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Abstract 

This thesis aimed to provide an insight into and account for, the varying levels 
and patterns of ability across different tests of inhibition in autism. In order to address 
the effects of the meaningful word stimuli of the classic Stroop task on inhibitory 
performance of children with autism, Experiment I explored reasons for the unique 
inhibitory strengths of children with autism on the classic Stroop task. 

The remainder of the thesis focused on tests of inhibition which do not use 
meaningful word stimuli and explored potential reasons why these tasks still give rise to 
conflicting results. A comprehensive investigation of motor versus cognitive inhibition 
in children with autism, the impact of presentation style and working memory load on 
inhibitory performance, and the impact of same and different response sets was 
conducted in Experiments 2-4. Furthermore, the possibility of differential impain-nent in 
prepotent response inhibition and resistance to distractor inhibition, including the role of 
a possible bias to weak central coherence in children with autism on the flanker task, was 
investigated in the final Experiments 5 and 6. 

The exploration of the impact on inhibitory performance of motor versus 
cognitive responses, presentation style, and response set showed that although these 
factors do not seem to particularly affect children with autism in comparison to controls, 
they do play a large role in determining the inhibitory performance of all participants. 
Finally, it was concluaed that there is evidence for a differential impairment of prepotent 
response and resistance to distractor inhibition in children with autism, with children with 
autism being impaired in resistance to distractor inhibition while maintaining intact 
prepotent response inhibition. 
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Chapter I 

Introduction 

1. Autism 

Autism today is defined as one of a continuum of pervasive 

neurodevelopmental disorders characterised by behavioural difficulties with social 

interaction, emotional communication and reciprocity, obsessive behaviours including 

stereotypies, and difficulties with speech and sensory development (Bryson & Smith, 

1998). Of the pervasive developmental disorders, autism is accompanied by 

Asperger's syndrome, commonly recognised as a less severe form of autism, mostly 

discriminated apart from autism by degree of language delay, and atypical autism, 

also known as pervasive developmental disorder not otherwise specified (PDDNOS). 

PDDNOS often involves similar behavioural, cognitive, and sensory difficulties to 

autism. Of these specific classifications of pervasive developmental disorders, autism 

is the most severe (Bryson & Smith, 1998). 

Importantly, autism is a spectrum disorder, meaning that its classic characteristic 

symptoms, and often many others which are unique to individuals with autism, vary 

tremendously. Individuals with autism may exhibit several or all of the classic 

symptoms listed in various diagnostic criteria. They may also exhibit these symptoms 

on many levels of severity, varying from individual to individual. These symptoms 

usually become noticeable by the age of 24 months and can become apparent in 

children as young as 6 months old or as late as 36 months old (Hill & Frith, 2003). 

In terms of prevalence, autism was considered to be a rare disorder, occurring in 4-5 

individuals per 10,000, according to data collected prior to 1985 (Fombonne, 1996). 

Today, the National Autistic Society reports that the prevalence of autism occurs in 



anywhere from 20 to 71 individuals per 10,000, with the latter figure including all 

children reported with social difficulty (Baird et. al., 2006). Due to this jump in reported 

prevalence over the decades, there has been considerable controversy as to whether there 

has been a rise in the actual occurrence of autism as opposed to a rise in awareness of the 

variability of its expression and therefore a rise in diagnosis (Bryson & Smith, 1998; 

Fombonne, 1996). Although it is possible that the rise in autism over the past few 

decades is in part attributed to a rise in the actual occurrence of autism, it is 

simultaneously undeniable that the rise in awareness of the disorder and the variability 

with which it can present does attribute substantially to the current prevalence of autism 

today. In addition to what is known today about symptoms of autism spectrum disorder, 

diagnostic tools are far more acute in measuring degree of severity of individual cases, 

allowing children with less severe forms of autism to be identified. Furthermore, 

knowledge about the possible causes of the disorder and the probable role which genetics 

play, has made monitoring of siblings of children with autism and early intervention more 

helpful in identifying cases which may not have even been investigated decades ago. 

Studies have shown that although autism occurs equally across race, ethnicity, and 

socioeconomic status. 'it does occur in approximately 4 times as many males as females 

(Bryson & Smith, 1998). A well known perspective on autism states that it can be 

interpreted as exaggeration of "normal" sex differences, often referred to as the 'extreme 

male' disorder (Knickmeyer, 'Baron-Cohen. - Auyeung, & Ashwin, 2008; Wing, 198 1). In 

the past decade. - research has suggested a possible chromosomal explanation for the 

difference postulating that the genes implicated in autism are located on the ý'V, 

chromosome (Skuse, 2000)., Temales inherit X chromosomes from both parents while 

males only inherit the X chromosome from one parent, the inothen', Skuse's hypothesis 

suggests that the X chromoso I me which females inherit from their fathers contains an 
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imprinted gene which "protecte' the carrier from autism, thus making females less likely 

to develop the condition than males (Skuse, 2000). 

1.1 Autism HistM 

The Greek word 'autos' means self and it was from this word that the term 

autism' was originally coined in 1912 by a Swiss psychiatrist, Eugen Bleuler, who 

used this term to describe the behaviour of individuals with schizophrenia (Lyons & 

Fitzgerald; 2007). However, it was not until 1938, when Hans Asperger gave a, 

lecture at the Vienna University Hospital entitled 'The Psychically Abnormal Child', 

which described the characteristics of 'autistic psychopaths', that the term autism was 

used to describe the population for which we use the term today. Although the lecture 

by Asperger was published that same year in the 'Viennese Weekly Clinical 

Magazine', it was during the early 1940's when both Hans Asperger and an Austrian 

psychologist, Leo Kanner, both published works using the term autistic to describe a 

very similar population, that the discovery of autism really began (Lyons & 

Fitzgerald, 2007). 

In his seminal paper entitled 'Autistic Disturbances of Affective Contact' in 

1943, Leo Kanner detailed II children with what he described as 'early infantile 

autism'. During that same year in Vienna, Austria, Hans Asperger submitted his 

doctoral thesis entitled 'Autistic Psychopathy in Childhood', describing 4 children 

with 'autistic psychopathy, which was then published the following year in 1944. 

Both papers described the children as suffering from severe social deficits and 

unusual behaviours, although later Asperger specified that although he and Kanner 

had described two very similar clinical populations, Kanner had worked with children 

suffering from 'infantile autism' as opposed to a higher functioning form of autism, 
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which is today referred to as 'Asperger's Syndrome' (Schirmer, Kotz & Friedericci, 

2002). 

During the early 1940's autism was thought to be correlated with childhood 

schizophrenia, although Kanner presumed this assumption may have been inaccurate 

(Wing, 1981). In attempting to determine the causes of autism, Kanner noted that 

children with autism tended to have parents who were intelligent, obsessive, and often 

emotionally distant. This notion of ineffectual parenting was further supported by 

psychologist Bruno Bettelheim. in his book, 'The Empty Fortress', published in 1967. 

Bettelheim, a concentration camp survivor, noted similarities in behaviour between 

children with autism and concentration camp victims and deduced that these 

behaviours; were products of the same type of cold emotional interaction with 

superiors or in the case of the children with autism, their parents (Collins et. al., 

2006). This philosophy concerning parental frigidity and specifically lack of maternal 

emotional warmth as the cause of autism led to the coining of the term 'refrigerator 

mothers' used to describe mothers of children with autism. This then popular 

explanation for the cause of autism began in the 1950's and carried on well through 

the 1970's resulting in many children diagnosed with autism being removed from 

their parent's homes and institutionalised (Seltzer, Smith, Hong, Greenberg & Barker, 

2008). 

-Although 'refrigerator mothers', were held responsible by most, for the 

disorders of their children, there were a few who were pushing toward a more 

biological and behavioural explanation of autism.. In 1964, Bernard Rimland, a 

psychologist and father of a son with autism, published a biological study of autism,, 

entitled 'Infantile Autism: The Syndrome and its Implications for a Neural Theory of 

Behaviour'. Rimland's arguments in defense of physiological origins of autism were 
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compelling enough for Kanner to write the preface of the book but they did not latch 

on readily (Pollack, 1997). However, Rimland supported Lovaas, a psychology 

professor at UCLA who pioneered a behavioural approach to children with autism 

(Pavlides, 2008). He began a teaching strategy based on positive reinforcement for 

desired behaviours of children with autism. This technique moved away from autism 

as the fault of the parents and towards a disorder with physiological origins which 

could be moderated through behavioural training, therefore empowering parents of 

children with autism to take action and adopt these techniques with their own 

children. Today, this technique is called Applied Behavioural Analysis and has 

gained popularity with parents worldwide, although it has taken on substantial 

criticism from the cognitive research world. 

