey matter (the cerebellar cortex), 

internal white matter, and three pairs of deep nuclei, the fastigal, the interposed 

and the dentate nuclei. The cerebellar cortex contains Purkinje cells which are the 

only output neurones from the structure. It has long been known that the 

cerebellum plays an essential role in the control and initiation of movement 

(Holmes, 1907). However, recently, and with the advent of brain imaging 

techniques, new data are being presented which suggest that the cerebellum may 

have a role to play in higher level cognitive functions such as attention modulation 

(Allen, Buxton, Wong, & Courchesne, 1997) attention shifting (Akshoomoff, 

Courchesne, & Townsend, 1997), visually guided saccades (Leigh & Zee, 1999) 

and motion perception (Nawrot & Rizzo, 1995; Thier, Haarmeier, Treue, & 

Barash, 1999).

It has been suggested that the cerebellum shows structural abnormalities in 

autism. For example Courchesne (1997) reviewed a series of literature which 

investigated neuroanatomical abnormalities in autism, and found that 8 autopsy
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studies (out of 17) reported cerebellar abnormalities. It has recently been reported 

that 95% of autistic cerebella examined at autopsy have shown cerebellar 

abnormalities, and in all but one of these cases the abnormality was a reduction in 

Purkinje cells (Allen & Courchesne, 2003). Bilateral increases in cerebellar grey 

matter volume have also been reported in autism (Abell et al., 1999). 

Functionally, the cerebellum has been suggested as a site of possible 

abnormalities in autism based on behavioural data which indicates that people 

with autism show impairments at shifting attention (Courchesne et ah, 1994). It 

could also be argued that cerebellar impairments are at the root of problems with 

motor control and balance which occur in autism (Manjiviona & Prior, 1995). 

Teitelbaum, Teitelbaum, Nye, Fryman, & Maurer, (1999) have illustrated that 

even at 4 -  6 months of age children who go on to be diagnosed as autistic display 

disturbances of movement, suggesting that cerebellar abnormality is present long 

before a formal diagnosis of autism is made. Further, an fMRI study which 

investigated the functional brain activity in 8 individuals with autism while 

performing a selective attention task and a motor task found that cerebellar 

function was abnormally reduced (compared to 8 healthy controls) during the 

selective attention task. However, the existence of cerebellar abnormality in 

autism has been questioned by studies which measure visually guided saccades 

and fail to find evidence of cerebellar dysfunction (see Minshew, Luna, & 

Sweeney, 1999).

The parietal lobes.

The parietal lobes include Brodmann areas 5, 7, 39 and 40, and are thought 

to be important structures in controlling and governing visual attention, and 

spatial orienting (Corbetta, Miezin, Dobmeyer, Shulman, & Petersen, 1991). 

Damage to areas of the parietal cortex, gives rise to visual neglect (Grabowecky, 

Robertson, & Treisman, 1993), and / or problems with spatial localisation and 

reach to grasp movements (Milner & Goodale, 1995). The posterior parietal 

cortex shows sensitivity to direction of movement (Motter & Mountcastle, 1981), 

and to the direction of (egocentric) gaze (Galletti, Battaglini, & Fattori, 1991). 

Additionally, it is thought that the parietal cortex influences eye-movement 

control via projections to the superior colliculus (Sprague, 1966), visuospatial
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attention (Corbetta, Shulman, Miezin, & Petersen, 1995), attention shifting 

(Yantis et al., 2002), and to partly govern the orienting of attention to areas of 

importance in peripheral vision (Geiger & Lettvin, 1987).

A structural MRI study which investigated cortical abnormalities in 

individuals with autism found that a sub-group (43%) of these individuals showed 

parietal abnormalities (Courchesne, Press, & Yeung-Courchesne, 1993). 

Neuropsychological data from these individuals, collected outside the scanner, 

revealed that the individuals with parietal abnormality were poor at performing a 

Posner-type task of visual spatial attention whereas the individuals with autism 

who did not show parietal abnormality performed the task normally. This provides 

strong evidence for the existence of heterogeneous sub-groups in both the 

aetiology and symptoms of autism. This observation may help to understand why 

inconsistent results regarding areas of brain damage and level of skill in cognitive 

tasks occur.

The amygdala.

The amygdala is composed of many different nuclei and is located beneath 

the hippocampus, forming part of the limbic system. This is an important structure 

for recognising and generating fear and fearful stimuli, such as the recognition of 

fear from eyes (Morris, deBonis, & Dolan, 2002). It is also involved in regulating 

autonomic nervous system responses to arousing stimuli, and is thought to be 

important in the conscious perception of emotion (LeDoux, 1996).

The amygdala and surrounding limbic structures have been found by some 

to be structurally abnormal in autism. For example, Abell et al (1999) found 

abnormal grey matter volume in the amygdala using morphometric magnetic 

imaging techniques, and autopsy has revealed increased cell density in the 

amygdala in a post mortem study of an autistic brain (Rapin & Katzman, 1998). 

However, other imaging studies have failed to find such differences, such as 

Nowell et al. (1990), who found qualitatively normal amygdala and limbic 

systems and Filipeck et al. (1992). Functionally, the amygdala has been suggested 

to be an important structure in the ability to engage in social behaviour (Brothers, 

1990). Amygdala-lesioned monkeys fail to initiate social interactions and to 

respond appropriately to gestures (Kling & Brothers, 1992), and neurological
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patients who suffer amygdala damage also display unusual social behaviour 

(Tranel & Hyman, 1990). This data has led some to speculate an ‘amygdala theory 

of autism’, suggesting that amygdala impairment may be at the root of the social 

abnormalities seen in the disorder (Baron-Cohen et ah, 2000). However problems 

exist with this as a full account of autism, as often the result of amygdala damage 

in clinical patients gives rise to other symptoms not characteristic of autism such 

as a reduction of the fearful emotions (Adolphs, Russell, & Tranel, 1999). In 

addition individuals with autism display other symptoms such as language 

impairments which are not thought to be connected to amygdala function. 

Structure from function techniques however do suggest that the amygdala may not 

serve the same role in individuals with autism as it does in non-autistic 

individuals. For example, Baron-Cohen et al. (1999) performed a study in which 

people with and without autism were asked to make judgements about the mental 

states of people in photographs while undergoing fMRI scanning. The results 

showed that while the amygdala was highly activated in the participants without 

autism, it was hardly activated at all in the participants with autism. The authors 

suggested that a deficit in the functioning of the amygdala may play a role in the 

ability to generate a theory of mind.

In summary, this brief review illustrates that three very different brain areas 

(amongst others which haven’t been reviewed here) have been suggested as 

possible areas of brain abnormality in autism. No one area stands out as being 

abnormal in all cases with autism, yet it is the case that brain abnormality occurs 

more commonly in autism than in the control groups. One reason for the lack of 

consensus across the literature is that many different techniques have been used to 

study the autistic brain. The technique of fMRI is still a very new technique, it is 

possible, indeed probable, that different research groups adopt different 

methodological criteria (image slice thickness, averaging techniques) and analysis 

methods to study their data which could lead to such a discrepancy of results. A 

further, very likely, possibility is that autism is not a homogeneous disorder, 

therefore is not characterised by a single unitary area of brain damage. This idea is 

supported by the finding reported above that brain abnormality in the parietal 

cortex was found in a subgroup of the participants with autism, and that this was 

highly related with their ability to perform an attention orienting task (Courchesne 

et al., 1993). The review of behavioural data presented below also suggests that
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cognitive performance in autism is not consistent across individuals. In some 

cases, authors raise the issue that although there may be significant group 

differences between task performance of people with autism and control groups, 

there is variation in the samples. Although only a few authors raise this point, it is 

very important in terms of making claims about the generalisability of the data. 

The data presented in this thesis will therefore include analyses of group 

difference, and will additionally investigate individual performance and variation 

within the control and experimental groups.

1.5 Evidence for a visual motion perception deficit in autism.

A recent extension to research in perceptual processing in autism has 

suggested that children with autism show a specific deficit of the perception of 

motion. Gepner, Mestre, Masson, & De-Schonen, (1995) measured postural 

reactivity in response to optic flow and found that the children with autism 

showed less postural sway in response to motion than the children without autism. 

This was interpreted to reflect less sensitivity to visual motion in children with 

autism, or less postural reactivity in these children. This study was recently 

replicated (Gepner & Mestre, 2002a) with a group of children with autism and a 

group of children with Asperger’s syndrome. The results indicated postural hypo- 

response in children with autism as opposed to postural hyper-response in 

children with Asperger’s syndrome. Gepner and Mestre subsequently suggested 

that level of visuo-postural tuning could be a marker of the degree of motor 

impairments exhibited by the individual, and also the severity of the 

symptomatology. They further suggest that a sensori-perceptual explanation can 

be given to the findings, such that poor postural reactivity to visual motion 

indicates a rapid-motion integration deficit arising from reduced integration 

between the magnocellular system and the cerebellum (Gepner & Mestre, 2002b). 

This suggestion was in part, prompted by evidence of a specific impairment in 

motion detection which implicates magnocellular / dorsal stream deficiencies in 

autism (Milne et ah, 2002; Spencer et ah, 2000). Spencer et al. (2000) 

demonstrated that a group of children with autism showed an impaired ability to 

detect coherent motion when compared to a group of typically developing 

children matched in terms of verbal mental age, despite showing no difference in 

their ability to detect coherent form. However, the children with autism were
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chronologically older than the typically developing children, which raises the 

possibility that the children with autism in the study had much lower IQs than the 

controls, or that the children with autism were developmentally delayed. Carlin, 

Hobbs, Bud, & Soraci, (1999) have demonstrated that coherent motion detection 

can be impaired in people with low IQs. Therefore it is possible that the higher 

motion coherence thresholds of the children with autism arose as a result of their 

intellectual ability rather than their diagnosis of autism. To address this problem, 

Milne et al., (2002) measured motion coherence thresholds of a group of children 

with autism who were matched to a group of typically developing children in 

terms of both chronological age and non-verbal ability as measured by Raven’s 

progressive matrices (Raven, Court, & Raven, 1988). This study also found higher 

motion coherence thresholds in the children with autism than in the controls, 

which strengthens the suggestion that there is a motion processing impairment in 

autism which is independent of intellectual ability. Further recent evidence for a 

motion perception impairment in autism suggests that children with autism are 

also impaired in detecting biological motion (Blake, Turner, Smoski, Pozdol, & 

Stone, 2003).

1.6 The Weak Central Coherence Hypothesis.

Data reviewed so far has concentrated on research which addresses the issue 

of the biological basis of autism. This is an area which until relatively recently did 

not integrate with research from cognitive psychology. However, it is now 

becoming clear that these fields can complement each other and create exciting 

and tenable hypotheses as to the nature of autism and its symptomatology. This is 

the route this thesis will take. As outlined in the introduction, the background to 

this work was to investigate whether a specific deficit in part of the visual system, 

namely the magnocellular / dorsal stream may underlie the experimental findings 

of visual weak central coherence in autism. The weak central coherence 

hypothesis is one of several psychological theories which attempt to clarify, and 

suggest parsimonious explanations for, the diverse nature of the range of 

symptoms displayed in autism. This thesis has a very specific hypothesis: that 

impairment in the magnocellular pathway, as implicated by impairment in motion 

detection could give rise to weak central coherence. It does not make claims 

regarding other psychological theories, nor does it predict that impairment in the
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magnocellular system may give rise to all the symptoms of autism. The 

importance of this hypothesis is in terms of providing a possible physiological 

explanation for what is currently conceived of as an abstract cognitive 

phenomenon. Therefore, although there are other theories, e.g. the Executive 

Dysfunction hypothesis (e.g. Ozonoff et ah, 1991), the Theory of Mind hypothesis 

(Baron-Cohen, Leslie, & Frith, 1985) which are also important and influential 

theories, for the purpose of parsimony, they will not be described here.

Central coherence is the term used to describe the ability to process 

information in context, and to draw individual details together into a whole or 

gestalt (Frith, 1989, 2003). In the original conception of the theory, central 

coherence was described as a force which pulls together large amounts of 

information, with the suggestion that weak central coherence leads to detachment, 

implying “a lack of bias and a lack of impressionability, as well as a certain social 

aloofness” (Frith, 1989, p. 101). Happé subsequently refined this theory and 

defined central coherence as a cognitive style which varies on a continuum in the 

normal population (Happé 1999), and that autism is characterised by a cognitive 

style which is weak in central coherence, and therefore biased towards local, 

detailed information processing and a reduction in the ability to process 

information in context. The exact nature of central coherence remains unclear 

however, and the literature suggests that in autism central coherence can be weak 

at both a perceptual and a contextual level. For example, not only is autism 

characterised by superior performance on tasks which favour piecemeal visual 

processing, such as the embedded figures test (Shah & Frith, 1983), and the block 

design task (Shah & Frith, 1993), but people with autism also show a deficit of 

integrating linguistic and semantic information into their appropriate context 

(Frith & Snowling, 1983; Happé, 1997; Jolliffe & Baron-Cohen, 2001). A review 

of the literature and experimental data which surround the weak central coherence 

hypothesis is presented below.

1 .6 .1  C o n c e p tu a l C o h e r e n c e

Context-Integration

That individuals with autism are impaired at integrating visual information 

into appropriate context has been demonstrated by Jolliffe & Baron-Cohen,
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(2001). They designed a study in which people with autism, with Asperger’s 

syndrome, and controls, studied a group of line drawings of objects or people and 

had to identify the odd one out. All but one of the objects on the paper fitted a 

particular scenario, for example an old lady raking leaves to put in a dustbin. The 

participant’s task was to identify the object or person who did not fit into the 

scene. In the example given, the incongruent object was a drawing of a pram. The 

clinical group were found to be impaired at the aspect of this task which required 

them to integrate the objects into context, as they were slower to identify the 

incongruent objects / people. This finding led Jolliffe and Baron-Cohen to suggest 

that the participants with autism had weak visuo-conceptual coherence.

Reading and Understanding Homographs

Joliffe and Baron-Cohen’s finding complimented earlier work which 

reported that children with autism do not use sentence context to guide their 

pronunciation of homographs (e.g. ‘tear’ as in tear in eye or tear in dress) (Frith & 

Snowling, 1983). Happé, (1997) replicated this finding and further reported that 

children with autism also failed to self correct much more frequently than the 

controls. Again, these studies suggest that children with autism fail to integrate 

segments of information into the appropriate context.

Benefit from meaning for memory

It has also been shown that children with autism derive less benefit from 

remembering meaningful strings of information than less meaningful strings. For 

example, when learning a list of unrelated words as compared to a sentence, 

typically developing children find it easier to remember the sentence than the 

random words, whereas children with autism showed no difference between their 

memory for the random or connected words (Hermelin & O'Conner, 1970). This 

suggests that the typically developing children are employing a strategy, such as 

making use of relationships between segments, which enables them to derive 

benefit from meaning, and that children with autism do not employ this strategy, 

further suggesting that children with autism do not integrate separate aspects of 

information.
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1.6.2 Visual Perceptual Coherence

The Block Design Test

The block design test is a visuo-spatial sub-test of intelligence scales such 

as the WAIS and WISC (Wecbsler, 1981, 1992). The task involves manipulating 

individual blocks to produce a 3D copy of a 2D pattern. It bas been known since 

the 1970’s that people with autism bave cognitive phenotypes which peak at 

visuo-spatial tasks such as block design (Lockyer & Rutter, 1970). This was 

reported experimentally when Shah and Frith (1993) demonstrated that people 

with autism show superior performance on this task not only as compared to their 

performance on the other sub-tests, but also relative to individuals without autism. 

An additional part to the study involved presenting the same 2D designs as 

segmented blocks rather than coherent wholes, and this was shown to improve the 

performance of the control participants, but not the participants with autism. The 

authors suggested that children with autism need less of the normally required 

effort to segment a gestalt, providing further evidence for visual weak central 

coherence. However they also reported that not all participants with autism 

showed superior facility for mental segmentation, suggesting variation in levels of 

weak central coherence in autism.

Drawing Styles

A noted point about the autistic phenotype is the high number of people 

with autism, as compared to the population as a whole, who can be described as 

savants, showing outstanding ability in particular areas such as drawing ability, 

memory or musicianship. There have been documented cases of people with 

autism who can draw scenes from memory as accurately as a photograph (e.g. 

Selfe, 1977; Wiltshire, 1989). Although it is still unclear as to what underlies 

these superior abilities, it has been suggested that a locally biased, field- 

independent perception style may support superior drawing abilities. Mottron and 

Belleville (1993) explored this in a savant autistic draughtsman (B.C.) who 

displayed excellent graphic abilities. He showed a local interference effect in 

incongruent hierarchical visual stimuli, a deficit in relating local parts to global 

form information in impossible figures, and a drawing style that consisted of 

drawing individual, lines and details of complex figures before drawing the
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outline. Mottron and Belleville concluded that B.C. displayed a bias towards local 

processing of hierarchical stimuli, which appeared to account for his exceptional 

drawing skills.

As part of a wider battery of tasks which are thought to represent frontal 

lobe processing, Prior and Hoffman (1990) administered the Rey-Osterrieth 

complex figure design copying test (Rey, 1959) to a group of children with autism 

and a group of chronologically age matched controls and a separate group of non

verbal mental age matched controls. Although they did not find a significant 

difference between the groups in terms of copy time or copy score, they did note 

that the children with autism showed a “tendency to recall details of the figure, 

rather than the outline”, and that “the autistic children often selected minor aspects 

of the model to copy first rather than the overall figure” (Prior & Hoffman, 1990, 

p 588). This observation has also been noted by Mottron, Belleville, & Menard, 

(1999) who reported that when copying drawings of objects and non-objects, 

participants with autism started their drawing with more local features than the 

control participants who mainly started their drawing with global features. They 

also found that individuals with autism were less impaired by figure 

‘impossibility’ (geometrically impossible shapes such as the Penrose triangle), 

suggesting that the individuals with autism were not integrating the local parts 

into a perceptual representation of the complete figure.

Visual Illusions

In a study which investigated whether weak central coherence was present 

in low level vision. Happé, (1996) has demonstrated that individuals with autism 

succumb significantly less frequently to classical visual illusions where visual 

context induces illusory percepts, than matched non-autistic participants. In a 

second part of the experiment. Happé drew attention to the relevant parts of the 

stimuli and artificially disembedded the figures by highlighting the to-be-judged 

parts with raised lines. Using these adapted figures, typically developing children 

also succumbed less frequently to the illusions, suggesting that the participants 

with autism were naturally able to disembed the parts of the stimulus from the 

whole. This was explained as a failure to integrate the lines which made up the 

stimuli into their ‘illusory’ context, and has been used as a further example of
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weak central coherence in autism. However, recently, this finding has been 

questioned as Ropar and Mitchell (1999) failed to find evidence that individuals 

with autism are less susceptible to illusions. In their study, the task was modified 

so that rather than having to make a verbal ‘same’ or ‘different’ judgement about 

the size or appearance of target stimuli, the subjects instead were required to 

manually adjust the size of the stimuli on a computer screen until the illusory 

stimulus and the ‘control’ stimulus matched. In this paradigm, children with 

autism showed as much susceptibility to the illusion as the control children. 

Reasons for the discrepancy of Ropar and Mitchell’s finding and Happé’s finding 

are not entirely clear, although in a subsequent study (Ropar & Mitchell, 2001) the 

possibility of individual differences in weak central coherence is suggested, 

implying that there may be sub-groups within the autistic population that differ by 

degree of central coherence. They also go on to show that there is little 

relationship between other central coherence tasks (such as the block design task 

and embedded figures test) and susceptibility to visual illusions in people with 

autism, suggesting that perception of visual illusions requires a different 

perceptual strategy that is not the same as that which underlies weak central 

coherence. This issue of individual differences in weak central coherence is 

revisited in chapters three and five of this thesis.

Counting and Subitizing

Jarrold and Russell (1997) have shown that children with autism have a 

tendency towards an analytic style of processing on a counting task. When asked 

to state The number of dots shown on stimulus cards, non-autistic children and 

children with moderate learning difficulties, were quicker when presented with 

canonically presented dots (as on a die), than when the dots were distributed and 

not in a uniform pattern. However, children with autism did not show this 

advantage, suggesting that they did not perceive the canonical dots as a global 

gestalt and instead focussed on the more local level and counted every dot in turn. 

Interestingly Jarrold and Russell also looked at the individual responses of the 

children with autism in terms of whether the finding extended to all the children in 

their sample. Despite finding an overall difference in counting styles between the 

children with autism and the two control groups (moderate learning difficulties

28



and typically developing), of the 22 children with autism in the sample, nearly 

half of them (10) were classed as global counters, as they showed no difference in 

response time when counting 3 canonically organised dots and counting 6 

canonically organised dots. This again raises the issue of the universality of weak 

central coherence in autism, and provides further evidence that weak central 

coherence may occur on a continuum, with some individuals with autism 

clustering at one end and others displaying levels of coherence which do not differ 

from those of typically developing children.

The Embedded Figures Test

The embedded figures test (EFT) was originally created to assess field- 

dependence, and field independence (Witkin, Oltman, Raskin, & Karp, 1971). 

‘Field dependent’ described perception which is strongly dominated by the overall 

organization of the surrounding field, whereas ‘field independent’ means that 

perception is characterised by parts of the field being experienced as discrete from 

organised ground. Field independence is similar to weak central coherence in that 

field independent perception is driven by local, piecemeal processing rather than 

global processing. The EFT has therefore become a classic measure of central 

coherence. The task involves locating a simple target figure embedded within a 

more complex pattern. Shah and Frith (1983) initially demonstrated that children 

with autism detected the embedded figures more accurately than mental-age 

matched controls, suggesting that they utilised a more piecemeal, local visuo- 

spatial processing style than children without autism. This has been a very 

influential paper in the literature on central coherence in autism, as it 

demonstrated experimentally a phenomenon which had been frequently reported 

anecdotally and in the clinic (e.g. Frith & Baron-Cohen, 1987; Kanner, 1943, 

summarised in section 1.3 of this thesis). The finding has continued to receive 

experimental interest, although some studies have failed to find a significant 

difference between the performance of children with autism and controls (Brian & 

Bryson, 1996; Ozonoff et al., 1991). However, these studies included children 

who were diagnosed with PDDNOS as well as pure autism, and also used the 

children’s version of the test (which is recommended for use only up to 12 years)
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with young adults whose ages ranged to 19 years. Further EFT data and a more 

detailed literature review will be presented in chapter three of this thesis.

Hierarchical Figure Processing

Local and global processing in autism has also been studied by a number of 

researchers recently by the use of a Navon figure paradigm. A Navon figure is a 

hierarchical figure composed of two layers of information, a global level (the 

whole image) and a local level (smaller elements which make up the global level). 

Typical observers display what is known as the ‘global precedence effect’ -  a 

processing advantage for global stimuli over local stimuli (Navon, 1977). The 

weak central coherence theory predicts that children with autism will show a local 

processing advantage, however data from this paradigm have been contradictory. 

Mottron and Belleville (1993) initially found that B.C. displayed interference from 

the local parts of the stimuli (contrary to global interference which is typically 

found). However Ozonoff, Strayer, McMahon, & Filloux, (1994) failed to find 

any difference between a group of children with autism and controls as both 

groups showed global precedence. Plaisted, Swettenham, & Rees, (1999) noted 

that Mottron and Belleville’s study and Ozonoff et al.'s study differed in terms of 

the way attention was distributed in the two types of tasks: in Mottron and 

Belleville’s task attention was divided between the global and local levels, 

whereas in Ozonoff et al.’s task attention in each block of trials was directed 

specifically at either the global or local level. Plaisted et al. suggested that this 

difference could underlie the different findings from the two research groups. 

They therefore conducted a study in which the same children performed both a 

divided attention task and a selective attention task. They found that when the 

children were told to attend to either the local or global level (selective attention) 

both the children with autism and the controls showed global precedence, but 

when attention was divided between the levels, global precedence was lost for the 

children with autism, and instead the preferred processing level appeared to be the 

local level. Since the publication of this study however other researchers report 

conflicting results, for example Mottron, Burack, Stauder, & Robaey, (1999) 

demonstrated a global advantage in children with autism in the absence of global 

advantage in children without autism. Additionally, Rinehart, Bradshaw, Moss,
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Brereton, & Tonge, (2000) have shown local interference in children with autism, 

and children with Asperger’s syndrome in a selective attention task. It appears that 

this particular task is very sensitive to methodological constraints, which makes it 

difficult to draw conclusions about the performance of children with autism. This 

will be discussed more thoroughly in chapter four as data from a further 

hierarchical figures study is reported.

1.7 Summary

In addition to the core impairments of socialisation, imagination and 

communication, there is evidence to suggest that sensory system abnormalities 

also occur in autism. Particularly, it appears that the occurrence of visuo- 

perceptual abnormalities is likely to be higher in people who have autism than in 

the population at large. As of yet, this impairment has not been studied in great 

detail, although some literature suggests that one particular area of difficulty could 

be in motion perception (Blake et al., 2003; Gepner, Deruelle, & Grynfeltt, 2001; 

Gepner & Mestre, 2002b; Gepner et al., 1995; Milne et al., 2002; Spencer et al., 

2000). In addition, there is also evidence that some areas of the brain function 

differently in people with autism, although there is no consensus as to which areas 

these may be and how they may be related to the cognitive symptoms of autism. A 

question asked by this thesis is therefore; what does a deficit in motion perception 

tell us about areas of the brain which might be impaired in autism, and in what 

way could an impairment in motion perception be related to other aspects of 

autism, e.g. weak central coherence? As will be described in chapter two, the 

anatomical areas which support motion processing in the human visual system 

form part of the dorsal visual processing stream which terminates in the posterior 

parietal cortex (Ungerleider & Mishkin, 1982). This system is also important for 

the transmission of low spatial frequency information in the visual signal. Low 

spatial frequency information is responsible for representing the global aspects of 

an image, therefore a deficit in motion processing which indicates a deficit in the 

magnocellular stream could represent a neurological correlate of weak central 

coherence. This hypothesis will be described in more detail in chapter two, but it 

makes the prediction that people with autism who are poor at motion detection 

will also show particularly weak central coherence. This hypothesis is tested in
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chapters three and five of this thesis. To further test the claim that visual weak 

central coherence could arise from a specific impairment of the magnocellular 

pathway, chapter six presents a study in which this pathway is suppressed in a 

group of typical observers (without autism). The prediction from the hypothesis is 

that when this pathway is suppressed in people who don’t have autism, 

performance on visual weak central coherence tasks, such as the embedded 

figures test, will improve, and performance on hierarchical tasks such as the 

Navon task will show a reduction in global bias.
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2 Chapter two. The visual system, and the hypothesis of this 

thesis.

Visual signals from the retina to the cortex are propagated along channels 

which can be broadly classified as either the magnocellular / dorsal stream or the 

parvocellular / ventral stream. The terms magnocellular and parvocellular 

originate from a description of the size of retinal ganglion cells -  magno meaning 

large and parvo meaning small, whereas the terms dorsal and ventral originate 

from the description of the cortical location of brain areas. Therefore the terms 

magnocellular and parvocellular streams are generally used to describe the pre- 

cortical pathway (from the retina through the lateral geniculate nucleus (LGN) and 

to area VI), whereas the terms dorsal and ventral stream are used to describe 

cortical streams which project from VI to extra-striate areas and beyond. 

Although it is not the case that there is direct mapping from the magnocellular 

system to the dorsal stream and from the parvocellular system to the ventral 

stream (Merigan & Maunsell, 1993), the two areas are thought to have similar 

properties, and to some degree, common inputs, so for simplicity they will be 

initially described together.

2.1 Parallel processing in the visual system.

The magnocellular / dorsal streams and parvocellular / ventral streams are 

composed of cells and structures which display different trajectories through the 

brain, and different functional properties. Broadly speaking, the magnocellular / 

dorsal pathway is involved in motion and depth perception, and the localisation of 

objects in space (the “where” pathway). In contrast, the parvocellular / ventral 

pathway is involved in object recognition and colour perception (the “what” 

pathway) (Ungerleider & Mishkin, 1982). This position has recently been re

worked by Goodale and Milner who suggest that the dorsal stream supports 

viewer-centred vision for action, whereas the ventral stream supports object 

centred vision for recognition (Goodale & Milner, 1992).

2.1.1 Pre-cortical processing

Parallel processing begins at the level of the retina, where two distinct types 

of ganglion cell have been identified: p cells which have small (parvo) cell bodies,
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tiny dendrites and small receptive fields; and a cells which have larger (magno) 

cell bodies, dendrites and receptive fields (Boycott & Wassle, 1974).’ The axons 

of a and p ganglion cells form separate but parallel streams within the optic nerve. 

The majority of ganglion cell axons project via the optic nerve to the LGN which 

is a 6-layered nucleus of the thalamus. Layers 1 and 2 contain larger cells and are 

innervated only by a ganglion (magno) cell axons and are referred to as the 

magnocellular layers. Layers 3 - 6  contain smaller cells and are only innervated 

by p (parvo) cell axons and are therefore referred to as the parvocellular layers 

(Leventhal, Rodieck, & Dreher, 1981). The remaining axons which don’t project 

to the LGN form a subcortical pathway to the pulvinar and superior colliculus, 

known as the retinotectal path. Only a ganglion (magno) cells project to this 

pathway, and it is responsible for subconscious reflexes involving eye-movement 

and pupillary reflexes (Wurtz & Goldberg, 1971).

The anatomical separation of magnocellular and parvocellular streams 

reflects a functional separation of the two pathways, as although the response 

properties of magnocells and parvocells overlap to some degree (Nealy & 

Maunsell, 1994), generally, magnocells and parvocells have distinct properties. 

For example, magnocells respond preferentially to low spatial frequencies, high 

temporal frequencies, and in conditions of high contrast and low luminance, 

whereas parvocells respond preferentially to high spatial frequencies and low 

temporal frequencies in conditions of low contrast and high luminance 

(Derrington & Lennie, 1984). Magnocells discharge a transient spike discharge, 

responding preferentially at stimulus onset and offset, whereas parvocells have a 

sustained discharge, which is present throughout stimulus presentation (de 

Monasterio & Gouras, 1975). One caution should be raised however about 

attributing different functions to the two pathways based on single cell responses. 

Bruce, Green and Georgeson suggest that the “Parvocellular pathway can be 

described as a channel carrying information about patterns of light at all spatial 

frequencies, but only at low to medium temporal frequencies, whereas the 

magnocellular pathway ‘fills in’ by transmitting in a region of high temporal and

' Recently a third class of cells (koniocells) have been discovered (Hendry & Yoshioka, 1994), but 
as yet, the anatomical and functional properties have not been well documented, so these cells will 
be omitted from this discussion.
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low spatial frequencies (Derrington & Lennie, 1984; Merigan & Maunsell, 1993)” 

(Bruce, Green, & Georgeson, 1996 p 47).

The speed of signal transmission differs between the magnocellular and 

parvocellular stream. Axons of the magnocellular pathway are more highly 

mylenated and consequently transmit signals more quickly than the parvocellular 

system. Schmolesky et al. reported single cell recording data from macaques 

which showed that a visual signal takes on average 67 msec to reach VI via the 

parvocellular layers of the LGN, but only 44 msec via the magnocellular layers 

(Schmolesky et al., 1998). This finding supports previous data which showed that 

signals originating from the magnocellular layers of the LGN arrive at VI about 

20 msec earlier than those arising from the parvocellular layers (Nowak, Munk, 

Girard, & Bullier, 1995). Parvocells and magnocells also differ in their response 

to wavelength. Magnocells are described as ‘broadband’ as they respond to all 

wavelengths, parvocellular cells are colour-opponent, showing sensitivity to 

different wavelengths (Livingstone & Hubei, 1984). Although wavelength does 

not modulate the output of magnocells, Livingstone and Hubei (1984) further 

identified about 50% of cells that form the magnocellular pathway which have a 

tonic red surround mechanism, whereby they are suppressed by long wavelength 

light. This finding has led to interesting experimental manipulations in that the 

magnocellular pathway can be selectively attenuated by exposure to long 

wavelength light^ (Edwards, Hogben, Clark, & Pratt, 1996; Michimata et al., 

2001; Michimata, Okubo, & Mugishima, 1999). The properties of magnocells and 

parvocells are summarised in table 2.1 below.

 ̂ Given data which reports considerable over-lap between the response properties o f  M and P cells 

under certain conditions, it is unlikely that any manipulation exclusively activates one pathway, it 

is more accurate to consider one pathway being preferentially stimulated.
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Table 2.1 The properties of retinal magno and parvo cells.

Magnocells Parvocells Reference

a cells p cells Boycott & Wassle, 

1974

Large cell bodies and 

receptive fields

Small cell bodies and 

receptive fields

de Monasterio & 

Gouras, 1975

Highly myelenated axons Less myelenated axons de Monasterio & 

Gouras, 1975

Ganglion cells project to 

layers 1 & 2 of LGN

Ganglion cells project to 

layers 3 - 6  of LGN

Leventhal et ah, 

1981

Preferential response to high 

temporal frequency and low 

spatial frequency.

Preferential response to low 

temporal frequency and 

high spatial frequency.

Kaplan & Shapeley, 

1986

Derrington & 

Lennie, 1984

Respond at stimulus onset 

and offset. Transient 

response

Respond for stimulus 

duration. Sustained response

de Monasterio & 

Gouras, 1975

Faster transmission times Slower transmission times Nowak et al., 1995

Broad-hand Colour opponent Livingstone & 

Hubei, 1984

2.1.2 From the LGN to VI.

From the LGN, cortical projections reach VI -  the primary visual area 

located in the occiptial lobe. VI, as with the rest of the neocortex, is segregated 

into 6 layers, each of which has specific input and output connections. Visual 

input from the LGN enters at layer 4, which is itself split into 4 sub-layers, 4A, 

4B, 4Ca and 4Cp. Here the anatomical separation of the magnocellular and 

parvocellular pathways is retained as axons from layers 1 and 2 (magnocellular 

layers) project to layer 4B and layer 4Ca of VI, while projections from layers 3 - 

6 (parvocellular layers) project to layers 4A and 4Cp. Segregation has also been 

identified in layers 2 and 3 of Vl(Wong-Riley et al., 1993). Layers 2 and 3 are 

composed of two segregated regions: ‘blobs’, areas of high metabolic activity; 

and ‘interblobs’, areas of low metabolic activity. Similarly, areas of V2, also show
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different regions: thick stripes, thin stripes and interstripes. These areas form the 

basis of further parallel pathways as blobs / interblobs, and thick stripes / thin 

stripes / interstripes are innervated separately by magno and parvo inputs from 

layer 4 of VI. It is at this stage that intermixing between the magno- and 

parvocellular streams occurs, and current opinion favours a ‘magno-dominated’ 

dorsal stream and a ventral stream comprising mixed magno and parvo inputs 

(Merigan & Maunsell, 1993). A schematic and simplified diagram o f these 

parallel streams is presented in figure 2.1 below.

Figure 2.1 A schematic diagram illustrating the main visual areas of the 

dorsal and ventral visual-processing streams.

Dorsal
Stream

VIP

MT7a

L ip

CIT: AIT Thin
S t r i p e s V2

Ventral
Stream

Inter-
BlobG

L ayer
4 8Diobs

Pulv

L a y e r L ayer
4 C a

P cell
SC

Retina LGN

A IT (A nterior Inferotem poral cortex), CIT (Central IT), PIT (Posterior IT) are located  in the inferotem poral 

cortex. Area 7a, V IP (ventral intraparietal sulcus area), LIP, (lateral intraparietal su lcu ls  area) and M ST  (m edial 

superior temporal area) are all located  in the posterior parietal area. From C o m elissen  & H ansen , 1998 and from  

M ilner & G oodale, 1995.