1.2 Medical Characteristics 

Autism has been associated with a number of medical conditions since the 

1980's. To name a few, individuals diagnosed with autism have been shown to also 

display comorbidity of epilepsy, cerebral palsy, fragile X syndrome, tuberous 

sclerosis, and phenylketonuria (Fornbonne, 1999). Of these conditions; only a few 

have stood the test of time and research in terms of legitimate association with autism 

(Fombonne, 1999). From findings in the late 1960's and then in the late 1980's, 25- 

30% of individuals with autism were reported to have associated medical conditions 

(Bryson et. al., 1988; Lotter, 1967). In 1999, approximately 16.8% -of individuals 

diagnosed with autism were also diagnosed with epilepsy, while 2.75% of individuals 

with autism had also been diagnosed with cerebral palsy. Research in the late 1990's 

showed that epilepsy was twice as likely to occur in children with autism who had , 

shown a period of typical development before displaying signs of autism as opposed 

to children who had shown atypical developmental symptoms since infancy (Rapin, 
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1997). More recent research of comorbidity of medical conditions in children with 

autism showed similar figures with 18.2% of children tested having epilepsy, and 

4.3% with cerebral palsy (Kielinen, Rantala, Timonen, Linna, & Moilanen, 2004). 

Sensory conditions are also prevalent in individuals with autism. Research has 

reported that 3.1% of individuals with autism suffer from some forrn of hearing loss 

and 1.3% show visual impairments (Fombonne, 1999). Some research has shown that 

abnormal brain stem auditory-evoked responses are implicated in the basic 

impairment of sensory processing in some individuals with autism (Klin, 1993). 

Short of actual sensory impairments, many individuals with autism experience acute 

sensitivities to sensory information, often making normal sensory experiences, such as 

loud noises or bright lights, unbearable (O'Neill & Jones, 1997). 

Aside from comorbidity in autism, there has been some research to suggest small 

medical anomalies associated with early brainstem injury which tends to be found in 

individuals with autism (Bryson & Smith, 1998). 'Polsterior rotation of the ear, a 

variation of the external ear, in which the vertical axis of the ear is rotated back or 

posteriorly, has been found to be common in individuals with autism, occurring in 

45% of cases (Bryson & Smith, 1998). Thalidomide exposure between the 20'-24d' 

days of gestation, the time during which the neural tube closes, has shown to have 

resulted in autism in 30% of cases from a Scandinavian sample (Stromland & Miller, 

1993)., These children were reported to share anomalies of the ear, including hearing 

loss. -. ' As predicted from the thalidomide study, Rodier et. al. (1996) found brain stem 

abnormalities from'an autopsy of an individual with autism, as well as demonstrating 

parallel anatomical abnormalities in an animal model for which development was. 

interrupted during the time of neural tube closure. It was therefore concluded by,, 
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Rodier ct. al. (1996) that autism is very Rely a result of brain stem injury or damage, 

which has helped open doorways to genetic explanations of autism as well. 

Finally, although a common report of parents of children with autism has been 

that their children seem to suffer from variations of gastrointestinal conditions, and 

sleep disorders, research has not shown consistent or substantial evidence of a 

particular prevalence of these conditions in association with autism specifically 

(Campbell et. al., 2008; Ming, Brimacombe, Chaaban, Zimmerman-Bier, & Wagner, 

2008). However, a recent study showed that 52% of 160 children with autism had 

shown sleep disorders mostly in early childhood. These sleep disorders most 

commonly consisted of frequent waking throughout the night and trouble initiating 

sleep. Food intolerance was reported in 51% of participants and both food intolerance 

and sleep disorders were clearly found to be associated with gastrointestinal 

diagnoses, with which 94 of 160 participants had been formally diagnosed (Ming et. 

al., 2008). Interestingly, recently a study suggested that the impairment of a gene 

responsible for producing a protein called MET, which is implicated in 

gastrointestinal repair and brain development, may be related to gastrointestinal 

conditions in autism (Campbell et. al., 2008). 

Evidence for immunodeficiency conditions has been documented, with research 

citing immune dysfunction of antibodies and myelin basic proteins, neuron axon 

filaments and serotonin receptors (Rimland & Baker, 1996). Furthermore, decreased 

supressor T-cells, DR-positive T-cells, and increased frequency of the null allele at 

the compliment C4b locus have been found, which suggest a possible autoimmune 

component in autism (Warren, Yonk, Burger, Odell & Warren, 1995). 
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1.3 Genetic Characteristics 

The specific genetic contribution to autism is not currently fully understood. In 

fact, only 3 decades ago, in 1976, it was reported in a study that genetics played 

almost no role in autism (Hanson & Gottesman, 1976). However, in the last 20 year, 

due to several twin studies conducted, that premature conclusion has been rejected 

and it is now known that there is most definitely a genetic contribution to the cause of 

autism and identifying the genes responsible is a project which is ever expanding 

(Szatmari, Zwaigenbaum & MacLean, 1998). Twin studies conducted in the UK have 

shown that there is a higher concordance for autism and other forms of PDDNOS in 

monozygous twins, confirming that genetics do account for the familial aggregation 

of not only autism, but also of other PDDNOS's (Bailey et. al., 1995; Le Couteur et. 

al., 1996). 

, Currently, it is known that siblings of individuals with autism have a 2.2% chance 

of also having autism and there are a few studies that show that siblings of individuals 

with autistic probands have a 3.6% risk of having non- autistic PDDNOS and for any 

PDDNOS, it may be as high as 5% (Bolton & Rutter., 1994; DeLong & Dwyer, 1988; 

C. Gillberg, Gillberg, & Steffenburg, 1992). Four studies which looked at risk of 

autism to second and third degree relatives found that second degree relatives had a. 

18% chance of having autism while third degree relatives showed a. 12% chance of 

having autism (DeLong & Dwyer, 1988; Jorde et. al., 1991; Pickles et. al., 1995; 

Szatmari et. al., 1995). - These data strongly suggest that multiple gene interaction 

must be involved in the contraction of autism, which is almost certainly a 

heterogeneous disorder, meaning that several genes act independently to cause autism 

and its variants. This heterogeneity is most likely responsible for the clinical 

heterogeneity or spectrum characteristic of the disorder (Szatmari et. al., 1998). 

8 



Recent research, (Szatmari, Paterson, & Zwaigenbaum, 2007), which analysed 

the genomes of the largest cohort of autism spectrum disorder families to date, has 

confirmed that autism spectrum disorders arise in some part from chromosomal copy 

number abnormalities (CNA's), such as deletions on chromosome 15ql I -ql3, 

including in nuclear families with 2 or more affected individuals, where all affected 

members most likely have CNA's, an idea, which until this point, had been disputed. 

This study also found suggestive evidence for linkage at or around IIpI 2-p 13 for all 

families analysed. There have been suggestions through modest peaks of evidence in' 

this area previously, although it has never been a prime area of investigation for 

autism risk loci. Previously, 2q, 7q, and 17q had been the focal point chromosomes 

for autism risk and of those, 2q and 7q have been most strongly implicated for autism 

risk in European families and those of European ancestry (Szatmari et. al., 2007). 

Interestingly, the largest linkage signal of 2q occurs in female-containing families, 

while the largest linkage signal on 7q is found in male-only families. Although 

relatively inconclusive at this point, it should be noted that this study also identified a 

deletion of coding exons in NRXN1 in two siblings with autism. This finding may be 

relevant as other studies have reported rare abnormalities in NRXN I of individuals 

with ASD in comparison with no abnormalities in 500 control participants (Szatmari 

et. al., 2007). NRXNI interacts with neuroligins, of which rare mutations have been 

associated with mental retardation and autism, as these neuroligins play a vital role in 

neuron signalling (Szatmari et. al, 2007)., 

In light of this recent genetic evidence for autism, it seems sensible to conclude 

that autism spectrum disorder is a genetic disorder, which does emerge from complex 

genetic heterogeneity (Szatmari et. al., 1998). Genetic atypicalities also give rise to 

susceptibility to cognitive and psychiatric impairments and disorders or comorbidity 
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and a spectrum of clinical and behavioural variation. The genetic nature of this 

disorder also confers an expression of symptoms of a broader phenotype or lesser 

variant in nuclear and extended family members of affected individuals (Szatmari et. 

al., 1998). 

1.4 Behavioural Characteristics 

Although behavioural characteristics of autism spectrum disorders vary widely in 

severity and range of types of behavioural patterns, individuals with autism do show 

behavioural patterns which are categorically consistent (Bodfish, Symons, Parker & 

Lewis, 2000). The diagnostic procedure for autism is often conducted first via a 

paediatrician ruling out the possibility of a medical disorder, such as severe hearing 

impairment which may be causing atypical social and behavioural development in a 

child., Subsequently, the child is referred to an autism specialist, who may be a child 

psychologist, child psychiatrist, or neuropsychologist. These professionals use a 

series of tests in the form ofin depth observation of the child's behaviours, interviews 

with parents and caretakers concerning the child's behaviours and social interaction 

tendencies., Two popularly used examples of the available assessments are The 

Autisml Diagnostic Interview- Revised, a semi-structured, investigator-based 

interview of parents and caretakers (Lord, Rutter and LeCouteur, 1994; Lord, 

Storoschuk, Rutter and Pickles, 1993) and The Prelinguistic Autism Diagnostic 

Observation Scale, a semi-structured observation scale for diagnosing children who 

are not yet using phrase speech and are suspected of having autism spectrum disorder 

(DiLavore, Lordand Rutter, 1995). - These diagnostic assessments are often,, 

accompanied by developmental, adaptive, 'communicative, intelligence, non-verbal 

intelligence, academic, behaviour, and family asssessments. -, Therefore, the disorder is 

almost always characterised by difficulty with typical social behaviour and 
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interaction, with degree of language delay as a focal factor of diagnosis. Individuals 

with autism or autism spectrum disorder very often do not respond appropriately to 

social initiations if at all, which frequently includes a reluctancy to form eye contact, 

and are often socially inflexible (Chapman, Baron-Cohen, Auyeung, Knickermeyer, 

Taylor and Hackett, 2006). Autism is also characterised by repetitive, obsessive, and 

compulsive behaviours, which are often expressed in the form of stereotypy, rituals, 

strict routines, echolalia, and in more severe cases of autism, self-injury (Wing, 1981). 

Interruption of these obsessive and compulsive routines and habits or the exhaustion 

of those obsessive behaviours can cause often lead to high levels of anxiety in 

individuals with autism (Bodfish et al., 2000). 

1.5 Cognitive Theories of Autism 

It is well known that autism is mainly defined and diagnosed by behavioural and 

social markers as no consistent biological markers have yet been identified. Autism is 

a neurological disorder with definite genetic causes which have effects on the brain 

(Hill & Frith, - 2003). The main results of autism are mild to severe behavioural 

problems and mild to great difficulty with social engagement and interaction, 

especially with joint attention which involves the triadic coordination or exchanging 

of attention between the individual with autism, another individual, and an object or 

event (Hill & Frith, 2003). Often, a lack of joint attention is the first sign of autism in 

an infant or young child (Baron-Cohen, Allen, and Gillberg, 1992). There are three 

major neuro-cognitive theories in the literature for what causes this particular - 

difficulty with social exchange and interaction, and behavioural problems: Theory of 

mind deficits, weak central coherence, and executive dysfunction (Hill & Frith, 2003). 
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1.5.1 Theojy of Mind 

Due to the fact that the main and most consistent marker of autism is difficulty 

with social communication and interaction, it is assumed that there is a cognitive and 

neurological basis for this difficulty, which causes a general lack of understanding of 

the mind and how others process thought in autism (Frith and Happ6,1994). Over the 

last couple of decades, this concept has been tested in children with autism with the 

finding that they, as opposed to typically developing children, are impaired in their 

intuitive understanding of mental states, and their lack of attribution to the mental 

states of themselves and of others (Frith, 1989; Lind and Bowler, 2009; Senju, 

Southgate, White & Frith, 2009; White, Happd, Hill & Frith, 2009). This theory of 

6mentalising failure' or 'mindblindness' has been tested extensively with robust 

results (Baron-Cohen et. al., 1993,2000). 

ý- , The first study of theory of mind in children with autism was conducted by 

Simon Baron-Cohen in 1985., Wimmer and Perner (1983) created a task involving 

two characters called Sally and Ann. During the task, participants were told that Sally 

had a basket and Ann had a box. Sally put a marble in her basket and left the room. 

When Sally left, Ann took Sally's marble and put it in her box. Sally returned and 

wanted to play with her marble. - Children were asked where Sally would look for her 

marble.., For 4-year old typically developing children, the answer was straightforward. 

They could reason that Sally would clearly look into her own basket where the marble 

was when she left the room, and therefore where she thought the marble was, as 

opposed to where the marble actually was. - However, for 80% of children with autism 

with a mental age of 4 or above, this answer and reasoning for the answer was not 

clear at all. They answered that Sally would look in the box, where the marble 

actually was, despite acknowledging that Sally had put her marble in the basket and 
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that she was not aware that the marble had been moved to the box (Baron-Cohen et. 

al., 1985). Meanwhile, 86% of children with Down syndrome, answered correctly 

that Sally would look for the marble in her basket, despite the fact that this group had 

lower general ability scores than the children with autism (Baron-Cohen et. al, 1985). 

The extent to which an individual understands theory of mind concepts is usually 

tested through understanding of stories or jokes (Dewey, 1991). For example, 

participants will be asked to read a short story and make a judgement about the 

normality of a character's behaviour or explain why a character made a certain 

decision of action based on the character's point of view. In order to respond 

correctly, participants must reason about cause and effect or about a character's 

mental state in the story (Happ6,1994). -It is from these tasks that individuals with 

autism have been shown to be impaired in the ability to utilise cause and effect or 

access knowledge of a character's mental state in order to reason the correct answers 

for these tasks (Happ6 et. al., 1996). Happ6 (1994) investigated relevance theory, the 

theory that if individuals with autism suffer from specific impairment in the ability to 

attribute mental states, then individuals with autism should have specific difficulties 

with the use of language for communication. The study found support for relevance 

theory in that the level of language communication of an individual with autism can 

speak for their level of theory of mind impairment and that the two factors are related. 

One study also showed that while children with autism are able to use second-order 

reasoning and can distinguish lies from jokes in real-life situations, this ability is not 

reflected in their competence on the comprehension of these types of hypothetical 

lying and joking scenarios (Leekam and Prior, 1994). Therefore, it has been readily 

accepted that individuals with autism are impaired in the typical understanding that 

people have mental states, certainly in terms of testing performance, and therefore, 
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lack mentalising ability which is commonly used by typically developing individuals 

in everyday life (Hill & Frith, 2003). 

A few neuroimaging studies have been conducted in order to investigate 

physiological mechanisms activated during mentalising for theory of mind tasks 

(Brunet, Sarfate, Hardy-Bayle, & Decety, 2000; Castelli, Happd, Frith U., & Frith C., 

2000; Fletcher et. al., 1995; Gallagher et. al., 2000; Vogeley et. al., 2001). These 

neuroirnaging studies with typically developing individuals have shown a complex 

network of brain activations during mentalising, which primarily involve the medial 

prefrontal cortex (especially the anterior paracingulate cortex), the temporal parietal 

junction, and the temporal poles. 

Even fewer imaging studies have incorporated individuals with autism and 

typically developing individuals in order to compare brain activity during mentalising 

(Hill & Frith, 2003). Happ6 et. at. ý (1996) used PET scanning to show that medial 

prefrontal cortex of individuals with autism was less activated than that of typically 

developing individuals during mentalising. Baron-Cohen et al. (1999), using fMRI 

scanning, showed participants pictures of eye regions and asked them to describe the 

emotions of the eyes, finding that individuals with autism had less extensive 

activation of frontal regions than did typically developing individuals, and no 

activation at all in the amygdala, 'in contrast to typically developing children. . During 

a PET scan study, Castelli et al. (2002) showed children with autism and typically 

developing children scenarios with triangles moving randomly and then moving in 

goal directed scenarios, which resembled the triangles fighting or chasing each other, 

and finally moving in interactive ways as if to be tricking each'other or coaxing. The 

findings from this study showed that the three fundamental brain regions, the medial 

prefrontal cortex, the superior temporal sulcus at the temporoparietal junction, and the 
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temporal poles, which were activated during the mentalising scenarios (the last 

triangle interactive scenario) were less activated in the children with autism than the 

typically developing children. 