Activity in VI gives rise not only to ascending signals but also to feed

back connections which return to the LGN and modulate early response properties 

(e.g. Felleman & Van Essen, 1991). For example, from layer 6 o f V I, about 50%
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of projections feed forward to extra-striate regions (V2, V3, V4, MT), while the 

other 50% feed back to the LGN. The identification of these back projections have 

led some to suggest that they play an important role in modulating the information 

which projects forward for further processing, perhaps as a basis for focussed 

attention (Bullier, 2001). Some, mainly magnocellular, afferants by-pass further 

cortical areas and project from layer 5 of VI directly to the superior colliculus and 

/ or area MT.

In summary, the visual system is defined by parallel processing streams 

which begin at the level of the retina. The streams are broadly classified as 

magnocellular or parvocellular. This definition is based on the properties of the 

ganglion cells and the layers of the LGN to which they project. The magnocellular 

system, and the sub-cortical areas which receive projections from magnocellular 

layers of the LGN (i.e. the superior colliculus and the pulvinar) are important for 

the detection of rapidly moving targets and flicker, and for orienting visual 

attention to salient areas of the visual field -  especially in the periphery. In 

addition, this system transmits signals more rapidly to the cortex and may be 

functionally set to respond to rapidly changing environmental stimuli. The 

properties of the parvocellular system on the other hand are necessary for the 

identification of form and colour. This functional separation is maintained 

throughout the cortex, as the visual system is divided into the dorsal and ventral 

streams, which are described below.

2.1.3 From area VI

As figure 2.1 illustrates, the main cortical areas that constitute the dorsal 

stream are area MT (middle temporal area, also known as V5), area MST (medial 

superior temporal region), the lateral and ventral intra-parietal sulci (LIP and 

VIP), and Brodmann’s area 7a (the visual area of the posterior parietal cortex). 

The areas which constitute the ventral stream are V4, and divisions of the inferior 

temporal cortex. Although it is not the case that there is a direct mapping from the 

magnocellular system to the dorsal stream and from the parvocellular system to 

the ventral stream (Merigan & Maunsell, 1993), the properties of the dorsal and 

ventral streams are similar to those of the magnocellular and parvocellular 

systems. For example, The areas which are defined as the dorsal stream have been 

described as the ‘fast brain’ (Nowak & Bullier, 1997), as they contain neurones
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that are activated earlier than many neurones in many other cortical areas (see 

Bullier, 2001). The parietal cortex is a main projection area for dorsal stream 

afferants, and thought to be important for attention shifting and attention focus 

(Courchesne et ah, 1993). The structures in the dorsal stream are selectively 

suitable for this purpose, for example, areas MT and MST are essential for motion 

detection, and are particularly sensitive in peripheral vision. Their rapid speed of 

processing allows information to be passed as an early warning system to the 

cortex, so that attention can be shifted to the appropriate region, and then, by 

feedback mechanisms an appropriate spotlight of attention can be engaged. The 

strong connections between the frontal eye fields and the superior colliculus 

(Asanuma, Andersen, & Cowen, 1985), which are important for controlling eye 

movements in response to shifts of attention, adds further ecological plausibility 

to the claim.

Area V5 was first identified by Zeki, (1974) who demonstrated an area of 

the monkey brain which consisted primarily of direction selective neurones. A 

human analogue of this area was then reported in a patient who suffered bilateral 

damage to posterior brain regions and developed a severe deficit of motion 

perception, in the absence of other visual impairments (Zihl, Von Cramon, Mai, & 

Schmid, 1983). Existence of this area has now been confirmed by further lesion 

studies (Schenk & Zihl, 1997) and many neuroimaging studies (see Tootell, Dale, 

Sereno, & Malach, 1996 for a review). Additionally, it has recently been reported 

that area MT also contains cells which govern depth perception (DeAngelis, 

Gumming, & Newsome, 2000). Area MST borders area MT and shares many 

connections with MT. In the monkey, these areas have been functionally defined, 

however in the human less is known about the functional separation of these areas 

(but see Dukelow et al., 2001). Area LIP is important for generating visually 

guided saccades (Andersen, Brotchie, & Mazzoni, 1992). It has also been shown 

that LIP cells will respond when an eye movement brings the site of a previously 

flashed stimulus into the cell’s receptive field (Duhamel, Colby, & Goldberg, 

1992), suggesting this area is involved in engaging exogenous attention. 

Alongside neuropsychological data from patients with selective brain lesions, 

anatomical evidence such as these have provided some of the supporting evidence 

for Milner and Goodale’s conception of the dorsal stream and PPG being involved 

in the visual control of action (Goodale & Milner, 1992).
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The ventral stream, comprising the anterior, central and posterior regions of 

the inferotemporal cortex, and area V4 on the other hand, is involved in object and 

colour recognition. Lesions to area V4 impair ability to learn colour and pattern 

discriminations (Heywood & Cowey, 1987). It has long been known that single 

cells in the monkey IT respond selectively to specific shapes (Gross, Rocha- 

Miranda, & Bender, 1972), and recently it has been found that cells in this region 

respond to very specific classes of objects such as faces (Perrett, Rolls, & Caan, 

1982) and even the identity of faces (Perrett et al., 1986).

2.2 The role of the magnocellular stream in cognitive processes.

Besides transmitting information for motion and depth perception, the 

implications of magnocellular processing extend to many aspects of cognition and 

behaviour. For example, Steinman, Steinman, & Lehmkuhle, (1997) have 

demonstrated by varying luminance contrast in an attentional cue, that 

magnocellular stream biased cues always override the response to parvocellular 

stream biased cues, suggesting that attentional capture is subserved by the 

magnocellular stream. The role of the M-system, especially the sub-cortical 

retinotectal pathway in exogenous attention shifting has been described above. In 

addition, cognitive processes which rely on M-pathway integrity indirectly, i.e. 

through mediation of the dorsal stream, include conjunction search in visual 

search paradigms (lies, Walsh, & Richardson, 2000). It has been further suggested 

that the M-pathway, and its dorsal stream afferants, may form the neural substrate 

of the attentional spotlight (Vidyasagar, 1999). It is interesting to note the degree 

of overlap between cognitive capacities which are thought to rely on the 

magnocellular system, and areas of impairment in autism. For example, there are 

anecdotal reports of individuals with autism experiencing abnormal depth 

perception (e.g. Grandin, 1996b), and many experimental findings of abnormal 

attention responses in autism (e.g. Wainwright-Sharp & Bryson, 1993; Townsend, 

Courchesne, & Egaas, 1996).

In addition, there is evidence that some aspects of visual weak central 

coherence involve cognitive and perceptual abilities which are thought to rely on 

the M-system. One example is the phenomenon of visual illusion which has been 

investigated in terms of the relative contribution from M and P systems. It has 

been suggested that stereopsis and depth perception, which are processes
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attributed to the M-system may underlie perception of visual illusion 

(Ramachandran, 1987). However, a recent study has found that while the 

geometric properties of visual images and their related form illusions (e.g. the 

Ponzo and Muller-Lyer illusions) were not altered by attenuating the M-system, 

border and contour illusions (e.g. Kanisza, 1974) disappeared completely under 

conditions in which the M-system was reduced (Li & Guo, 1995). This finding 

therefore doesn’t support the argument that a M-system impairment could 

underlie the lack of susceptibility to visual illusions in autism as reported by 

Happé et al., (1996), but it does suggest that this may be a reason for the lack of 

illusory contour perception in the Kanisza figure. Interestingly, fewer children 

with autism in Happé’s sample succumbed to the illusory contours in the Kanisza 

triangle than any of the other illusions.

Another example includes the ability to subitize, which is thought to depend 

on the pre-attentive processing of visual stimuli. Simon, Peterson, Patel and 

Sathian (1998) investigated the role of the magnocellular system in subitizing. 

Although they concluded that visual enumeration does not depend preferentially 

on either the M or the P pathway, they did find that subitizing was slowed under 

conditions in which the M-system contribution was reduced. Therefore, the 

finding from Jarrold & Russell, (1997) that children with autism received less 

benefit when objects were organised in a canonical rather than a distributed 

pattern could reflect the slowing of subitizing reported by Simon et al. (1998)^. 

Also, it has been shown, using the Navon task, that removing low spatial 

frequencies from the stimulus, or suppressing the magnocellular system, reduces 

the global bias in typical observers (Badcock, Whitworth, Badcock, & Lovegrove, 

1990; Michimata et ah, 1999), suggesting that the M-system underpins the typical 

global advantage usually seen in this task. (The implications of this will be 

discussed more thoroughly in chapters four and six of this thesis when additional 

data concerning the Navon task will be presented.) This thesis therefore predicts 

that impairments in the magnocellular pathway could underlie the perceptual style 

know as weak central coherence. Based on some of the literature presented above.

 ̂However it must be noted that in their paper, Simon et al. do not refer to the process as subitizing 

which has come to refer to the ability to rapidly enumerate 1 - 3  randomly-distributed stimuli.

41



and an understanding of the physiological characteristics of this visual pathway 

the foundation of the hypothesis is described below.

Perception is achieved because the brain can recognise and is responsive to 

changes in light energy distribution which occur along a spatial spectrum. Light 

composed of different waveforms is reflected from objects in the visual scene, and 

thereby carries information as to the composition of these objects to the retina. 

The most widely accepted scale for describing this spectrum is derived from 

Fourier analysis (De Valois & De Valois, 1990), with high and low spatial 

frequencies being described along a scale of cycles per degree (cpd) of visual 

angle. The coarse-scale (global) information is referred to as the low spatial 

frequencies whereas the fine (local) detail is referred to as the high spatial 

frequencies (Parker, Lishman, & Hughes, 1996). Low and high spatial frequencies 

are transmitted along separate channels of the optic tract, and along different 

cortical trajectories (Campbell & Robson, 1968) by neurones which have different 

temporal characteristics as described above. The global aspects (carried by low 

spatial frequencies) of a visual scene are encoded more rapidly than the local 

details (carried by high spatial frequencies) (Breitmeyer, 1975), providing the 

visual system with a coarse grain image of the visual scene before ‘filling’ in the 

details. Additionally, it is thought that these independent spatial frequency 

channels, at least at the level of the cortex, may be mutually inhibitory (De Valois 

& Tootell, 1983). Experimental models of perception using hierarchical figures 

(figures composed of global and local levels of information) support the claim that 

in the human visual system global information is processed more rapidly than 

local detail (Navon, 1977), and further, that this ‘global bias’ is mediated by low 

spatial frequency information (Badcock et al., 1990). Weak central coherence is 

characterised by a processing style which suggests an opposite bias in terms of 

processing global or local information, as weak central coherence describes a 

preference for local information processing -  focussing on small details rather 

than extracting the global whole (Frith, 1989). However in the visual domain, 

rather than reflecting a local advantage, this may reflect a lack o f  global 

advantage, which gives rise to weak central coherence by reducing the strength of 

the typical global advantage and / or by reducing inhibition exerted from global to 

the local level. That is, weak central coherence can be conceptualised, not as a 

deficit in global processing, nor as enhanced local processing, but as a reduction
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of global advantage which is typical of the human visual system. This thesis 

further suggests that the root of this reduction in global advantage could lie in a 

reduction of the efficiency of transmission of low spatial frequencies.

The reason why this suggestion is linked to a deficit in motion processing in 

autism is that the part of the visual system which is specified for motion detection 

(the magnocellular system and the dorsal stream) also comprises the pathway 

which is selectively tuned for lower spatial frequencies (Hughes, Nozawa, & 

Kitterle, 1996). Although it is not the case that the magnocellular pathway 

exclusively transmits the lowest spatial frequencies, it does appear to transmit 

lower frequencies than the parvocellular system, especially at higher temporal 

frequencies, and it shares many features with the so called low frequency 

channels. Additionally, mutual inhibition has been shown both physiologically (at 

the level of ganglion cells) (Singer & Bedworth, 1973) and psychophysically 

(Breitmeyer & Ganz, 1976) to occur between magnocellular and parvocellular 

streams. In particular if the magnocellular system fires when the parvocellular 

system is responding, then magnocellular activity can terminate the parvocellular 

activity (Williams & Lovegrove, 1992).

It is important to note that this hypothesis does not predict that local 

processing has an advantage over global processing in autism, nor does it suggest 

that children with autism show a generalised deficit in perception of global 

stimuli. It simply suggests, that due to impaired magnocellular functioning in 

autism, bias towards global aspects of a stimulus will be reduced. Therefore 

individuals with this impairment will excel at tasks in which global perception can 

be a hindrance (e.g. embedded figures test), and fail to show the usual global bias 

in hierarchical tasks (e.g. Navon task). This suggestion is in lines with the 

‘hierarchization deficit hypothesis’ (Mottron & Belleville, 1993) which predicts 

that in autism global and local levels are equivalent therefore there is an absence 

of bias or asymmetrical interference (Mottron, Belleville et al., 1999). The 

hypothesis of this thesis makes slightly different predictions to the weak central 

coherence hypothesis which traditionally states that perception in autism is 

characterised by a bias towards local processing. The literature presented in 

chapter one could be explained by a lack of global advantage rather than an 

appearance of local advantage. For example, the embedded figures test suggests a 

local processing advantage by showing that people with autism are quicker and
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more accurate at detecting the target figure. However, an alternative explanation 

for the finding is that people with autism are quicker and more accurate to detect 

the target figure because their visual processing system is not dominated by the 

global aspects, and therefore they are not distracted by the surrounding context as 

a typical observer would be. Figure 2.2. below shows a grey-scaled stimulus from 

the children’s embedded figures test. The image on the left is unfiltered, whereas 

the image on the right has been highpass filtered (the lowest spatial frequencies 

have been filtered from the image). This figure illustrates that, although the global 

form can still be clearly identified when the low spatial frequencies have been 

removed, the fine detail and definition o f lines is increased in the image. This 

illustrates why a decrease in magnitude or a reduction in transmission time of low 

spatial frequency information may lead to improved ability to detect the 

embedded target.

Figure 2.2 A high-pass filtered embedded figures stimulus.

/

Target Unfiltered image Filtered image

Similarly, the global advantage seen in the Navon task is thought to arise 

from the speeded advantage of low spatial frequencies over higher spatial 

frequencies (Badcock et ah, 1990) particularly driven by the magnocellular 

system (Michimata et ah, 1999). If  this reaction time advantage is removed, e.g. 

by deficient magnocellular processing, then the global advantage usually seen in 

the task would be removed -  generating weak central coherence. This prediction 

is slightly at odds with the prediction made by the weak central coherence theory, 

as the weak central coherence theory would state that the global advantage 

nomially seen in the Navon task would be replaced by a local advantage. The
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magnocellular / low spatial frequency hypothesis predicts only that the global 

advantage is not present, not that it is replaced with a local processing advantage.

Finally, it must be noted that the review of literature on the weak central 

coherence hypothesis presented in chapter one, highlighted that not all evidence in 

support of the theory comes from the visual domain. Indeed, weak central 

coherence in autism is suggested to be a cognitive style impinging on many 

aspects of cognition. The current hypothesis as it stands above can only make 

predictions about weak central coherence in the visual domain. However, if the 

neural basis of visual weak central coherence can be quantified in this way, it will 

lead to a much greater understanding of weak central coherence in autism, which 

may not be a unified phenomenon.
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3 Chapter three. Individual differences in coherent motion 

detection, is there a relationship with weak central coherence?

3.1 Introduction

Two independent research groups have demonstrated that children with 

autism show increased motion coherence thresholds when detecting coherent 

motion from noise using random dot kinematograms (Milne et ah, 2002; Spencer 

et ah, 2000). This result has been interpreted to reflect a deficit of the 

magnocellular pathway / dorsal stream. Based on research outlined in chapter two, 

it is suggested in this thesis that impairment of the magnocellular pathway could 

give rise to weak central coherence in autism. However, despite a significant 

difference between the mean thresholds of the two populations in the study from 

Milne et ah (2002), not all the children with autism showed a motion perception 

deficit, and some children with autism performed as well as the matched controls. 

The study reported in this chapter aims to investigate whether this variation in 

coherent motion detection ability is related to central coherence. For the 

hypothesis of this thesis to be supported, it would be expected that those children 

with high motion coherence thresholds (poor motion detection) will also be the 

children with the weakest central coherence. Two tasks of weak central coherence 

will be used to test this hypothesis -  the children’s embedded figures test (CEFT, 

Witkin et al., 1971, Karp & Konstadt, 1963) and the Navon task of hierarchical 

figures (Navon, 1977).

The issue of individual differences in weak central coherence has been 

raised by researchers in relation to the susceptibility of children with autism to 

visual illusions (Ropar & Mitchell, 2001) and the tendency for children with 

autism to count canonically (Jarrold & Russell, 1997). Shah and Frith (1993) also 

pointed out that not all the children with autism in their sample showed superior 

facility for mental segmentation in the block design test. However, individual 

differences in weak central coherence have not directly been addressed in the 

tasks used here. This issue relates directly to the outstanding question following 

Happé’s (1999) review, as to whether central coherence varies on a continuum in 

autism or whether there are differences in their global versus local processing. 

Therefore the aims of this chapter are two-fold: to investigate the degree of 

individual variability in performance on these tasks in a group of children with
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autism and a group of matched controls; and to investigate if relationships exist 

between coherent motion detection and central coherence. The chapter will be 

split into four sections. The first three of these will provide separate analyses and 

discussion of each of the three tasks (coherent motion detection, CEFT and 

Navon), and the final section will present analysis and discussion of the 

relationship between scores on these tasks. However, because the tasks were 

presented as a battery of tests to the same children, an initial methodology section 

describing the participants and overall testing procedure is presented below.

3.1.1 General methodology

Participants

Because the children’s embedded figures test was used in this study, only 

children who were aged 12 years 11 months (155 months) or under were 

recruited. 50 children (26 children with autism and 24 typically developing 

children) were recruited. The children with autism were all attending, and 

recruited from, schools or units for children with autism, and had been previously 

diagnosed as having autism, (N = 15) or Asperger’s syndrome (N = 11) by 

clinicians based on criteria specified in the DSM-IV. Typically developing 

children were selected from local schools. Participants in the experimental group 

(those with autism or Asperger’s syndrome) were identified first, and they 

performed the Raven’s progressive matrices (RPM) (Raven et ah, 1988) to 

provide a measure of their non-verbal ability. Typically developing children were 

then chosen to participate in the study if both their chronological age and RPM 

raw score matched that of a child with autism.

Raven’s progressive matrices

The standard progressive matrices (Raven et ah, 1988) is a paper and 

pencil task which provides an index of non-verbal reasoning skills. It consists of 

60 items in which a pattern is presented with an area of the pattern removed. The 

participant must identify which ‘piece’ from a choice of 6 or 8 correctly fits the 

missing part of the pattern. This task has been found to be a good predictor of 

full-scale WISC-R scores in children of a similar age to the children who 

participated in the current research (Pierce 1983, quoted in Raven et ah, 1988). It
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was therefore used as a standardised measure of non-verbal ability with which to 

screen participants recruited for the research, and to match typically developing 

children and children with autism in terms of visuo-spatial ability. It was 

administered in line with instructions for the self administered test defined in the 

manual (Raven et al., 1988). Although the test manual does not provide 

conversions to non-verbal IQ, these were extrapolated from the smooth summary 

norms (1979) presented in the manual. This conversion was achieved by assuming 

normally distributed IQ scores with a mean of 100 and standard deviation of 15, 

and equating this to the 50^ percentile of Raven’s raw scores, with 1 standard 

deviation above and below the mean at the 16̂  ̂ and 84̂ * percentiles. The 

conversions (courtesy of Dorothy Bishop and Sarah White) are presented in 

appendix 1. Throughout this thesis, participant characteristics will include this 

approximation of non-verbal IQ. However, this is not a validated measure of non

verbal IQ"̂ .

Matching criteria

All typically developing children, except one, were individually pair 

matched to children with autism based on their chronological ages and RPM raw 

scores being no more than + / - 4 (months or points) from that of a child with 

autism. (The exception was a typically developing child who was 10 months older 

than the child with autism, but this pair was matched in terms of non-verbal IQ.) 

The chronological ages, RPM raw scores and non-verbal IQs of each child with 

autism and their matching control are presented in appendix two. Participant 

characteristics are presented in table 3.1 below. Independent t-test indicated that 

there were no significant group differences in any of the variables.

Throughout the thesis nine children obtained RPM scores which were lower than the minimum 
cut off for the conversion. In these cases non-verbal IQ ’s were estimated accordingly (see 
appendix one).
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Table 3.1 Group characteristics of the children who participated in the 

studies presented in chapter three.

Chronological age 

(years : months)

RPM raw score Non-verbal IQ

Autism (N = 26)

Mean 10 : 6 31.6 92.4

1 : 7

Range 8 : 4 - 1 2 :  11 13 -48 7 0 - 1 2 2

Control (N = 24)

Mean 10 : 7 31.5 91.8

1 : 6 11.3

Range 8 : 6 - 1 2 : 1 0 11 - 47 7 1 - 1 1 7

Sex differences

Autism is known to occur more frequently in males than in females 

(Rutter, 1978), and this sex ratio increases with increased ability (Wing, 1981). 

This increased ratio is represented in the sample of children recruited for this 

study, as out of the 26 children with autism only one was female. There is some 

evidence for the existence of sex differences (male advantage) in spatial ability in 

the typical population (Macoby & Jacklin, 1974). For example, in their 

development of the EFT, Witkin et al., (1971) noted more field-independent 

processing in males. However other studies have failed to show sex differences in 

performance of the EFT, such as Jarrold, Butler, Cottington, & Jimenez, (2000), 

who did not find a significant sex difference in CEFT performance of a group of 

children. Additionally, Voyer, Voyer, & Bryden, (1995) performed a meta

analysis on sex difference in 59 EFT studies carried out between 1950 and 1993, 

and found no significant effect of sex on this task. They further pointed out that 

sex differences, if present, did not emerge until 14 years. To our knowledge, there 

are no data that indicate difference in coherent motion detection between males 

and females, and although Kramer, Elenberg, Leonard, & Share, (1996) have 

reported a sex difference in the Navon task, they found that boys showed more of 

a global bias than the girls in the sample. Therefore because we predict that the
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children with autism will show less global bias in the Navon task than the children 

without autism, and because all the children recruited for the study were less than 

13 years old, we decided to use an equal sample of both male and female children 

in the control group (11 males and 13 females). In this way, both the group of 

children with autism and the control group are representative of their respective 

populations (more males in the autism sample, and balanced male / female ratio in 

the control sample).

Procedure

Ethical permission for all the studies presented in this thesis was obtained 

from the Joint UCL / UCLH Committees on the Ethics of Human Research, and 

written informed consent was obtained from the parents of the children involved. 

All testing took place in a quiet room in the child’s school. Each task was carried 

out on a different day (usually over consecutive days). Data for the children with 

autism was collected first, and the rriatched controls (matched at the time of 

testing) were identified and tested subsequently.

3.2 Study 1. Motion coherence detection in autism.

3.2.1 Introduction

The measure of coherent motion detection in this study was performed 

using a random dot kinematogram (RDK) designed by Peter Hansen from the 

Laboratory of Physiology, University of Oxford. RDKs consist of patches of 

moving dots, in which a certain proportion of the dots move coherently together, 

while the remaining ‘noise’ dots move randomly. These tasks provide a consistent 

measure of motion detection, producing a threshold for each individual which 

represents the lowest proportion of coherently moving dots needed for motion to 

be accurately detected. High motion coherence thresholds therefore reflect poor 

ability to detect coherent motion, whereas low motion coherence thresholds 

reflects good ability to detect coherent motion.

The use of RDKs has been purported to provide a measurable index of 

magnocellular integrity. The actual link between magnocellular functioning and 

RDKs is putative rather than concrete, as it is based on the finding that input to 

area V5 (Medial Temporal area or MT) comes mainly from the magnocellular 

layers of the LGN. Monkeys with V5 lesions are severely impaired at detecting
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coherent motion in these types of tasks, and especially at extracting motion 

signals from noise signals (Newsome & Pare, 1988; Rudolph & Pasternack, 

1999). Single cell recording studies have also indicated that cells in V5 are highly 

responsive to RDK’s (Britten, Shalden, Newsome, & Movshon, 1992). In humans, 

Braddick, O'Brien, Wattam-Bell, Atkinson, & Turner, (2000) have presented 

fMRI data showing that random dot kinematograms similar to those employed in 

this study activate, amongst others, area V5 and the intraparietal sulcus. Although 

they conclude these areas did not fully correspond to an anatomical selectivity for 

the dorsal stream, they never the less showed that the areas activated by the 

coherent motion task did not overlap with those activated by a coherent form task.

However it is not entirely clear in the literature to what degree the task 

also reflects sub-cortical visual processing. The perception of motion presented in 

RDKs requires integration across the visual field, which requires cells with large 

receptive fields, i.e. cells in area MT (Schenk & Zihl, 1997). However it is often 

assumed in the literature that poor performance on motion detection tasks in 

developmental disorders arises not from gross abnormality of area MT, but rather 

from impoverished information arriving from the magnoeellular stream. Further to 

this, one study has shown that patients with compression of the anterior visual 

(sub-eortieal) pathways (which would result in more magnocellular damage than 

parvocellular) showed impairment in detecting coherent motion, despite having no 

cortical MT damage (Tassinari, Marzi, Lee, Di Lollo, & Campara, 1999). Related 

evidence comes from increased motion coherence thresholds found in people with 

dyslexia (Hansen, Stein, Orde, Winter, & Talcott, 2001; Talcott et al., 1998), and 

anatomical evidence of abnormalities of the magnocellular pathway found at 

autopsy in people with dyslexia (Galaburda, 1993).

Therefore this thesis will adopt the position of Comelissen and Hansen 

who pointed out that “it remains to be seen whether the source of the 

[magnocellular] problem [in dyslexia] is sub-cortical, cortical or possibly both. In 

the face of such uncertainty, we use the term ‘magnocellular impairment’ to refer 

to degraded information processing in regions of the brain known to receive 

information which is derived anatomically from M ganglion cells.” (Comelissen 

& Hansen, 1998 p 161.)
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3.2.2 Method

Participants

50 children completed this task (26 children with autism and 24 controls). 

Their characteristics have been reported in table 3.1 (see page 49).

Stimulus and Apparatus

Each participant’s motion coherence threshold was measured using a 

standard RDK paradigm (see Talcott et ah, 1998). The stimuli were presented on a 

Dell Latitude laptop computer with a screen measuring 248mm x 188mm. 

Because testing took place in the child’s school, ambient luminance was not equal 

across all testing conditions. However variation was minimised by positioning the 

computer away from any windows in the room, and turning off over head lights. 

A handheld photometer (Topcon digital illumination meter) was used to measure 

the ambient luminance in the testing rooms. Average ambient luminance was 50 

lux.

The RDK comprised a patch of 150 high luminance (Michelson contrast ~ 

90) white dots (1 pixel) presented on a black background. The stimulus array is 

shown in figure 3.1.

Figure 3.1 A schematic illustration (not to scale) of the random dot 

kinematogram.

. +

Motion coherence threshold (MCT) was defined as the total number of 

dots moving together in a single direction (left or right) across the horizontal axis. 

The remaining dots were noise dots which moved randomly in a Brownian 

manner. In order to eliminate the possibility of detecting direction by following
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the movement of one single dot, each dot had a fixed lifetime of 4 animation 

frames (224.4 ms) after which it disappeared, and was regenerated at a random 

place within the stimulus patch. The total stimulus duration was 18 animation 

frames or 1009.8 ms. The percentage of coherently moving dots (angular velocity

8.8 deg/sec) within a given software frame (duration = 56.1 ms) was controlled 

and varied to the participant’s detection threshold by a 3dB-up, 1-dB-down two 

alternative forced choice staircase procedure (Kaembach, 1991).

Design and Procedure

Participants were asked to fixate on a white cross that appeared in the 

centre of the stimulus patch. The fixation cross preceded the appearance of the 

stimulus patch and remained on the screen for its duration. After 1009.8 msec the 

stimulus disappeared from the screen and the participant was asked to indicate the 

direction of coherent motion by pressing one of two keys on the keyboard 

indicating either left (back-slash key) or right (forward-slash key). Every response 

generated a tone from the computer -  a high tone for a correct response and a low 

tone for an incorrect response. Participants were informed of the significance of 

these tones so that they could monitor their own performance and to encourage 

accuracy. Before starting the task each participant was shown a stimulus patch 

with a high motion coherence threshold (i.e. motion direction was easily 

detected). The experimenter explained that the aim of the task was to identify the 

direction of motion and to respond using the appropriate keys. Participants were 

also told that the task would become harder, and that it was important that they 

tried their best, but if they came to a particularly difficult one they were to guess. 

Each participant also received 10 practice trials (again set at a high motion 

contrast percentage). Thresholds for detection were computed by taking the 

geometric mean of the last 8 of 10 reversal points within a given series of trials. 

The geometric, rather than the arithmetic mean, was used to minimise the skewing 

effect of outlying data points. Each series was repeated three times with the mean 

of the three trials comprising the participant’s overall MCT.

3.2.3 Results

The data were screened to identify children who might not have been 

attending to the task, as it is possible that a high MCT was obtained due to lack of
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attention or motivation. However, in line with Milne et al. (2002), 52.5% 

threshold was considered as a cut off for any child performing at chance (using a 

randomisation procedure that generated a distribution of chance performances 

with a mean threshold of 62.3% and a standard deviation o f 7.5%). No child’s 

threshold reached this cut-off (the highest threshold was 38.3%), so we were 

confident that all children were attending to the task.

Group differences betw’een the children with autism and the controls

Figure 3.2 illustrates the median motion coherence thresholds o f the 2 

groups. The boxes represent the interquartile range (containing 50% o f the 

values), and the whiskers indicate the highest and lowest values excluding outliers 

(defined by SPSS as any value which fell between 1.5 and 3 box lengths from the 

lower or upper edge of the box) which are represented by open circles.

Figure 3.2 The median and range of motion coherence thresholds in both 

groups.

A u tism C o n tr o l
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Table 3.2 The mean motion coherence thresholds of each group.

Autism Typically Developing

Mean MCT 20.7 16.4

8.1

Range 9 .4-38 .3 9 .2 -30 .7

Motion coherence threshold was normally distributed across both groups 

(Kolmogorov-Smimov, p > .05) so parametric statistics were used in the 

following analysis. An independent samples t-test revealed that there was a 

significant difference between the motion coherence thresholds of the two groups, 

t(41.03) = 2.3, p < .05. It has been shown that children’s ability to detect coherent 

motion improves with age (Spencer et al., 2000), and intellectual ability 

(Comelissen, Hansen, Hutton, Evangelinou, & Stein, 1998), therefore separate 

univariate analyses of covariance were also administered with chronological age, 

and then RPM raw score as covariates. Both these analyses replicated the above 

result F(l, 47) = 5.2, p < .05 and F(l, 47) = 5.1, p < .05 respectively. Therefore 

children with autism had significantly higher motion coherence thresholds than 

the children without autism even taking age and non-verbal ability into account.

Sex Differences

There was no difference between the motion coherence thresholds of male 

(N = 11, MCT = 16.96, s.d. = 6.43) and female (N = 13, MCT = 15.92, s.d. = 

2.93) control children, t(13.46) <1, p > .1. This analysis was not performed on the 

children with autism as there was only one female in this group.

Individual differences within the groups.

Table 3.3 shows the frequency with which scores obtained by the two 

groups occurred in each of the 4 quartiles of the distribution. It can be seen that 

MCTs overlap between the two groups, with some children with autism obtaining 

scores in the first quartile (first quartile = low threshold = good motion detection) 

and some typically developing children obtaining scores in the 4̂  ̂ quartile (4*̂  

quartile = high threshold = poor motion detection). This replicates the previous
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finding from Milne et al. (2002). However, more than half of the children with 

autism obtained thresholds which fell in the third and fourth quartiles, whereas 

more than half of the typically developing children’s thresholds fell in the first and 

second quartiles. This difference just failed to reach significance with analysis 

however (%̂ (3) = 7.4, p = .06).

Table 3.3 The frequency with which individual thresholds occurred in the 

four quartiles (of the whole sample).

quartile 

MCT 9.16-13.27

2"  ̂quartile 

13.28-16.7

3”̂̂  quartile 

16.8-21.3

4*̂  quartile 

21.4-38.3

Autism (N = 26) 6 3 8 9

(23.1%) (11.5%) (30.8%) (34.6%)

Control (N = 24) 6 10 5 3

(25%) (41.7%) (20.8%) (12.5%)

Bivariate correlation analysis found that in this sample, MCT was not 

significantly related to either age or RPM raw score in the data set as a whole or in 

either of the groups (age, N = 50, r = .09, p > .1, RPM, N = 50, r = -.13, p > .1; 

Autism: age, N = 26, r = .08, p > 0.1, RPM, N = 26, r = -.33, p > .5; Control, age, 

N = 24, r = .19, p > .1, RPM, N = 24, r = .20, p > .1).

One of the aims of this thesis is to investigate whether performance of the 

experimental tasks by the children with autism is represented by the appearance of 

subgroups of children who show substantially different performance as compared 

to the performance of the typically developing children. In an attempt to represent 

this in the data here, we identified any children with autism whose MCT was 

substantially different from the MCTs obtained by the typically developing 

children. A consistent way of representing this is to identify all the children with 

autism who obtained motion coherence thresholds which occurred in or above the 

highest 5% of the control distribution (Ramus et al., 2003). This was calculated by 

computing z-scores of each individual’s raw data, based on the mean and standard 

deviation of the control mean. Any score which was higher than 1.65 deviations 

(which corresponds with the 5% tail of the distribution) from the control mean
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was defined as showing different performance to the controls (see Ramus et ah, 

2003 and White et ah (submitted). Although this is to some degree an arbitrary 

measurement it allows us to consistently identify any children with autism whose 

performance was different to that of the control children. With this analysis, 8 

children with autism (31% of the group) showed substantially different 

performance to the normal curve of the control data, compared to only 1 typically 

developing child (4% of the group).

3.2.4 Discussion

This study replicated previous findings that children with autism have 

higher MCTs than children without autism who were closely matched in terms of 

chronological age and non-verbal ability. Additionally these results show that 

although there was an overall mean difference between the groups, not all children 

with autism in the sample had increased MCTs. Instead it appears that MCTs 

occur on a continuum, with substantial overlap between the children with autism 

and the controls. However the scores of the children with autism occurred more 

often at the higher end of this continuum than the scores of the typically 

developing children.

One drawback to this study is that there was no control task with which to 

compare visual performance. This result does not rule out the possibility that 

children with autism are less sensitive to a range of psychophysical visual tasks as 

opposed to showing a specific reduction in sensitivity to coherent motion 

detection. This issue will be addressed in chapter five.

3.3 Study 2 - The children’s embedded figures test (CEFT)

3.3.1 Introduction

The EFT was initially reported by Shah & Frith, (1983) to empirically 

demonstrate the superior ability shown by people with autism to locate targets in 

potentially confusing backgrounds. It has now been incorporated into the literature 

as a standard measure of central coherence. Recently the EFT has also been used 

in studies which investigate the relationship between different cognitive abilities 

in autism. For example Jarrold et al., (2000) used the task to investigate whether a 

relationship exists between weak central coherence and theory of mind, and Ropar
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and Mitchell (2001) used it within a battery of tasks to investigate whether central 

coherence predicted susceptibility to visual illusions.

Shah & Frith, (1983) reported that a group of children with autism identified 

significantly more targets than either a group of typically developing children 

matched for non-verbal mental age, or a group of learning disabled participants 

matched in terms of mental age who were closer to the chronological age of the 

participants with autism. Jolliffe & Baron-Cohen, (1997) subsequently reported 

that a group of adults with autism and a group of adults with Asperger’s syndrome 

identified embedded targets significantly more quickly than controls. Also, Ropar 

& Mitchell, (2001) demonstrated superior EFT performance in both reaction time 

and accuracy in children with autism and children with Asperger’s syndrome, 

when compared to a group of verbal age matched controls. However, Ozonoff et 

al., (1991) found no significant difference in the number of correctly identified 

targets between a group of children with autism or PDDNOS and non-autistic 

clinical control children. Similarly, Brian & Bryson, (1996) failed to find a 

significant difference between performance (in either RT or accuracy) of children 

with autism and two separate control groups who were matched for verbal and 

non-verbal ability respectively. Table 3.4 provides a summary of these findings 

and details of the studies described above.