Although a theory of mind deficit in individuals with autism does account for 

aspects of social interaction impairment, it does not account for other aspects such as 

impairment in facial recognition (Critchley et. al., 2000; Schultz et. al., 2000; Pierce, 

Muller, Ambrose, Allen, & Courchesne, 2001). It has been well documented that 

individuals with autism do not activate the area of the fusiform gyrus responsible for 

facial recognition as do typically developing individuals. Some explanations of this 

finding are that individuals with autism are not equipped with the typical preference 

to social stimuli, and that it may be altogether absent (Klin, Jones, Schultz, Volkinar, 

& Cohen, 2002) or that they may have an inability to regulate or respond to emotions 

(Hobson, 1993). It has been suggested that these problems are related to anatomical 

abnormalities of the limbic system. It has also been suggested that mirror neuron 

malfunction is responsible for impairments of imitation in individuals with autism 

(Williams, Whiten, Suddendorf, & Perret, 2001). However, a more recent study, 

found no evidence of imitation impairment in children with autism as a reflection of 

performance on imitation and gesture recognition tasks, which all rely on the mirror 

neuron system in typical adults (Hamilton, Brindley, and Frith, 2007). All of these 

theories are currently being investigated and will hopefully put together a more 

holistic picture of social deficit in individuals with autism. 

1.5.2 Weak Central Coherence 

Characteristics of autism, which are not of social nature, are puzzling, and 

certainly not as straightforward as social aspects of autism such as theory of mind. 

Equally, they do not yield the same kind of consistent results in performance that 
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theory of mind and social cognitive tasks do (Frith, 1989). One perplexing feature of 

autism is the uneven pattem of intelligence which occurs within individuals with 

autism. For example, on tests of factual knowledge, rote memory, and attention to 

detail, individuals with autism tend to excel (Frith, 1989). At the same time, they 

often show extremely poor performance on tests of 'common sense' comprehension, 

working memory, and strategic planning (Happ6,1994; Happ6,1999). In essence, 

non-social features of autism comprise strengths and weaknesses simultaneously, 

making their cause more difficult to pinpoint. One major theory of non-social 

characteristics of autism is referred to as 'central coherence' (Happ6 & Frith, 2006). 

'Central coherence', although it does not define specific ncurophysiological 

processes, alludes to poor brain connectivity between basic perceptual processes and 

top-down modulating processes, potentially owing to the failure of pruning. It refers 

to an information-processing style of information in its context, or assembling pieces 

of information together for higher level meaning (Frith, 1989). If an individual 

exhibits strong central'coherence, they would have a tendency to process information 

at the expense of attention to and memory of details (Frith, 1989; Happ6,1999). 

However, if an individual were to have weak central coherence, they would sacrifice 

contextual 
-meaning 

or global processing in favour of piecemeal or local processing 

(Frith, 1989; Happ6,1999). Central coherence is relevant to autism because while 

typically developing individuals tend to remember events in terms of the gist of the 

event, individuals with autism tend to remember events in terms of several obscure 

and exact details without being able to assemble them into a coherent event 

(McCrory, Henry, & Happ6,2007).. 

'Weak central coherence in individuals with autism, and therefore a tendency 

to focus on local rather than global aspects of an object, might explain the 
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combination of particular abilities and impairments in intelligence testing, regardless, 

of whether tests are verbal or non-verbal (Hill, 2004). For some tests of intelligence 

such as, the Wechsler intelligence scale (Shah & Frith, 1993) and the embedded 

figures test (Witkin, Oltman, Raskin, & Karp, 197 1), both tests requiring participants 

to locate small details within global pictures, weak centml coherence in individuals 

with autism has acted as an advantage, allowing them to perform better than typically 

developing controls (Shah & Frith, 1983,1993; Joliffe & Baron-Cohen, 1997). In 

contrast, on tests requiring participants to interpret one and the same stimulus 

differently according to context, weak central coherence can act as a disadvantage 

(Shah & Frith, 1993). On an intelligence test which used homographs which 

participants had to pronounce one-way or another depending on the context of a 

sentence they were instructed to read, individuals with autism did not appear to 

integrate pronunciation of the word with sentence context and therefore only 

pronounced homographs correctly at chance, as opposed to controls who were able to 

pronounce the word correctly, based on the context of the sentence (Frith & 

Snowling, 1983; Happ6,1997; Joliffe & Baron-Cohen, 1999). The theory of weak 

central coherence in individuals with autism is defined as enhanced discrimination of 

individual elements, as opposed to poor integration. It can therefore explain savant 

talents often found in individuals with autism as a result of highly developed abilities, 

stemming from obsessive interests in small details (Mottron, Peretz, & Me'nard, 

2000; Plaisted, 2001). 1 

Until recently, the physiological brain basis of weak central coherence in 

autism was not extensively represented in the literature (Hill & Frith, 2003). One 

fMRI study compared brain activation in typically developing adults and adults with 

autism while they completed an embedded figures task (EFT) (Ring et. al., 1999). 
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Although several brain regions activated comparably in the two groups, the group 

with autism showed more activation in the extra-striate region of the visual cortex. 

These findings are consistent with the idea that early stages of sensory processing 

which emphasises local focus on a stimulus is unimpaired in autism, while top-down 

modulation of early processing stages cmphasising extraction of global features of a 

stimulus is impaired (Ring et. al., 1999). Until more recently, the only drawback of a 

theory of weak central coherence for autism was the lack of neurobiological evidence 

to support the nature of abnormal activation that could be responsible for behavioural 

characteristics of autism (Ring et. al, 1999). However, in 2007, Manjaly, Bruning, 

Neufang, Stephan, Brieber, Marshall et. al. conducted a study which looked more 

closely at whether superior performance of individuals with autism on the EFT is due 

to an enhanced ability to focus on local stimuli or a reduced general ability to process 

information in its context or globally. Their study showed that individuals with 

autism were unimpaired in comparison to typically developing controls on the EFT, 

while performing significantly worse than controls on a closely matched control task 

which involved minimal amounts of local processing. The fMRI results for this study 

showed differing points of neurphysiological processing between the controls and 

individual s with autism. ý During local processing aspects of the EFT, areas of 

activation for control individuals were left lateralised in parietal and premotor areas of 

the brain, whereas with the individuals with autism, activations were found in the 

right primary -visual cortex and bilateral extrustriate regions of the brain as in the Ring 

et. al. (1999) study. These results were interpreted to suggest that individuals with 

autism benefit from enhanced local processing in early visual areas of the brain as 

opposed to suffering from impaired global 
-context 

processing ( Manjaly et. al., 2007). 

Another study in 2007 also found children with autism to be unimpaired in weak 
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central coherence on the EFT and like the Manjaly et. al. (2007) study, also showed 

premotor activation during local processing in typically developing controls, ' 

specifically in the left dorsolateral, medial, and dorsal prernotor regions. However, 

unlike the Manjaly et. al. (2007) study they also found premotor activation in the 

children with autism, albeit only in the dorsal region (Lee et. al., 2007). This study 

also showed parietal activation for both controls and children with autism. Although 

parictal activation was bilateral in controls it only occurred in the left parietal lobe for 

children with autism. Further activation was also found in the occipital lobes, again 

bilaterally for controls and only in the right occipital for children with autism as was 

the case in the Manjaly et. al. (2007) study. This study concluded that although 

children perform comparably on the EFT, they perform with reduced cortical 

involvement in comparison to controls, implying that disembedded visual processing 

is completed parsimoniously for children with autism relative to typically developing 

children (Lee et. al, 2007). 

Weak central coherence is helpful in explaining the component of behaviour 

typical to autism which involves obsessive attention to detail often resulting in 

repetitive actions and sometimes savant talents, and certainly which causes peaks and 

troughs of performance in intelligence testing (Hill & Frith, 2003). However, there 

are remaining aspects of autism which are perhaps better explained by the third main 

theory of cognition in autism, executive dysfunction. 