58



Table 3.4 A brief description of the studies which have compared EFT performance of people with autism and controls.

Study Test Groups / Diagnosis Average CA Groups matched fo r ... Results
Shah & Frith, 1983 CBFT Children with autism 

Typically developing children 
Children with learning 
disability

13.3
9.3 
12.8

Non-verbal mental age Children with autism identified significantly 
more targets than either of the control 
Groups.

Ozonoff et al., 1991 CEFT Children with autism / 
PDDNOS
Clinical control group

12.05

12.39

Chronological age & 
full scale IQ

No significant difference in number of 
correctly identified targets.

Brain & Bryson, 1996 CEFT Children with autism / 
PDDNOS
Typically developing children

19.5

11.8/
11.8

Two control groups, 
one matched for verbal 
mental age, the other 
matched for non-verbal 
mental age.

No significant difference between groups.

Jolliffe & Baron-Cohen 
1997

EFT Adults with autism 
Adults with AS 
Normal adults

30.71
27.22
30

Chronological age 
and full scale IQ

No difference in accuracy, but both clinical 
Groups significantly faster than normal 
adults. No difference between clinical 
groups

Ring et al., 1999 EFT Adults with autism or 
Asperger's 
Normal adults

26.3

25.5

Chronological age No significant difference in number of 
correctly identified targets.

Ropar & Mitchell 
2001

EFT Children with autism 
Children with AS 
Moderate Learning Difficulties 
Typically developing children 
Typically developing children

14 y, 2m
11 y, Im
12 y, 11m 
8 y, 6m 
lly , 3m

Verbal mental age Children with autism identified more targets 
and completed the task more quickly than 
Verbal age matched controls.

CA = Chronological Age
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Shah and Frith (1983) suggested that EFT performance in autism represents 

an ‘islet of ability’ in line with spared visuo-processing skills. This is supported 

by Ropar and Mitchell’s (2001) work which shows that children with autism 

identified more targets, and found them more quickly than their verbal age 

matched controls. However, neither the data from Ozonoff et al. (1991) or the data 

from Brian and Bryson (1996) support this, as the children with autism in their 

samples were no better at the EFT than the controls who were matched for verbal 

IQ, non-verbal IQ or full scale IQ. Joliffe and Baron-Cohen (1997) suggest that 

one possible reason why the study by Ozonoff et al. (and their argument can also 

be applied to the study by Brian and Bryson) failed to find group EFT differences 

is because the group of participants with autism also included children diagnosed 

with PDDNOS. An additional consideration is that both the study by Ozonoff et 

al., and the study by Brian and Bryson, included control participants with ages 

that ranged to 19 years 5 months and 18 years 8 months respectively, but they 

used the children’s version of the EFT (CEFT). The CEFT was originally 

normalised with children up to a maximum age of 12, and the manual suggests 

that “the optimal age for shift from the use of the CEFT {Children’s Embedded 

Figures Test} to the EFT (Embedded Figures Test} is somewhere between 10 and 

12 years in normal populations.” (Witkin et al., 1971). It is possible that 

participants in the control groups of Brian and Bryson’s and Ozonoff et al.’s 

studies who were older than 12 may have enhanced the performance of this group 

and masked any group differences which would have otherwise been present.

The following study compared the performance of children with autism with 

typically developing children who were matched for both chronological age and 

visuo-spatial skill as measured by RPM. In addition, all participants recruited for 

the study were under 13 years, and children with autism were individually 

matched with typically developing children both in terms of chronological age and 

non-verbal ability to ensure strict matching criteria. Non-verbal ability was chosen 

rather than verbal ability, as children with autism are generally known to have 

preserved visuo-spatial skills and poor language skills Joseph, Tager-Flushberg, & 

Lord, 2002. Therefore by comparing performance of children who are matched in 

terms of non-verbal ability rather than verbal ability, any advantage can be seen as 

a superior skill, which may represent weak central coherence, rather than simply 

reflecting spared visuo-spatial ability.
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3.3.2 Method

Participants

The same children (N = 50), as reported above took part in this task. 

Characteristics are presented on page 49.

Stimuli and Apparatus

The CEFT (Karp & Konstadt, 1963) consists of a 25 item task in which 

participants have to search for an embedded target object (the simple shape) a 

‘tent’ shape in items 1 -1 1  and a ‘house’ shape in items 12 -  25, within a more 

complex figure. The items were presented in two laminated cardboard booklets. 

Initially participants were presented with the cardboard cut out of the target figure 

to aid familiarisation of the target shape. Response times were recorded with a 

stopwatch.

Design and Procedure

Testing began with four discrimination trials (no data were collected) in 

which the participant simply had to identify the target simple figure from a choice 

of four similar shapes. They were encouraged to manipulate the cut-out shape and 

to place it over the correct drawing in the booklet in order to develop familiarity 

with the target shape. After these discrimination trials, the experimenter explained 

that the task was to try and find the target shape hidden within a different picture. 

There were 2 practice trials for the ‘tent’ condition, and 1 for the ‘house’ 

condition to demonstrate this. During the practice trials the child was allowed to 

retain the cut out shape, but once experimental trials began this was removed and 

kept out of sight. To avoid memory becoming a confounding factor however, the 

child was shown the cut out shape if they asked, and also if the child indicated 

they could not find it on one trial, it was shown and then removed before the next 

trial began. The child indicated the target hy drawing around it on the picture with 

their index finger. Contrary to the specifications of the manual, all items were 

administered to all children, regardless of their age or any failure rule. This was to 

ensure the most accurate results, as it has been suggested that the items are not 

presented in order of difficulty (Hardy, Eliot, & Burlingame, 1984).

As well as accuracy score response times were also recorded. Timing 

began when the complex figure was presented to the child and was stopped when
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the child first placed their finger on the page if it was in the correct place. The 

stopwatch was equipped with a split-time function so that when the child first put 

their finger on the page the display stopped but the timing didn’t. After placing 

their finger on the page if the child then correctly traced round the embedded 

figure the time was recorded, if however they traced incorrectly and then self 

corrected, the timer continued so that the second identification time could be 

recorded if it was followed by the correct tracing. A maximum time of one minute 

was allowed for each item. If the embedded figure was not found in this time the 

item was scored as incorrect.

3.3.3 Results

Group differences between the children with autism and the controls.

Two dependent variables were calculated from the raw data -  the total 

number of target figures correctly identified, out of a maximum of 25, and the 

mean time taken to correctly identify the figures, calculated as the mean reaction 

time of all the correctly identified targets. Figure 3.3 illustrates the spread of the 

scores in each group for both variables. The box plot illustrates the interquartile 

range (containing 50% of the values), the median (indicated by the line across the 

box), and the highest and lowest values excluding outliers (defined by SPSS as 

any value which fell between 1.5 and 3 box lengths from the lower or upper edge 

of the box), which are shown by open circles, and extreme values (defined by 

SPSS as any value which fell more then 3 box lengths from either the upper or 

lower edge of the box) which are shown by stars.
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Figure 3.3 The median and range of CEFT scores obtained by both groups.
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Table 3.5 presents the mean score and standard deviation o f each group for 

both variables. Both variables were normally distributed (Kolmogorov-Smimov p 

< 0.05), so parametric analyses were performed. A mixed plot MANOVA with a 

between subjects factor of group was used to analyse the data. This analysis 

revealed a main effect of group, (F(2, 47) = 3.43, p < .05), however the tests of 

between subjects effects revealed that this difference was driven by average 

correct response time (F (l, 48) = 4.52, p < .05), and that the difference between 

the number of targets identified by each group did not quite reach significance 

(F(l, 48) = 3.76, p = .058). However, MANOVA is particularly sensitive to 

outlying variables (Tabachnick & Fidel, 2001), so the MANOVA was repeated 

again after excluding the data from the two children (one with autism and one 

typically developing) who are indicated as outliers in figure 3.3. This analysis 

revealed an overall group difference (F(2, 45) = 5.93, p < .01), and significant 

group differences for both CEFT variables (number o f targets identified F ( l, 46) = 

5.23, p < .05, and average RT F (l, 46) = 8.25, p < .01).

The two children who were outliers in the data were also amongst the 

youngest in the sample (with ages of 8 years 6 months and 8 years 7 months), 

therefore additional analyses on the full data sample were performed which
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covaried for the effect of chronological age. Two univariate ANCOVAs showed 

that when the effect of chronological age was controlled for, the two groups 

(including outliers) were significantly different in terms of both CEFT variables 

(number of targets identified, F(l, 47) = 5.01, p < .05, average reaction time F(l, 

47) = 5.27, p < .05).

Table 3.5 The mean number of targets identified (max = 25) and mean time 

to identify the targets shown by each group.

Mean number of targets Mean reaction time (secs)

Autism 19.5 7.6

3.7 3.7

Range 1 2 -2 5 2.9-21 .1

Control 17.5 9.8

3.8 3.7

Range 8 -2 3 4 .5 -1 9 .5

Sex Differences in CEFT performance

A  MANOVA with gender as the group factor and the dependent variables 

as above was performed on the control children only. There was not a significant 

difference between performance of the male and female control children, F(2, 21) 

= 2.5, p > .1. (We also performed the analysis after removing the outlier. This did 

not yield a significant difference between male and female control children, F(2, 

20) = 2.0, p > .1.) Although, as table 3.6 shows there was a (non-significant) trend 

for the female children to take longer to identify the target than the male children. 

Sex differences in the group with autism were not analysed due to there being 

only one female child with autism in the sample.
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Table 3.6 The mean performance of the male and female control children.

Mean number of targets Mean reaction time (secs)

Male (N= 11) 17.6 8.1

4.4 2.7

Range 8 -2 3 4 .5 -11 .6

Female (N = 13) 17.5 11.2

3.4 3.9

Range 1 1 -21 7 .1 -19 .5

Individual differences within groups.

As above, the frequency with which scores obtained by each group 

occurred in each of the four quartiles of the data set as a whole was calculated. 

These are presented in table 3.7. The table shows that generally more children 

with autism than controls obtained scores in the upper quartiles, indicating 

superior performance, whereas more control children than children with autism 

obtain scores in the lower quartiles. There was no significant difference between 

these distributions in the autism group and the controls in either of the CEFT 

variables as measured by chi-square analysis (number of targets, (3) = 1.36, p > 

.1; average correct rt, (3) = 5.65, p > .1).
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Table 3.7 The frequency with which individual scores occurred in the four 

quartiles.

quartile 2" quartile 3"̂  ̂quartile 4‘ quartile

Score 8 -1 5

Number

1 6 -1 9

of targets 

20-21 2 2 -2 5

Autism (N = 26) 5 6 4 11

(19.2%) (23.1%) (15.4%) (42.3%)

Control (N = 24) 7 7 3 7

(29%) (29%) (13%) (29%)

RT (secs) 10.67-21.06

Average

8.12-10.66

RT 

6.66 — 8.11 2.98-6.65

Autism (N = 26) 4 5 8 9

(15.4%) (19.2%) (31%) (34.4%)

Control (N = 24) 8 8 5 3

(33%) (33%) (21%) (13%)

Although the two outliers in the data were amongst the youngest in the 

sample, it was not generally the case that the children with autism who obtained 

scores in the lowest quartiles for CEFT performance were the youngest children 

or the ones with the lowest non-verbal IQs. These children ranged from 8 years 

and 4 months to 11 years and 11 months, with RPM raw scores of 19 -  32 and 

non-verbal IQ’s of 82 -  104. Bivariate correlations showed that although there 

was a relationship between the number of embedded targets identified and 

chronological age (N = 50, r = .389, p < .01), this was driven by the typically 

developing children (N = 24, r = .687, p < .01) as the relationship was not 

significant in the children with autism (N = 26, r = .167, p > .1). There were no 

significant relationships between any of the CEFT variables and RPM raw score 

(RPM and number of embedded targets; N = 50, r = .256, p > .05; RPM and time 

to identify targets, N = 50, r -.096, p > .1).
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Following the analysis which investigated the number of children with 

autism who showed substantially different performance in the coherent motion 

detection task (i.e. they obtained scores which occurred in the highest 5% of the 

distribution as defined by the control children, see page 56), the following 

children with autism were also defined as showing different performance on the 

CEFT:

• Number correct, 4 children (15%)

• Average RT, 1 child (4%) (not included in the four above)

(No typically developing children obtained scores in this range.)

3.3.4 Discussion

The data shows that children with autism identified embedded figures more 

quickly and accurately than children without autism, even when the groups were 

closely matched on both chronological age and non-verbal ability. The fact that a 

difference in CEFT performance was seen in children with autism who were 

matched with typically developing children on both chronological age and non

verbal ability suggests that this superior performance reflects a superior skill i.e. 

weak central coherence, rather than the sparing of visuo-spatial ability which 

characterises the disorder. The data also shows, that although there was a group 

difference between the children with autism and the typically developing children, 

it was not the ease that all the children with autism were particularly good at the 

CEFT. In fact, the overlap between raw scores was large. This suggests that 

although some children with autism have weak central coherence, others display 

coherence which is no different to that of typically developing children. A

proportion of children with autism obtained scores which occurred in the

quartile (poorest performance) of the distribution, indicating stronger central 

coherence. 19.2% of the children with autism only identified between 8 and 15 

targets (out of 25, i.e. quartile), and 15.4% of them had an average time of 

between 10.7 and 21 seconds (1®̂ quartile) to identify each target. Although this is 

less than the percentage of typically developing children who obtained scores in 

the quartile, it supports the point raised by Ropar and Mitchell (2001) and 

outlined in chapter one of this thesis, that individual differences occur in the range 

of central coherence in autism. In this data set, more children with autism than
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controls obtained scores which are at the weaker end of this continuum, but the 

performance of the group as a whole does not suggests that there is anything 

qualitatively different about central coherence. The quartile distribution of the two 

groups illustrates that in this sample, both the children with and without autism 

show individual differences in weak central coherence. However, more children 

with autism cluster at the ‘weaker’ end of the spectrum, and in comparison, more 

typically developing children cluster at the ‘stronger’ end. The spread of results in 

this data is very similar to the motion coherence data presented above, which 

raises the question of whether there is any relationship between weak central 

coherence as indexed by the EFT, and coherent motion detection as measured by 

the random dot kinematograms. Given that both of the tasks show variation in 

autism, and that neither a description of ‘high motion coherence threshold’ or 

‘weak central coherence’ adequately describes all children with autism sampled in 

this study, it may be the case that a relationship exists between the variables, as 

has been predicted in chapters one and two. This question will addressed in 

section 3.5 of this thesis.

3.4 Study 3. The Navon task

3.4.1 Introduction

The Navon task has previously been used with children with autism to test 

the prediction that these children will show a local bias rather than a global bias in 

the processing of this task (Mottron & Belleville, 1993; Mottron, Burack et al., 

1999; Ozonoff et al., 1994; Plaisted et al., 1999; Rinehart et al., 2000). However, 

the results to date have been contradictory. As outlined in chapter one (and see 

table 4.1), the five studies which have used the Navon task to study global / local 

bias in children with autism have generated somewhat contradictory findings. The 

task is very sensitive to methodological variation, and a full review of this will be 

presented in chapter four. However, the initial purpose of using the Navon task in 

this study was to provide a measure of global / local bias with which to correlate 

with coherent motion detection, in order to test the hypothesis that global / local 

processing will be related to MCTs. The methodology for this task was derived 

from the divided attention study reported by Plaisted et al., (1999) as this study at 

the time provided the clearest demonstration of a lack of global bias in children 

with autism.
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3.4.2 Method

Participants

Due to time constraints in one school, and three children with autism 

failing to complete the task, only 16 out of the 26 children with autism generated 

analysable data. Therefore we collected data from only 16 out of the 24 typically 

developing children. Characteristics of the new sample are presented below. 

Independent samples t-tests showed that there was no significant differences 

between the groups in any of these measures (all p > 0.05).

Table 3.8 Group characteristics of the children who performed the Navon 

task

Chronological age 

(years : months)

RPM raw score Non-verbal IQ

Autism (N = 16)

Mean 10 :6 29.7 90.3

1 :5 10.8

Range 8 : 7 -  12 : 11 1 3 -4 3 7 4 -1 1 0

Control (N = 16)

Mean 10 : 5 29.4 89.7

1 : 5 9.0 726

Range 8 : 6 - 1 2 :  10 1 1 -4 7 7 1 -1 1 7

Stimuli and Apparatus

The stimuli in this study are the same as those originally used in the divided 

attention condition by Plaisted, Swettenham and Rees, (1999). The stimuli 

consisted of 6 hierarchical figures consisting of the letters A, H, X and K. The 

stimuli presented in Figure 3.4.
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Figure 3.4 The stimuli used in the divided attention Navon study.

AAAA H HHH AA AA
AA AA HH HH AA AA

A A  AA HH  H H AA AA
AA AA HH H H AA AA

A A A A A A A A A A A A H H H H H H H H H H H H A A A A A A A A A A A A
A A A A A A A A A A A A H H H H H H H H H H H H A A A A A A A A A A A A
AA AA H H HH AA AA
AA AA H H HH AA AA
AA AA H H  HH AA AA
AA AA HH  HH AA AA

C o m p a t i b l e G l o b a l Loca l

X X  XX KK KK X X  X X X
X X  X X KK K K X X  X X X

X X  X X K K KK X X  X X X
X X  XX KK KK X X  X X X

x x x x KK KK x x x x
x x x x KK KK x x x x

X X  XX KK KK X X  X X X
X X  X X K K  K K X X  X X X

X X  X X KK K K X X  X X X
X X  XX KK KK X X  X X X

The participant’s task was to identify whether a letter A was present in the 

stimulus. Therefore, when the target is present, stimulus 1 is termed ‘compatible’ 

(A is present at both the global and local level [A a ] )  stimulus 2 is termed ‘global’ 

(A is present only at the global le v e l[A H ])  and stimulus 3 is termed ‘local’ (A is 

present only at the local level [H a ]) . Stimuli were presented on a Dell Latitude 

laptop computer with a screen measuring 248mm x 188mm. Participant’s viewing 

distance from the screen was 40 cm and this was maintained by a chin rest. At this 

distance the stimuli subtended 5.6° x 8.6° at the global level and 0.4° x 0.6° at the 

local level. Participants indicated their response by pressing one of two keys on 

the key board, the ‘z’ key to indicate that the target was present and the ‘m ’ key to 

indicate that the target was absent.

Design and Procedure

The task had a repeated measures design with one between subjects factor 

and two within subjects factors, resulting in a 2 (group: autism or control) x 2

70



(target: present or absent) x 3 (stimulus: compatible, global or local) design. The 

experiment comprised 12 blocks each containing 24 trials. The 6 different types of 

stimuli were presented randomly but equiprobably so that each stimulus appeared 

4 times per block. Therefore, each participant responded to 288 stimuli in the 

testing session as illustrated in figure 3.5 below.

Figure 3.5 A schematic illustration of the composition of trials in the Navon 

task.

/
48 trials

T arget Present

48 trials

28 8  Trials

144 trials

48 trials

144 trials

T arget A b sen t

/
48 trials 48 trials 48 trials

“G lob a l’ “L o ca l’C om patible"

Participants performed two blocks of 24 trials as practice. These blocks 

were identical to the experimental blocks but no data were collected from them. If 

the experimenter was confident that the children understood the task and the 

practice trials had been completed successfully, the experimental trials began. 

Following Plaisted et al., (1999) after an inter-trial interval of 500 msec, the 

stimulus appeared in the centre of the screen for 1000 msec. The inter-trial 

interval began after the participant made their response. However if the response 

was longer than 3000 msec, an error message appeared which said ‘Timed Out’. 

This was to encourage participants to pay attention and to respond quickly, these 

trials were later excluded from the analysis. No participant consistently failed to 

respond within 3000 msec. To encourage accuracy a feedback tone was presented 

when errors were made. Participants were given the opportunity to rest briefly 

between blocks to maintain concentration on trials.
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3.4.3 Results

Raw data were screened for any response times which were over 3000 

msec as this was considered to indicate a lapse of attention from the task and 

represent unreliable data. Any reaction times found to be over 3000 msec were 

removed from the data set prior to further analysis. This resulted in removing 270 

trials (2.9% of the responses), 178 trials for the group with autism and 92 for the 

typically developing children. In both groups these trials were evenly spread 

between the 6 stimulus types.

The number of incorrect responses made by each individual to the 6 

different stimuli was then calculated, and each individual’s mean reaction time 

(on correctly identified trials) to each of the 6 stimuli was also calculated. The 

data from one child with autism was excluded from further analysis, as this child’s 

error percentage was very high (> 50% for each stimulus type) indicating they 

were performing at chance, and reducing the integrity of their reaction time 

measure.

In this data, a global bias would be indicated if participants are faster to 

identify the target (or make less errors) when it appears at the global level. A local 

bias would be indicated if participants are faster to identify the target (or make 

less errors) when it appears at the local level. No difference was expected between 

the levels for target absent conditions because although the letter X appeared at all 

three levels, this letter was never a target, so did not take on global or local 

salience. Target present and target absent trials were therefore entered, separately 

into a mixed repeated measures ANOVA with a 2 (group) x 3 (stimulus) design.

Analysis o f Error Data 

Target Absent Trials

As predicted, no significant differences were seen between the amount of 

errors made to the different stimulus types when the target was absent, F(2, 58) < 

1, p > .1. In addition, there was no difference between the groups, F (l, 29) = 1.99, 

p > .5, indicating that both groups made a similar amount of errors, nor was there 

a significant interaction between group and stimulus, F(2, 58) = 1.47, p > .1.
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Target Present Trials

The data did not meet assumptions of sphericity, so Greenhouse -  Geisser 

correction was applied where necessary. The analysis did not reveal a main effect 

of group, F(l,29) = 2.6, p > .1, indicating that overall error rates were equivalent 

in each group. There was a main effect of stimulus type, F(1.2, 35.4) = 5.7, p < 

.05, which did not interact with group, F(1.2, 35.4) <1, p >1. Simple contrasts 

revealed that the difference between the stimulus types occurred between both the 

global trials and the compatible trials, F(l, 29) = 11.1, p < .01, and between the 

local trials and the compatible trials, F(l, 29) = 10.2, p < .01. There was no 

difference between the global and local trials F(l, 29) = 1.81, p > .1. This reflects 

a ‘compatibility effect’ -  less errors were made when the target was compatible 

(i.e. stimulus appeared on both levels), but there was no difference between the 

amount of errors made at the global and local levels, i.e. neither group showed 

either a global or a local bias.

The mean percentage of errors obtained for both groups across all 

conditions are presented in table 3.9 below, and figure 3.6 shows the mean error 

rate for each group in each of the stimulus conditions.

Table 3.9 The percentage of errors made by each group to the six stimuli.

Present
Compat
( A a)

Present
Global
(A h)

Present
Local
(H a )

Absent
(Xx)

Absent
(X x)

Absent
(Kx)

Autism 15% 26.7% 33.6% 13.2% 12.9% 14.9%

73.6 21.7 14.7 13.0 73.6

Control 7.4% 14.7% 25.5% 5.5% 7.8% 6.5%

S.d. &0 15.3 327 5.9 5.3 5.4
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Figure 3.6 A graph illustrating the percentage of errors made by both 

groups. Error bars represent one standard error.
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Analysis o f  Reaction Time Data.

Target Absent Data

As above, there were no significant differences between the different 

stimulus types when the target was absent, F(2, 58) < 1, p > .1. In addition, there 

was no difference between the groups, F (l, 29) < 1, p > .1, nor was there a 

significant interaction between group and stimulus, F(2, 58) < 1, p > .1.

Target Present Data

The data did not meet assumptions of sphericity, so Greenhouse -  Geisser 

correction was applied where necessary. Again, there was no significant 

difference between the groups, F (l, 29) < 1, p > .1, indicating that the children 

with autism and the typically developing children had similar response times. As 

with the error data there was a main effect of stimulus type F(1.46, 43.4) = 5.92, p 

< .05, which did not interact with group F(1.46, 43.4) < 1, p > .1. Again, simple 

contrasts revealed that this difference was driven by a compatibility effect 

(difference between global and compatible stimuli F (l, 29) = 11.82, p < .01;
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difference between local and compatible stimuli F (l, 29) = 9.54, p < .01), as there 

was no difference in reaction time when the target appeared at the global level 

than when it appeared at the local level, F (l, 29) <1, p > . 1 .That is, neither group 

showed either a global or a local bias. Table 3.10 and figure 3.7 show the mean 

reaction times (in msec) obtained by both groups across all conditions.

Table 3.10 The mean reaction time of both groups to the six stimuli.

Present
Compat
(Aa)

Present
Global
(/In)

Present
Local
(HA)

Absent
C%x)

Absent
(X%)

Absent
(Kx)

Autism 965.2 10015 1046.5 1023.2 1010.7 1001.7

S . d 2P16 311# 3625 36 1 6 370.3

Control 8615 940^ 9303 91433 950.8 943.5

231# 2512 37Ü2 27^7 25 2 2 2#&0

Figure 3.7 A graph illustrating the mean reaction time of both groups. Error 

bars represent one standard error.
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3.4.4 Discussion

This study failed to replicate the findings reported by Plaisted et ah, (1999) 

as neither group of children showed either a global or local bias. Reasons for this 

difference of results are not clear. The methodology of the two studies was the 

same, and the mean age and RPM raw score of the groups in the different studies 

was also very similar. This difference of results could simply reflect a difference 

in sampling. However, one problem with the study was identified; the study was 

designed such that the response was to press one key when the target (letter A) 

was present, and the other key when the target (letter A) was not present. A brief 

re-cap of the stimuli used (see figure 3.4, page 70) illustrates that apart from 

engaging a serial search for the target A, there is another strategy which could be 

employed to yield correct responses. Given that the only time letter H appears, is 

when it accompanies the target letter A, the task could therefore be reduced to 

press one key when either A or H  is present and another key when either X  or K  is 

present. This therefore negates the need to process at either the global or the local 

level, as the task can be successfully performed this way by attending only to one 

level. We don’t think that most children deduced this immediately (the 

experimenter did not notice it until a child with autism pointed it out to her after 

completing the task!), but given the large number of trials (288) and the audio

feedback it is possible that some children may have adopted this processing 

strategy as a matter of learning (either explicit or implicit) during the task. If 

children were adopting this strategy we would expect the results to show no 

differentiation between the trials. Although initial analysis did reveal a 

compatibility effect in the target present trials only, when the effect of either 

chronological age or RPM raw score was partialled out, this effect disappeared 

and there was no statistical difference in terms of either the number of errors made 

or the reaction time between the stimuli. This strengthens the suggestion that even 

when the target was present, the stimuli were not being processed in terms of the 

level at which the target appeared. This potential confound therefore renders the 

data unreliable.

Investigation of the literature generated by the Navon task in non-autistic 

observers also reveals that this effect is very sensitive to general methodological 

constraints (Kimchi, 1992). The extent of this investigation is too vast to include 

in this chapter, however it was felt a thorough understanding of the literature
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concerning the global precedence effect in typical observers was necessary before 

attempting to understand it in autism. Chapter four is devoted to this investigation, 

and attempts to develop a new hierarchical figures study, which avoids the 

confound of the previous study, and which is suitable for use with children with 

autism.

3.5 Part two. Is there a relationship between motion processing and central

coherence?

The results of both the motion coherence task and the CEFT show that 

although mean differences between the children with autism and controls can be 

demonstrated, it is the case that performance on both tasks varies along a 

continuum, with some, but not all, children with autism obtaining scores which 

represent poor motion detection ability and weak central coherence. The next part 

of this chapter attempts to answer the question of what factors contribute to this 

variability in children with autism and whether there is a relationship between 

coherent motion detection and performance of the CEFT.

Gepner (2003) has predicted that severity of autism may be related to 

motion coherence detection, as he found that children with the most severe 

symptoms were the least posturally reactive in response to visual motion. He also 

suggests that the children diagnosed with Asperger’s syndrome will have lower 

MCTs than children diagnosed with autism. A similar argument may apply to 

performance on the CEFT -  children with the most severe autistic symptoms may 

be the ones who have the weakest central coherence. This will be investigated in 

the following section of the chapter, as analyses will be performed which assess 

whether performance on these tasks can predict diagnosis of either autism or 

Asperger’s syndrome, and whether task performance is related to severity of 

autistic symptoms as measured by a parental questionnaire (Berument, Rutter, 

Lord, Pickles, & Bailey, 1999).

However, the central theme of this section is to address whether there is a 

relationship between motion processing and central coherence as predicted in 

chapters one and two. Evidence which suggests that the magnocellular system 

plays an important role in mediating the global precedence effect of the Navon 

task (Hughes et ah, 1996; Michimata et al., 1999) has been discussed in chapter

77



two. However, there is no direct evidence that suggests the magnocellular system 

may have a role to play in identifying embedded figures. Indirect support, at least 

for the role of the dorsal stream in embedded figures processing in autism, comes 

from one recent study which shows that people with autism use different areas of 

the brain to process embedded figures than people without autism (Ring et al., 

1999). This study used fMRI to investigate the neural correlates underlying 

performance of the EFT in a group of adults with autism and a group of control 

participants. Although behavioural data did not elucidate a difference between the 

performance of these two groups, they showed different patterns of brain area 

activation during the task. The control participants activated parietal and frontal 

regions (Brodmann areas 7, 9 & 44) more than the participants with autism, who 

conversely showed increased activation in temporal and occipital areas (areas, 17, 

18, 19 & 37). As has been noted in chapters one and two, the magnocellular 

pathway feeds predominantly to the dorsal visual processing stream, which 

terminates in the posterior parietal cortex (areas 7 & 9). The finding therefore that 

parietal regions are less activated in participants with autism than in controls when 

performing the EFT, suggests that this area of the brain is not engaged in the same 

way during the EFT in autism, and that other brain areas (notably temporal and 

occipital regions) are recruited for the task. It is unclear whether this arises 

because of a general parietal abnormality in autism as has been suggested by 

Courchesne et al. (1993), or whether this represents a specific strategy for 

perceptual tasks of the nature of the EFT. The hypothesis of this thesis predicts 

that the reason for enhanced EFT performance is a deficit of magnocellular 

processing. The reduced activity of the parietal lobe, which is the site of 

termination from the majority of M-pathway afferants, when people with autism 

perform this task may therefore lend support to this prediction.

3.5.1 Method

Participants, stimuli and apparatus of the experimental tasks have been 

described earlier in this chapter. This section reports data on a further analysis 

which was performed to assess the degree of relationship between motion 

coherence detection and performance on the CEFT. Although the intention was 

also to compare performance on these tasks with degree of global / local bias in
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the Navon task. This analysis is not presented, as data from this task is deemed 

unreliable due to the methodological confound described above.

Other correlates

We also gained information about the child’s symptomatology in order to 

correlate this with motion processing and central coherence. We sent the Autism 

Screening Questionnaire (ASQ) (Current) (Berument et al., 1999) to the parents / 

caregivers of each child with autism who participated in the study. The ASQ is a 

short screening questionnaire that is based on the Autism Diagnostic Interview 

(Le Couteur et al., 1989; Lord, Rutter, & Le Couteur, 1994). The questionnaire 

consists of 39 items for which a yes or no answer is required for example “Does 

he/she ever say the same thing over and over in exactly the same way, or insist on 

you saying the same things over and over again?” and “Does she/he ever have 

any mannerisms or odd ways o f moving her/his hands or fingers, such as flapping 

or moving her/his fingers in front o f her/his eyes The items can be divided into 

three categories which measure different constructs of autistic symptomatology: 

communication, socialisation and repetitive behaviour. We received completed 

questionnaires from 14 of the parents of children with autism who participated in 

the study.

3.5.2 Results and Discussion

The ASQ

Each item was scored as either 1 or 0, a score of 1 represented a 

characteristic commensurate with a diagnosis of autism, and a score of 0 reflected 

lack of this characteristic. The number of points obtained in each of the three 

categories was also calculated, and the percentage (out of the maximum number 

of points available in each category) was also calculated and is presented in table 

3.11.
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Table 3.11 Mean scores from ASQ

N =  14 Total score Communication Socialisation Rep. Behav.

Mean 50% 52% 35% 60%

6'.D. 13 22 16 18

Range 23 -  69% 15-92% 7 -5 7 % 30 -  80%

To address the issue of whether weak central coherence, or poor coherent 

motion detection were related to the degree of severity of autism, or the diagnosis 

of autism or Asperger’s syndrome, two analyses were performed: a correlation of 

motion coherence threshold and CEFT performance with ASQ score; and a 

logistic regression to investigate whether diagnosis (autism or Asperger’s 

syndrome) can be predicted from motion coherence thresholds or CEFT 

performance.

Correlation between MCT, CEFT and severity o f autism symptoms.

Bi-variate and partial (controlling for the effect of age and non-verbal 

ability) correlations were performed to test for any relationship between the 

experimental variables and the ASQ score. No significant relationships were 

found between any of the experimental variables and either the total ASQ score or 

any of the ASQ sub-categories (all p-values > .1).

Forced entry logistic regression was performed to assess the prediction of 

diagnosis (autism or Asperger’s syndrome) from performance on either coherent 

motion detection and / or EFT. The analysis demonstrated that none of the 

variables significantly predicted group membership, either together, ' f  - (3) = 1.9, p

> .1, or separately, MCT, Wald = .09, p > .1, CEFT number correct, Wald = .66, p

> .1, CEFT average RT, Wald = 1.4, p > .1. Additionally, independent samples t- 

tests illustrated no group differences between those children diagnosed with 

autism and those with Asperger’s syndrome for the CEFT variables and motion 

coherence threshold (all t < 1, all p > .1).

These analyses suggest therefore that performance of these tasks is not 

related to severity of autism symptoms, nor to diagnosis of either autism or 

Asperger’s syndrome.
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Relationship between coherent motion processing and central coherence.

To measure the degree of association between coherent motion detection, 

CEFT performance and global / local bias, parametric partial correlations were 

performed, controlling for the effect of chronological age and non-verbal ability 

(RPM raw score). Prior to the analysis we predicted that the children who were 

poor at motion detection would be the children who were good at the CEFT, 

therefore one-tailed significance levels were applied. Poor motion detection is 

indicated by high MCTs, and good motion detection is indicated by low MCTs. 

This prediction would be upheld by a positive correlation between MCT and the 

number of embedded targets identified, and a negative relationship between MCT 

and average RT to identify the targets. The correlation matrix of these variables is 

presented below.

Table 3.12 Correlation matrix showing the relationship between motion 

coherence thresholds and performance on the CEFT in the whole sample.

N = 50 MCT Number of Targets Reaction time

MCT —

Number of Targets .313* —

Reaction time >.319* -.164 —

* = p < 0.05, one-tailed

Equivalent correlations were also carried out on each group individually. The 

correlation matrices are presented below.
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Table 3.13 Correlation matrices showing the relationship between motion 

coherence thresholds and performance on the CEFT in the groups 

separately.

Autism N = 26 MCT Number of Targets Reaction time

MCT —

Number of Targets .388* —

Reaction time -.312 -.398* —

Control N = 24

MCT —

Number of Targets .102 —

Reaction time -.143 .329 —
* —= p < 0.05, one-tailed

The analyses show that, as predicted there is a relationship between MCT 

and CEFT performance in the predicted direction. However this relationship is 

only significant in the children with autism. Figure 3.8 illustrates the relationship 

between MCT and number of targets identified and between MCT and CEFT RT 

in both groups of children.
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Figure 3.8 Scatter plots showing motion coherence threshold (y axis) and 

CEFT performance (x axes).
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In the results sections of the motion detection task and the CEFT, the 

number of children who showed substantially different performance (defined as 

scores which occurred in the upper 5% of the control distribution) on each of the 

task was calculated. 8 children with autism had MCTs which occurred in the 

highest 5% of the control distribution (indicating poor motion detection) and 5 

children with autism had scores on the CEFT which occurred in the highest 5% of 

the control distribution (indicating superior performance). The hypothesis 

presented in this thesis predicts that the children who were defined as having 

substantially different perfonnance on the motion task might also be the ones who 

show different performance on the CEFT. Figure 3.9 demonstrates the number of 

children who were defined as showing substantially different performance on the 

tasks and illustrates how they over-lapped.

Figure 3.9 A Venn diagram to show the number of children with autism who 

were defined as showing different performance as compared to controls.

MCT

Average RT

Although two children showed superior performance in terms of the number of 

targets they identified, without obtaining MCTs which occurred above the upper 

5% of the control distribution, these children both obtained MCT’s which were 

higher than the control mean.
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3.5.3 General discussion

The data in this study has shown that some children with autism have 

increased MCTs and show superior CEFT performance as compared to typically 

developing matched controls. Correlation analysis illustrated that CEFT 

performance in the group of children with autism was related to coherent motion 

detection in the expected direction: children who were poor at detecting coherent 

motion were good at detecting the target embedded figure. This is reflected by a 

significant positive correlation between motion coherence threshold and number 

of correctly identified targets, and by the (non-significant) negative correlation 

between motion coherence threshold and CEFT reaction time. This relationship 

did not simply reflect the fact that some of the children with autism were poor at 

all tasks. Instead the relationships were driven by children who were poor at one 

task (coherent motion detection) and good at another (CEFT). This is important as 

it suggests that the relationship is not simply a product of generally poor 

performance. However, the Venn diagram above shows that it is not always the 

same children who were outliers on the motion task who were also outliers on the 

EFT. Out of the 8 children who were classified as outliers on the motion detection 

task, and the 5 children who were classified as outliers on the CEFT, only 3 of 

those children were outliers on both.

There was no relationship between MCTs and CEFT performance in the 

children without autism. In essence, the prediction that children with a high 

motion coherence threshold will perform well at the CEFT can be applied to all 

children and not just children with autism, therefore we also expected a 

relationship between the variables in this group of children too. However, the 

relationship was in the right direction in these children even though it didn’t reach 

significance. Also, the range of performance in the typically developing children 

was less, which may make the correlation more conservative.

No relationship was seen between severity of autism symptoms (as 

measured by the ASQ) and MCT or performance on the CEFT. This could be 

because ASQ data for only 14 children was available rendering correlation 

analysis less powerful. However there was no discrimination in performance 

between the children with autism and those with Asperger’s syndrome, indicating 

that ‘degree of autism’ is not a factor which is related to how weak central
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coherence is, or whether or not the child displays a deficit in coherent motion 

detection.

While the data supports the hypothesis that weak central coherence could 

be underpinned by the magnocellular pathway, there is an additional position that 

must also be considered. The motion detection task involves detecting apparent 

motion, i.e. the appearance of motion generated by the integration of local motion 

signals over space and time (Talcott, Hansen, Assoku, & Stein, 2000). It could be 

argued, that the ability to draw together the local motion signals into a perception 

of global motion requires a skill akin to central coherence. Therefore, if children 

with autism are poor at detecting coherent motion, this could be due to their weak 

central coherence, or inability to integrate local motion signals into a global 

signal, and not the integrity of their magnocellular systems. This position would 

also predict that there would be a relationship between coherent motion detection 

and embedded figures, but the rationale for this prediction would be based in 

central coherence, rather than in the role of the magnocellular system in mediating 

low-spatial frequencies and global aspects of the visual scene. The data presented 

here does not allow for these two separate predictions to be dissociated. However, 

this point will be addressed again in chapter five with an additional task which 

aims to differentiate the two positions.
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4 Chapter four. The Navon task -  revisited.

4.1 Introduction

The Navon task was used in chapter three to provide a measure of global / 

local processing with which to compare to coherent motion detection, in order to 

test the hypothesis that visual weak central coherence is underpinned by the 

magnocellular system. The data reported in chapter three however did not

replicate the results of the study on which it was modelled, and a previously

unrecognised flaw in the stimulus design made it difficult to draw conclusions 

about the degree of global / local processing exhibited by the children in the study. 

This chapter presents an alternative task with which to re-test the hypothesis. 

However, in designing this task the literature opened up further questions and 

problems. Therefore in addition, this chapter will present an attempt to reconcile 

the literature surrounding the Navon task as a perceptual phenomenon of the 

human visual system with the literature on local / global processing in autism.

The Global Precedence Effect (GPB) is a well researched and complicated 

phenomenon, and it is important to understand the conclusions drawn from 

research of the effect in the typical population before drawing conclusions about 

autism from the paradigm. Unfortunately the literature is vast and not easy to 

navigate as it seems that different authors have developed different definitions and 

explanations for the terms and techniques used to measure the effect. Therefore 

the first part of this chapter will attempt to clearly summarise, and explain the 

logic behind, the key terms and concepts of the research. These terms and

definitions will act as benchmarks throughout the rest of the chapter and the

thesis. The literature review will then consider the research on the underlying 

cause of the GPE and the predictions this may make about performance in autism, 

before describing the changes made to the paradigm used in chapter three.

4.1.1 Clarification of Terms

Advantage and Interference Effects

The Navon task requires participants to detect a target at either the global 

level or the local level of a hierarchical stimulus such as those shown in figures

4.1 and 4.2. Typical results from this paradigm are; targets at the global level are 

detected more rapidly and more accurately than targets appearing at the local level

87



(the global advantage effect), and distracting letters at the global level interfere 

with the processing of letters at the local level but distracting letters at the local 

level do not interfere with processing at the global level (the global interference 

effect). The global advantage effect and global interference effect constitute what 

has been termed the global precedence ejfect (GPE). Although it was initially 

assumed that the advantage and interference effects reflected the same process 

(Navon, 1977), recent data has shown that these effects can be dissociated. For 

example, global advantage and interference effects can be independently reduced 

or eliminated in patients who have selective brain damage (Lamb & Robertson, 

1989; M.R. Lamb & E.W. Yund, 1996). Also, work with non-brain damaged 

participants has shown that large changes in global advantage can occur without a 

corresponding change in interference (Lamb & Robertson, 1989). Additionally, as 

the review presented in this chapter will show, the occurrence of advantage and 

interference effects may be dissociated in autism. Therefore it is important to 

consider the global advantage effect and global interference effect as two separate 

phenomena, whieh will be the approach taken in the rest of this thesis.

Selective and Divided Attention: Two different paradigms.

The original study designed by Navon (1977) involved instructing 

participants to attend to either the global or local level of a hierarchical stimulus, 

and to identify the letter at that particular level as one of two possible targets. 

This paradigm has become known as the selective attention paradigm, as 

attention is focussed at one particular level. The divided attention paradigm is a 

modification of the task in which participants are not told to focus attention on 

any particular level, but are instructed to detect the presence of a target which can 

occur at either the global or local level. The task used in chapter three was an 

example of a divided attention paradigm.

Within these paradigms the letter combinations can be manipulated to 

create different types of stimuli. In the selective attention paradigm, hierarchical 

figures are described as ‘compatible’ - when the letter is the same at both the 

attended and the non-attended level; ‘incompatible’ -  when the letter at the 

attended level is different from that at the non-attended level and the letter at the 

non-attended level is also a target (thereby causing interference to target



identification at the desired level); or ‘neutral’ -  when the letter at the attended 

level is different from that at the non-attended level, but the letter at the non- 

attended level is not a target. See figure 4.1 for an illustration of typical stimuli in 

a selective attention paradigm. In the divided attention paradigm the figures are 

described as ‘compatible’ -  when the target is present at both the global and the 

local levels; ‘incompatible global’ -  when the target is present only at the global 

level; or incompatible local’ -  when the target is present only at the local level. 

See figure 4.2 for an illustration of typical stimuli in a divided attention paradigm.

Figure 4.1 The typical stimuli used in selective attention paradigms. 

Participant must identify the target (‘H’ or ‘S’) at the designated level (local 

or global).
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Figure 4.2 The typical stimuli used in divided attention paradigms. 

Participant must identify the target ( FF) at either level.
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4.1.2 How are global advantage and global interference effects measured?

Selective Attention Paradigm

In the selective attention paradigm, global advantage is indicated by a 

significant difference in favour of global processing (in response time and / or 

accuracy) when attention is directed at the global level than when it is directed at 

the local level. This can be seen in a main effect of target level after ANOVA 

analysis, or between processing speed (rt) and / or accuracy (error rate), in favour 

of the global level, when the stimulus is neutral. The difference between global 

and local levels when the stimulus is neutral is the most accurate way of 

measuring global advantage effects. The main effect analysis may bide a global 

advantage, as it includes stimuli which are compatible (i.e. the same letter is 

present at both levels), or may confound advantage and interference effects as it 

includes stimuli which are incompatible. The global interference effect is seen by 

a significant difference (in reaction time and / or accuracy) between the neutral 

and incompatible stimuli when attending to the local level, with no significant 

difference between the neutral and incompatible stimuli when attending to the 

global level (i.e. an interaction in ANOVA analysis between level (global or local) 

and stimulus type). Global interference is sometimes referred to as asymmetric 

interference as it occurs from one level (global) but not the other (local). A 

schematic illustration of a global advantage and a global interference effect in the 

results of a selective attention paradigm is illustrated in figure 4.3.
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Figure 4.3 A schematic illustration of the global advantage and interference

effects in a selective attention paradigm.
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Divided Attention Paradigm

In a divided attention paradigm such as the type used in chapter three, it is 

difficult to isolate the effects of advantage and interference. Plaisted et al. (1999) 

define global advantage as when responses to global incompatible targets are as 

fast or as accurate as responses to compatible trials, and global interference as 

when responses to local incompatible targets are slower or less accurate than 

responses to global incompatible trials. However, slower responses to local 

incompatible targets could also reflect interference from the non-target global 

level. Similarly, equivalent response speeds to compatible and global 

incompatible targets could reflect a lack of interference from the local level. 

Therefore, this task can show global precedence, but this can not clearly be 

defined as either advantage or interference. A schematic illustration o f this effect 

is shown in figure 4.4.
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Figure 4.4 A schematic illustration of global precedence in a divided attention

paradigm.
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An alternative paradigm has been developed, which can isolate advantage 

and interference effects when attention is divided between the two levels. This has 

been achieved by creating stimuli in which target letters and distractor letters are 

similar or dissimilar in form (Lamb & Robertson, 1989). It has been shown that a 

distractor letter, which is similar in form to a target letter, interferes more than a 

distractor letter which is dissimilar in form. For example, the letters A and H are 

considered to be morphologically similar, as are E and S, whereas A and E or H 

and S are not considered to be similar. So by systematically pairing these letters, 

some distracters will be similar to the targets while others will be different. In this 

way, the degree to which the two levels interfere with each other can be measured 

by the interaction between target and distracter letters. The hypothesis in terms of 

a global interference effect is that target and distracter letters which are similar 

will show more interference, but only when the target appears at the local level 

(Lamb & Robertson, 1989). A schematic illustration of this effect is shown in 

figure 4.5.
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Figure 4.5 A schematic illustration of the global advantage and interference 

effects in a divided attention paradigm when target and distracter letters are 

either similar or dissimilar.
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4.1.3 What causes the global advantage and interference effects?

There is current debate in the literature as to the respective contributions of 

perceptual and attentional mechanisms in producing global precedence, and the 

degree to which advantage and interference mechanisms are separable. In general, 

both global advantage and interference effects have proven to be very susceptible 

to slight changes in methodology, such as, stimulus size (Kinchla & Wolfe, 1979), 

luminance (Hughes, Layton, Baird, & Lester, 1984; Lovegrove & Pepper, 1994), 

retinal position (M.R. Lamb & E.W. Yund, 1996; Pomerantz, 1983), and 

exposure duration (Paquet & Merikle, 1984). This has led some to claim that 

global precedence is mediated by perceptual mechanisms. However, global 

precedence can also be modified by changing the attentional demands of the task. 

For example, Kinchla, Solis-Macias, & Hoffman, (1983) manipulated the 

probability of the target occurring at either the global or local level, and found that 

target detection was superior at whichever level the target was more likely to 

appear at, regardless of whether this was the global or the local level. In addition, 

the processing of either level of hierarchical figure has been shown to be faster if
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the preceding target also appeared at that level (Ward, 1982), suggesting that the 

global advantage effect at least, is susceptible to priming. This discussion is not 

yet resolved in the literature, although many now take the position that an 

interaction of both perceptual and attentional mechanisms give rise to global 

precedence (Lamb & Robertson, 1988 Heinze, Hinrichs, Scholz, Burchert, & 

Mangun, 1998), but that the actual root of the phenomenon lies with the visual 

system. Using very brief, sub-threshold stimulus exposure duration, it has been 

shown that the global aspect of non-attended figures is categorized regardless of 

whether attention was directed to the global or local level, and even if the figure is 

not consciously identified (Paquet & Merikle, 1988). This study therefore 

suggests that mandatory global processing, at least to the level of stimulus 

categorization takes place during pre-attentive perceptual processing and that 

global precedence has a perceptual basis.

The Navon task has received a lot of attention in this thesis. This is 

because not only has it been used to investigate global and local processing in 

autism, it has also been used in perception literature to elucidate the role of low 

spatial frequencies and the magnocellular system in mediating global bias. The 

current model of the perceptual mechanisms which underlie global advantage, and 

possibly interference effects, lies in the spatial and temporal frequency trade off 

which is characteristic of the primate visual system. More specifically, it is 

suggested that the global aspect of the stimulus is composed of lower spatial 

frequencies than the local aspect. Lower spatial frequencies are transmitted to the 

cortex, mainly by the magnocellular system, more rapidly than high spatial 

frequencies, therefore the global aspect of the figure is signalled prior to the local 

aspect, and this effect is mediated by the magnocellular system (Hughes et al., 

1996). These claims are based on a wealth of experimental data. For example, 

adapting viewers to particular spatial frequencies differentially affects target 

detection at global and local levels, and the adapting frequency which most 

affected global processing was lower than the frequency which most affected local 

processing (Shulman, Sullivan, Gish, & Sakoda, 1986). Additionally, others have 

shown that removing low spatial frequencies from hierarchical stimuli reduces the 

magnitude of the global advantage effect and sometimes the global interference 

effect (Badcock et al., 1990; Lamb & Yund, 1993; M.R. Lamb & E.W. Yund,
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1996; Lovegrove & Pepper, 1994; Lovegrove, Lehmkuhle, Baro, & Garazia, 

1991).

The fact that some of these studies show reduction of global advantage in 

the absence of any change in global interference, provides support for the 

argument that advantage and interference effects are supported by different 

mechanisms (Lovegrove et al., 1991; Lamb & Yund, 1993; M.R. Lamb & E.W. 

Yund, 1996; M.R. Lamb & E.W. Yund, 1996). However, other researchers 

employing similar techniques have reported that removal of low spatial frequency 

information from stimuli reduces both the global advantage effect and the global 

interference effect (e.g. Badcock et al., 1990). An additional study has found that 

attenuating the magnocellular pathway by using a red filter reduces the global 

interference effect and not the global advantage effect (Michimata et al., 1999). In 

summary, while the role of low spatial frequencies in mediating the global 

advantage effect is well supported by experimental evidence, the role of low 

spatial frequencies in the global interference effect is less conclusive, and the role 

of the magnocellular pathway in the global advantage effect is also unclear. 

Understanding the exact nature of advantage and interference effects, and the 

mechanism of each effect is important to fully understand the implications that the 

Navon task has for disorders such as autism. For example, if the magnocellular 

system is known to be important for one but not the other then specific predictions 

can be made about performance of the task in autism. This would be a direct way 

to test the hypothesis presented here.

However, one problem that makes the different results from the 

psychophysical studies presented above difficult to interpret is the stimuli used. 

The studies referenced above used a selective attention paradigm with compatible 

and incompatible stimuli, but without neutral stimuli. This design may not show 

global interference effects when they are actually present. The explanation for this 

is presented below.

The ‘Compatibility Effect’

Compatible stimuli differ from the other stimuli in the sense that they are 

the only stimuli in which the letter is the same at both levels. Almost all the data 

reviewed shows evidence of compatible stimuli having an advantage in terms of 

both lower errors rates and quicker response times, reflecting a ‘compatibility
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effect’. Comparing incompatible stimuli with compatible stimuli in an attempt to 

measure interference effects, sets up an experimental confound as, in compatible 

stimuli the target letter is present at both the global and local levels, but in 

incompatible stimuli the target is present only at one level. Therefore there is no 

response competition towards compatible targets whereas there is in incompatible 

stimuli. This may be interpreted falsely as interference from the local level, i.e. 

‘local interference’ Consider figures 4.6A and 4.6B below. Both are schematic 

illustrations of the same data set which was modelled on a selective attention 

paradigm using compatible, neutral and incompatible stimuli. Figure 4.6A 

displays results from compatible and incompatible trials only, and Figure 4.6B 

displays exactly the same data, but includes results from neutral trials.

Figure 4.6 (A and B) Simulated data showing erroneous conclusions which 

are made by using compatible stimuli only for comparison. Both graphs 

illustrate the same data but figure 4.6B includes neutral stimuli.

Figure 4 .6 A
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Figure 4 .6 B
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Statistical analysis of the data presented in figure 4.6A would indicate a 

main effect of stimulus level, indicating a global advantage, and a main effect of 

stimulus type, indicating a symmetrical interference effect (both the global and 

local levels show an increase when the stimuli are incompatible); i.e. figure 4.6A 

shows interference from both the global and the local levels. Figure 4.6B however 

indicates that rather than symmetric interference, the interference is only from the 

global level, as once the compatibility effect has been removed (by comparing
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incompatible stimuli with neutral stimuli instead of compatible stimuli), it 

becomes clear that only distracters at the global level generate interference.

Therefore, because the studies referenced above did not include a neutral 

stimulus it is possible that compatibility effects may indicate symmetrical 

interference in ANOVA analysis, whereas if a neutral stimulus was included then 

a more accurate of the direction of interference effects could be achieved.

4.1.4 The Navon task and autism

As was stated in chapter one of this thesis, conclusions from data from 

children with autism on the Navon task have been difficult to interpret. In this 

section we present a summary of the findings to date and give a description of 

each of the studies. In some cases the conclusion presented here is different to the 

conclusion presented in the paper. The reason for this is that here advantage and 

interference effects are defined only as by the criteria defined above. Where 

different conclusions have been drawn the reasons for this will be explained.

The first reported use of a hierarchical figures paradigm to measure local / 

global processing in autism was by Mottron & Belleville, (1993), who carried out 

a battery of tests which investigated the global / local processing abilities of an 

autistic draughtsman with exceptional drawing abilities (B.C.). The Navon task in 

their battery consisted of presenting B.C. and 10 controls with either compatible 

or incompatible hierarchical figures on a tachistoscope, and asking them to name 

the stimuli, for example “A large C made up of smaller Os”. There was no RT 

measurement, however advantage and interference effects were measured by the 

number of errors made when reporting stimuli at each level. Both B.C. and the 

controls made more errors when reporting the letter that appeared at the local level 

and Mottron and Belleville interpreted this as both groups showing a global 

advantage effect. Interference effects were measured by comparing the number of 

errors made at the global and local levels when the stimuli were compatible and 

incompatible. The controls showed no difference in the number of errors between 

compatible and incompatible stimuli indicating no interference effects. However, 

when the stimulus was incompatible, B.C. showed a significant increase in errors 

when reporting the stimulus at the global level, suggesting local interference. The 

methodology of this study was rather unconventional however, and it is possible
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that the method of verbal reporting generated a bias towards whichever level was 

reported first. Also, the evidence for a global advantage effect in the controls is 

based on the fact that they made an average of 3 (out of 48) errors when naming 

the letter at the local level and only 1 error (out of 48) when naming the letter at 

the global level. It is not clear whether this difference would be statistically 

significant, as no statistical analysis of this data is presented. However, this study 

provided an initial indication that in terms of the interference effect at least, there 

might be differences in the way that people with autism process hierarchical 

figures.

One year later using a paradigm similar to that originally designed by 

Navon (1977), Ozonoff et ah, (1994) presented data which demonstrated that 

children with autism showed both a global advantage effect and a global 

interference effect. This suggested, contrary to the findings of Mottron and 

Belleville (1993), that there was no difference in the way that individuals with 

autism and those without the disorder processed hierarchical figures.

In 1999, Plaisted et ah, noted that a key difference between the single case 

study with B.C. and the subsequent study from Ozonoff et ah, was the distribution 

of attention between the local and global levels. In Mottron and Belleville’s study 

participants could divide their attention between the two levels (divided attention), 

whereas in Ozonoff s study, participants were specifically asked to name the 

target at either the global or the local (selective attention). Plaisted et ah (1999) 

suggested that this difference could explain the different result obtained by the 

two research groups. They carried out a further study in which the same children 

performed a divided attention paradigm and a selective attention paradigm, and 

reported that both of groups of children showed global advantage and global 

interference in the selective attention task (replicating Ozonoff et ah’s finding). 

However, in their analysis it is not clear that they did actually find a global 

interference effect in either of the groups, as they reported that the main effect of 

stimulus type was driven by the compatible stimuli -  suggesting that this 

represents a compatibility effect rather than an interference effect. In the divided 

attention paradigm, the children with autism failed to show any advantage effect 

in terms of reaction time and showed a local advantage effect in term of the 

number of errors made, despite the fact that the typically developing children did 

show a global advantage. This paper reconciled the different findings from
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Mottron and Belleville’s study and Ozonoff et al.’s study, as it appeared that 

under selective attention conditions, children with autism performed the task in 

the same way as typically developing children, whereas in the divided attention 

condition, the children with autism did not show a global bias.

However, a separate study, also published in 1999, presented data which 

contradicted this finding. Using a divided attention condition where interference 

was measured by using letters which are morphologically similar or dissimilar 

(see figure 4.4), Mottron, Burack et ah, (1999) reported that in the absence of 

global advantage in typically developing children, children with autism showed 

both a global advantage effect and a global interference effect.

A further study, using a selective attention paradigm claimed to find 

evidence of interference from the local level in both children with autism and 

children with Asperger’s syndrome in the presence of global advantage in the 

typically developing children (Rinehart et al., 2000). However, rather than 

analysing the data together in a 2 (group) x 2 (level: global or local) x 3 (stimulus) 

ANOVA, as other groups have done, the analysis for the global stimuli and the 

local stimuli were carried out separately. Although there was a group by stimulus 

interaction in the local stimuli, and not in the global stimuli, indicating local 

interference in the children with autism, it is unclear whether this effect was large 

enough to produce a significant interaction in a 3 way ANOVA. Additionally, in 

the children with autism, this difference arose from a difference between 

compatible and incompatible stimuli rather than between neutral and incompatible 

stimuli, which could reflect a compatibility effect rather than a local interference 

effect.

The results of these 5 papers, with global advantage and interference 

effects defined as above are presented in table 4.1 below. As stated above, in some 

instances the conclusions from the authors of the original studies are different to 

the results presented in this table.
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Table 4.1 A summary of the five studies of the Navon task in autism.

Authors Paradigm Results

Ozzonoff et al., 

1994

Selective Controls: global advantage and global interference 

Autism: global advantage and global interference

Plaisted et al., 

1999

Selective Controls: global advantage and global interference 

Autism: global advantage and global interference

Rinehart et al., 

2000

Selective Controls: global advantage

Autism: global advantage and local interference

Asperger's: global advantage and local interference

Mottron & 

Belleville, 1993

Divided Controls: global advantage *, no interference 

Autism: global advantage * and local interference

Plaisted et al., 

1999

Divided Controls: global bias

Autism: no bias (rt) local bias (errors)

Mottron et al., 

1999

Divided Controls: no advantage, global interference 

Autism: Global advantage and global interference

* These analyses were not backed up by statistical analysis.

4.1.5 A New Divided Attention paradigm.

Given the proposed role of the magnocellular system in mediating at least 

part of the global precedence effect, and the fact that it has been used as a measure 

of local or global bias in autism, the Navon task is an important task for the 

hypothesis of this thesis. If it is the case that some children with autism show 

abnormality of the magnocellular system, then we would expect some variation 

between the performance of the task in autism and performance of the task in 

controls. This has been the case in some of the studies cited above, but not all. It is 

not clear for example whether children with autism show differences only in the 

divided attention condition as was originally suggested by Plaisted et al. (1999), 

as Rinehart et al. (2000) have reported differences between children with and 

without autism, and with Asperger’s syndrome in the selective attention condition.
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Additionally it is unclear whether children with autism show a reduction in only 

the global advantage effect, or in both advantage and interference effects. Given 

the literature which shows the OPE to be very sensitive to methodological 

variations (see Kimchi, 1992 for a review), one possible reason for this 

discrepancy could be that there are slight differences in the methodology and 

analyses employed in the different studies. It was important therefore, that the task 

designed for this chapter, besides addressing the problem encountered with the 

stimuli in chapter three, was also designed with the wider literature in mind. So as 

well as designing a new divided attention study, the same children were also 

tested on a selective attention procedure in order that, following Plaisted et al. 

(1999), we could compare their performance on selective and divided attention 

paradigms.

No modifications to the experimental design were made to the 

methodology used in the previous selective attention studies (Ozonoff et ah, 1994; 

Plaisted et ah, 1999). In the divided attention study the stimuli were modified in 

order to avoid the confound identified in chapter three, of children being able to 

complete the task using an alternative strategy that did not require processing at 

either the global or the local level (see page 76). To avoid this confound in the 

present study, the stimuli were designed such that all the letters used were paired 

with all the other letters, rather than the target letter always being paired with one 

particular letter. The letters X, Y and Z were chosen, as they are visually similar 

(composed of horizontal, vertical and diagonal lines oriented at 45°) and none of 

the stimuli had visual characteristics which made them more easily recognisable 

than the others (e.g. curved lines etc). The design of the task was a divided 

attention paradigm in which the participant had to indicate (by pressing one of two 

keys on the keyboard) whether or not a target was present. The target could appear 

at either the global level, local level or both. Letter Z was the target, therefore 

stimulus Zz was ‘compatible’, stimuli Zx and Zy were ‘global’, stimuli Xz and Yz 

were ‘local’, and the remaining stimuli Xx, Yy, Xy and Yx were ‘target-absent’. 

These stimuli are presented in figure 4.7 below.
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Figure 4.7 The stimuli used in the following study.

z  z  z  z  z X X X X X Y Y Y Y Y
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X X z  z Y Y
X X z  z Y Y

X X z  z Y Y

In order to equate the number of yes and no responses, the four target- 

absent stimuli were each presented 15 times (creating a total of 60 trials), and the 

five target-present trials were each presented 12 times (creating a total of 60 

trials). In this way, the paradigm remains a divided attention paradigm, as the 

participant is not told which level to attend to, and global or local bias may be 

measured reliably without an alternate strategy for performing the task being 

available.

The experimental design of the selective attention paradigm was modelled on 

that used by Ozonoff et al. (1994), Plaisted et al. (1999), Rinehart et al. (2000), 

and ultimately on the original design of Navon (1977). As was outlined in section 

4.1.3, stimulus size, luminance, position and exposure duration have all been 

reported to affect the appearance and strength of the GPE. Therefore the stimulus
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characteristics in both the divided and the selective attention paradigms were 

designed to be optimal for producing a GPE. I.e. the letters were of suitable 

dimensions (the global level subtended less than 6°) and low luminance (by 

presenting black on a white background). We decided against presenting the 

stimuli in the periphery as to do this accurately we would have had to control eye- 

movements and introduce spatial uncertainty as to the position of the stimulus (to 

the right or left e.g.). We anticipated that controlling eye movements in children 

with autism was beyond the means of our equipment. In addition, having location 

uncertainty in the position of stimulus presentation would require attention 

shifting from different areas of the screen. There is some evidence to suggest that 

children with autism may be less efficient at shifting attention than typically 

developing children (Townsend et al., 1996). Therefore the stimulus was 

presented in a centrally fixated position. In addition, the stimulus was presented 

only for a brief time. The choice of stimulus exposure duration was 100 msec. We 

decided on a short duration for the following reasons;

1. Paquet & Merikle, (1984) found that the GPE was stronger when stimuli were 

exposed for short duration.

2. In a pilot study, 100 msec was the lowest exposure duration at which children 

could perform the task reliably above chance levels.

3. It has been suggested that long exposure duration (e.g. 1000 msec in the 

studies by Ozonoff et al. and Plaisted et al.) may hide subtle differences that 

occur between global / local processing of children with and without autism 

(Jolliffe & Baron-Cohen, 1997).

It was predicted that the typically developing children would show global bias 

in the divided attention condition and global advantage and global interference in 

the selective attention condition. From previous data on autism we predicted that 

children with autism would show a global advantage in the selective attention 

condition, but we were unsure as to whether they would show a global 

interference effect in the selective attention condition, or global bias in the divided 

attention condition.
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4.2 Method

Participants

Forty children took part in the study, twenty children with autism and 

twenty typically developing children matched for chronological age (in months), 

RPM raw score and non-verbal IQ as computed from the RPM raw score. 

Participant demographics are presented in table 4.2.

Table 4.2 Group characteristics of the children who participated in this 

study.

Chronological age 

(years : months)

RPM raw score Non-verbal IQ

Autism (N = 20)

Mean 10:6 28.6 89.5

1 : 8 13.6

Range 8: 1 - 1 2 :  11 13- 45 6 6 - 1 2 2

Control (N = 20)

Mean 10:0 29.4 92.1

1 : 0 9.4 14.0

Range 8 : 7 - 1 2 : 4 1 4 - 5 0 6 7 - 1 2 2

Independent t-tests found no significant ( p > 0.1) group differences in terms of 

age, RPM raw score or non-verbal IQ.

Stimuli and Apparatus

The stimuli were presented on a Dell Latitude laptop computer with a 

screen measuring 248mm x 188mm. The stimuli used were large black letters 

made up of small black letters presented on a white background (see figure 4.8). 

At a viewing distance of 40 cm, which was maintained by a chin-rest, the local 

stimuli subtended 0.43° by 0.57° and the global stimuli subtended 3.58° by 4.15°. 

The average luminance of the white background was 9.4 cd/m^.and of the black 

letters it was 0.9 cd/m^. As with the study in chapter three, because testing was 

carried out in different rooms in different schools, the ambient luminance was not
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the same for all children, however care was taken to try and produce similar 

testing environments in terms of positioning the computer away from windows. 

The average ambient luminance of the testing rooms was 50 lux.

Design and Procedure 

Divided Attention Condition

The participant’s task was to identify whether the letter Z was present on the 

screen. Responses were made by pressing one of two labelled response keys on 

the computer keyboard for ‘yes’ and the other for ‘no’. The different stimuli were 

presented randomly, but equiprobably and there were 120 trials presented in one 

block. Half of the trials were ‘target-present’, and the other half were ‘target- 

absent’. Figure 4.8 illustrates the frequency with which each of the nine different 

stimuli were presented.

Figure 4.8 A schematic illustration of the composition of trials in the divided 

attention paradigm.

120 trials

60 trials 60 trials

12 trials each

Target Present

X,

Target Absent

15 trials each

X.

Compatible Global Local

Before the task began, each child was given a set of nine laminated cards, 

with a different stimulus printed on each card, and asked to sort them into piles, 

such that one pile contained cards on which there was a Z and the other pile 

contained cards which did not contain a Z. This preliminary task was used to 

identify any child who could not accurately identify the stimuli, or who failed to
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understand the task requirements. These cards were also used as visual aids while 

describing the stimuli and explaining the task instructions which were;

“In this game you will see these different letter shapes on the screen. Your job is 

to press this key (experimenter points) if  you see a letter z on the screen, and this 

key (experimenter points) i f  you don’t see a letter z on the screen. Sometimes the z 

will be the big letter, other times there may be little zs, and sometimes there will 

be other letters but no zs at all. So when you see a z, press this key here, and 

when you don 7 see a z, press this key here. The letters will only be on the screen 

fo r a very short time and then they will be covered up by this pattern 

(experimenter shows pattern mask), so you ’II have to look carefully. As soon as 

you can tell whether or not there is a letter z on the screen press the button, yes or 

no, as fast as you can. Try not to make any mistakes, i f  you do you will hear this 

noise!” (Experimenter plays example.)

Participants sat in front of the computer screen, with their chin resting on a 

chin rest. They placed the index finger of each hand above the appropriate keys 

which were covered by circular stickers which had either ‘Yes’ or ‘N o’ written on 

them. A practice block was administered which consisted of 18 trials (presenting 

each of the stimuli twice).

For the experimental block, a central fixation cross appeared in the centre 

of the screen, and remained for 500 msec. This was replaced by the stimulus, 

which itself was replaced after 100 msec by a pattern mask. The mask remained 

on the screen until the participant made their response. After their response there 

was an inter-trial interval of 500 msec, which was followed by the fixation cross 

again, and indicated the start of the next trial. Audio feedback was given for 

incorrect responses. Accuracy and reaction time (msec) for every trial was 

recorded and saved as a text document.

Selective Attention Condition

The participant’s task was to identify the letter at either the global or the 

local level, as either Y or Z. The stimuli designed for the divided attention 

paradigm were also used in this study (without Xx). Therefore the two compatible 

stimuli were Zz and Yy, the two incompatible stimuli were Zy and Yz. When the 

attended level was global, the two neutral stimuli were Z% and Yx and when the
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attended level was local, the two neutral stimuli were Xz and Xy. In total 288 

trials were presented, split into 24 blocks of 12 trials. In half (12) of these blocks 

the child was asked to identify the large letter (at the global level) and in the other 

half the child was asked to identify the small letters (at the local level). The order 

of presentation of global and local blocks was randomised. The occurrence of 

each of the different types of stimuli (2 x compatible, 4 x neutral & 2 x 

incompatible) was random but equiprobable within blocks. The frequency of 

trials is presented in figure 4.9 below.

Figure 4.9 A schematic illustration of the composition of trials in the selective 

attention paradigm.
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Before the task began, each child was shown the laminated cards and 

asked to describe the stimulus on each card e.g., “This is a large X made o f small 

Ys”. This served to identify any children who could not identify the letters. Task 

instructions were

“In  th is  g a m e  y o u  w i l l  s e e  th e s e  d i f fe r e n t  le t te r  s h a p e s  o n  th e  s c r e e n .  Y o u r  j o b  is  

to  p r e s s  th is  k e y  (experimenter points) i f  th e  le t te r  y o u  a r e  a s k e d  to  f i n d  is  a  z, a n d  

th is  k e y  (experimenter points) i f  th e  le t te r  y o u  a r e  a s k e d  to  f i n d  is  a y .  S o m e ti? n e s  

y o u  w i ll  h a v e  to  s a y  w h e th e r  th e  b ig  le t te r  is  a  l e t te r  Z  o r  a  l e t te r  Y, o th e r  t im e s  

y o u  w i l l  h a v e  to  s a y  w h e th e r  th e  lit t le  le t te r s  a r e  Z s  o r  Ys. I  w i l l  t e l l  y o u  w h e th e r  

y o u  s h o u ld  lo o k  a t th e  b ig  le tte r s  o r  th e  s m a l l  le tte r s . W h e n  y o u  h a v e  s e e n  w h ic h  

le t te r  i t  is, p r e s s  th is  k e y  (experimenter points) i f  i t  is a  z , a n d  th is  o n e  

(experimenter points) i f  it is  a y . T h e  le t te r  w i l l  o n ly  b e  o n  th e  s c r e e n  f o r  a  s h o r t
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time, and then it will be covered up by this pattern (experimenter shows pattern 

mask) so you will have to look carefully. Try not to make any mistakes, i f  you do 

you will hear this noise!” (Experimenter plays example.)