1.5.3 Executive Dysfunction 

The theory of executive dysfunction is a widely accepted explanation of 

behavioural problems in autism, which emphasises a link to frontal lobe failure in 

analogy with neuropsychological patients who have suffered damage in the frontal 

lobes (Damasio & Maurer, 1978). 
-The theory of executive dysfunction addresses 

19 



behavioural problems in autism related to rigidity and perseveration being defined by 

the inability to initiate new actions and the tendency to be stuck in a given task set. 

Simultaneously, the ability to implement routine actions can be very strong and is 

often manifested in obsessive and precise routines, repetitious behaviours, and rituals 

(Russell, 1997). 

Executive ftinction is an umbrella term for several types of goal directed 

functions including planning, working memory, impulse control and inhibition of 

prepotent responses, set shifting or mental flexibility, and generativity or the initiation 

and monitoring of action (Hill, 2004). These functions are all thought to depend on 

prefrontal lobe activity in the brains of typically developing individuals as they are 

commonly impaired in individuals with prefrontal lobe damage or injury (Shallice, 

1988) as well as other disorders likely to involve deficits in the prefrontal lobe such 

as, attention deficit disorder, Tourette's syndrome, obsessive compulsive disorder, 

phenylketonuria, and schizophrenia (Hill, 2004). 

, Jndividuals with autism have shown difficulties in many areas of executive 

function on a variety of tasks. Using the Tower of Hanoi planning task, or similarly, 

the Tower of London planning task, individuals with autism have shown impairments 

of strategic planning abilities. These tasks work by instructing participants to move 

discs from a prearranged sequence on three different pegs to reach a goal state 

predetermined by the experimenter in as few moves as possible while also fiollowing a 

set of specific rules (Ozonoff, Pennington, & Rogers, 1991; Hughes, Russell, & 

Robbins, 1994; Ozonoff & McEvoy, 1994; Ozonoff & Jensen, 'I 999). 
-, 

Traditionally, 

executive dyfunction has been discussed in terins of cognitive aspects often associated 

with the lateral prefr6ntal cortex and often triggered using relatively abstract and 

decontextualised tasks which some argue do not stimulate the same executive 
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functioning responses that real-life situations do due to the nature of these abstract 

tasks. However, one theory of executive function looks at these triggers in terms of 

being hot or cold., Cold executive stimulation refers to the type of executive 

responses triggered by these afore mentioned abstract executive tasks, while hot, 

executive functioning tasks are taks which mirror executive reponses more like real- 

life responses as the tasks are built to be emotionally and motivationally significant, 

involving meaningful and self-relevant rewards and punishers (Zelazo, Qu & Kesek, 

20 10). Therefore, it is important to consider the salience of a task for particular 

participants in order to accurately assess the meaningfulness of results. 

Mental flexibility or set shifting, often exemplified in everyday behaviour of 

individuals with autism through perseveration has been shown to be impaired in 

autism as well (Heaton, Chelune, Talley, Kay, & Curtiss, 1993). A popular task of 

mental flexibility is the Wisconsin cart sorting task (WCST) which requires 

participants to sort cards based on colour, shape or number according to a pre- 

established rule, and then to shift to sort cards along a different dimension. During 

the task, the experimenter tells the participant whether they have sorted the card, 

correctly, but does not remind them of the rule. Several studies have shown that when 

completing this task, individuals with autism are extremely perseverative in response 

to set shifts in comparison with typically developing controls and therefore have 

difficulty shifting to sorting by using the second set of rules as opposed to continuing 

to sort by using the first set of rules (Rumsey & Hamburger, 1988; Szatmari et. al., 

1989; Prior & Hoffman, 1990; Ozonoff et. al., 1991; Ozonoff & McEvoy, 1994; 

Ozonoff, 1995; Bennetto, Pennington, & Rogers, 1996). More recently, however, 

when the WCST has been administered on a computer instead of being administered 

by an experimenter, children with autism have tested comparably to controls. This 
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same pattern has been noted with the Tower of London Planning Task and therefore 

raises issues surrounding social cognition and motivation deficits in autism on 

socially-administered neurpsychological tasks (Kenworthy, Yerys, Anthony and 

Wallace, 2008). 

A deficit of inhibition to a prepotent response has been reported in individuals 

with autism (Hughes & Russell, 1993). The original task of inhibition of a prepotent 

response for individuals with autism was the 'detour reaching task'. During this task, 

children could obtain a visible marble in a box, but only by flicking a switch or 

turning a knob at the side of the box, not by simply reaching into the box. Therefore, 

the participants were required to inhibit the prepotent response of reaching into the 

box, and instead had to provide the appropriate response of flicking a switch or 

turning a knob in order to retrieve the marble. Children with autism found it much 

more difficult to refrain from reaching directly into the box than did children with 

moderate learning difficulties of matched mental and verbal age (Hughes & Russell, 

1993). - Since this study, many more tests of inhibition have been used and developed 

and have revealed conflicting findings of impairment and unimpairment in individuals 

with autism. Explanations for these conflicting results have varied from the 

sensitivity of particular tasks, to the arbitrary nature of rules often involved in tasks 

that cause difficulties of prepotent response inhibition in children with autism (Biro & 

Russell, 200 1). Ultimately, the state of inhibition in individuals with autism is far 

from solved. 

Although there is clearly evidence for executive dysfunction in autism, 

because there is a lack of consensus as towhich aspects of executive ftinction are 

typical of autism, and because executive dysfimction is not specific to only autism 

spectrum disorder, - it is difficult to use it as a diagnostic marker for the condition 
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(Hill, 2004). Furthermore, while executive function difficulties are often typical of 

autism, they have not been found to be a universal feature of autism. Not only have 

studies of inhibition in individuals with autism turned up conflicting results, but other 

areas of executive function have been found to provide no particular difficulty for 

children with autism with typical IQ levels (Baron-Cohen, 1999; Russell & Hill, 

200 1). However, the executive dysfunction theory of autism should not be dismissed 

as there is ample evidence of executive dysfunction in autism and there are many 

reasons to be investigated as to why inhibition in particular has revealed such 

contrasting results over the years. 

Although, to my knowledge, as recently as 2004, there were no brain imaging 

studies of executive function in autism, behavioural findings in autism and brain 

abnormalities of patients with prefrontal injury or damage who exhibited similar 

behaviours; had been integrated and provided a compelling argument for the 

possibility of prefrontal abnormalities and its connection with other brain structures 

such as, the basal ganglia, striatum, and cerebellum in individuals with autism 

(Robbins, 1997). A recent MRI study of executive dysfunction in children with 

autism did find greater signal change in the medial rostral prefrontal cortex of a group 

with high functioning autism, especially in Brodmann area 10, during a new executive 

function task (selection between stimulus-oriented and stimulus-independent thought) 

in the comparison of stimulus-oriented and stimulus-independent attention (Gilbert, 

Bird, Brindley, Frith and Burgess, 2008). Furthermore, the new test but not the 

classical test showed evidence of abnormal functional organisation of the medial 

prefrontal cortex in children with autism. Beyond previous belief that executive 

dysfunction in individuals with autism was associated with prefrontal lobe deficits, 

this study also found that although not behaviourally different from typically 
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developing controls when conducting tasks of executive function, fMRI scans of the 

group with autism also showed BOLD signal differences between groups in the 

cerebellum but not in the prefrontal cortex during a random response generation task. 

The study concluded that their results were a reflection of the heterogeneity of 

different tests of executive function and suggested that executive function in autism is 

associated with task-specific functional change (Gilbert et. al., 2008). 

An even more recent study also investigated neural substrates of executive 

function deficits in autism using fMRI. The study showed that while performing 

cognitive control tasks (maintaining task context online to support adaptive 

functioning in the face of response competition), specifically during the cue phase of 

the tasks where participants had to overcome prepotent responses, typically 

developing participants used significantly more anterior frontal, parietal, and occipital 

regions for high control trials than low control trials (Solomon et. al., 2009). While 

both groups performed comparably on low control trials, the group with autism 

exhibited significantly less activation for high control trials than controls. Results 

suggested that the group with autism exhibited lower levels of functional connectivity 

and less net work integration between frontal, parietal, and occipital regions. It was 

also suggested that lower error rates of the typically developing group was related to 

fronto-parietal connectivity, while reduced fronto-parietal connectivity in the group 

with autism was related to attention deficit hyperactivity disorder symptoms 

(Solomon et. al., 2009). 