Participants sat in front of the computer screen with their chin resting on a 

chin rest. They placed the index finger of each hand above the appropriate keys 

which were covered by circular stickers with either the letter Y or the letter Z 

written on them. A practice block was administered which consisted of 4 blocks 

of 12 trials, 2 x local blocks and 2 x global blocks. Before each block began a 

dialog box appeared on the screen which informed the child of which level to 

attend to, e.g. “Identify the LARGE letter”. This was repeated by the experimenter 

who ensured that the child was ready before each block started. A central fixation 

cross appeared in the centre of the screen, and remained for 500 msec. This was 

replaced by a randomly selected stimulus, which was itself replaced after 100 

msec by a pattern mask. The mask remained on the screen until the participant 

made their response. After their response there was an inter-trial interval of 500 

msec, which was followed again by the fixation cross. Audio feedback was given 

for incorrect responses. Accuracy and reaction time (in msec) for every trial was 

recorded and saved in a text document.

4.3 Results

The order in which children performed the two tasks (divided attention 

condition and selective attention condition) was counterbalanced. All forty 

children performed the divided attention condition, however one child with autism 

refused to finish the selective attention condition. Because of computer error (in 

one case) and participant fatigue (in two cases), data from three typically 

developing children is also missing for the selective attention condition. The 

number of participants with useable data was therefore 40 for the divided attention 

condition and 36 (19 with autism and 17 without) for the selective attention 

condition. In the divided attention condition, data from the Zx and Zy 

incompatible global trials were collapsed as was data from the Xz and Yz 

incompatible local trials. The target-absent trials were not analysed, therefore 

there were three variables; compatible, incompatible global and incompatible 

local. Similarly, in the selective attention condition, data from responses to Z and 

Y trials were collapsed to create 6 variables: compatible, neutral and incompatible
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when attention was directed towards the global level, and compatible, neutral and 

incompatible when attention was directed towards the local level.

Data screening

Both the divided and selective attention conditions were screened to identify 

any child who made a large number of errors as this might suggest lack of 

attention to the task and unreliable data. Data were excluded from subsequent 

analysis if the participant made 50% errors or more across all cells in each task. 

As in chapter three, lenient exclusion criteria were imposed because it is possible 

that some participants found the task hard when the target appeared at one level 

but not the other. Therefore we excluded data only from participants who 

appeared to perform at chance across all types of stimuli. This resulted in 

excluding data from two children with autism in both the divided and selective 

attention conditions, (i.e. the actual number of participants whose data was 

included in the analysis was: autism divided = 18, selective = 17; control divided 

= 20, selective = 17). Removal of the two participants’ data did not cause any 

significant change to the mean difference between the groups age, RPM raw score 

or non-verbal IQ of the two populations.

Prior to further analysis the data were also screened for any response times 

which occurred before 100 msec or after 3000 msec, as these indicated premature 

or delayed responses. Data from these trials was excluded, which resulted in 

removing 3.3% of responses from the autism group and 2.6% of responses from 

the typically developing group in the divided attention condition, and 2% of 

responses from the autism group and 2.5% of responses from the typically 

developing group in the selective attention condition. These responses were 

evenly spread across the different trials types in both conditions.

Analyses o f Variance 

Divided Attention Condition 

Proportion of Errors

For each participant the proportion of errors made at each stimulus level 

(compatible, incompatible global or incompatible local) was calculated. The mean
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proportion of errors per stimulus type made by both groups is presented in table 

4.3. The ‘global’ and ‘local’ variables were normally distributed (Kolmogorov- 

Smimov test p >.05), but there was a slight departure from normality in the 

‘compatible’ variable in both groups (Kolmogorov-Smimov test, p < .05). 

However, given that the question of interest was the difference between global 

and local stimuli, this was not considered severe enough to preclude parametric 

analysis. Between-group variance for all three variables was not significantly 

different (Levene’s test, all ps > .05). Therefore differences were analysed using 

repeated measures ANOVA, with a 2 (group; autism or control) x 3 (stimulus; 

compatible, global or local) design. The assumption of sphericity was not met, so 

Greenhouse-Geisser correction has been reported where appropriate.

The analysis revealed a main effect of stimulus type, F(1.64, 59.01) = 

15.1, p < .001, and a significant interaction between stimulus type and group 

F(1.64, 59.01) = 3.48, p < .05. Simple effects analyses of each group separately 

indicated that both groups showed significant differences between the number of 

errors made for each of the three stimulus types, (autism; F(2, 34) = 7.93, p < 

0.01; control F(1.3, 25.2) = 10.9, p < .01), but simple contrasts illustrated that 

although both groups showed a compatibility effect (autism; difference between 

compatible and global stimuli, F(l, 17) = 14.0, p < .01, difference between 

compatible and local stimuli, F(l, 17) = 16.5, p < .01, typically developing; 

difference between compatible and global stimuli F(l, 19) = 4.96, p < .05, 

difference between compatible and local stimuli, F(l, 19) = 16.8, p < .01), only 

the typically developing children made less errors when the target appeared at the 

global level compared to the local level (typically developing, F(l, 19) = 7.37, p < 

.05; autism, F(l, 17) < 1, p >.1). Therefore in this data, the typically developing 

children fulfilled the criteria for showing global bias whereas the children with 

autism did not. There was no main effect of group, F(l,36) = 2.27, p > .1, 

indicating that both the children with autism and the typically developing children 

made a similar amount of errors. Figure 4.10 illustrates the mean proportion of 

errors made in each condition by each group.
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Table 4.3 The mean percentage of errors made by each group to the different

stimuli in the divided attention condition.

Compatible Global Local

Autism mean 10% 29% 27%

12 22 1 6

Control mean 8% 13% 27%

5 14 2 4

Figure 4.10 A graph illustrating the mean percentage of errors made by each 

group in the divided attention condition. Error bars = 1 standard error.
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For each child, the mean reaction time for the three stimulus types 

(compatible, global and local) was calculated. The assumptions of normality and 

homogeneity of variance were met for all variables (Kolmogorov-Smimov test, all 

ps > .05, Levene’s test, all ps > .05) so a repeated measures ANOVA as described 

above was used. The mean response time of each group for each of the three types 

of stimuli is presented in table 4.4. The assumption of sphericity was not met, so 

Greenhouse -  Geisser corrections have been applied. The only significant effect 

from this analysis was a main effect of stimulus type (F(1.7, 60.8) = 14.2, p <

11



.01). Simple contrasts illustrated that this main effect was driven by the 

compatible stimuli, as both global and local stimuli were significantly different 

from compatible stimuli (F(l, 36) = 19.8 and 30.6 respectively, both ps < .01). 

There was no significant difference between reaction times to global and local 

stimuli (F(l, 36) = 1.4, p > .1), and no main effect o f group, F (l, 36) = 1.99, p > 

.1, i.e. the mean reaction times of the children with autism and the typical 

developing children were not significantly different and neither group showed a 

global advantage effect.

Table 4.4 The mean reaction time of both groups in the divided attention 

condition.

Compatible Global Local

Autism mean (msec) 857.7 947.2 955.7

247.7 2b&3 257.0

Control mean (msec) 908.1 1051.8 1130.1

23P.2 26P.5 2P&7

Figure 4.11 A graph illustrating the mean reaction time of each group in the 

divided attention condition. Error bars = 1 standard error.
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The graph in figure 4.11 appears to show that the typically developing 

children take longer to respond when the target appears at the local level than the 

global level -  indicating a global bias in this group. It is possible that including 

the compatible stimuli in the analysis could mask this suspected global advantage 

effect in the typically developing children. Therefore, an additional analysis was 

performed on the data without the compatible stimuli (i.e. a 2 (group; autism or 

control) X 2 (stimuli; global or local) design). However, even when the compatible 

stimuli were not included in the analysis there was neither a main effect of 

stimulus type (F(l, 36) = 1.4, p > .1) nor an interaction between group and 

stimulus type (F(l, 36) < 1, p > .1). Therefore the increase in reaction time for the 

local stimuli in the typically developing children which can be seen in figure 4.12 

was not sufficient to produce a significant global advantage effect. Power 

calculations (Brant, 2003) indicated that the reason why the difference in reaction 

time between global and local stimuli in the typically developing children was not 

significantly different, was because the average standard deviations were so large 

(see table 4.4). This was because the range of individual response times was very 

varied. For example, one participant had an mean response time (across 

compatible, global and local trials) of 635 msec, while another participant had an 

mean response time of 1537 msec. This between subjects difference could 

therefore mask the within subjects effect.

Selective Attention Condition

Proportion of Errors

The proportion of errors made by each participant to each of the three 

stimulus types (compatible, neutral and incompatible) at each of the two levels 

(global and local) was calculated. The assumption of normality was violated in 

both the global neutral condition and the global incompatible condition for both 

groups of children, and the local compatible condition for the typically developing 

children (Kolmogorov-Smimov, p < .05). In addition, Levene’s test indicated that 

the between group variance was not equal for the global variables (all ps < 0.05). 

Therefore a square-root transformation was made of all the variables (see Howell, 

1997), after which the variables met the assumptions required for ANOVA. The 

transformed variables were analysed using a repeated measures ANOVA, with a
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mixed factors 2 (group; autism or control) x 2 (level; global or local) x 3 

(stimulus; compatible, neutral or incompatible) design. The mean proportion of 

errors (raw data) made for each type of stimulus by each of the two groups is 

presented in table 4.4 below. The assumption of sphericity was not met, so again 

Greenhouse -  Geisser corrections have been applied where necessary. The 

analysis revealed a main effect of stimulus type (F(1.69, 54.2) = 35.45, p < .01). 

Simple contrasts indicated that the proportion of errors made was different for all 

three of the stimulus types (difference between compatible and neutral stimuli 

F(l, 32) = 13.1, p < .01; difference between compatible and incompatible stimuli 

F(l, 32) = 49.1, p < .01; difference between neutral and incompatible stimuli F(l, 

32) = 3.1, p < .01). There were no other significant main effects or interactions in 

the data, indicating that the two groups of children made a similar amount of 

errors, and target level did not influence accuracy.

Although there was not a significant interaction between the effect of 

target level and group membership, previous data would suggest that the typically 

developing children at least would show a difference between number of errors 

made when the target appeared at the global level and when it appeared at the 

local level. Indeed, figure 4.11 appears to show that this is the case. Therefore, a 

planned comparison of separate analysis of the typically developing children and 

the children with autism was performed. This analysis showed that when analysed 

alone, the typically developing children made significantly more errors when their 

attention was directed to the local level, than when it was directed towards the 

global level, F(l, 16) = 6.7, p < .05. In contrast, the data from the children with 

autism, when analysed alone did not show such a significant difference, F (l, 16) < 

1, p > .1 Furthermore, the typically developing children showed a significant 

difference between the number of errors made when the stimulus was neutral and 

attention was directed towards either the global or local level, t(16) = -2.6, p < .05, 

whereas the children with autism did not, t(16) < 1, p > .1. Therefore, although it 

was not a big enough effect to be measured by a 3-way ANOVA, the typically 

developing children did show a global advantage effect in the number of errors 

they made, whereas the children with autism did not. Figure 4.12 shows the mean 

proportion of errors (raw data) made for each of the stimulus types in each group.
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Table 4.5 The mean percentage of errors made by each group in the selective

attention condition.

Global

Compatible Neutral Incom.

Local

Compatible Neutral Incom.

Autism 19% 23% 32% 18% 26% 34%

1 6 2 0 2 7 11 2 0 25

Control 10% 11% 17% 14% 20% 33%

5 9 11 15 14 2 2

Figure 4.12 A graph illustrating the mean percentage of errors made by each 

group in the selective attention condition. Error bar = 1 standard error.
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Response time

The mean response time at each stimulus level was calculated for each 

participant. Assumptions of nonnality (Kolmogorov-Smimov tests, all ps > .05) 

and homogeneity of variance (Levene’s test, all p ’s > .05) were met, so the raw 

data were analysed using a mixed repeated measures ANOVA as above. The 

mean response times and standard deviations are presented in table 4.6. Again, 

Greenhouse-Geisser coiTections have been applied where necessary. The analysis
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revealed a main effect of group (F(l, 32) = 4.38, p < .05), indicating that children 

with autism responded faster than the typically developing children; a main effect 

of level (F(l, 32) = 8.79, p <0.01), indicating that responses were faster when the 

target appeared at the global level; and a main effect of stimulus type (F(1.5, 47.9) 

= 14.1, p < .01). There were significant interactions between group and level (F(l, 

32) = 4.57, p < .05) and between group and stimulus (F(2, 64) = 11.83, p < .01). 

Following the interaction between group and level, simple effects analyses were 

performed on each group separately. These analyses illustrated that typically 

developing children were significantly quicker to respond when the target 

appeared at the global level than the local level (F(l, 16) = 16.43, p < .01), 

whereas the children with autism did not show any difference in response times 

between the global and local levels (F(l, 16) < 1, p > .1). The typically developing 

children therefore showed a global advantage effect, whereas the children with 

autism did not. To confirm this global advantage effect in the typically developing 

children, a paired samples t-test was performed to compare the response time 

when the stimulus was a neutral target and attention was directed towards either 

the global or the local level. The result confirmed that when the stimulus was 

neutral the typically developing children responded significantly faster to the 

global level than to the local level, t(16) = 3.1, p < .01. (There was no difference 

in response times between neutral stimuli at the global and local levels in the 

children with autism, t(16) <1, p > .1) Table 4.6 shows the mean reaction time of 

each group to each of the stimulus conditions, and figure 4.13 presents this data 

graphically.
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Table 4.6 The mean reaction time (in msec) of both groups in the selective

attention condition.

Global

Compatible Neutral Incom.

Local

Compatible Neutral Incom.

Autism 798.9 8 6 6 . 1 813.0 821.7 875.9 839.8

226.6 272.7 762.9 794.2 262.9 272.2

Control 877.6 911.6 960.0 969.9 1019.2 1115.3

262.2 267.4 267.4 772.2 799.2 22&9

Figure 4.13 A graph illustrating the mean reaction time of each group in the 

selective attention condition.
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To assess the interaction between group and stimulus, simple effects 

analysis performed on each group separately showed that both groups of children 

responded differently to the three different stimulus types (autism: F(1.46, 23.32) 

= 5.56, p < .05; control (F(1.5, 23.95) = 21.45, p < .01). The typically developing 

children showed a compatibility effect, as their responses to both the neutral 

stimuli and the incompatible stimuli differed significantly to their responses to the 

compatible stimuli (F(l, 16) = 12.93 and 35.76 respectively, both p < .01). The
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typically developing children also showed a difference between neutral and 

incompatible stimuli (F(l, 16) = 12.12, p < .01). The difference in children with 

autism however only reflected a compatibility effect (F(l, 16) = 19.8, p < .01). 

They did not show a difference between the neutral and incompatible stimuli (F(l, 

16) = 3.6, p > .5). Therefore the typically developing children showed an 

interference effect and the children with autism did not.

However, this interference effect in the typically developing children was 

not strictly a global interference effect as there was no interaction between level 

and stimulus type F(2, 32) = 1.92, p > .1. This suggested that there was 

symmetrical interference from the local level to the global level as well as from 

the global level to the local level. We did not expect to see symmetrical 

interference from the local level to global stimuli in the typically developing 

children, so to investigate this, we looked at the mean response time to each of the 

8 stimuli used. Looking at the mean reaction time of responses to each of the eight 

different stimuli suggested that inhibition occurred from the neutral letter X to the 

target Z, especially when attention was directed towards the local level. For 

example, analysing the raw data (correct responses) from each participant when 

the stimuli were neutral (Xz & Xy or Zx & Yx) indicated that when attention was 

directed towards the global level there was no difference between the mean 

reaction time to the targets which were Ys (which was 845 msec) and the targets 

which were Zs (which was 848 msec), t(1417) < 1, p = .95. However when 

attention was directed towards the local level there was a significant difference 

between mean reaction time to the targets which were Zs (968 msec) and those 

which were ‘Y’s (881 msec), t(1318) = 3.39, p < .01.^ This suggests that global 

interference from the neutral X stimulus when the target is Z may mask any global 

interference effect which was present in the data. It is possible that this 

interference occurred because both letters X and Z contain a diagonal line which

 ̂This pattern of results was maintained when analysing responses from the typically developing 

children only (difference between z and y at global level, t(732)< 1, p > .1; difference between z 

and y at local level, t(661) = 3.36, p < .01), but not quite in the children with autism (difference 

between z and y at global level, t(683) < 1 p > . 1 ; difference between z and y at local level, t(655) 

=1.6, p = .097).
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slopes from right to left, therefore X and Z are more morphologically similar than 

X and Y.

4.4 Discussion

This study has demonstrated that when the Navon stimulus was exposed for 

100 msec, children with autism did not show a global advantage effect regardless 

of whether their attention was focussed on one particular level (selective attention 

paradigm) or divided between levels (divided attention paradigm). In addition 

they did not show a global interference effect in the selective attention condition 

either. In contrast, the typically developing children showed a global bias in the 

divided attention condition (significant only in terms of errors however) and a 

global advantage effect in the selective attention. Unfortunately, it appeared that 

interference within the stimuli (between the target Z and the neutral distracter X) 

increased the noise in this paradigm and prevented significant measurement of a 

global interference effect in the typically developing children. It could be argued 

that these results would occur if the children with autism were simply not 

attending to the stimuli. However this does not seem likely as there was no 

significant difference in the number of errors made by the groups in either of the 

paradigms. In addition, the children with autism showed compatibility effects, 

suggesting that they were attending to the task in the same way as the typically 

developing children.

The lack of global advantage among individuals with autism in the 

selective attention condition was not expected as it stands in contrast to the results 

found by other research groups. The reason for this difference will most likely lie 

in differences in the methodology of the task used in this study and the tasks used 

in the other studies. Table 4.7 outlines the main findings and the key 

methodological variables of the different studies. It can be seen from this table 

that all the selective attention paradigms, apart from the study presented here, 

show a global advantage effect in the children with autism. The only areas in 

which these studies differ are the choice of stimuli (e.g. X, Y and Z vs H, S and X 

or 1, 2, 3 and 4) and exposure duration. Given that the global advantage effects in 

previous studies have been seen in children with autism, regardless of whether the 

stimuli were numbers or letters it is unlikely that the different stimuli used in this 

study explains the lack of global advantage effect in autism in this study.
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Therefore we conclude that as speculated by Jolliffe and Baron-Cohen (1997), 

when the stimulus was exposed for less than 1000 msec, the children with autism 

did not show a global advantage effect even when the target appears at the level 

they have been instructed to focus on.
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Table 4.7 The main methodological variables of the studies which have investigated Navon figure processing in autism.

Study Paradigm Type of Stimuli Response Size of Stimuli Colour of Stimuli Exposure Duration Results (autism)
Ozonoff et al. 
1994

Selective Compatible: Hr & Sg 
Incompatible: Hs& Sr 
Neutral: Hx, S% or Xr, Xg

Press one key 
for H and the 
other for S.

Global: 5°x 13° 
Local: 0.4° x 0.7°

Black on White 1 0 0 0  msec Global advantage 
& interference

Plaisted et al. 
1999

Selective Compatible: Hr & Sg 
Incompatible: Hg & Sr 
Neutral: Hx, Sx or Xr, Xg

Press one key 
for H and the 
other for S.

Global: 4.6° x 3.0° 
Local: 0.3° x 0.2°

Black on White 1 0 0 0  msec Global advantage

Rinehart et al. 
2 0 0 0

Selective Compatible: H & 22  

Incompatible: I2 & 2, 
Neutral: I3, I4 , 2g, 2 4  

or 3i, 4i, 3], 4 2

Press one key 
for I and the 
other for 2 .

Global: 5.1° X 3.2° 
Local 0.5° X 0.3°

White on Black up to 4000 msec Global advantage

Chapter 4; 
This thesis

Selective Compatible: Zz & Yy 
Incompatible: Zy & Yz 
Neutral: Zx, Yx & Xz, Xy

Press one key for Z 
and the other for Y.

Global: 3.6° X 4.2° 
Local: 0.4° x 0.6°

Black on White 1 0 0  msec No global advantage 
No interference

Mottron & 
Belleville, 93

Divided Compatible: Cc & Go 
Incompatible: Co & Oc

Verbal response Global: 5° White on Black 5-13 msec Global advantage 
Local interference

Plaisted et al. 
1999

Divided Compatible: Aa & Zz 
Global: Ar & Zk 
Local: Ha & Kz

Press one key if 
target (A) is present, 
press other key if 
target (A) is absent.

Global: 4.6° X  3.0° 
Local: 0.3° x 0.2°

Black on White 1 0 0 0  msec No advantage (rt) 
Local advantage 
(errors)

Mottron et al. 
1999

Divided Global -  Similar: Ha & Se 
Global -  Dissim.: He & Sa 
Local -  Similar: Ar & Eg 
Local -  Dissim.: Er & Ag

Press one key 
for H and the 
other for S.

Global: 3.4° x 2.3° 
Local: 0.6° x 0.4°

White on Black 2 0 0  msec Global advantage 
Global interference

Chapter 4: 
This thesis

Divided Compatible: Zz 
Global: Zx& Zy 
Local: Xz & Yz

Press one key if 
target (Z) is present, 
press other key if 
target (Z) is absent.

Global: 3.6° X 4.2° 
Local: 0.4° x 0.6°

Black on White 1 0 0  msec No global advantage
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Exposure duration may therefore be a critical factor in information 

processing in autism. For example, Wainwright-Sharp and Bryson (1993) reported 

that children with autism did not process spatially informative cues in an attention 

shifting paradigm when the cues were presented for 100 msec, but did utilise this 

information when cues were exposed for 800 msec. In their discussion, they 

further point out another example of reduced performance in autism when stimuli 

are presented very briefly (Garretson, Fein, & Waterhouse, 1990). These findings 

could suggest generally slower neuronal transmission times in the visual system 

of people with autism, or possibly longer transmission times in the magnocellular 

system only.

Table 4.7 indicates that exposure duration does not appear to influence 

whether or not children with autism show the global advantage effect in the 

divided attention condition. For example, Plaisted et al. (1999) reported a lack of 

global bias in autism in the divided attention condition when the stimulus was 

exposed for 1000 msec. A visual system explanation of this may suggest that in 

autism the global and local levels are processed at the same time, therefore 

suggesting a reduction of the usual low-spatial frequency advantage. The finding 

that this only occurs in selective attention conditions when the stimulus is briefly 

exposed could suggest that this is modulated by attention. It could also implicate a 

role of inhibition in the visual system. As has been discussed, the magnocellular 

and parvocellular streams mutually inhibit each other, and it is thought that 

inhibition from the magnocellular system onto the parvocellular system could be 

stronger than inhibition from the parvocellular system on to the magnocellular 

system (Williams & Lovegrove, 1992). Additionally, feedback projections which 

have been identified at many points along the visual processing trajectory suggest 

that when initial signals are sent to the cortex, back-projections are used to modify 

subsequent signals (Bullier, 2001). It may be the case that in the selective 

attention condition, when attention is focussed on the global level at longer 

exposure durations there is sufficient time for the low frequency channels carrying 

the global image to inhibit the higher spatial frequency channels carrying the local 

image. Whereas if the magnocellular system, composed of mainly low spatial 

frequency channels, has slower transmission times in autism then a short exposure 

duration might prevent the low spatial frequency channels from inhibiting the 

higher spatial frequency channels, resulting in a lack of global bias. This
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explanation is only speculative however as the data presented here does not 

provide any conclusive evidence for the interaction between the magnocellular 

and parvocellular systems in autism. Further experiments, using ERPs to directly 

measure neuronal transmission times of stimuli which preferentially stimulate the 

different pathways would provide an important next step in testing some of the 

speculations outlined above.

In conclusion, as was described in chapter two, the hypothesis predicted 

that if weak central coherence in autism is underpinned by an inefficient 

magnocellular system, then children with autism who are thought to show weak 

central coherence will have a reduced global bias in the Navon task. This is 

exactly the result found by this study, as the typically developing children showed 

a significant global advantage, whereas the children with autism showed neither a 

global or local advantage. Although a problem was identified in terms of 

interference from the neutral letter, this chapter has achieved its aim of designing 

new divided attention paradigm which can be used to compare global / local bias 

with motion coherence thresholds. This will now be presented in chapter five.
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5 Chapter five. A control for motion coherence and further correlations.

5.1 Introduction

In chapter three, a RDK was used to measure MCTs of a group of children 

with autism, and their matched controls. It was found, replicating previous studies 

(Spencer et ah, 2000 Milne et ah, 2002), that some children with autism had 

higher MCTs (were poorer at detecting coherent motion) than the controls 

suggesting that some children with autism may have inefficient magnocellular 

systems. One criticism of this conclusion however is that there was no visual 

control task with which to compare performance of the motion task. Without a 

control task, the possibility that children with autism show general impairment 

across all psychophysical visual tasks can not be ruled out. In this case it would be 

premature to conclude that these children have a selective magnocellular system 

deficit.

An additional finding in chapter three was that there was a relationship 

between motion coherence thresholds and CEFT performance in the children with 

autism, giving rise to the conclusion that inefficient magnocellular functioning 

could give rise to visual weak central coherence. An alternative position to this 

argument could be that at a higher level, the extraction and integration of the 

coherent motion signal from noise requires central coherence. The motion signal 

in RDKs is apparent motion, i.e. the illusion of motion is generated by the 

perception of successive targets appearing and disappearing across a spatial 

trajectory. The perception of this type of motion therefore depends on the 

adequate integration of both the spatially distributed presentation of each dot, and 

the temporal integration of local motion signals between successive animation 

frames (Talcott et al., 2000). The ability to integrate this information and to 

extract the perception of global motion from local signals is a skill that by 

definition requires some kind of central coherence. Therefore, the finding that 

some children with autism are impaired at detecting coherent motion, and that this 

correlates with their performance on the CEFT, could simply reflect the role of 

weak central coherence in both tasks.

In an attempt to control for both these problems, this chapter presents data 

from another motion detection task and also a control task of coherent form 

detection. The coherent form task requires participants to detect a static form
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signal (a circle) within noise (randomly oriented lines), while the coherent motion 

task requires participants to detect a dynamic motion signal from noise (randomly 

moving dots). This task therefore provides a control measure of general visual 

ability and performance of 2-altemative forced choice psychophysical tasks. This 

task also requires observers to integrate local stimuli into a coherent whole, but 

with stimuli that stimulate the parvocellular system / ventral stream preferentially 

rather than the magnocellular / dorsal stream. Therefore it also acts as a control 

task for the possibility that the impairment in motion detection arises from the 

need to integrate local information into a global whole (central coherence) rather 

than a specific impairment of magnocellular function.

An additional problem with the data presented in chapter three was that the 

Navon task did not elicit a global bias in either the children with autism or the 

typically developing children. Chapter four presented another Navon study which 

did show global bias in the typically developing children, but not in the children 

with autism. The data from that task will be used in this chapter to provide a 

measure of local / global bias which can be compared with motion detection 

ability. This chapter (chapter five) is therefore a recapitulation and extension of 

the ideas and data presented in chapter three.

5.1.1 General Methodology

Participants

Participant recruitment and testing took place approximately three months 

after data collection for chapter three. Within this time, the children had moved up 

a school year, some children had left school and others had joined. Thirteen of the 

children who had participated in chapter three and who were still available for 

testing also participated in this study. In addition, younger children who did not 

take part in the previous study were also recruited, and additional participants 

with autism (and Asperger’s syndrome) were recruited from two different schools 

in the area. All of the children (except one typically developing child) recruited 

for the Navon study in chapter four also performed the motion and form 

coherence tasks. In total 34 children with autism (32 males and 2 females) and 34 

typically developing children (18 males and 16 females) were recruited. None of 

the typically developing children had participated in the study presented in
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chapter three. The number of children whose data is analysed in this chapter is 

therefore:

Motion Coherence 34 children with autism, 34 typically developing children.

Form Coherence 34 children with autism, 34 typically developing children.

Navon task 20 children with autism, 19 typically developing children.

CEFT 25 children with autism^, 26 typically developing children.

The children with autism were all attending, and recruited from, schools or 

units for children with autism, and had previously been diagnosed as having 

autism, (N = 26) or Asperger’s syndrome (N = 8) by clinicians based on criteria 

specified in the DSM IV. Typically developing children were selected from local 

schools if their chronological age and RPM raw score matched that of a child with 

autism. Because some of the participants were recruited for a collaborative study 

(not reported here) which involved matching them with a group of children with 

dyslexia as well as typically developing controls, the matching of children in this 

study is not as close as it was in the study presented in chapter three. In this 

sample, 16 pairs of children were matched to within + / - 4 (months of raw score 

points), the rest of the typically developing children were not matched to a 

specific child, but were selected if their chronological age and RPM raw score 

was typical of the autism population. The actual ages, RPM raw score and 

calculated non-verbal IQ of all participants are presented in appendix three. The 

mean characteristics for each are presented in table 5.1 below. Independent 

samples t-tests showed that there were no significant group differences between 

any of the variables (all ps > .1).

Procedure

As described earlier, ethical permission for the study was obtained from 

the Joint UCL / UCLH Committees on the Ethics of Human Research, and written 

informed consent was obtained from the parents of the children involved.

13 o f these children performed the task in the first testing session, data from which was presented 

in chapter three.
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Table 5.1 Group characteristics of the children who participated in the 

studies in chapter five.

Chronological age 

(years : months)

RPM raw score Non-verbal IQ

Autism (N = 34)

Mean 10:2 29.1 91.2

1 : 7 9.1 14.1

Range 8: 1 - 1 3 : 5 1 3 - 4 7 6 6 - 1 22

Control (N = 34)

Mean 10: 1 31.5 95.3

1 :2 9.9 13.7

Range 7: 11 - 1 3 : 5 1 4 - 5 0 6 7 - 1 25

5.2 Study 1. Motion and form coherence detection

5.2.1 Introduction

The coherent motion and coherent form tasks used in this study were 

designed by the same researchers who designed the RDK used in chapter three 

(see Hansen et al., 2001). The motion detection task used here and the one used in 

chapter three are similar in that both of them use a two-alternative forced choice 

design to measure the threshold at which coherent motion can no longer be 

detected. However, the task used in chapter three consisted of only one panel of 

dots and involved detecting the direction of coherent motion (to the right or to the 

left), whereas the task used in this chapter presents two panels of dots and 

involves detecting the presence of coherent motion. The coherent form task was 

similar in application to the motion task, but to present stimuli which are thought 

to tap parvocellular function rather than magnocellular function. A similar visual 

task was also used by Atkinson et al., (1997) to provide a control task for a study 

which tested dorsal stream function in children with Williams’ syndrome. 

Atkinson et al. pointed out that, in contrast to the motion detection task, the form 

coherence task requires relatively little input from the magnocellular stream and 

relies on areas of the visual system (e.g. neurones in V4, the ventral stream) which 

respond preferentially to concentric arrangements (Atkinson et al., 1997). If the
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poor motion detection of some children with autism reflects a general visual 

impairment or general lack of sensitivity to psychophysical visual tasks, it would 

be expected that children with autism would be impaired at detecting the coherent 

form shape as well as the coherent motion signal. If, however, high motion 

coherence thresholds in some children with autism reflect specific magnocellular 

impairment, it would be expected that children with autism would show 

impairment at the motion detection task, but not the form detection task.

The tasks were originally designed for use with adults and children who 

have dyslexia and specific reading difficulty (Hansen et al., 2001; Talcott et al., 

2000), and not specifically for use with children with autism. One criticism of the 

use of these tasks with children with autism is therefore that the stimulus array 

consists of two panels of dots (or lines), so requires shifts of attention between the 

panels. As mentioned earlier, it has been suggested that some children with autism 

may be impaired at shifting attention (Townsend et al., 1996). If some children are 

unable to shift attention between the two panels, then their coherence thresholds 

would be increased. However, the tasks included catch trials, in which either the 

coherent form or motion signal is set at a high (easily identifiable) threshold. If 

any child made a lot of catch trial errors this would indicate that they could not 

perform the task adequately, whether this was due to an inability to shift attention, 

failure to understand the task instructions or inattention to the task. All trials were 

screened for catch trial errors, prior to analysis of the data.

It was predicted that some children with autism would have significantly 

higher MCTs than the typically developing children, but would not be impaired at 

the coherent form task (i.e. not have significantly higher form coherence 

thresholds [FCT]). This prediction is in line with data from Spencer et al. (2000) 

who found that children with autism were poorer at detecting coherent motion 

when compared to verbal-age matched controls but showed no difference in 

detecting coherent form. However, in Spencer et al.’s study, the children with 

autism were matched with controls of equivalent verbal mental ages but the 

control children were actually chronologically younger than the children with 

autism. This may hide a difference, albeit of a lesser magnitude than in motion 

detection, between the groups in terms of coherent form detection, as it may be 

the case that when the children with autism and the controls are matched for both 

chronological age and non-verbal ability the children with autism also show
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impairment in detecting coherent form. The study presented here will enable us to 

test this, as it analyses form and motion coherence thresholds from a group of 

children with autism who are matched for both chronological age and RPM raw 

score.

5.2.2 Method

Participants

All 68 children performed this task. See table 5.1 (p 128) for participant 

characteristics.

Stimuli and Apparatus

Coherence measurements were performed on a Dell Latitude laptop 

computer with a screen measuring 248mm x 188mm. Because testing took place 

in different schools, ambient luminance was not equal across all testing 

conditions, however we tried to minimise the variation by positioning the 

computer away from any windows in the room, and turning off overhead lights. A 

handheld photometer (Topcon digital illumination meter) was used to measure the 

ambient luminance in the testing rooms. Average ambient luminance was 50 lux.

Design

Motion Coherence Measurement

The RDKs consisted of two patches of high luminance white dots (1 pixel) 

presented on the black background of the computer screen (see figure 5.1). The 

patches consisted of 300 dots which had a fixed lifetime of 3 animation frames 

(168.3 msec). At a viewing distance of approximately 40 cm, each patch 

subtended 10° x 14°, separated by a space of 5°. One patch in every trial 

contained a percentage of dots which moved coherently across the patch from the 

right to the left and then from the left to the right continuously. The remaining 

dots in the patch moved with the same speed (77sec) but randomly changed 

direction between screen refreshes (i.e. in a Brownian manner) and were therefore 

noise dots. The second patch contained only noise dots. To prevent tracking of
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individual dots, the lifetime for each dot was fixed (see above), after which time 

the dot was regenerated at a random position inside the same panel.

Participants inspected each patch and indicated which one contained the 

dots that were moving together across the patch. They made a 2-altemative forced 

choice by pointing at the appropriate patch, (and the examiner keyed in the 

response on the keyboard), or by pressing the appropriate key themselves. Every 

trial lasted for 80 animation frames, which corresponded to 4488 msec. Initial 

coherence was set at 75%, and then adjusted using a weighted (1.5:0.5 dB ratio) 

1-up, 1-down adaptive staircase (Kaembach, 1991). For correct responses the 

coherence was reduced by a factor of 1.122, and for incorrect responses it was 

increased by a factor of 1.412. Threshold was defined as the smallest proportion 

of target dots required for detecting coherent motion, and was calculated from the 

geometric mean of 8 out of 10 reversal points (reversal point = increase in 

coherence value following an incorrect response). Approximately one in every 10 

trials was a catch trial which consisted of a patch in which 75% of the dots moved 

coherently. For typical observers this proportion of target dots was easily 

identifiable as coherent motion, so incorrect responses on these trials indicated a 

potential failure to understand instmction, or lapses of attention from the task. 

Catch trial data were not included in the calculation of the final threshold, but the 

number of catch trials which were passed or failed was recorded. Audio feedback 

was given for both correct and incorrect responses.

Form coherence measurement

The form task consisted of two panels of white line segments measuring 

0.4° in length (see figure 5.1). Each patch consisted of 600 high luminance 

segments. The stimulus dimensions, and exposure duration were matched to the 

values in the motion task. In each trial, a proportion of the lines in one panel were 

oriented to make a circle (the diameter of which subtended 8°). This was the 

coherent form signal. The rest of the lines in the target panel, and all the lines in 

the other panel were oriented randomly. Participants were required to identify 

which panel contained the coherent form (the circle). Initial coherence was set at 

75%, and again this varied in a staircase manner as described above. Audio
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feedback ,  catch trials and  the coherence  calcu la t ion w e re  eq u iv a l e n t  in the m o t i o n

and form tasks.

Procedure

The participants performed the motion and the fomi tasks on the same day, 

and the order in which they were administered was counterbalanced. Two blocks 

of each task were given, and the final threshold was calculated as the mean 

threshold of these two blocks.

Figure 5.1 A schematic illustration (not to scale) of the motion and form  

coherence stimuli patches.

iS#
\ . '■I-

(a) (b)
In all stimuli the coherent signal shown on the left. The upper patches show 
coherent motion (the arrows indicate direction of dot movement), and the lower 
patches show the coherent fonn signal. The signals in diagram (a) show high 
coherence (more dots moving coherently together or more lines oriented into a 
circle shape) while the signals in diagram (b) show lower coherence.
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5.2.3 Results

Data screening

Due to a computer error, data for the form coherence task for one child 

with autism is missing. This child’s motion coherence threshold was still included 

in the analysis. Data from any participant who made more than 25% catch trial 

errors on either the motion or the form task was excluded. This resulted in 

excluding data from three children with autism (one of whom made catch trial 

errors in the motion task only, the others made catch trial errors in both tasks). We 

also screened catch trial data to establish if any participant made 25% or more 

catch trial errors on the first block of trials in either of the tasks, and no catch trial 

errors on the second block of trials. If this was the case, then rather than 

calculating the threshold as the mean of the two blocks, only the data from the 

second block was used. Three participants showed this pattern in the motion task 

(2 with autism and 1 typically developing) and 1 participant (with autism) showed 

this in the form task, and their thresholds were adjusted accordingly.

Group differences between the children with autism and the controls.

As in chapter three, form and motion coherence thresholds represent the 

lowest proportion of moving dots (motion task) or oriented lines (form task), that 

the participant required in order to be able to detect the coherent signal. Therefore, 

a high threshold indicates low sensitivity (poor performance) to the signal and a 

low threshold indicates high sensitivity (good performance). Figure 5.2 presents 

box plots that show the spread of thresholds obtained by the two groups for both 

tasks. The boxes represent the interquartile range (containing 50% of the values), 

the line across the box represents the median, and the whiskers represent the 

highest and lowest values excluding outliers (defined by SPSS as any value which 

fell between 1.5 and 3 box lengths from the lower or upper edge of the box), 

which are shown by open circles, and extreme values (defined by SPSS as any 

value which fell more then 3 box lengths from either the upper or lower edge of 

the box) which are shown by stars. Table 5.2 presents the mean, range, and 

standard deviation for each group for both the motion and form coherence 

variables.
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Figure 5.2 The median and range of motion and form coherence thresholds 

in both groups.
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Table 5.2 The mean motion and form coherence thresholds of each group.

FORM

Autism Control

MOTION

Autism Control

Mean threshold 3&9 29^ 1C8 10.5

7.6 9.3

Range 13 .3 -47 .5 1 6 .4 -63 .9 5 .2 -6 0 .5 3 .6 -2 6 .1

Neither the motion or fonn variables were normally distributed 

(Kolmogorov-Smimov, p < .05). The Mann-Whitney test was used to assess the 

difference between the two groups on both of these tasks. Using this test, the
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groups showed no significant difference in either of the tasks (form coherence, U 

= 378, p > .05, motion coherence, U ^  412, p > .05). To allow more powerful 

analysis, the raw data were log transformed in order to render them suitable for 

parametric analysis. The transformed variables fitted a normal distribution (both 

variables in both groups, Kolmogorov-Smimov, p > .05). Independent t-tests 

showed a significant group difference in the transformed motion coherence 

thresholds, t(50.15) = 2.14, p < .05, but no group difference in the transformed 

form coherence thresholds, t(62) = 1.09, p > .05.^ A repeated measures ANOVA 

with task (motion or form coherence) as the within subjects variable and group 

(autism and control) as the between subjects variable revealed main effects of 

both group, F(l, 62) = 5.09, p < .05, and task, F(l, 62) = 200.3, p < .001, 

reflecting the fact that the children with autism obtained higher thresholds in both 

tasks than the typically developing children, and the fact that form coherence 

thresholds are higher than form coherence thresholds. The interaction between 

group and task just failed to reach significance, F(l, 62) = 3.49, p = .066.

Transformed form and motion coherence thresholds were significantly 

related in the typically developing children, N = 34, r = .45, p (two-tailed) < .01, 

but not in the children with autism N = 30, r = .29, p (two-tailed) >0.1.

Sex Differences

There was no difference between male (N = 18, MCT = 10.1, s.d. = 4.8, 

FCT = 26.6, s.d. = 7.1) and female (N = 16, MCT = 11.1, s.d. -  4.91, FCT = 

31,58, s.d. = 10.9) typically developing children in either the (transformed) form 

or motion scores (t(32) = -1.67, p > .05 and t(32) < 1, p > .1 respectively). Sex 

differences in the children with autism were not analysed due to there being only 

two females in the sample.

Individual differences in performance within the two groups

The frequency with which (raw data) thresholds occurred in each quartile 

of the sample distribution was calculated and is presented in table 5.3.

 ̂This pattern of results remained even when co-varying for chronological age (motion, F (l, 65) = 
4.9, p < .05, form, F (l, 64) = 1.3, p > .1) and RPM raw score (motion, F (l, 65) = 4.1, p < .05, 
form, F (l, 64) < 1, p > .1).
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Table 5.3 The frequency with which each individual threshold occurred in 

the four quartiles (of the whole sample).

1®* quartile 2"̂  quartile 3̂^̂ quartile 4̂"" quartile

Form 16.4-24.9 24.91 -28.93 28.94-33.17 33.18-63.9

Autism (N = 30) 4 8 8 10

(13.3%) (26.7%) (26.7%) (33.3%)

Control (N = 34) 12 8 8 6

(35.4%) (23.5%) (23.5%) (17.6%)

Motion 3 .6 -7 .36 7.37-9.95 9.96 -  14.49 14.5 -  60.52

Autism (N = 31) 6 8 7 10

(19.3%) (25.8%) (22.6%) (32.3%)

Control (N = 34) 10 9 9 6

(29.4%) (26.5%) (26.5%) (17.6%)

As with the motion coherence data in chapter three, there was a lot of 

overlap between the coherence thresholds obtained by both groups. This was also 

indicated by non-signifieant analysis of group difference (motion, n = 65, d.f. = 

3, = 2.2, p >.05; form, n = 64, d.f. = 3, x̂  = 4.8, p >0.05). The variation in

thresholds was not mediated by chronological age. Pearson’s bivariate (two- 

tailed) correlation showed no significant relationship between chronological age 

and the transformed motion variable, in either the group as a whole, N = 64, r = - 

.14, p > .1, or within the two groups; children with autism, N = 31, r = -.20, p > .1, 

typically developing children, N = 34, r = -.04, p > .1. There was however a 

relationship between chronological age and FCT, N = 63, r = -.28, p < .05. This 

however was only maintained in the group with autism, N = 30, r = -.39, p < .01 

and not in the typically developing children, N = 34, r = -.17, p > .1.

The number of children with autism who showed substantially different 

performance from the controls was calculated as in chapter three (as defined by 

obtaining thresholds which occurred in or above the highest 5% of the control 

distribution). This analysis defined the following number of children with autism 

as showing different performance when compared to the normal curve from the 

control data:
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• Motion task = 7 children (22.5%)

• Form task = 2 (different) children (6.7%)

In contrast, two typically developing children (5.8%) had FCTs in this range and 3 

(8.8%) (different) children had motion coherence thresholds in this range.

Comparison o f double panel (chapter five) and single panel (chapter three) 

motion coherence data.

There was no significant relationship between the motion coherence 

thresholds obtained in chapter three and in chapter five as measured in the thirteen 

children who performed both tasks. No significant correlation was found either by 

performing non-parametric correlations on the raw data, N = 13, Kendall’s tau = 

.128, p (two-tailed) > .1, or with parametric correlation of the log transformed 

variable, N = 13, r = .054, p (two-tailed) > .1.

5.2.4 Discussion

As the boxplot of figure 5.2 illustrates, both groups of children had, on 

average, higher FCTs than MCTs. This data reflects that of Hansen et al. (2001) 

who also reported higher FCTs than MCTs in a group of adults with dyslexia and 

controls. However, the two tasks are not standardised in terms of absolute 

threshold measurement, therefore it is not meaningful to compare across the tasks. 

The analysis of interest in this study is the difference between children with 

autism and typically developing children on the individual tasks.

This analysis showed, after transforming the raw data, that children with 

autism obtained significantly higher MCTs than the typically developing children, 

but there was no significant difference between the FCTs of two groups. 

Additionally, a repeated measures ANOVA revealed a marginally significant 

interaction (p = .066) between group and task performance. Spencer et al, (2000) 

found that children with autism who were chronologically older than the typically 

developing children did not show a difference in FCT, despite having significantly 

higher MCTs. The study presented here further shows that even when the children 

with autism and the typically developing children were matched for both 

chronological age and non-verbal ability as measured by RPM, they did not 

significantly differ in their ability to detect coherent form. This finding suggests
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that children with autism do not have a generalised visual deficit which manifests 

itself in poor performance on all visual psychophysical tasks, but rather that they 

have a specific deficit in motion perception.

The finding that FCTs did not differ between the groups adds strength to 

the position that there is a selective magnocellular / dorsal stream deficit in 

autism. In addition, this data confirm the finding of chapter three that the deficit is 

present only in some children with autism and not in the group as a whole. The 

distribution of motion coherence thresholds in the children with autism was 

almost bimodal, with a group of children who performed the task no differently to 

the typically developing children, and another group of children who were 

severely impaired at the task. This difference between the two groups was not 

large enough to be shown by non-parametric analysis of the raw data, as neither 

the Mann-Whitney test nor the chi-square test illustrated any group differences. 

However, it was seen using parametric analysis of log-transformed data, by the 

large variation in performance of the motion task (see standard deviations 

presented in table 5.2), and by the number of children with autism who were 

defined as showing qualitatively different performance from the control group. 

Indeed the striking thing about the data in this sample is not the difference 

between the central tendencies of the two groups, but the amount of variance in 

the group of children with autism on the motion task. As suggested by the high 

standard deviation in the MCTs of the children with autism, not only do some 

children with autism have a specific impairment in detecting the coherent motion, 

but the degree of the impairment is also very severe. For example, the seven 

children identified by the deviance analysis had thresholds of 19%, 21.4%, 

28.94% 40.28%, 50.55%, 55.14% and 60.52%. In comparison, the thresholds of 

the control children defined in this range were 19.45%, 20.45% and 26.11%. Four 

children with autism therefore had MCTs that were more than three standard 

deviations higher than the highest score obtained by the typically developing 

group. Importantly, these four children did not show abnormal FCTs and all 

except one of them obtained FCTs within or below the interquartile range. An 

observation made during testing supports the evidence in the data for children 

who are severely impaired at detecting coherent motion but are within normal 

limits for coherent form, as one of the children with autism, who obtained a form 

coherence score which was lower than the group median (and whose data is not
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included in the analysis as he made 40% errors on the catch trials in the motion 

task), reported that he could not see any coherent motion signal in the example 

stimulus, in which the motion signal was set at 75% coherence.

In general the MCTs measured by the double panel task used here are 

lower than the MCTs obtained with the single panel task in chapter three. 

However, there were some children with autism in this sample who were extreme 

outliers -  showing very high motion coherence thresholds. The task used in 

chapter three did not bring out such extreme differences. This may suggest that 

the RDK used in this task provides a more sensitive measure of magnocellular 

function than the task used in chapter three. The fact that the motion coherence 

thresholds from the thirteen children with autism who performed both the single 

and double panel motion tasks were not significantly related further suggests that 

there is not a direct relationship between the demands of the two tasks. Although 

it must be noted that 13 is a very small number for correlation analysis.

The increased role of attention shifting in the double panel task should not 

be ruled out, as it is possible that an attention shifting deficit in some of the 

children with autism could have contributed to their increased thresholds. 

However, both the motion and the form tasks require attention shifting between 

the panels. The fact that motion and form coherence thresholds were not 

correlated in the children with autism suggests that an additional factor which is 

specific to the motion task is at the root of the deficit.

5.3 Study 2. The Children’s embedded figures test

5.3.1 Introduction

Chapter three reported that coherent motion detection was correlated with 

performance on the CEFT in children with autism. This finding supports the 

hypothesis that magnocellular function underpins visual central coherence, but it 

is also possible that the relationship reflects the role of central coherence in both 

tasks. If this were to be the case, then we may expect to see a relationship 

between the CEFT and FCT, as well as between the CEFT and MCT. This is 

because the form coherence task requires some degree of central coherence - for 

the integration of local signals into a coherent whole. If however, the relationship 

between the CEFT and MCT reported in chapter three reflects the role of the
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magnocellular system in global processing, then we would predict a relationship 

between CEFT and MCT only.

Although it might initially appear that the task demands of the coherent 

form task and the CEFT are similar as both tasks require the participant to identify 

a target shape from an array of distractors, the visual characteristics of the two 

stimuli are very different. In the CEFT, the target shape comprises a detail of the 

global percept, that is, it constitutes part of the global figure. In the form 

coherence task the target shape is an apparent shape which stands apart from the 

global percept. Although both of these tasks require some form of central 

coherence, the nature of central coherence is different in each task. Superior 

performance on the CEFT is thought to arise from an enhanced ability to dis- 

embed the target shape from the global shape (Frith, 1989), whereas detection of 

the coherent form task requires participants to integrate local signals into a global 

percept (Talcott et ah, 2000). In addition the visual signal and visual processing 

required by each task is very different. In the CEFT, the wavelength, luminance 

and contrast of the stimuli will vary widely, with the global aspects of the 

stimulus being signalled by lower spatial frequency signals than the local details. 

In the form task the average luminance of the background and of the line 

segments will be more consistent. We have predicted that the mechanism behind 

weak central coherence as measured by the CEFT is the lack of processing 

advantage given to global visual images from low spatial frequency channels / 

magnocellular system. The type of central coherence involved in integrating the 

coherent form and motion tasks might occur at a higher level of processing.

The question remains as to whether the correlation between MCT and CEFT 

in chapter three represented impairment of the magnocellular system and the 

consequences of this for global vs local perception, or whether it represents a 

more general / higher level of weak central coherence in autism. Data regarding 

the correlation between the tasks will be presented in section 5.4. The following 

section analyses only the difference in CEFT performance between the two 

groups, in order to investigate whether the findings of chapter three are replicated 

with a partially new group of children with autism and a totally new control 

group.
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5.3.2 Method

The general methodology of this task has been presented in chapter three 

(page 61), and is not repeated here.

Participants

51 children (25 with autism and 26 without) performed this task, however 

one of the children with autism refused to finish the test, resulting in complete 

data from only 24 children with autism, 13 of the children with autism had 

participated in the study presented in chapter three. These children did not 

perform the CEFT again but their data was included in this analysis. All the 

typically developing children were new to the study. Therefore the analysis 

presented below includes data from 13 children with autism as was presented in 

chapter three. The participant characteristics are presented .in table 5.4 below. 

Independent samples t-test showed no significant differences of the matching 

criteria between the two groups (all t < 1, all p > .1).

Table 5.4 Group characteristics of the children who performed the CEFT.

Chronological age 

(years : months)

RPM raw score Non-verbal IQ

Autism (N = 24)

Mean 10:2 30.3 92.9

S.d. 1:7 724

Range 8:1-12:11 1 9 -4 5 7 4 -1 2 2

Control (N = 26)

Mean 10:0 31.5 95.7

1:1 13.5

Range 7.11-12:4 1 4 -5 0 73 -  125

5.3.3 Results

Group differences between the children with autism and the controls

The two variables presented are the mean number of targets identified by 

each group (maximum = 25), and the mean reaction time to identify the target.
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Good performance is therefore reflected by a high number of targets identified, 

and a low mean RT. Figure 5.3 presents box plots indicating the performance of 

two groups for each of the variables. As above, the box plot illustrates the 

interquartile range (containing 50% of the values), the median, and the highest 

and lowest values excluding outliers, which are represented by open circles. Table 

5.5 presents the mean result and standard deviation from each group for the two 

variables.

Figure 5.3 The median and range of CEFT scores obtained by both groups.
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Table 5.5 The mean number of targets identified (max = 25) and mean time 

(in secs) to identify the targets for both groups.

Mean number of targets Mean reaction time (secs)

Autism 17.6 8.8

4.5 4.4

Range 1 0 -2 5 3.6-21.1

Control 15.0 9.6

4.2 3.1

Range 5 -2 3 3.4-15 .3

Both variables met the assumptions of normality (Kolmogorov-Smimov, p 

> 0.05) and homogeneity of variance (Levene’s test, p > .05), therefore 

multivariate analysis of variance was used to assess the difference in CEFT 

performance between the two groups. The overall analysis was not significant, 

F(2, 47) = 2.42, p = .1, however, the between subject effects revealed that there 

was a significant difference between the groups in terms of number of targets 

correctly identified, F(l, 48) = 4.73, p < .05, but not between average reaction 

time, F(l, 48) < 1, p > .1. Furthermore, this difference remained significant after 

co-varying for chronological age and RPM raw score.

As noted in chapter three, MANOVA is very sensitive to outlying data 

points, so the analysis was repeated after removing the data from the child 

indicated as an outlier in figure 5.3. This analysis showed an overall significant 

difference between the performance of the two groups, F(2, 46) = 3.38, p < .05, 

however, between subjects effects showed that this difference was still driven 

only by the difference between the number of targets identified, F(l, 47) = 5.37, p 

< .05, and not by the average reaction time, F(1, 47) = 2.14, p > .05.

Sex Differences

MANOVA was performed on the typically developing children only to 

investigate the occurrence of sex differences in EFT performance. In the control
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group there were 14 males and 12 females who completed the EFT. MANOVA 

analysis showed that there was no significant difference between the male and 

female children, F(2, 23) < 1, p > .1, in the data as a whole, and also between the 

two separate variables, (number of targets identified, male = 15.1, s.d. = 4.6, 

female = 14.8, s.d. = 3.8; average rt to identify targets, male = 9.6 secs, s.d. = 2.8,

female = 9.6 secs, s.d. = 3.5, F(l,24) < 1, p > .1 in both cases).

Individual differences in performance in the two groups

As with the data presented in chapter three, table 5.6 shows that generally, 

more children with autism obtained scores in the upper quartiles than the typically 

developing children, indicating better performance in this group. However, chi- 

square analysis showed that neither of these distributions were significantly 

different between the autism and the control groups, (number correct, d.f. = 3, =

4.01, p > .1; average RT, d.f. = 3, = 4.39, p > .1).

Table 5.6The frequency with which individual scores occurred in the four

quartiles.

quartile 2"  ̂quartile 3*̂  ̂quartile 4“̂ quartile

Number of targets 5 - 12 13-15 1 6 - 19 20-25

Autism (N = 24) 4 4 5 11

(16.7%) (16.7%) (20.8%) (45.8%)

Control (N = 26) 8 6 7 5

(30.8%) (23.1%) (26.9%) (19.2%)

Reaction time 11.32-21.06 9.13-11.31 6.21-9 .12 3.37-6 .20

Autism (N = 24) 3 6 7 8

(12.5%) (25%) (29.2%) (33.3%)

Control (N = 26) 9 7 6 4

(34.6%) (26.9%) (23.1%) (15.4%)

This table also shows that there is a lot of overlap in the performance of 

both groups, confirming that not all children with autism show superior 

performance on the CEFT. This overlap was not a consequence of the range of
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ages or non-verbal IQs of the children in the sample. The children with autism 

who obtained scores in the first quartiles were not the simply the children with 

autism who were the youngest or who had the lowest RPM raw score or non

verbal IQ. Although bivariate correlation revealed a significant relationship 

between RPM raw score and the number of targets identified (N = 50, r = .417, p 

< .01), this relationship was driven only by the typically developing children (N = 

26, r = .592, p < .01) and not by the children with autism (N = 24, r = .307, p > 

.1). There were no significant relationships between age and the CEFT variables 

(age and number of targets, N = 50, r = .27, p > .05, age and time to identify 

targets, N = 50, r = -.15, p > .1).

As above, the number of children with autism who showed qualitatively 

different perfomiance from the controls was calculated. This analysis indicated 

the following number of children who showed qualitatively different performance 

from the controls;

• Number of targets identified = 4 children (16.6%)

• Average RT to identify the targets = 3 children (12.5%)

One child showed abnormal performance in both measurements. In contrast, 

one typically developing child (3.8%) obtained scores in this range for the number 

of targets identified, and two (7.7%) (different) typically developing children 

obtained scores in this range for the average time to identify the targets.

5.3.4 Discussion

In chapter three there were significant differences between the groups in 

both the number of targets identified and the average time taken to identify the 

targets, whereas in this study there was only a significant difference in terms of 

the number of targets identified. A possible reason for this difference could result 

from the fact that the data from 13 of the children with autism was collected in an 

earlier testing session (chapter three), so at the time they performed the CEFT 

they were approximately three months younger than the typically developing 

children who were matched to the current age of these children.

Despite there being no significant difference between the average time to 

identify the targets, the children with autism showed a trend towards identifying 

the hidden figures more quickly than the children without autism. This does
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support the evidence from chapter three, that even when children with autism are 

matched to a control group for both chronological age and non-verbal IQ, they 

still show a superior ability at detecting embedded figures. However, again, it is 

not the case that all children with autism showed superior performance on this 

task.

5.4 Part two -  Re-testing the relationship between motion processing, v^eak 

central coherence and global / local processing.

Prior to the following correlation analysis it was predicted that, in line with 

chapter three, motion coherence thresholds would be related to performance on 

the CEFT such that high (poor) MCTs would occur with good performance on the 

CEFT. It was also predicted that poor coherent motion detection would be related 

to a lack of global bias in the Navon task, and that therefore, good performance on 

the CEFT and lack of global bias would also be related. In addition we predicted 

that these relationships would not hold for FCTs. These predictions would be 

borne out by the following results:

• A positive correlation between MCT and the number of embedded targets 

identified.

• A negative correlation between MCT and the average time taken to identify 

the embedded figures.

• A positive correlation between MCT and the Navon variables.

• A positive correlation between the Navon variables and the number of 

embedded targets identified.

• A negative correlation between the Navon variables and the average time 

taken to identify the embedded figures.

The following variables from each of the tasks were entered into correlation 

analysis: transformed motion and form coherence thresholds; number of 

embedded targets identified and average time taken to identify the embedded 

targets. In order to compare the degree of local or global bias shown in the Navon 

task with these variables, separate variables were calculated from the Navon data 

presented in chapter four. Three variables were calculated which provided an
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index for each participant of global or local bias shown in the divided attention 

condition, global or local advantage effects shown in the selective attention 

condition and global or local interference shown in the selective attention 

condition. These variables were calculated in the following way (the formulae are 

presented in table 5.7):

• Divided attention: Each participant’s mean reaction time (from correct 

responses only) when the target appeared at the local level was subtracted 

from their mean reaction time (from correct responses only) when the target 

appeared at the global level.

• Selective attention (advantage effects): Each participant’s mean response time 

(correct responses only) when the stimulus was neutral at the local level was 

subtracted from their average response time (correct responses only) when the 

stimulus was neutral at the global level. (Interference effects): The difference 

between each participant’s average reaction time when the stimuli were 

incompatible and neutral at the local level was subtracted from the difference 

between the average reaction time when the stimuli were incompatible and 

neutral at the global level. This calculation relies on the assumption that 

incompatible stimuli will always generate higher mean response times than 

neutral stimuli. This was not so for all cases, so in any calculation where either 

a or b resulted in a negative number, this was changed to 0 in order to avoid 

false identification of either global or local interference.

Table 5.7 Formulae for creating indices of global or local bias in the Navon 

task.

Divided Mean global -  mean local

Selective

Advantage

Mean global neutral -  mean local neutral

Selective

Interference

A - B

(where A = global incompatible -  global_neutral, 

and B = local incompatible -  local neutral)
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A positive score from any of these three calculations would indicate a 

local bias, as a positive score would be obtained if reaction times were longer for 

the global stimuli than the local stimuli, or if there was more interference from the 

local global incompatible target than from the local incompatible target. Similarly, 

a negative score would indicate global bias, as a negative score would be obtained 

if reaction times were quicker to global stimuli than local, or if there was more 

interference from the local incompatible stimuli than from the global incompatible 

stimuli. A score of exactly 0 would reflect neither global nor local bias.

All of the above variables were normally distributed list-wise 

(Kolmogorov-Smimov, ps > .05), therefore partial parametric correlations, 

controlling for chronological age and RPM raw score, were used to investigate the 

relationships between them. Since a priori predictions had been made as to the 

direction of relationships between variables, one-tailed significance values were 

applied. Data from any child that was not included in the analyses presented 

above due to them failing catch trials (motion / form coherence), or showing 

abnormally high error rates (Navon data) was not included in the correlation 

analysis^. In addition, in cases where the presence of an outlying data point 

(recognised as an outlier from previous analyses [e.g. page 142]) significantly 

skewed the results of a correlation, the outlier was removed and data reported 

without that child. Table 5.8 illustrates the correlation co-efficients of the 

relationships across both groups. Table 5.9 presents these values within each 

group. Significant correlations (p < .05) are highlighted by bold font, and the 

number in parentheses is the number (n) of data points entered into the analysis. 

For all analyses the degrees of freedom of the correlation is n -  4.

Because not all children completed all tasks, the number of cases in each analysis is different 
from task to task.
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5.4.1 Results and Discussion

Table 5.8 Correlation co efficients for all subjects. Significant relationships are highlighted by bold font

Motion Form CEFT CEFT Navon Tasks
(transformed) (transformed) Targets RT Divided Selective Interference

r (n) r (n) r (n) r (n) r (n)

Motion (transformed) -

Form (transformed) .299** (64) -
CEFT targets identified .131 (49) .124 (49) -
CEFT RT .120 (49) -.131 (48) -.173 (50) -

Divided, Advantage .491** (36) -.015 (35) -.306 (27) -.180 (27) -

Selective, Advantage .426* (33) .187 (32) .018 (24) -.363* (24) .379* (33)
Selective Interference -.114 (33) .063 (32) .102 (24) -.156 (24) -.110 (33) -.281 (34) -

* p < 0.05, ** p < 0.01 (one-tailed)
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Table 5.9 Correlation co-efficients for each group. Significant correlations are highlighted by bold font.

Motion Form CEFT CEFT Navon Tasks

f transformed) f transformed) Targets RT Divided Selective Interference

Autism r (n) r (n) r (n) r (n) r (n)

Motion -

Form .194 (30) -

CEFT targets identified -.131 (23) .002 (23)
CEFT RT .230 (23) -.354 (22) -.231 (24) -

Divided, Advantage .473* (17) .137 (16) -.529* (14) .017 (14) -

Selective, Advantage .385 (16) .435 (15) -.375 (13) -.487 (13) .626* (15) -

Selective, Interference -.207 (16) .074 (15) .089 (13) -.046 (13) .088 (15) -.324 (17)

Typically developing
Motion -

Form .396* (34) -

CEFT targets identified .291 (26) .131 (26)
CEFT RT .173 (26) .037 (26) -.107 (26) -

Divided, Advantage .586* (19) -.116 (19) -.150 (13) -.614* (13) -

Selective, Advantage .557* (17) .009 (16) .485 (11) -.321 (11) .221 (17) -

Selective, Interference -.049 (17) .042 (16) -.085 (11) -.203 (11) -.177 (17) -.365 (17)
p < 0.05, ** p < 0.01 (one tailed)
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To test the specificity of the relationships between the variables that were 

significantly related to motion coherence threshold, Hotelling’s t test was used to 

compare the relationships with both motion and form coherence. The test revealed 

that the relationship between global / local bias as measured by the divided 

attention task and motion coherence threshold was not related to the relationship 

between global / local bias and the form coherence task, indicating that the 

relationship between motion coherence and global / local bias is specific to 

motion coherence. This was found for both the whole data set, t(32) = 2.643, p < 

.05, and for the typically developing group, t(16) = 3.65, p = .01, but not in the 

autism group, t(13) = 1.08, p > .1. When global / local bias was measured from 

the selective attention task. Hotelling’s t revealed that although the relationship 

between motion coherence threshold and global / local bias was not independent 

from the form task in the group as a whole, t(29) = 1.28, p > .1, it was in the 

typically developing data, t(14) = 2.98, p < .01. This analysis suggests that the 

significant relationships observed in the correlation analyses above between 

motion coherence threshold and the Navon task in the typically developing 

children are specific to motion processing and do not reflect a general relationship 

between the visual tasks. In the data from the children with autism these results 

indicate that the relationship between the Navon task (divided attention) and 

motion coherence threshold may reflect a more general relationship between the 

three tasks.

Is there a relationship between coherent motion detection and central coherence?

The data shows that neither motion coherence thresholds nor form 

coherence thresholds were significantly related to CEFT performance in either 

group of children. Figure 5.4 illustrates the number of children who were defined 

as having substantially different performance as compared to the controls on the 

motion coherence, form coherence and CEFT. The Venn diagram shows that, 

contrary to chapter three, there was no overlap amongst the children with autism.
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Figure 5.4 A Venn diagram showing the number of children with autism who 

were defined as showing substantially different performance as compared to 

controls.

EFT number of targets

Motion Coherence

Form Coherence

EFT: RTAutism

Asperger's

However, as predicted, there was a significant relationship between MCT 

and global / local bias in the Navon task in both the children with autism and the 

typically developing children. Figure 5.5 shows a scatterplot of the MCTs and the 

difference between responses made towards global targets and responses made 

towards local targets. The data presented is from the divided attention paradigm, a 

similar pattern was seen in the selective attention data.
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Figure 5.5 Scatterplot showing motion coherence threshold (y axis) against 

degree of global or local bias exhibited on the divided attention Navon task (x 

axis).
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This figure illustrates that as MCTs are high (show less ability to detect 

coherent motion), the bias on the Navon tasks is more local, and when MCTs are 

low (reflect good ability to detect coherent motion) the bias on the Navon task is 

more global. In other words, the children with good magnocellular function, as 

measured by the RDK, are the ones who have a global bias in the Navon task 

whereas the children with poor magnocellular function are the ones who have a 

local bias. Importantly there was no relationship between Navon bias and FCTs, 

further supporting the hypothesis that global bias in the Navon task is underpinned 

specifically by the magnocellular pathway. However, the relationship between the 

Navon task and MCT was seen only in global advantage and not global
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interference. In fact, global advantage and global interference were not positively 

correlated. This supports the claim discussed in chapter four that global advantage 

and interference effects are not necessarily governed by the same mechanism, and 

these data provide another example of these effects being dissociated (cf 

Robertson, Lamb, & Knight, 1988). Additionally, the data provide evidence that 

the global advantage effect is directly related to magnocellular function but the 

global interference effect is not. This conclusion is in line with researchers who 

have demonstrated that removing low spatial frequencies from hierarchical stimuli 

reduces the global advantage effect but not the global interference effect (Lamb & 

Yund, 1993; M.R. Lamb & E.W. Yund, 1996).

We also predicted that global / local bias would be related to performance 

on the CEFT, in the sense that the children who showed good CEFT performance 

would also show a more local bias in the Navon task. This prediction assumes that 

the mechanism which gives rise to good dis-embedding skill in autism is also the 

same mechanism which gives rise to a lack of global bias. The data regarding this 

prediction is not straightforward to interpret. The typically developing children 

showed trends towards the predicted result, i.e. those children who were good at 

the CEFT also showed a local bias. The children with autism however showed 

contradictory results, as those who identified the embedded figures quickly 

showed a local Navon bias, but those who identified more targets showed a global 

bias.

A different interpretation o f the Navon data

The conclusion in the Navon task of chapter four was that the children 

with autism did not show global bias in the task, whereas the typically developing 

children did. This conclusion was drawn following the main effects and 

interactions found in the ANOVA analysis (see pages 109 - 118). In addition, the 

figures which plotted this data (figures 4.10 -  4.13), indicated no difference 

between speed and accuracy to identify the target when it appeared at the global 

level or at the local level in the children with autism. However, as figure 5.5 

clearly shows, some children with autism did show global bias and others showed 

local bias. It was not the case that the difference between global and local 

processing as calculated above for each child with autism hovered around zero.
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which is what would be expected if children with autism showed no difference 

between their global and local processing as concluded in chapter four. This 

suggests that the analysis perfomied in chapter four did not accurately reflect the 

data, as it showed only that the mean responses when the target appeared at the 

local level did not differ from the mean responses when the target appeared at the 

global level in the group of children as a whole. Concluding therefore that 

children with autism show neither a global nor a local bias in this task was wrong. 

The actual differences between global and local responses as calculated for the 

variables above are presented below. The graph shows each participant’s 

difference score calculated in line with the formula above (see table 5.7). (A score 

o f 0 represents no difference between responses to the global or local targets. A 

negative score indicates a global bias and a positive score indicates a local bias).

Figure 5.6 The difference between response times when the target appeared 

at the global level and when it appeared at the local level in the children with

autism and controls.
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This graph shows that some children with autism had a global bias in these 

tasks and others had a local bias. In addition, the typically developing children 

also showed both global and local bias. Following this observation, each 

participant was defined as showing a global, local or no bias based on their 

difference scores as presented in the graph above. A child who obtained a 

difference score less than -50 msec was defined as showing a global bias. A child 

who obtained a difference score of between -50 msec and + 50 msec was defined 

as having no bias, and a child who obtained a difference higher than +50 msec 

was defined as showing a local bias. The number of children in each group 

defined as having global, local or no bias is presented in table 5.10 below.

Table 5.10 The number of children in each group who were defined as 

showing global bias, no bias or local bias in the Navon task of chapter four.

Global bias No bias Local bias

Divided Attention

Autism 8 (44.4%) 4 (22.2%) 6(33.3%)

Control 11 (55%) 3 (15%) 6 (30%)

Selective - Advantage

Autism 7(41.2%) 5 (29.4%) 5 (29.4%)

Control 12 (70.6%) 2(1L8%0 3 (17.6%)

Selective -  Interference

Autism 6 (35.3%) 9 (52.9%) 2(11.8%)

Control 7(41.2%) 9 (52.9%) 1 (5.9.6%)

Chi-square analysis revealed no significant differences between the groups 

in terms of the number of children classed as showing global, local or no bias in 

any of the variables (divided attention, (2) < 1, p > .1, selective attention 

(advantage), (2) = 3.1, p > .1, selective attention (interference) (2) < 1, p > 

.1). This suggests that, contrary to the conclusion in chapter four, children with 

autism as a group do not show any qualitative difference as compared to the 

controls in the way in which they process hierarchical figures.
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Following this classification of each child as either showing a global bias, 

a local bias or no bias, a one-way ANOVA was perfomied to investigate whether 

there was any difference between the transformed MCTs of the children 

depending on what kind of bias they exhibited in the selective attention Navon 

task. This analysis showed a difference between the transformed MCTs, F(2, 32) 

= 3.49, p < .05, and LSD post-hoc tests indicated that the children who showed no 

bias in the Navon task had significantly higher MCTs than those children who 

showed either a global bias or a local bias. This is illustrated in figure 5.7 below.