1.6 Inhibition 

Inhibition is the component of executive function in the prefrontal lobe, which 

allows typically developing individuals to withhold prepotent responses or ignore 

distracting stimuli in order to give appropriate responses or identify target stimuli. In 
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social situations, these prepotent responses often present in the form of an urge to 

perform an inappropriate action for a specific situation and in this case, intact 

inhibition is vital for withholding those urges in order to perform socially appropriate, 

and therefore acceptable, behaviours. For those who work in practical or clinical 

settings with individuals with autism, it is often clear that they struggle with inhibitory 

control. However, this difficulty is not always reflected in laboratory and research 

findings and there are many potential reasons for this inconsistency, including task 

inconsistencies and lack of task purity, and the possibility that there exist different 

types of inhibition. 

For typically developing individuals, the various components of executive 

control, such as working memory, inhibition, set shifting, and planning, among others, 

come together to produce this kind of flexible and goal oriented behaviour (Carroll, 

Apperly, & Riggs, 2007). One influential approach to the development of executive 

control sees executive function as a central attentional system that in turn regulates 

various subprocesses (Baddeley, 1986; Miyake, Friedman, Emerson, Witzki, 

Howerter, & Wager, 2000). Some supporters of this approach suggest that inhibitory 

processes are involved in changes and development in executive functions (Dempster, 

1992; Garon, Bryson, & Smith, 2008). Moreover, it has been suggested that certain 

components of executive function such as working memory, may themselves rely on 

intact inhibition in order to function properly (Barkeley, 1997). If so, then one might 

well expect inhibitory control to be impaired in autism. Certainly, the repetitive and 

stereotyped behaviours seen in the condition are highly suggestive of inhibitory 

difficulties; and there is evidence that performance on tests of response inhibition in 

autism is linked with these symptoms of autism (Lopez, Lincoln, Ozonoff, & Lai, 

2005; though see Joseph & Tager-Flusberg, 2004). 'Given that children with autism 
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tend to show the prototypical symptornatology of the condition around the age of 2 or 

3 years (Ozonoff & Strayer, 1997) and that inhibitory processes may play a crucial 

role in executive fimction development during this time (Dempster, 1992), the 

question of whether inhibitory function is intact or not in autism remains an important 

one to answer. ,, 

The existing literature in this area is somewhat equivocal, with some research 

finding no differences between children with autism and typically developing controls 

on inhibition tasks (Bryson,, 1983; Eskes, Bryson, & McCormick, 1990; Goldberg, et 

al., 2005; Griffith, Pennington, Welmer, & Rogers, 1999; Iarocci & Burack, 2004; 

Lopez et al., 2005; Ozonoff & Jensen, 1999; Ozonoff & Strayer, 1997; Russell, 

Jarrold, & Hood, 1999), while other studies have shown deficits (Ames & Jarrold, 

2007; Bishop & Norbury, 2005; Christ et al., 2007; Geurts, Vert6, Oosterlaan, 

Roeyers, & Sergeant, 2004; Minshew, Luna, & Sweeney, 1999; Ozonoff, Strayer, 

McMahon, & Filloux, 1994)., Although the literature on inhibition in autism has often 

concluded opposite findings concerning the state of inhibition in children with autism, 

it may not be coincidental that these differences in findings are driven by the type of 

task used. Importantly, the studies that have suggested that inhibition is unimpaired in 

children with autism have often involved abstract semantic content, the reading of 

information for meaning, or meaningful word stimuli (Bryson, 1983; Christ et al., 

2007; Eskes et al., 1990; Goldberg et. al., 2005; Lopez et. al., 2005; Ozonoff & 

Jensen, 1999; Ozonoff & Strayer, 1997; Russell et al., 1999). - 

1.6.1 TheSt opTaský"'- 
The most commonly employed task in studies that claim to show intact 

inhibition in autism is the Stroop task. The primary stimuli of the Stroop, task are 

coloured words'which are incongruent in semantic meaning and colour of ink print 
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(Stroop, 193 5). The classic instruction for the task is to ask participants to ignore the 

word and simply name the colour of the ink in which the word is printed, This 

instruction is based on the theory that reading is a highly automatic process (Goldberg 

et. al., 2005), and consequently the individual has to inhibit the meaning of the word 

in order to correctly name the ink colour. For typically developing individuals, this 

instruction clearly provides interference, which is shown by slower performance 

compared to when participants are simply asked to read the word (MacLeod, 199 1), 

or name coloured stimuli that have no semantic meaning (Golden, 1978; Stroop, 

1935, Experiment 2), which in turn indicates that semantic meaning of words does 

provide response competition. As a result, the Stroop task has consistently been seen 

as a valid test of inhibition for typically developing individuals, as individuals who ý 

are more able to inhibit the prepotent semantic response will show less interference on 

the task (Friedman & Miyake, 2004). 

However, when children with autism are given the Stroop task, research has 

shown that they tend to show the same degree of interference as controls when asked 

to name the colour in which the ink is printed (Bryson, 1983; Christ et al., 2007; 

Eskes et al., 1990; Goldberg et. al., 2005; Lopez ct. al., 2005; Ozonoff & Jensen, 

1999). If this same lack of impairment was present and consistent over other forms of 

inhibition tasks, then it would be logical to assume that children with autism do, in 

fact, have intact inhibitory control. However, and as already noted, children with 

autism are not consistently unimpaired on tests of inhibition. One possible reading of 

the literature, therefore, is that the Stroop task may not adequately measure inhibition 

when presented to children with autism. 
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1.6.2 The Day/Night Task 

The 'day/night' task (Gerstadt, Hong, & Diamond, 1994) is a Stroop-like task 

which appears to test inhibitory control in the same way that the classic Stroop task 

does in that it requires the participant to inhibit giving a prepotent response to a 

stimulus (participants are instead required to respond 'day' to a picture of the moon 

and 'night' to a picture of the sun). However, Simpson and Riggs (2005c) noted that 

this task also involves a degree of arbitrary response mapping, because individuals are 

not simply asked to give the opposite response (e. g., 'sun', 'moon') to the presented 

picture. It is important to note that Russell et al. (1999) did not find group differences 

between children with autism and controls when using the 'day/night' task, but that 

Ames and Jarrold (2007) did find deficits in the children with autism when they used 

the 'dog/pig' task in which a truly 'opposite' response was required to each image. 

These findings suggest that the semantic demands of an 'inhibition' task can play a 

significant role in the amount of interference which children with autism experience. 

Carlson, (2005) also, designed a version of the day/night task in which a truly opposite 

response was required for the responses to pictures. They used pictures of grass and 

snow and children. made opposite responsesto, these pictures. 
. 
The conflicting results 

that the day/night task and similar versions of it yield are perhaps the most troubling 

aspect of the day/night task in terms of its use with children with autism. Between its 

heavy working memory demand (usually 2 novel rules must be remembered; the rule 

to name opposites and what to name the opposites) and the amount of arbitrary 

response mapping required to complete the classic day/night task, this task may 

simply not be valid in terms of being sure that it is in fact a direct measure of 

inhibitory Control and that it is appropriate for use with children with autism. 
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1.6.3 Other Pnotent Response Inhibition Tasks 

Perhaps the most commonly used task type of inhibition is the prepotent 

response inhibition task type. Although the classic Stroop task and the day/night task 

are probably the most widely used tasks of inhibition in autism studies, there are 

many other versions of prepotent response inhibition tasks for use with children with 

autism. 

The go/no-go task is a task of inhibition, which works very much like a game 

of 'Simon Says'. Children are told in the beginning that they will hear certain 

instructions to perform actions, but they must not respond to instructions given by one 

instructor, while remembering to follow other instructions from a different instructor. 

In essence, they must inhibit the prepotent response to respond to all instructions and 

instead only respond to certain instructions. Children with autism have been found to 

be impaired on this task (Christ et al., 2007). Similarly, Carlson (2005) devised a 

preschool version of the go/no-go task called the bear/dragon task in which children 

were shown puppet characters of a bear and a dragon and instructed to follow bear's 

instructions but not to follow dragon's instructions. There is also a version of the 

go/no-go task, called the walk/don't walk task, which instructs children to walk 

forward if the instruction comes from a certain experimenter, and to withhold walking 

forward if the instruction comes from another experimenter. In a study by Bishop and 

Norbury (2005), children with autism showed impairments of inhibition with the 

walk/don't walk task. For this particular task, instead of being instructed to step 

forward for one experimenter but not the other, they were asked to step forward to a 

certain sound, and withhold stepping forward when they heard a discouraging Moh' 

sound. 
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Similarly, in the opposite worlds task (Manly et al., 200 1), children are shown 

a sequence of numbered squares using 2 numbers. Usually, the numbers I and 2 are 

used. Often, for younger children this task is modified showing the numbered squares 

in the form of a path which children are told to follow and the tasks can often have 

different themes. In the first or congruent condition, children are asked to simply call 

out the numbers as an experimenter points to them along the number sequence path. 

In the second and incongruent condition, children are told to call out the opposite of 

the number they see. Therefore, if the instructor points to a '1', the child must 

respond with '2'. Inhibitory control is measured by reaction time and error rate for 

this task. Bishop and Norbury (2005) also used this task with children with autism 

and again found that children with autism were impaired in inhibition on this task. 

Poor performance of children with autism on these prepotent response 

inhibition tasks not only supports the idea that children with autism very likely suffer 

from inhibitory deficits, but also highlights the importance of scrutinising the 

unusually quick performance of children with autism on the classic Stroop task and 

the inconsistent performance of children with autism on the day/night task. 

1.6.4 Resistance to Distractor Tasks 

While the classic Stroop task and the day/night task among others are known 

as prepotent response inhibition tasks, another type of inhibitory control task is the 

resistance to distractor inhibitory control task. Resistance to distractor tasks, instead 

of requiring participants to inhibit prepotent responses, require participants to ignore 

distracting stimuli in order to identify target stimuli.,. Children with autism have 

shown impairments on resistance to distractor tasks of inhibition (Christ et. al., 2007). 

The flanker task is a classic example of a resistance to distractor task which 

has been used with typically developing individuals and individuals with autism. 
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Classically, the flanker task is designed using either arrows or letters (Eriksen & 

Eriksen, 1974). A target arrow or letter is presented on a computer screen in the 

centre of the display. In the condition of the task with the highest inhibitory demand, 

if letters are used, the central letter, for example the letter 'H' is flanked by different 

letters on either side (e. g., KKKHKKK) and the participant is asked to identify the 

central letter. If arrows are used then the central arrow is pointing in the opposite 

direction of the flanking arrows and participants are required to find the central arrow 

and identify in which direction the central arrow is pointing. These are examples of 

the incongruent condition of the task, which involves the highest inhibitory demand. 

Often, this condition is accompanied by a congruent condition in which case arrows 

would be displayed pointing all in the same direction or a line of the same letter 

would appear on the screen. Participants would again be asked to identify the central 

target stimulus, which in the congruent condition is much less difficult to perform. 

Therefore, the size of the congruency effect gives an index of the capture by 

distractors. 

Similar to the flanker task is the abstract shape matching task (Friedman & 

Miyake, 2004), which also operates on the basis of ignoring distracting stimuli in 

order to identify a feature of a target stimulus. In this task participants are shown a 

computer display with a novel abstract shape, which may or may not match a different 

coloured shape positioned to the right of the original novel shape. These make up - 

congruent and incongruent conditions, respectively., In addition, these two conditions 

are presented in some cases without a distracting shape and in the other 50% of the 

conditions with an abstract distractor shape underlapping the original novel shape, 

which participants must ignore while determining whether or not the two shapes 
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positioned next to each other match. This task, until this work, has not been used with 

children with autism or typically developing children. 

1.6.5 The Bryson and Christ Studies 

As confusing as the current literature is in terms of inhibition performance in 

children with autism, there are only a few studies that actually compare the 

performance of children with autism on different types of inhibition task in the hopes 

of unveiling the reason for inconsistent inhibition performance. Furthermore, those 

that do, often do not use multiple types of inhibition task with this goal as the purpose 

of their study, although this literature can be helpffil in discerning what might be the 

cause of such inconsistent inhibitory performance. 

Two studies of particular interest utilised the classic Stroop task accompanied 

by other tests of inhibition. One study found comparable performance of children 

with autism on the classic Stroop task versus the other Stroop-like tasks, while the 

other study found contrasts in performance between the classic Stroop task and other 

types of inhibition task. These findings shed light on the conflicting difference in 

performance of children with autism on different tests of inhibition, which are meant 

to test for the same thing. ' Therefore, these two studies played a pivotal role in 

propelling the interest and argument of the current work. 

1, '' Bryson (1983) conducted a study utilising a classic Stroop task, a colour-form 

Stroop-like task, and a circle-number Stroop-like task, with the intention of studying 

whether children with autism understood the semantic meaning of single stimuli or 

individual items. . She tested 12 males with autism whom she noted as being 

particularly high functioning, and 12 typically developing males, all in the age range 

of 8 to 16 years old with a mean'age of 13. 
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The classic Stroop task was presented in four conditions. First, children were 

shown colour patches in red, blue, and green and simply asked to name the colours as 

quickly as possible. In the second condition, children were shown a list of the words 

red, blue, and green printed in black ink and asked to read the words. In the third 

condition, children were shown a list of the words red, blue and green, each printed in 

the matching colour of their semantic content and asked to read the words and then 

name the ink colour in two separate conditions. These were the 'congruent' 

conditions of the task. For the 'incongruent' conditions, children were shown lists of 

the words red, blue and green printed in the ink colours, red, blue or green, which did 

not correspond with the semantic content of the word. For the form Stroop-like task 

(which employed forms or pictures instead of words), children were shown black and 

white line drawings of pictures with prototypical colours. There were three pictures, a 

pair of lips with the prototypical colour red, a chick hatching from an egg with the 

prototypical colour yellow, and a Christmas tree with the prototypical colour green. 

In the 'congruent' conditions, children were first shown the pictures in the correct 

prototypical colour and required to name the colour they saw and then name the form. 

In the incongruent conditions, they were Shown the pictures in the incorrect colours 

and asked to name the colours they saw and then the forms. For the circle-number 

Stroop-like task, children were shown cards with a printed number 2,3, or 4 under a 

matching number of circles in the congruent condition and under a mismatching 

number of circles in the incongruent condition. Similarly to the first two tasks, there 

were two 'congruent' conditions and two 'incongruent' conditions where children 

were asked to name the printed numbers and then the number of circles for each type 

of condition. 
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Although all groups showed interference effects on all three tasks, Bryson 

found no group differences in reaction time and error rates across tasks. It does not 

seem surprising that the groups performed completely comparably on the classic 

Stroop task as much of the literature has shown, since as mentioned previously, that 

children with autism consisently perform comparably to typically developing children 

on the classic Stroop task. VVhile both groups showed interference delays on the 

incongruous colour-form task, there were no group differences. Considering that 

tasks which are similar in structural nature to Bryson's colour-form task, like the 

day/night task have shown impairment of children with autism, it seems important to 

follow this finding up. ý 

Another study which compared performance of children with autism on the 

classic Stroop versus other inhibitory tasks was Christ et al. (2007), investigating 

whether children with autism were impaired in inhibitory control or not. They tested 

18 children with autism ranging in age from 6 to 12 years old, 23 biological siblings 

ranging in age from 6 to 15, and 25 unrelated typically developing controls ranging in 

age from, 7 to 18 years of age. They used four tests of inhibition; a card version of the 

classic Stroop task, a computer version of the classic Stroop task, a go/no-go task, and 

a flanker task., Christ et al. 's (2007) version of the classic Stroop on card employed 

three conditions; one with lists of colour words printed in black, one list of rows of 

X's printed in coloured ink, and a classic incongruent condition with colour words 

printed in incongruent coloured ink, - where children were asked to ignore the word 

and name the ink colour. -For the computer classic Stroop task, congruent, neutral, 

and then incongruent conditions were again presented. - In the congruent condition, 

children saw colour words presented in the corresponding coloured ink, for the neutral 

condition they saw animal words (e. g., TIGER, BEAR) printed in colour ink, and then 
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they saw an incongruent condition as in the card Stroop. Children were asked to press 

appropriately coloured response buttons for all stimuli in response to ink colour. For 

the flanker task, Christ et al. (2007) used four shapes presented centrally on a 

computer screen (E], +, X., 0). There was a congruent condition where each shape 

was placed centrally in separate trials and flanked by the same shape. In the 

incongruent condition each shape was shown centrally in separate trials and flanked 

by a different shape., There was also a neutral condition where one of the above 

shapes was flanked by a novel shape, either aA or an *, which were not mapped to a 

response button. When the central shape was aEj or an 0, children'pushed a right 

hand response button and when the central stimulus was a+ or an X, children pushed 

a left hand response button. For the go/no-go task, children were shown one of four 

possible shapes per trial appearing centrally on a computer screen and were asked to 

press a large response button for three of the shapes (go trials), but to withhold 

pressing for the other shape (no-go trials). 