Figure 5.7 Mean motion coherence threshold of groups defined as showing 

global, local or no bias in the Navon task (selective attention).
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One of the predictions laid out in the introduction to chapter three was that 

perfonnance on the CEFT and MCTs may be related to severity of autism 

symptoms and diagnosis of either autism or Asperger’s syndrome, i.e. the children 

with the most severe autistic symptoms may be the ones with the weakest central 

coherence and the highest MCTs. However, this prediction was not supported by
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the data in that chapter. To re-test these predictions in the sample of children and 

data presented in this chapter, correlation between scores from the ASQ and 

performance on the experimental variables were performed, and a logistic 

regression was carried out to see if any of the experimental variables predicted 

diagnosis (of either autism or Asperger’s syndrome) of the children in the 

experimental group. From this sample of data, 21 sets of parents / caregivers 

returned the ASQ. For each item, a score of 1 represented a characteristic 

commensurate with a diagnosis of autism, and a score of 0 reflected lack of this 

characteristic. The mean percentage of points given in each of the three categories 

(calculated out of the maximum number of points available in each category) is 

presented in table 5.10.

Table 5.11 Mean scores from the ASQ.

N = 21

Total score Communication Socialisation Repetitive

Behaviour

Mean 49% 55% 38% 58%

S.D. 15 18 20 23

Range 23 -  69% 23 -  85% 7 - 7 1 % 20 -  90%

Bi-variate and partial (controlling for the effect of chronological age and 

non-verbal ability) correlations were performed to test for any relationship 

between the experimental variables (motion & form coherence, CEFT and Navon 

performance) and the ASQ score. No significant relationships were found between 

the experimental tasks and any of the ASQ measures (all r < .2, all p > .4).

Forced entry logistic regression with diagnosis (autism or Asperger’s 

syndrome) as the dependent variable and motion coherence, form coherence, 

CEFT number of targets identified and both of the Navon variables as the 

predictors showed that none of the variables significantly predicted group 

membership.
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5 .5  G e n e r a l D isc u ss io n

Data presented here has demonstrated that some children with autism were 

impaired at detecting coherent motion from random noise. In comparison, these 

children were not impaired at detecting coherent form. This suggests that some 

children with autism have a selective impairment in the magnocellular / dorsal 

stream. In addition, the CEFT data supports earlier findings that children with 

autism identify more embedded figures than typically developing children who 

are matched for both chronological age and non-verbal ability. However, it was 

not the case that all children with autism were superior at the CEFT, or had high 

MCTs. Some children with autism could identify the coherent motion just as well 

as the typically developing children, regardless of their age and non-verbal IQ, 

and similarly, some typically developing children identified more embedded 

targets than the children with autism, again regardless of their age and non-verbal 

IQ. However, in contrast to data presented in chapter three, there was not a 

relationship between those children who had poor motion coherence detection and 

those who had superior skill on the CEFT. Because chapters three and five 

provide conflicting evidence for the same hypothesis it is unclear what to 

conclude about the nature of this relationship, and the strength of support for the 

hypothesis.

It is possible that the differences in task design of the two RDKs generated 

different task requirements which measured different constructs. This is likely, 

given that performance on the two motion detection tasks did not correlate in the 

13 children who performed both tasks. However, 13 is a small number for a 

correlation analysis, and it could be argued that this is not enough to provide a 

meaningful result. Another possibility is that finding the significant correlation in 

the group of children with autism in chapter three was a type 1 error. However the 

fact that a high proportion of the children who were defined as showing 

qualitatively different performance on the motion task also fitted this description 

in the CEFT makes this unlikely. Especially as being defined as showing 

qualitatively different performance on the CEFT means superior performance 

whereas on the motion task it mean poor performance.

By creating variables which provided an index of degree of global or local 

bias exhibited by each individual, it emerged that both children with autism and 

the typically developing children show individual differences in the degree to
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which they show a global or a local bias. Contrary to the conclusion drawn in 

chapter four, it was not the case that all typically developing children had a global 

bias and all children with autism showed no bias when the stimulus was briefly 

exposed. Additionally, there was no significant difference between the frequency 

of bias shown in the two groups, further supporting the conclusion that children 

with autism do not show qualitative differences in their global / local processing 

as compared to children without autism.

There was however, a significant relationship between the Navon task and 

MCTs in the predicted direction. This relationship occurred in both the children 

with autism and the typically developing children, in the absence of any such 

relationship with FCT. It was also the case that those children who showed neither 

a global nor local bias had the highest MCTs. This suggests that a deficit in 

magnocellular functioning could lead to a lack of global bias in the Navon task, in 

line with the predictions made earlier in the thesis, as it was suggested that a 

magnocellular deficit may lead to a reduction of global advantage rather than the 

occurrence of a local bias. This suggests that a more useful way of looking at this 

data may be to consider the existence of sub-groups within the autism population. 

It appears from this data that a sub-group of children exist who have very high 

motion coherence thresholds and also show a lack of either global or local bias in 

the Navon task.

Given that there was a significant relationship between MCT and global / 

local bias on the Navon task and not in the CEFT, different mechanisms may 

underlie performance of the two tasks. The role of the magnocellular system is 

more integral in the Navon task than it is in the CEFT. However, this is still not 

clear from the data presented here. For example, chapter three did suggest that 

CEFT and magnocellular integrity are related. However, this could be a result of 

different, currently unclear task requirements of the single and double panel task 

RDKs.

When looking to the wider literature for a foundation in which to base 

possible conclusions, it appears that there is much more literature regarding the 

visual processes involved in the Navon task than in the EFT. The EFT was 

originally conceived to be a test of field dependence, which is a construct rooted 

very firmly in the discipline of cognitive psychology, therefore the task has not 

been a focus of visual research. The Navon task on the other hand has received a
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lot of interest from visual researchers, and there are clear theories regarding the 

role of the different visual subsystems in mediating global bias (e.g. Badcock et 

al., 1990 & Hughes et al., 1996). In order to strengthen the theoretical background 

to the hypothesis of this thesis, it would be beneficial to be able to draw on 

literature which has investigated the role of low and high spatial frequencies in the 

processing of embedded figures. To our knowledge no such literature exists, 

however an attempt to investigate this will be presented in the next chapter, where 

a red filter is used to attenuate the magnocellular system in a group of (non- 

autistic) typical observers. This study will hopefully identify whether the 

magnocellular system plays an important role when identifying embedded figures, 

as it will tell us whether EFT performance is compromised (or as this thesis would 

predict -  enhanced) when the magnocellular system is inhibited.
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6 Chapter six. Does attenuation of the M-pathwav produce 

weak central coherence in non-autistic observers?

6.1 Introduction

So far data have been presented which, in part, support the hypothesis that 

visual weak central coherence could be underpinned by an inefficient 

magnocellular system. This final experimental chapter presents an alternative way 

to test the hypothesis and aims to create a model of weak central coherence in 

typical observers by attenuating the magnocellular system with long wavelength 

(i.e. red) light. Data will be presented from the motion and form coherence tasks, 

the EFT and the Navon task when the stimuli were presented in two conditions -  

once under a red filter and once under a neutral density filter. The prediction was 

made that under the red filter condition weak central coherence / lack of global 

bias will be induced in people with no presumed magnocellular deficit.

That long wavelength light inhibited the magnocellular system was first 

demonstrated by Breitmeyer and Williams in 1990. They reported that the 

perception of metacontrast and stroboscopic motion (both of which are perceptual 

phenomenon thought to arise due to the interaction between parvocellular and 

magnocellular systems) was reduced when stimuli were presented on red as 

opposed to green or neutral backgrounds. The physiological basis for this 

hypothesis was drawn from earlier work by Livingstone and Hubei (1984) on 

single cells responses in the monkey visual cortex. They found that a large red 

stimulus positioned in the animal’s visual field generated “a striking and lasting 

silence in the magnocellular layers [of the LGN]” (Livingstone & Hubei, 1984 p 

320). This was explained in terms of Type IV cells, which comprise 50% of the 

cells in the geniculate magnocellular system and are found only in the 

magnocellular and not the parvocellular layers. These cells show a tonic 

suppression of firing when long wavelength light hits the surround of their 

receptive fields (Derrington & Lennie, 1984; Livingstone & Hubei, 1984). Since 

Breitmeyer and Williams’ study, the reduction of metacontrast in stimuli 

presented on a red background has been replicated by Edwards et al., (1996). In 

addition, further studies using red backgrounds or filters have produced a 

reduction in the global interference effect of Navon stimuli (Michimata et al., 

1999), a reduction of depth perception (Brown & Koch, 2000) and a reduction of
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co-ordinate spatial processing (Roth & Hellige, 1998). The technique has also 

been used to investigate the role of the magnocellular system in figure-ground 

perception (Weisstein & Brannan, 1991).

By inhibiting the magnocellular system and presenting the tasks that have 

been used in this thesis, we hope to investigate to what extent the magnocellular 

system is involved in these tasks. As was pointed out in the discussion of chapter 

five, little is known about the specific visual processes required for the perception 

of embedded figures. By testing performance on this task while the magnocellular 

system is inhibited we can develop an idea of how important a role this system 

plays in the task. Michimata et al. (1999) have already shown that when Navon 

stimuli are presented on a red background, the global interference effect is 

reduced. This finding suggest that the magnocellular system is important in 

mediating the global interference effect rather than the global advantage effect. 

However this conclusion is at odds with findings from other researchers who have 

reported that low spatial frequencies are important for the global advantage effect 

and not the interference effect (e.g. Lamb & Yund, 1993). It is also contradicted 

by the finding reported in chapter five of a relationship between advantage effects 

and MCT in the children with autism and controls and a lack of any such 

relationship between interference effects and MCT. However, as was discussed in 

chapter four, the design of Michimata et al.’s study did not include a neutral 

stimulus, therefore it is difficult to isolate the effects of global advantage and 

interference. Re-investigating this with an experimental design which does enable 

differentiation between advantage and interference effects (i.e. using a neutral 

stimulus), will enable clarification of the role of the magnocellular system in 

governing global advantage and global interference effects.

The role of the magnocellular system in the motion and form coherence 

tasks used in chapter five, and the EFT will also be investigated. Presenting the 

RDK used earlier under the red filter will provide a good indication of whether or 

not this task provides an appropriate index of the magnocellular system. 

Presenting the EFT under the red filter will also be informative as to the role of 

the magnocellular system in the processing of this task. It was predicted that when 

viewed under the red filter, MCTs will be increased compared to a neutral filter, 

but FCTs will not be affected. If the magnocellular system also plays an important
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role detecting embedded figures then it would be predicted that the red filter 

would elicit an improvement in performance of this task.

6.2 Method

6.2.1 Motion and form coherence measurement.

Participants

20 healthy volunteers were recruited via posters in the Department of 

Human Communication Science at University College London which advertised 

for volunteers to participate in a visual task. Participants were excluded from the 

study if they had any history of dyslexia or neurological disorder. All had normal 

or corrected to normal vision in both eyes. All participants were registered 

students at UCL at the time of testing. The mean age of participants was 24 years, 

with a minimum of 19 and a maximum 42 years. Written informed consent was 

received from each participant before the experiment commenced and each 

participant received financial reward for taking part.

Stimuli and Apparatus

The motion and form coherence detection tasks were the same tasks used 

in section 5.3. Therefore the design of these tasks will not be reported here. The 

tasks were administered from a fixed PC which was placed in a testing laboratory 

with no access to outside light. Lee filters were used to produce the red and 

neutral density filters. The red filter was made from the Primary Red filter with a 

cut-off of < 580 nm. The neutral density filter did not attenuate any wavelengths, 

but was used to equate for luminance. Both filters completely covered the 

computer monitor which measured 320 x 242 mm. No overhead lights were 

turned on in the room, so the filtered light from the monitor was the only light 

source in the room. Luminance measured at the subjects viewing position was 1 

cd/m^ under both the red and the neutral density filters.

164



P r o c e d u r e

Each participant performed the motion and form coherence tasks twice, 

once with the red filter and once with the neutral density filter. The order of task 

presentation and colour of filter was counterbalanced four ways.

6.2.2 Embedded Figures Test

P a r t ic ip a n ts

20 new participants were recruited to this study as explained above. The 

mean age of the participants was 23 years with a minimum of 19 years and a 

maximum of 31.

S tim u li  a n d  A p p a r a tu s

A modified version of the group embedded figures test (GEFT) was used. 

The GEFT is designed for use with adults, and is presented in booklet form to 

enable group testing. The GEFT was used rather than the standard adult EFT, as it 

consists of grey line drawings, and does not contain coloured shading which could 

be affected by the red filter. The test includes 8 simple target figures which are 

embedded in 18 different target figures. An example of a simple target figure and 

complex embedded figure is presented in figure 6.1 below.

Figure 6.1 An example of a simple figure and the complex figure within 

which it is embedded, from the GEFT.

Simple figure Complex figure
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There was a range of simple figures and complex visual , arrays to prevent 

practice effects. The GEFT is made up of two sets of 9 trials, set A and set B, plus 

9 practice trials. Sets A and B are considered to be equivalent in difficulty (Day, 

McRae, & Young, 1990), therefore, the participants performed one set with one 

colour filter and the other set with the other colour filter. In addition, the order of 

red vs neutral density filter and set A vs set B was counterbalanced four ways to 

prevent practice effects.

The stimuli were scanned onto the computer and incorporated into a 

presentation such that the target to be identified preceded the embedded figure and 

was never present on the screen at the same time. The colour and orientation of 

the figures remained the same from booklet to computer format. However, the 

dimensions were changed so that the target figures which appeared in different 

complex figures always appeared at the same size. The stimuli ranged in size from 

33 X 57 mm to 120 x 170 mm. Which at a viewing distance of 40 cm corresponds 

to 4.7 X  8.2 to 17.1 X  23.9 degrees of visual angle. The type of filters, computer 

used, and testing environment was the same as described for the motion and form 

coherence measurements (above). However because the stimuli were presented on 

a white background rather than a black background, the luminance from the 

screen as measured at the subject’s viewing position was 6 cd/m^ for both the red 

and neutral density conditions.

Design and Procedure

Participants sat in front of the computer at a viewing distance of 

approximately 40 cm. The target figure to be identified in the impending trial 

appeared on the screen and remained for as long as the participants requested. 

When the participant indicated they were ready, the target figure was replaced by 

an embedded figure, and the experimenter began the stopwatch. As soon as the 

participant identified the embedded target figure they said ‘stop’ at which point 

the experimenter stopped the watch, and the participant then traced round the 

figure on the screen. If their response was correct, their reaction time was 

recorded, if their response was incorrect the trail was scored as an error. The 

maximum time allowed to identify the figure was 60 seconds. If the target was not 

identified in this time, it was scored as an error. The participant could look back at
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the target figure during the trial if they needed reminding of what it looked like, 

but the target and embedded figures never appeared on the screen at the same 

time.

6.2.3 The Navon Task

Participants

20 new participants were recruited as above. The mean age of the 

participants was 25 with a minimum of 18 and a maximum of 34.

Stimuli and Apparatus

Only the selective attention paradigm was used. This was a modified 

version of the task presented in chapter four. Due to the potential confound of the 

stimuli letters generating interference between X and Z, the standard letters of H, 

S and X were used (e.g. Ozonoff et al., 1994; Plaisted et al., 1999). These stimuli 

are presented in figure 6.2 below. Two additional modifications were made to the 

task: the letters were presented on a grey background rather than a white 

background; and the stimulus was presented randomly above or below fixation 

point. The grey background was introduced as it reduced the contrast of the 

stimuli, and the random positioning of the stimulus reduced the possibility of 

participants developing alternative strategies for the task. This change was made 

because when piloting the study, some participants reported using alternative 

strategies such as fixating a particular area of the screen where a local letter, or a 

global cue always appeared in order to aid their completion of the task. 

Additionally Lamb and Robertson (1988) have shown that the global advantage 

effect occurs more reliably when the position of the stimulus is uncertain. Under 

the red and neutral density filtered conditions the luminance as measured at the 

subject’s viewing position was 4 cd/m^. The dimension of the global letters 

viewed from a distance of 40 cm was 6.4° x 6.4° and the dimension of the local 

letters was 0.9° x 0.9°.
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Figure 6.2 The stimuli used in the Navon task.

H H 5 5 5 5 5 5 5 5 5 H H H H H H H
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H H 5 5 5 5 5 5 5 5 5 H H H H H H H

Compatible Incompatible

X X X X X X X X X H H 5  5
X X X H H 5  5
X X X H H 5  5
xxxxxxx xxxxxxx H 5
X X X H H 5  5
X X X H H 5  5
X X xxxxxxx H H 5  5

Neutral (when attended level is global) Neutral (when attended level is local)

Design and Procedure

Participants sat in front of the computer with their fingers placed above the 

response keys which were covered with ‘H’ or ‘S’ stickers. Each participant 

completed 2 sets of 24 x 12 trials. One set was viewed under the red filter, and the 

other under the neutral density filter. The order of colour filter was 

counterbalanced, so that half the participants performed the task with the neutral 

density filter first and then after a short break performed the task again with the 

red filter. The other half started with the red filter. The rest of the experimental 

design was identical to the study described in chapter four.

6.3 Results

6.3.1 Motion and form coherence thresholds

Data Screening

No participant made sufficient catch trial errors for any of the data to be 

excluded or modified in the way outlined in chapter five.
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Analysis o f Differences

Figure 6.3 presents the median motion and form coherence thresholds 

obtained with the red and neutral density filters. The boxes represent the 

interquartile range (containing 50% of the values), and the whiskers indicate the 

highest and lowest values excluding outliers which are represented by outliers, 

and extremes which are represented by stars (defined as reported previously, see 

page 54).

Figure 6.3 The median and range of motion and form coherence thresholds 

under the red and neutral density conditions.
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The mean thresholds, range of values and standard deviations are 

presented in table 6.1 below.
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Table 6.1 Mean motion and form coherence thresholds in the red and neutral

density conditions.

N = 20 Red Neutral Density

Mean MCT 10.23 7.4

6.7 3.2

Range 2.3-31 .3 3 .8 -15 .6

Mean FCT 20.1 21.9

4.1 5.5

Range 12.8-27.4 12.4-37.9

The data from the motion coherence test with the red filter was not 

normally distributed (Kolmogorov-Smirnov, p < 0.01), due to the presence of the 

extreme outlier. All the other variables were normally distributed (Kolmogorov- 

Smimov, p > .1). Therefore two sets of analyses were performed. Initially, the 

motion and form coherence variables were analysed separately. Wilcoxon’s 

signed ranks test was used to analyse the difference between MCTs with the red 

filter and the neutral density filter, and parametric paired samples t-test was used 

to analyse the difference between the FCTs. These analyses showed a significant 

difference between the red and neutral density filtered conditions for the motion 

task (Z = -2.39, p < .05), and no significant difference between the red and neutral 

density filtered conditions for the form task (t( 19) = 1.19, p > . 1).

A second analysis was performed on the data after excluding the outlying 

data point of very high motion coherence threshold in the red filtered condition 

(removing the outlier resulted in a normal distribution). The data were entered into 

a repeated measures ANOVA with a 2 (task: motion or form) x 2 (colour of filter: 

red or neutral density) design. This analyses revealed a main effect of task (F(l, 

18) = 110.7, p < .01), which reflected the fact that the majority of participants 

obtained higher FCTs than MCTs. There was also an interaction between task and 

colour of filter (F(l, 18) = 5.6, p < .05), which reflected the fact that there was a 

significant increase in motion detection threshold when the red filter was applied 

(t(18) = -2.65, p < .05), but that there was not an equivalent change in detection 

threshold between red and neutral density filters with the form coherence task 

( t ( 18 )< l , p> . l ) .
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6.3.2 Embedded Figures Test

Within subject variation

Independent samples t-test revealed no difference between the results of 

items in set A and set B, t(281) = -1.5, p > .1, so the data were collapsed across 

sets. The number of targets each participant identified in the red and neutral 

density conditions, and each participant’s mean reaction time to identify the 

targets (correct identifications only) were calculated. Figure 6.3 shows the box 

plots presenting the median and range of number of targets identified and the 

reaction time in the red and neutral density filtered conditions. Table 6.2 presents 

the mean and standard deviation of these variables.

Figure 6.4 The median and range of GEFT scores obtained under the red and 

neutral density conditions.

I . .

Red  Taigets N.D. target; Red targets N.D. targets
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Table 6.2 M ean G EFT perform ance under the red and neutral density

conditions.

Number of 

Red filter

Targets 

N.D filter

Reaction time 

Red filter

(secs') 

N.D filter

Mean 7.4 6.15 10.5 11.2

1.4 1.7 4.9 4.4

Range 5 - 9 2 - 9 3 .7 -20 .9 2 .9 -16 .8

Paired samples t-tests revealed no significant difference between the average 

reaction time to identify the targets in the two conditions, t(19) < 1, p > .1. The 

difference between the number of targets identified in the two conditions just 

failed to reach significance, t(19) = 1.94, p = .067. However, when the outlying 

data point as illustrated in figure 6.3 was removed, the difference was not 

significant, t(18) = 1.61, p = .13.

6.3.3 The Navon task

Data screening

The raw data from each participant was screened for any responses which 

were over 3000 msec. From the 288 responses made by each of the 20 

participants, 8 reaction times over 3000 msec were found in each of the 

conditions, these responses were deleted from the analysis. The number of errors 

made by each participant, and the mean response time of the correct responses, in 

each of the stimulus conditions was then calculated. The data were analysed in a 

within subjects repeated measures ANOVA with a 2 (condition: red or neutral 

density) x 2 (level: global or local) x 3 (stimulus: compatible, neutral or 

incompatible) design.
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Analysis o f variance 

Error data

The analysis revealed a main effect of stimulus type (F(2, 38) = 61.5, p <

0.01. The main effect of stimulus type reflected the fact that the percentage of 

errors made to each of the three different stimuli was different from each other 

(compatible and neutral, F(l,19) = 8.3, p < 0.01, compatible and incompatible 

F(l, 19) = 67, p < 0.01, neutral and incompatible (F(l, 19) = 76.1, p < 0.01). No 

other main effects or interactions were significant, indicating that there was no 

difference between responses under the red and neutral density filtered conditions.

Reaction time data

There was a main effect of target level, F(l, 19) = 23.1, p < 0.01, which 

reflected the fact that responses were quicker when the target appeared at the 

global level than the local level (global advantage effect), and a main effect of 

stimulus type, F(2, 38) = 47.5, p < 0.01. The effect of type of filter was not 

significant, neither did it interact with any of the other variables. In addition, there 

was not a significant interaction between target level and stimulus type. The main 

effect of stimulus type reflected the fact that response times to all three stimuli 

were significantly different from each other, which was shown by simple contrasts 

(compatible and neutral F(l, 19) = 33.3, p < 0.01, compatible and incompatible 

F(l, 19) = 91.5, p < 0.01, neutral and incompatible F(l,  19) = 21.1, p < 0.01). 

Figures 6.5 and 6.6 illustrate the percentage of errors and mean reaction time 

made for each type of stimulus under each filtered condition. Tables 6.3 and 6.4 

present these data in a table.
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Figure 6.5 The percentage of errors made when the filter was red and when it 

was neutral density. Error bars = 1 standard error
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Figure 6.6 The reaction time when the filter was red and when it was neutral 

density. Error bars = 1 standard error.
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Table 6.3 M ean percentage o f errors m ade under the red and neutral density

conditions.

Global

Compatible Neutral Incom.

Local

Compatible Neutral Incom.

Neutral 3% 7% 14% 4% 6% 16%

3 6 9 3 5 10

Red 3% 5% 11% 3% 5% 16%

3 4 6 5 3 10

Table 6.4 Mean reaction time under red and neutral density conditions.

Global Local

Compatible Neutral Incom. Compatible Neutral Incom.

Neutral 498 529 554 579 603 661

S.d. 105 115 116 7dP 73d 77^

Red 504 524 551 560 594 627

92 gd 109 743 740 744

Given the finding in chapter five that advantage and interference effects 

were not positively related, the relationship between these variables was also 

investigated this relationship in this data. The same variables were calculated for 

this data as were created from the data in chapter five, i.e. an index of advantage 

effects (global neutral -  local neutral) and interference effects ((global 

incompatible -  global neutral) -  (local incompatible -  local neutral)) for each 

participant for both the red and neutral density conditions (see table 5.8). Again, 

with these calculations a negative score indicates a global bias and a positive score 

indicates a local bias. Table 6.5 presents the mean score from these calculations, 

and each participant’s score for each condition is presented in figure 6.7. The Y 

axis in this graph shows the difference between global and local processing in 

both the red and neutral density filtered conditions for both the advantage and
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interference effect. A score of 0 illustrates no bias, a negative score indicates a 

global bias and a positive score indicates a local bias.

Table 6.5 Index of advantage and interference effects shown by each 

participant in the neutral density and red conditions.

Advantage

Neutral Red

Interference

Neutral Red

Mean -73.6 -69.9 -32.5 -5.2

51.3 7724 # 2 5 5 2 9

Figure 6.7 The degree of global or local advantage and interference effects 

show n by each participant in the red and neutral density filtered conditions.
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To assess the degree of relationship between advantage and interference 

effects in this data, correlation analysis was performed. The index of interference 

in the neutral density condition was abnormally distributed (Kolmogorov- 

Smimov, p < .05), so non-parametric analyses were used when analysing this 

variable. All other analyses used parametric statistics. Bivariate correlations 

indicated that, as in chapter five, there was not a positive relationship between 

advantage and interference effects. This was found in both the red and neutral 

density conditions, red: r = -.33, p > .1, neutral:, p = .105, p > .1.

6.4 Discussion

Using the red and neutral density filters with the motion and form coherence 

tasks indicated that viewing the motion coherence task through a red filter 

significantly increased MCT while having no significant effect on FCT. Given 

that a red filter has been shown to attenuate the function of the magnocellular 

pathway (Breitmeyer & Williams, 1990; Edwards et ah, 1996), it can be 

concluded that the RDK provided a suitable index of magnocellular functioning, 

and also that the red filters used in the study produced the desired attenuation of 

the M-system. This is important, as many of the conclusions drawn throughout 

this thesis rely on the assumption that the motion coherence task provides an 

adequate index of magnocellular function. Also, the conclusions drawn in the rest 

of this chapter rely on the assumption that the red filter does sufficiently attenuate 

the performance of the magnocellular system.

However, the red filter did not significantly change performance on the 

GEFT. Although the full data set did show a trend towards the predicted results in 

the sense that marginally significantly (p = .067) more targets were identified 

under the red filter than under the neutral density filter, when the outlying data 

point was removed, this marginally significant difference disappeared.

In the Navon task, the red filter did not make any difference to the global 

advantage effect as this effect was present in both the red and neutral density 

conditions. However, when the stimuli were viewed through the red filter the 

magnitude of the global interference effect decreased. This is only apparent from 

looking at figure 6.6 though, as the size of this difference was not enough to 

generate a significant interaction in the repeated measures ANOVA. Although this 

wasn’t a significant difference, this data further supports the finding of chapter
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five, that advantage and interference effects can be dissociated. The review of the 

literature presented in chapter four, regarding the role of low spatial frequencies in 

the Navon task concluded that the global advantage effect is generated by the 

rapid processing of low spatial frequencies, and by implication, the magnocellular 

system (Hughes et al., 1996), but that the mechanisms of the global interference 

effect are less well known. The finding, from Michimata et al. (1999) that 

inhibiting the magnocellular pathway reduces global interference effects but not 

global advantage effects stands contrary to this position, as it suggests that the 

magnocellular system is important in the global interference effect but not the 

global advantage effect. Importantly, Michimata’s findings are backed up by a 

trend in this data set even when a neutral stimulus was used in the experimental 

design. This data fits an alternative model in the literature regarding global 

interference effects -  the inhibitory-interaction hypothesis (e.g. Hughes et al., 

1996). This model assumes that asymmetric interference occurs because of 

inhibitory interactions between parallel frequency-tuned channels in the human 

visual system which confer a processing advantage to the lower spatial 

frequencies (Hughes et al., 1984). Hughes et al. (1996) further suggest that this 

model should be viewed in terms of magnocellular dominance over parvocellular 

dominance, in line with previous claims that the magnocellular pathway actively 

inhibits the parvocellular pathway (Breitmeyer & Ganz, 1976; Williams & 

Lovegrove, 1992). As figure 6.5 shows, under the neutral density condition, the 

slope of the line between the neutral stimuli and the incompatible stimuli is 

steeper when attention is directed towards the local level than when it is directed 

towards the global level, illustrating global interference. In the red condition 

however, the lines between the neutral and incompatible stimuli are parallel, 

indicating that there is interference from both levels, and not specific global 

interference. Therefore it may be the case that the magnocellular system is 

implicated only in the global interference effect due to its inhibitory action onto 

the parvocellular pathway.

However, alternative explanations for the data must be considered. For 

example, there is an assumption in the literature that low spatial frequencies in the 

Navon task are synonymous with magnocellular processing in the Navon task 

(e.g. Hughes et al. 1996). Although the M-pathway does carry more low 

frequencies than the parvocellular system (Derrington & Lennie, 1984), it is not
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the case that there is a clear cut off between spatial frequencies that are carried by 

the magnocellular system and spatial frequencies carried by the parvocellular 

system. Instead, there is a gradual transition, and a trade-off between spatial and 

temporal frequency processing (Breitmeyer, 1975). In the macaque, this transition 

between transient and sustained channels occurs around 3 cpd (cycles per degree) 

(Kelly and Burbeck 1984). Given that the range of spatial frequencies in a given 

image varies depending on the size of the image, the degree to which the 

magnocellular and parvocellular channels are engaged by different stimuli will 

therefore depend on the dimensions of the image. Therefore it is possible, that the 

particular image used by Michimata et al. (1999), and the image used here, was 

composed of some spatial frequencies which were higher than would stimulate the 

M-system. These frequencies would therefore not be attenuated by the red filter 

and would reach the cortex in the same way regardless of the use of a colour filter.

An additional consideration is that only about half of the cells in the 

magnocellular layers of the LON are type IV cells, that is, only half of the cells 

will be attenuated by the long wavelength light. Therefore, the technique of using 

a red filter to dampen magnocellular processing still leaves 50% of the cells in this 

pathway working as normal. In relation to the global advantage effect, this suggest 

two things, either that the type III cells (which make up the remaining majority of 

cells) of the M-system are responsible for global advantage and the type IV cells 

are responsible for global interference, or that the global advantage effect is robust 

enough to be present even when half the cells of the system are attenuated, 

whereas the global interference effect is a less robust effect.

In relation to autism, assuming that the role of the magnocellular system is 

more prominent in the global interference effect than the advantage effect, then a 

“magnocellular hypothesis” of local visual processing in autism would suggest 

that children with autism may show a lack of global interference whilst 

maintaining global advantage. This pattern of data has been reported by Rinehart 

et al. (2000), however it is not a consistent pattern throughout the data, and it was 

not found in chapter four. However, as was discussed previously, the lack of 

global advantage effect was thought to arise because 100 msec was not long 

enough duration for a sluggish magnocellular system to generate its usual 

processing advantage. In addition to this, by creating indices which provided a 

measure of the degree of either global or local bias shown by individual
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participants it was clear that some children with autism did show global bias in the 

Navon task and others showed a local bias.

If the claim that the magnocellular system mediates the global interference 

effect rather than the global advantage effect is true, then it is surprising that there 

was not a significant relationship between the measure of interference in the 

Navon data and MCT. On the contrary, as chapter five shows, there was a 

significant relationship between MCT and the global advantage effect, but no 

relationship between MCT and interference effect.

Obviously these data do not provide a conclusive picture. More studies are 

needed to clarify the issues raised here, and to answer the further questions which 

it has generated. These issues, and the implications of the data for the wider 

literature of weak central coherence in autism will now be discussed in the final, 

discussion chapter.
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7 General discussion

7.1 Summary of Results

Some children with autism have difficulty detecting coherent motion 

(chapter three), in the absence of any such difficulty in detecting coherent form 

(chapter five). This finding replicates previous work (Spencer et ah, 2000), and 

suggests that some children with autism may have specific impairment of the 

magnocellular visual stream. In addition, some children with autism showed 

superior performance on the CEFT (chapters three and five), even though the 

children with autism were matched very closely to a group of typically developing 

controls in terms of chronological age and non-verbal ability. This finding 

confirms previous reports that ability to detect embedded figures represents an 

islet of ability in autism (Shah & Frith, 1983), and suggests that previous negative 

findings (e.g. Ozonoff et al., 1991 & Brian & Bryson, 1996) most likely resulted 

from including children with PDDNOS rather than pure autism, or from including 

children in both the control and the experimental groups who were older than 12. 

However, again it was not the case in this study that all children with autism 

demonstrated this islet of ability, although significant mean differences were seen 

between the experimental and control groups, chi-square analyses did not reveal 

differences in the distribution of scores in each group, suggesting that there was a 

large degree of overlap between performance of the children with autism and the 

controls. Similarly, as presented in chapter four, the initial analysis of the Navon 

hierarchical figures test showed that the children with autism were not globally 

biased in a paradigm which elicited global bias in the typically developing 

children. However, by analysing the individual difference scores between 

responding to global and local targets (in chapter five) it became clear that not all 

children with autism failed to show a global bias. Some of them showed a global 

bias, others showed a local bias and yet others showed no bias at all. Furthermore, 

there was not a significant difference in the number of children who showed the 

different types of bias in the control and experimental groups, again suggesting a 

large overlap between the performance of the two groups. Taken as a whole the 

data presented in this thesis strongly suggest the existence of cognitive sub-groups 

in the phenotype of autism, with only some children with autism showing visual 

weak central coherence and only some children with autism showing impaired
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motion detection. In addition, the thesis provides evidence that motion detection 

and degree of global or local bias displayed in central coherence tasks is related, 

suggesting a neuronal correlate of visual weak central coherence in both autism 

and typical development.

The coherent motion detection task has been interpreted to reflect the 

integrity of the magnocellular system. The finding that a red filter (which is 

known to attenuate the response of cells in the magnocellular stream [Edwards et 

al., 1996; Michimata et al., 1999, Breitmeyer & Breier, 1994]) produced a 

significant increase in motion coherence thresholds of a group of normal 

observers, in the absence of any increase in form coherence thresholds, supports 

this interpretation, and provides further grounds to accept that the coherent motion 

task provides a good reflection of magnocellular integrity. Therefore this thesis 

presents data which suggest that as predicted, an impairment in the magnocellular 

pathway could underlie weak central coherence in autism. Taken together with the 

literature review presented in chapter two which outlined the overlap between 

tasks which are known to have a strong magnocellular component and areas of 

deficit in autism, this thesis suggests that studying early stages of visual 

processing in autism could lead to useful and informative hypotheses as to the 

development of the disorder and some of the cognitive characteristics associated 

with the disorder. In addition it may provide the beginning of an answer to the 

question posed at the beginning of this thesis; “What is the neural basis o f  

individual differences in local versus global processing? ”

The following section describes how the data in this thesis contribute to the 

question and summarises both the findings which support the hypothesis and 

those which do not. The following findings provided support for the hypothesis:

1. There was a significant relationship between number of targets which were 

identified in the CEFT, and MCT in the children with autism (chapter 

three);

2. There were significant relationships between degree of global / local 

advantage shown by processing of hierarchical figures and MCT in both the 

children with autism and the typically developing children (chapter five);

3. The children who showed neither a global nor a local advantage in the 

Navon task had significantly higher MCT than either the children who
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showed a global advantage or the children who showed a local advantage 

(chapter five);

4. The red filter generated a non-significant reduction of global interference 

effect;

5. None of these relationships or modifications were seen in the form task 

(chapters five and six).

However, findings which fail to support the hypothesis, or are difficult to interpret 

in light of other literature are:

1. The relationship between CEFT performance and MCT in the children with 

autism was not replicated in chapter five;

2. The red filter did not produce any change in performance on the GEFT 

(chapter six);

3. The red filter reduced the global interference effect (non-significantly in this 

data but the finding has been reported previously by Michimata et al, 1999), 

but had no influence on the global advantage effect (chapter six), despite the 

fact that there was no relationship between MCT and the global interference 

effect (chapter five);

4. Global advantage effects and interference effects were unrelated (chapter 

five).

Two possible reasons can be put forward to explain why the relationship 

between CEFT and motion processing in the children with autism was not 

replicated in chapter five. The first one is that the significant result in chapter 

three was a type 1 error. This is possible, as the correlation was not strong (r = 

.388, p = .031) even with one-tailed significance values which are less 

conservative than two-tailed values. However, there was also a trend towards the 

same result shown by the typically developing children, and given that the 

relationship reflects good performance on one task and poor performance on the 

other it is not the case that the relationship reflects generally poor task 

performance. A second possible reason is that the two different motion coherence 

tasks tapped into different skills and that only the skill measured by the first task 

is related to CEFT performance. It was suggested earlier that the double panel 

RDK used in chapter five may have provided a more sensitive measure of 

magnocellular integrity, as it was only when using this task that a group of
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children with autism with a severe deficit in identifying coherent motion became 

apparent. In the RDK used in chapter three, the task was to identify the direction 

of coherent motion (right or left), whereas in chapter five the task was to identify 

the presence of coherent motion. The task in chapter three could therefore 

represent more high level motion processing occurring further along the visual 

stream which relates more to the task requirements of embedded figures detection, 

whereas the task used in chapter five may represent a lower level of processing. A 

related point has recently been discussed by Stein (2003) who also suggests that 

the double panel task is a more reliable indicator of magnocellular impairment 

than the single panel task. Although the singe panel task was not included in the 

red/neutral density filter battery of tasks, the fact that the red filter did increase 

motion coherence thresholds in the double panel task (with no corresponding 

increase in form coherence thresholds) does suggest that the double panel task 

reflects early magnocellular integrity. The fact that the red filter did not 

significantly alter performance on the GEFT suggests that the task is performed 

by higher level areas such as those identified by Ring et al. (1999), and may not 

therefore be directly related to low level functioning of early visual processing 

channels. The relationship between MCT and CEFT performance found in chapter 

three could therefore represent higher level processing (which could possibly be 

located to areas of the cortical dorsal stream such as posterior parietal cortex [c.f. 

Ring et al. 1999] and area MT [c.f. Newsome & Pare, 1988]). The data do show 

however, that the degree of global or local processing measured by the Navon task 

is significantly related to motion coherence thresholds as measured by the double 

panel motion detection task in both the children with autism and the typically 

developing children. These findings could lead to a modification of the original 

hypothesis presented at the beginning of the thesis as the data suggest that 

magnocellular integrity is related to degree of global or local bias shown in visual 

tasks and it could be predicted that degree of global or local bias is a pre-cursor to 

visual weak central coherence. EFT stimuli (especially the CEFT), are more 

complex than those presented in the Navon task, additionally, the EFT measures 

more than a simple bias towards the global or local level of a stimulus. This could 

result in it being more difficult to measure a direct link between low level 

perceptual mechanisms and the EFT than between low level perceptual 

mechanisms and the Navon task, but it remains the case that a local bias as
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measured by the Navon task could ultimately give rise to weak central coherence 

in the EFT. Further experiments designed to investigate the relationship between 

global or local bias in the Navon task and performance on other typical central 

coherence tasks would be necessary to test this hypothesis. Although there was 

not a clear relationship between global/local bias in the Navon task and 

performance of the CEFT in either the typically developing children or the 

controls in the data presented in chapter five, this cannot be taken as a very 

reliable measure as the Ns in each group were very small (from 15 -  18). 

However, when data from both groups were combined, partial correlation analysis 

(see page 149) revealed a significant correlation between advantage effects in the 

selective attention Navon task and the CEFT reaction time (N = 28, r = -.36, p < 

.05) indicating that as a group, the children with the more globally biased response 

took longer to find the embedded target.

Contrary to expectations the data presented in chapters five and six have 

illustrated that advantage and interference effects measured from the Navon tasks 

are not related. This was shown in the children with autism (chapter five), the 

typically developing children (chapter five) and the healthy adults (chapter six). 

This finding is counter-intuitive to the suggestion that advantage and interference 

effects are manifestations of the same phenomena. However, there are examples 

of other data which indicate that advantage and interference effects are 

independent. For example, it has been shown that advantage effects change as a 

function of visual angle (i.e. the larger the visual angle the more local the bias), 

but that interference effects do not vary systematically in this way, and global 

interference effects remain even in the presence of local advantage effects (Lamb 

& Robertson, 1989).

A next challenge to the magnocellular theory of local / global bias is to 

untangle the relationship of advantage and interference effects to motion 

coherence thresholds. It was predicted that children who had high motion 

coherence would not show a global bias, whereas the children who had low 

motion coherence thresholds would show a global bias. This relationship was 

found in both the typically developing children and the children with autism in 

terms of the global advantage effect, but not in either group in terms of the global 

interference effect. Taken on its own, this finding therefore suggests that the 

responses of the magnocellular stream underpin the global advantage effect and
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not the global interference effect. This fits well with the hypothesis presented 

here, and with other data that has shown that removing low spatial frequencies 

from a stimulus reduces the global advantage effect and not the global 

interference effect (e.g. Lamb & Yund, 1993). However, the results presented in 

chapter six, and the data presented by Michimata et al. (1999) -  regarding the 

consequences of attenuating the magnocellular pathway by using a red filter -  

suggests that the magnocellular pathway does not mediate the global advantage 

effect, but does mediate the global interference effect. As was suggested in 

chapter six, it could be possible that it is the Type IV cells (which are the ones 

inhibited by long wavelength light, Livingstone & Hubei, 1984) which mediate 

the interference effect, whereas the other cells which are not attenuated by long 

wavelength light mediate the advantage effect. This possibility is purely 

speculative and very simplistic however. Not enough is known about the different 

response characteristics of individual types of neurones in the visual system to 

validate the suggestion. Another explanation arises from the way in which the 

variables which indexed advantage and interference effects were calculated. The 

advantage effect was calculated by subtracting response times when the stimulus 

appeared at the local level from response times when the stimulus appeared at the 

global level. Calculating the interference effect was less straightforward though as 

the formula employed presumed that in all cases responses to incompatible stimuli 

would be longer than for neutral stimuli. In some cases this wasn’t the case so 

values were set at zero (see page 147). Therefore the measure of interference 

effects was a general approximation and may not have accurately reflected the 

actual interference effects exhibited by the individuals. It may be the case that 

with more accurate measurement of interference effect, a clearer picture as to 

whether interference and advantage effects are related and how this relates to 

motion processing may emerge. In any case, it will be important to understand 

how the magnocellular system impacts on the advantage and interference effects 

measured by the Navon task, in order to generate additional, testable hypotheses.

The conclusion drawn from the data presented here is that there is a 

relationship between coherent motion detection and degree of global advantage 

shown by the Navon task, supporting previous suggestions of a relationship 

between magnocellular integrity and the global advantage effect (Hughes et ah, 

1996). However the exact nature of the relationship remains unclear and deserves
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further investigation. Potentially the most interesting data comes from the analysis 

in chapter five, which found that the children who showed neither a global or local 

bias in the Navon task had significantly higher motion coherence thresholds than 

the children who showed a global bias or a local bias. This provides very strong 

support for the hypothesis that the global bias is mediated by the magnocellular 

system, as the hypothesis of this thesis made the prediction that magnocellular 

impairment would result in neither a global nor a local bias. The logic behind this 

prediction comes from the suggestion that weak central coherence could be 

conceptualised as lack of global bias, rather than a specific local bias. Global bias 

is typical of the human visual system (Navon, 1977), and therefore the 

abnormality in visual performance in autism could come from a lack of this global 

bias. Calculation of the degree of bias shown in the Navon task by each 

individual, revealed children who showed global bias, local bias and no-bias. 

Notably, it was the children who showed no bias who had significantly higher 

motion thresholds. As well as providing strong support for the hypothesis, the 

data also suggest that a relationship between the magnocellular pathway and 

global / local bias is not specific to autism, as chi-square analyses of the 

distribution of performance in the two groups indicates that the children with 

autism and the controls show very similar performance.

This point relates to the second question which was “Do people with 

autism lie on the normal continuum o f coherence, or are there quantitative 

differences in their global versus local processing? ” The results presented here 

suggest that children with autism do lie on the normal continuum of central 

coherence and that there are not significant differences in their global versus local 

processing. The overlap of scores obtained by the two groups on both the CEFT 

(chapters three and five) and the Navon task (chapter five), accompanied by a lack 

of significant difference between the distribution of the groups shown by chi- 

square analysis supports this conclusion. While differences in the central 

tendencies of the two groups can be shown, it is certainly not the case that all the 

children with autism display markedly different performance to that of the 

controls. Although by calculating the number of children with autism who 

obtained scores which occurred in the highest 5% of the control distribution, a 

proportion of children were identified as showing outlying performance. This is 

an arbitrary measure and not a standardised way to define significantly different
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performance, however it did suggest that in the motion detection task and the 

CEFT approximately between 19% and 30% of children with autism had different 

performance. This suggests not that the children with autism show generally 

different performance on the task, but rather that subgroups of children exist 

within the spectrum who show particular difficulty with the tasks.

A further peripheral question, posed by work on postural reactivity in 

response to motion in autism (Gepner et al., 1995) was “is there a difference in 

coherent motion detection, and also central coherence which can be predicted 

from severity o f symptoms? ” This was measured by a parental questionnaire and 

by diagnosis of either pure autism or Asperger’s syndrome. The data in this thesis 

finds no evidence that this is the case. No significant relationships between the 

experimental variables and parental report of severity of symptoms was found in 

either chapter three or five, and logistic regression showed that none of the 

experimental tasks predicted diagnosis. In addition, the Venn diagrams presented 

in chapters three and five show that qualitatively different performance as defined 

above was seen in children who were diagnosed with both autism and Asperger’s 

syndrome.

7 .2  O th e r  im p lic a t io n s  fro m  th e  d a ta

A striking finding from this data is of the importance of considering 

individual performance when comparing two groups. Chapters four and five 

illustrate how erroneous conclusions can be drawn simply by considering 

differences in central tendencies between the groups. Although this is obviously a 

very useful tool for elucidating if two groups differ in some way, false 

conclusions can be drawn if the assumption is made that all individuals perform in 

the way suggested by the average of the group. For example, the conclusion 

drawn from the Navon figure data presented in chapter four was that children with 

autism show neither global nor local bias when the stimulus was exposed for 100 

msec. This conclusion was drawn following a significant interaction between 

stimulus level and group from a repeated measured ANOVA, and confirmed by 

simple effects analysis. However, when the difference between global and local 

responses was calculated for each individual, as in chapter five, it was found that 

rather than none of the children with autism showing a difference between the
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global and local level, roughly half of the children with autism showed a global 

bias while the others showed a local bias. This result was different from that of the 

typically developing children as the majority (70%) of these children showed a 

global bias (in the selective attention paradigm), but it was not different in the way 

assumed from the ANOVA analysis.

It was outlined in chapter one of this thesis that many researchers now 

believe that autism is not a homogeneous disorder, and that there may be several 

developmental abnormalities which give rise to the disorder. Additionally, it may 

emerge that the term autism describes a collection of syndromes, each with the 

core features of abnormality in social communication, language and repetitive 

interests, but also displaying different cognitive profiles. The data presented here 

seems to suggest that this may be the case, at least in terms of how many children 

with autism there were in the sample who displayed qualitatively weaker central 

coherence than the controls. By performing analyses which show the range of 

performance in the children with autism rather than just the mean performance of 

the group, patterns may begin to emerge which help clarify whether consistent 

sub-groups can be identified within the disorder.

7.3 Implications from the literature

Other implications which emerge from the literature rather than from the 

specific findings in this thesis concern the biological architecture of autism. 

Chapter one presented a review of current hypotheses and findings concerning 

areas of potential brain abnormality in autism. One of the areas which has been 

implicated in autism was the parietal lobe (Courchesne et al., 1993). This finding 

is interesting in relationship to this thesis, as the posterior parietal cortex is 

thought of as the end point of the dorsal stream, and is also thought to play an 

important role in many of the attentional difficulties which are reported in autism. 

The literature review in chapter one suggested that the parietal lobe may be a 

profitable area for further research into sites of brain abnormality in autism.

As will be elaborated on below the magnocellular / dorsal system appears 

to be vulnerable in developmental disorders, as impairment of this system has 

been reported in dyslexia, (Livingstone, Rosen, Drislane, & Galaburda, 1991) and 

in Williams syndrome (Atkinson et al., 1997). Impairment of the magnocellular
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pathway has therefore also been linked to deficits in reading ability (Comelissen 

et al., 1998; Stein & Talcott, 1999; Stein & Walsh, 1997). Therefore it might be 

predicted that if a magnocellular deficit is present in children with autism, then 

these children will also show impairment in reading. This is not the case however, 

as children with autism show spared ability in learning to read (Frith, 2003; 

Snowling & Frith, 1986). Recently data have been collected which shows that 

children with autism who have high motion coherence thresholds show no reading 

impairment, while children with dyslexia who have a specific reading difficulty 

have no visual motion impairment (White, Ramus, Milne, Swettenham, & Frith, 

in preparation), suggesting that a magnocellular deficit and reading impairment 

may doubly dissociate. This raises important questions as to the nature of 

developmental disorders and why magnocellular impairment may be found to 

cluster in such disorders. The disorders have very different clinical presentations 

and it remains to be seen if magnocellular impairments may have a causal role, or 

represent a secondary factor of other neurological disturbances, although it is clear 

that in dyslexia, as well as autism it is a sub-set of individuals who are found to 

have problems with coherent motion detection (Ramus, 2003). This implies that 

magnocellular impairments are not causal in these disorders, but cluster in sub

groups within a range of developmental disorders.

The hypothesis of this thesis would predict however that central coherence 

in individuals with these disorders who showed high motion coherence thresholds 

would also be weak. As part of a collaborative project on sensori-motor 

processing and dyslexia and autism (with Sarah White, Franck Ramus and Uta 

Frith), a group of children with dyslexia performed the CEFT and the double 

panel motion and form coherence tasks presented in chapter five. It was predicted, 

in line with chapter five and previous research on motion processing in dyslexia 

(e.g. Hansen et al., 2001), that the children with dyslexia would show high motion 

coherence thresholds with no increase in form coherence thresholds, superior 

performance on the CEFT, and that there would be a relationship between these 

two tasks. This prediction was not upheld by the data however as the children 

with dyslexia showed no difference in performance compared to the control group 

in any of the tasks, and neither was there a significant relationship between the 

tasks. The results of these analyses are presented in appendix five. The 

relationship between central coherence and motion processing has not been
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studied by any other research group. However some researchers have investigated 

central coherence phenomena in the groups. For example, a recent study 

compared embedded figures test performance of individuals with dyslexia and 

controls. They found that both a group of children with dyslexia and a group of 

undergraduates with dyslexia performed significantly worse than their matched 

controls (Brosnan et al., 2002). Similarly there is no support for the suggestion 

that individuals with dyslexia fail to show a global bias on hierarchical figures 

tasks, as Keen and Lovegrove (2000) reported that a group of children with 

dyslexia showed an equivalent global advantage effect to controls in a Navon type 

task. However, it has already been discussed how slight methodological variations 

in this task can affect performance, and we have suggested that a short exposure 

duration is necessary for a difference between children with autism and controls to 

be seen (chapter four). The exposure duration used by Keen and Lovegrove was 

2000 msec, which may have masked any subtle processing differences between 

the two groups.

There is some evidence that children with William’s syndrome may 

display a local bias over a global bias, although it has not traditionally been 

classified as weak central coherence. Evidence in support of the position comes 

from the observation that drawings by people with the syndrome tend to be 

dominated by the local aspects of the stimulus over and above the global (Bihrle, 

Bellugi, Delis, & Marks, 1989). The cognitive profile of Williams syndrome 

shows good language ability but very poor visuo-spatial skills. Bellugi et al. have 

suggested that poor global processing may be a source of this poor visuo-spatial 

ability (Bellugi, Wang, & Jemigan, 1994). In contrast to children with autism, 

children with Williams syndrome are notably poor at the block design task 

(Bellugi, Sabo, & Vaid, 1988). In the first paper which demonstrated poor 

coherence motion detection in Williams syndrome, the authors also reported an 

additonal impairment in a posting task (Atkinson et al., 1997). This task is a 

common clinical test for deficits in spatial attention which often follow focal 

lesions to the posterior parietal cortex (Milner & Goodale, 1995) and Atkinson et 

al. (1997) concluded that the individuals with Williams syndrome in their study 

exhibited a specific deficit of the dorsal stream. A paradox is obvious at this point, 

between interpretation of research on autism and similar interpretations of 

research on Williams syndrome. As Farran et al. point out, a bias in local
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processing has been suggested to explain very poor performance of the block 

design task in Williams syndrome, but simultaneously has been suggested to 

explain very good performance on this task in autism (Farran, Jarrold, & 

Gathercole, 2003). However, in William’s syndrome, it has been suggested that 

local bias present in the drawings of people with Williams syndrome are not 

related to the process of stimulus identification, but at the level of producing a 

motor response (Pani, Mervis, & Robinson, 1999). This is in line with their poor 

performance on visuo-spatial tasks which require spatial manipulation of objects 

(e.g., block design and posting tasks). There is no evidence that people with 

William’s syndrome show local bias at the level of stimulus identification, as they 

show normal global bias on a visual search task (Pani et a l, 1999) and there is no 

evidence that they show weak central coherence on the tasks used here. For 

example, Farran et al. (2001) reported no signifleant difference in performance on 

the CEFT between a group of individuals with Williams syndrome and controls 

matched for non-verbal ability. Similarly, this group reported no outstanding 

differenees between the performance of a group of participants with autism and 

that of controls in either the divided or selective attention conditions of a Navon 

task modelled on that used by Plaisted et al. (1999). However, the methodological 

confound of always pairing the target (A) with the same distractor (in this case M) 

was present in the divided attention condition, which may explain (as in the 

Navon data presented in chapter three of this thesis) why neither the experimental 

or control groups in this study showed either a global or local advantage effect in 

this condition.

7.4 Problems for the hypothesis

The literature cited in the first two chapters of this thesis provided evidence 

in support of the hypothesis presented here. However, there are other experimental 

findings which do not fit in with the hypothesis, and also alternative hypotheses 

which generate different predictions from the phenomena described here.

For example, the nature of motion perception abnormalities in autism has 

been thrown into question by a recent study by Bertone, Mottron, Jelenic, & 

Faubert, (2003), who draw a distinction between first order and second order 

motion. First order motion is defined by spatiotemporal changes in luminance, 

whereas second order motion is defined by second-order characteristics of the
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stimulus such as contrast, flicker and spatial frequency (Chubb & Sperling, 1988). 

Bertone et al. (2003) presented a group of children with autism (with normal IQ) 

and a group of controls (matched for chronological age, laterality and gender), 

with first and second order motion stimuli. They found no significant group 

differences of first order motion perception, but did find significantly reduced 

second order motion sensitivity in the participants with autism. Because second 

order motion requires a greater degree of neuronal computation than first order 

motion, Bertone et al. interpreted this result to indicate not that children with 

autism have an impairment of motion detection per se, but that they have a 

reduced ability to integrate complex perceptual information. This conclusion is 

very different to the suggestion made by both Spencer et al. (2000) and Milne et 

al. (2002), that a deficit in motion detection results from an underlying 

impairment in the part of the visual system dedicated to motion perception. 

Obviously, this research is still at an early stage, and further studies need to be 

performed to replicate and elaborate on the existing data. If Bertone et al.’s 

conclusion is correct, and there is no evidence for a motion deficit in autism that is 

independent from increased stimulus complexity, then the hypothesis that a deficit 

in the magnocellular stream underlies weak central coherence becomes less 

plausible. However, as was discussed in chapters one and two, beside from the 

data presented here concerning relationships between motion detection and weak 

central coherence, there are many other examples which indirectly suggest 

magnocellular or dorsal stream deficiency in autism. In addition, the hypothesis 

presented here is not dependent on the existence of an actual impairment, as the 

relationship between global advantage and MCT was seen in the typically 

developing children as well as the children with autism -  suggesting that degree 

of integrity of the magnocellular pathway could underlie the continuum of central 

coherence. This is in line with the finding that children with autism do not show a 

quantitative difference in performance in any of the tasks presented here.

One problem with the methodology of this thesis is that coherent motion 

detection is the only measure of magnocellular integrity. Although there is good 

evidence that the tasks used do provide a reliable indication of impairments in the 

magnocellular stream, this is an indirect measure which provides only a putative 

index. An advance on the research presented here would use more direct measures 

of magnocellular function, such as lower level psychophysical stimuli known to
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preferentially stimulate magnocellular system such as presenting stimuli in 

equiluminance (e.g. Li & Guo, 1995), or to measure individual differences in the 

nature of low-spatial frequency processing in children with autism by measuring 

contrast sensitivity functions using sinusoidal gratings (e.g. Peterzell & Teller, 

1996). To date such low level visual performance has not been studied in autism. 

This is a very important next step to take, as the possible implications of such low 

level visual impairments in autism would have implications for the development 

of a range of cognitive abilities.

This thesis takes the position that evidence for visual weak central 

coherence can be conceptualised as a reduction of the typical global bias, resulting 

either in equivalent local and global processing, or releasing local stimuli from 

global inhibition. However, there is additional evidence which suggests that local 

processing in autism is actually superior to global processing. This suggestion 

comes, in part, from reports that children with autism are superior at detecting 

targets in a visual search task (O'Riordan, 2000; O'Riordan, Plaisted, Driver, & 

Baron-Cohen, 2001; Plaisted, O'Riordan, & Baron-Cohen, 1998). This group have 

demonstrated that children with autism are better at identifying targets in a 

conjunctive visual search^ (Plaisted et al., 1998), and also in difficult feature 

searches (O'Riordan et al., 2001). A further experiment in which the degree of 

target-distractor discriminability was manipulated suggested that children with 

autism are better at visual search than children without autism, not because of 

superior feature binding, but because of enhanced ability to discriminate features. 

This finding is difficult to reconcile with the hypothesis of impaired 

magnocellular processing in some children with autism, as other researchers have 

suggested that a deficit in magnocellular integrity gives rise to poor visual search 

performance (lies et al., 2000).

An alternative neurological explanation for weak central coherence comes 

from research on temporal binding in autism (Brock, Brown, Boucher, & Rippon,

 ̂ In a conjunctive search the target shares features with distractors along two dimensions, e.g. 

searching for a red X among red T and green X distractors. In a feature search the target shares 

only one dimension with distractors, e.g. a red S amongst red T and green X distractors, (see 

Plaisted et al, 1998).

194



2002). The ‘temporal binding deficit hypothesis of autism’ suggests that weak 

central coherence arises from ‘a failure to integrate information from different 

spatial local networks in the brain’ (Brock et al., 2002, p 210), and that this could 

be underpinned by an impairment of temporal binding between networks. 

Although direct work aimed at testing this hypothesis has only just begun. There 

is some emerging evidence which suggests that neural integration may be 

different in autism (e.g. Grice et al., 2001). This theory suggests promising new 

lines of research and it can be applied to all aspects of weak central coherence 

(e.g. visual / conceptual), rather than the magnocellular theory which currently 

can only make predictions regarding visual weak central coherence.

7.5 New directions

To develop the work presented in this thesis a clear next step is to use 

lower level psychophysical tasks to thoroughly investigate early visual processing 

in individuals with autism. One criticism of the tasks presented here is that the 

relationship between the sub-cortical magnocellular system and random dot 

kinematograms is indirect. More sophisticated techniques can be used to 

investigate very early visual processing, such as contrast detection thresholds with 

stimuli designed to preferentially stimulate magnocellular or parvocellular 

channels respectively. Single cell recording from monkey cortices and LGN 

(Derrington & Lennie, 1984) has revealed that magnocellular channels fire in 

response to stimuli with high temporal and low spatial frequencies, whereas 

parvocellular channels fire in response to high spatial and low temporal 

frequencies. Manipulating stimuli along the spatial / temporal frequency 

continuum therefore allows one to selectively stimulate the different channels of 

the visual system. For stronger support of a selective magnocellular impairment in 

autism, it would be expected that high contrast thresholds (in relation to those of 

control participants) are seen only when presenting stimuli with high temporal and 

low spatial frequencies, and not in response to any other stimuli. We are currently 

designing studies to test this hypothesis. This is important, as results from this 

study will not only strengthen (or weaken -  either is essential if the hypothesis is 

to be useful to the scientific study of autism) the hypothesis presented here, but it 

will also provide valuable information as to the nature of higher level deficits in
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autism. For example, many conclusions are drawn about cognitive capabilities in 

autism, based on performance of visual tasks (such as face processing, feature 

detection etc), however, until an understanding is reached regarding early visual 

processing in autism it is difficult to confirm that the observed deficit arises from 

a higher level cognitive deficit, as has often been concluded rather than a lower 

level perceptual abnormality. By carrying out a systematic study into a range of 

visual stimuli, the integrity of both magnocellular and parvocellular systems can 

be assessed. A further step will be to measure visual evoked potentials (VEPs) in 

response to these different kinds of stimuli. VEPs will provide a more sensitive 

measure of early visual processing as they provide additional data regarding the 

amplitude and latency of neuronal responses. One possible suggestion regarding 

the existence of a magnocellular deficit in autism is that the magnocellular system 

(which typically transmits information more rapidly than the parvocellular system 

due to its thinker myelenation), may not show the same reaction time advantage as 

a non-impaired system. This hypothesis can be tested with VEPs. The technique 

may also reveal other areas of abnormality not immediately apparent from 

behavioural measures which may contribute to our understanding of sub-groups 

within autism.

Other areas of work include; further testing the hypothesis that local/global 

processing is related to magnocellular function, as measured by contrast 

sensitivity thresholds; investigating how a magnocellular impairment relates to 

autistic symptoms in an attempt to further understand the nature of sub-groups 

within the disorder; and disentangling the different aspects of weak central 

coherence, such as visual integration, local bias, dis-embedding etc, in order to 

generate testable hypothesis concerning specific visual abnormalities. The thesis 

has suggested that local/global biased could be considered as a pre-cursor to weak 

central coherence rather than a specific manifestation of the phenomenon. This 

begs the question of how closely performance on a range of weak central 

coherence tasks is related. A factor-analytical study of a range of central 

coherence tasks in the literature would be informative, from which the degree of 

relationship between global / local processing in the Navon task and these central 

coherence tasks can be measured.
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7.6 Summary

In summary, this thesis has put forward a novel and testable hypothesis as to 

the neurological correlates of visual weak central coherence. Although the data 

presented has not provided unequivocal support for the hypothesis in its original 

form, relationships have been found between motion detection and global / local 

bias which suggest that the integrity of the magnocellular pathway impacts on 

degree of global or local bias, and it has been suggested that this may be a pre

cursor of visual weak central coherence. In addition, the thesis has added to the 

growing literature concerning motion detection in autism, and has identified a 

sub-group of children diagnosed with both autism and Asperger’s syndrome who 

have a specific deficit in detection coherent motion, in the absence of a similar 

deficit in detecting coherent form. The thesis has generated a range of other 

testable hypotheses which it is hoped will form the basis of a more thorough 

understanding of early perceptual processing in autism.
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Appendix 1. Conversions from RPM raw score to non-verbal IQ based on chronological age.

RPM raw score
YR 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
6.5 75 81 84 87 89 92 96 100 101 102 104 106 108 110 111 112 113 114 115
7 75 75 78 81 86 89 91 94 96 98 100 101 103 105 106 107 108 110 112
7.5 75 75 75 81 84 87 89 91 93 95 96 97 98 100 101 102 104 105 106
8 75 75 75 77 79 81 84 87 89 90 91 93 95 96 97 99 100 101 102
8.5 75 75 75 76 77 78 79 80 81 83 85 87 88 89 90 91 93 95 96
9 75 75 75 75 75 75 77 79 81 82 83 84 85 86 87 88 89 90 91
9.5 75 75 75 75 75 75 76 77 78 80 81 82 83 84 85 86 87 88 88
10 75 75 75 75 75 75 75 75 75 76 77 78 79 80 81 82 83 84 85
10.5 75 75 75 75 75 75 75 75 75 75 75 75 75 75 76 77 78 80 81
11 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 76 77 78
11.5 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 76 77
12 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 76
12.5 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75
13 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75
13.5 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75

YR 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
6.5 116 118 119 121 123 125 125 125 125 125 125 125 125 125 125 125 125 125 125
7 114 116 117 118 119 122 125 125 125 125 125 125 125 125 125 125 125 125 125
7.5 108 109 110 112 114 116 118 119 122 125 125 125 125 125 125 125 125 125 125
8 104 105 106 108 109 110 112 113 115 117 119 122 125 125 125 125 125 125 125
8.5 97 98 99 100 102 104 106 108 110 112 114 116 119 122 125 125 125 125 125
9 93 94 95 97 99 100 102 104 106 108 110 113 115 117 119 122 125 125 125
9.5 89 90 91 92 94 96 98 99 100 102 104 106 108 110 114 116 119 122 125
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10 86 86 87 88 89 91 93 94 96 98 100 103 105 108 110 113 115 117 119
10.5 82 84 85 86 87 89 91 93 94 96 98 100 103 105 108 110 113 115 117
11 80 81 83 84 85 87 89 91 93 94 96 98 100 103 105 108 110 113 115
11.5 78 79 80 81 82 84 85 87 89 92 94 96 98 100 103 105 108 110 113
12 77 78 80 81 82 84 85 86 87 89 93 95 97 100 102 104 106 108 110
12.5 76 77 78 80 81 82 84 85 86 87 89 93 95 97 100 102 104 106 108
13 75 76 77 78 80 81 82 84 85 86 87 89 93 95 97 100 102 104 106
13.5 75 75 76 77 78 79 80 81 82 84 85 86 87 89 93 97 100 102 104

YR 47 48 49 50 51 52 53 54 55 56 57 58 59
6.5 125 125 125 125 125 125 125 125 125 125 125 125 125
7 125 125 125 125 125 125 125 125 125 125 125 125 125
7.5 125 125 125 125 125 125 125 125 125 125 125 125 125
8 125 125 125 125 125 125 125 125 125 125 125 125 125
8.5 125 125 125 125 125 125 125 125 125 125 125 125 125
9 125 125 125 125 125 125 125 125 125 125 125 125 125
9.5 125 125 125 125 125 125 125 125 125 125 125 125 125
10 122 125 125 125 125 125 125 125 125 125 125 125 125
10.5 119 122 125 125 125 125 125 125 125 125 125 125 125
11 . 117 119 122 125 125 125 125 125 125 125 125 125 125
11.5 115 117 119 122 125 125 125 125 125 125 125 125 125
12 113 115 117 119 122 125 125 125 125 125 125 125 125
12.5 110 113 115 117 119 122 125 125 125 125 125 125 125
13 107 109 110 114 116 119 122 125 125 125 125 125 125
13.5 106 108 110 113 115 117 119 125 125 125 125 125 125

In 9 cases the non-verbal IQ was lower than the conversions in the chart above. In these cases the non-verbal IQ was approximated.
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Appendix 2 -  Chronological age fin months), RPM raw score and calculated Non-verbal 
10 for each child who participated in chapter three.
Highlighted participants ^  those who performed the Navon task also.

Autism CA Raven's N-V IQ Control CA Raven's N-V IQ
1 100 19 83 1 104 19 85
2 100 39 122 2 102 37 112
3 101 28 104 3 105 30 99
4 103 24 91 4 106 21 88
5 103 30 99 5 103 32 102
6 104 30 99
7 106 28 97 6 106 26 95
8 108 22 86 7 109 20 84
9 112 19 83 8 115 18 80
10 117 13 74 9 116 11 71
11 120 37 98 10 118 35 99
12 124 27 85
13 129 43 110 11 128 41 105
14 131 43 110 12 129 39 100
15 132 38 96 13 131 38 98
16 135 48 119 14 136 47 117
17 137 30 83 15 137 29 81
18 138 30 80 16 148 32 82
19 138 32 82 17 136 32 85
20 141 20 70 18 140 23 73
21 143 32 82 19 143 35 87
22 146 36 87 20 145 39 95
23 147 37 89 21 149 35 86
24 151 37 87 22 149 39 93
25 153 41 97 23 149 40 97
26 155 38 89 24 154 38 89

children who completed Navon task
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Appendix 3 - Chronological age (in months). RPM raw score and calculated Non-verbal 
10 for each child who participated in chapter five.

Autism CA Raven's N -V  IQ Control CA Raven's N -V  IQ
1 97 20 93 1 95 22 100
2 101 28 104 2 103 32 102
3 103 19 85 3 106 20 87
4 107 32 102 4 111 32 99
5 108 30 95 5 111 28 93
6 111 24 88 6 112 23 87
7 116 22 84 7 116 23 85
8 120 38 100 8 119 41 110
9 120 19 77 9 124 19 77
10 125 31 88 10 125 31 88
11 128 24 77 11 126 26 80
12 128 37 96 12 125 33 91
13 131 13 66 13 128 14 67
14 135 43 108 14 136 43 108
15 149 32 82 15 148 36 87
16 161 47 107 16 161 47 107
17 109 37 108 17 110 32 99
18 114 28 89 18 114 22 84
19 142 45 110 19 142 50 122
20 105 15 79 20 113 15 77
21 104 19 85 21 109 20 84
22 135 28 80 22 129 30 85
23 103 30 99 23 110 32 99
24 99 34 112 24 106 33 104
25 101 39 122 25 110 34 102
26 104 39 116 26 106 33 104
27 106 25 93 27 114 33 96
28 109 14 75 28 115 19 81
29 132 21 72 29 119 49 125
30 135 21 72 30 124 32 89
31 144 33 84 31 125 33 91
32 146 25 74 32 132 48 119
33 154 38 89 33 136 38 96
34 155 38 89 34 140 48 117

35* 110 43 122

Children who participated in the Navon task in chapter 4 
* This child did the Navon task only.
1 - 16 are fully matched 
17-19 matched on CA only 
20 - 24 matched on RPM only 
25 - 34 not pair matched
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Appendix 4 -  Comparing a group of children with dyslexia and controls on the 

CEFT.

Participant Demographics

Chronological Age RPM Non-verbal IQ
Dyslexia (N = 23) 10;7 37.4 110.4
S.D. i;2 8 10.7
Range 8; 3 - 1 2 ;  5 21 -54 93-134
Control (N = 22) 10 : 3 35.9 110
S.D. 1 ; 1 8.6 11.3
Range 8; 1 0 - I 2 ; 4 20-51 94-132

No significant group differences in the above demographics (all ps > .1).

Motion and Form Coherence

2
30-d)u

I(U

1 0 -

M otion C oherence Fonn C oherence

I I D yslex ia

I I Control

No significant difference between the groups in either task; t< 1, p > .1, for both 
variables.
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CEFT performance
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No significant group difference for either variable; number correct, t< 1, p> .1, 
average RT, U = -.738, p > .1.

Correlations

Neither group showed a significant relationship between motion coherence 
threshold or form coherence threshold and EFT performance. All analyses = 
partial correlation controlling for age and RPM raw score.

Dyslexia Motion Form EFT Number EFT RR
Motion -

Form .016 -

EFT Number -.326 -.232 -

EFT RT .065 -.243 .183
Control
Motion -

Form .386* -

EFT Number .204 -.212 -

EFT RT .244 .251 -.275
= p < .05
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