Again, as in the Bryson (1983) study, children with autism and control groups 

performed comparably on both the card and computer versions of the classic Stroop 

task in terms of reaction time and error rates. For the flanker task, although the 

groups did not differ significantly in error rate, the children with autism performed 

much more slowly than controls. This finding is interesting and raises important 

questions about the inhibitory performance of children with autism across different 

types of inhibition task. However, it might be argued that children with autism 

performed more slowly on this task, not because of inhibitory deficits, but because of 

the added complexity of the working memory load of this task, as children not only 

had to remember the rule to identify the central shape but also had to remember which 

button represented which two shapes. Additionally, the fact that one button 
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represented two shapes may, in itself have been responsible for the slowed reaction 

time of the children with autism. For the go/no-go task, in contrast to findings from 

the flanker task, although groups performed comparably on reaction time, children 

with autism made significantly more errors on the no-go trials than did controls. 

Given that the go/no-go task is a prepotent response task, like the classic Stroop task, 

but uses a motor (button press) mode of response as opposed to a cognitive (verbal) 

mode of response, this finding may reflect the fact that different types of inhibition 

are targeted by different inhibition tasks. 

1.6.6 Theories of Inhibition 

1.6.6.1, Carlson and Moses 2001. Carr. Nigg and Henderson 2006. Espy and Bull 

2005 ý, I 

It is clear then that the presentation styles and response demands of inhibition 

tasks vary considerably, and these variations are likely to affect the type of inhibitory 

control assessed by any given task (Carlson & Moses, 200 1; Carr, Nigg & Henderson, 

2006; Espy & Bull, 2005). Carlson and Moses (2001) see inhibition tasks as 

potentially targeting two distinct processes. 'Conflict' tests of inhibition are tasks 

such as the day/night task, which involve inhibiting a prepotent response, in order to 

produce a novel response. --'Delay' tests of inhibition such as the go/no-go task simply 

involve withholding a response in response to a certain pre-defimed cue. Interestingly, 

other research ers have made similar suggestions of tasks, which are distinguished on 

related pivotal points (Carr et al., 2006; Espy & Bull, 2005). Carr et al. (2006) 

suggested that there are two types of inhibition, 'cognitive' and 'motor', which a task 

might tap depending on what kind of response must be made. If a test of inhibition 

requires a verbal response then the task assesses the participant's cognitive inhibition 

skills, based on the assumption that a non-manual (in this case verbal) response is 
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more cognitively than physically demanding. However, if the task requires a motor 

response, such as the go/no-go task, which often involves suppressing somatic motor, 

responses, then the task assesses the participant's motor inhibition. Crucially, Carr et 

al. (2006) found that children with attention deficit/ hyperactivity disorder (ADHD) 

were impaired on tests of motor inhibition while showing intact cognitive inhibition. 

Espy and Bull (2005) define these two types of inhibition tasks in terms of the 

distinction between 'attentional control' tasks, which require cognitive engagement 

and disengagement among an internally represented rule or response set, and ý 

4response suppression' tasks that involve suppressing somatic motor responses. 

These three definitions of types of inhibition therefore share considerable similarities 

and could be useful in pinpointing why children with autism show mixed results on 

different types of inhibition tasks. 

Given that children with ADHD show impaired motor inhibition in the 

presence of intact cognitive inhibition (Carr et. al., 2006), it is possible that the same 

pattern accounts for the evidence of impairment of inhibition in children with autism 

on motor response tasks like the go/no-go task, the walk/don't-walk task, and the 

flanker task, coupled with the equivocal results seen on cognitive tests of inhibition 

such as the classic Stroop task and the day/night task (Ames & Jarrold, 2007; Bryson, 

1983; Christ et al., 2007). -I 

1.6.6.2 Friedman and Miyqke 2004 

Another theory of inhibition that can be distinguished from others is the 

suggestion of a distinction between 'prepotent response' inhibition and ' resistance to 

distractor' inhibition. Friedman and Miyake (2004) conducted a study investigating 

this theory in typically developing adults by administering three resistance to 

distractor tasks; three prepotent response inhibition tasks, and three resistance to PI 
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tasks, in order to test three inhibition-related functions, including prcpotent response 

inhibition, resistance to distractor inhibition, and resistance to Pl. These three 

functions were modelled after Nigg's (2000) taxonomy of inhibition. Prepotent 

response inhibition represented what Nigg called behavioural inhibifion combined 

with oculomotor inhibition. Resistance to distractor inhibition represented Nigg's 

interference control, and resistace to PI was described as resembling what Nigg 

referred to as cognitive inhibition. The three resistance to distractor tasks were a 

flanker task, a word naming task, and an abstract shape matching task, the three 

prepotent response inhibition tasks included the classic Stroop task, a stop-signal task 

and an antisaccade task, and the three resistance to PI tasks were the Brown Petersen 

variant, the AB-AC-AD, and the cued recall task. The flanker task was a classic 

flanker which utilised arrows and the shape matching task utilised 2 abstract green 

shapes, 50% of which overlapped distracting red shapes, which participants were 

required to ignore while determining whether the two green shapes matched. The 

word naming task was modelled with the same structure as the shape matching task as 

participants were instructed to name green target words presented either alone or with 

distracting red words. - For the classic Stroop task, participants were required to name 

the colour of incongruently coloured words and neutral words. The antisaccade task 

required participants to suppress a prepotent response toward a cue flashing on one 

side of the screen in order to identify the direction in which a target arrow was 

pointing on the opposite side of the screen. ý The Stop-Signal task conditioned 

participants to categorising pictures with a button press response, then introduced a 

'beep' on 20% of the trials, where participants had to withhold the prepotent response 

to categorise pictures. Each participant experienced signals that occurred 50 ms 

before their average RT (long stop-signal delay), 225 ms before their average RT 
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(medium stop-signal delay), or 50 ms after the onset of the trial (short stop-signal 

delay). For the Brown-Peterson variant, participants learned and later ftee-recalled 

successive lists of words from the same category. The AB-AC-AD task required 

participants to learn a list of cue-target word pairs to a certain criterion and then learn 

a new list of target words paired with the same cues. For the cued recall task, 

participants were shown either one or two lists of four words each and were required 

to retrieve the word on the most recent list shown which belonged to a cued category, 

ignoring any previous lists. Results for this study were derived using latent variable 

analysis and a two factor structure, enabling a clear finding that prepotent response 

inhibition and resistance to distractor inhibition share a close relationship while 

remaining distinguisable, in that resistance to distractor interference is closely related 

with other components of executive function such as, number generation 

performance, task switching ability, and everyday cognitive failures, all components, 

which tend to be deficit in autism, while none of these factors are related to prepotent 

response inhibition performance, leading Friedman and Miyake (2004) to conclude 

that these two types of tasks may require different types of inhibition. These findings 

suggested that prepotent response inhibition and resistance to distractor inhibition 

show some common inhibition ability, that of which is not involved in all inhibition 

functions (Friedman & Miyake, 2004). This work with typically developing adults 

may provide yet another -potential explanation for why children with autism might 

perform so differently on various task types, as prepotent response inhibition and 

resistance to distractor inhibition may be differentially impaired in children with 

autism. 

iII 
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1.7 Conclusions 

Although many clues and ideas can be taken from this literature in terms of 

answering questions about inhibition in autism, the ultimate question of whether 

children with autism are impaired in inhibition or not and why remains unanswered. 

Perhaps the only thing that is truly clear from studies conducted on inhibition in 

autism is that performance can be highly varied across methods used to test inhibition. 

However, it is not clear why children with autism might perform so differently on 

varying tasks or if specific characteristics of the participants with autism have any 

effect on the findings. Answering these questions is only made more difficult by the 

wide range of inhibitory tasks to choose from which all act on inhibition in 

fundamentally different ways, not to mention the nature of autism as a spectrum 

disorder, which may affect strengths and weaknesses of individuals with autism on 

different tasks of inhibition. All of these factors culminate to create a number of 

possible explanations and combinations of those explanations for why the literature is 

so mixed when it comes to testing inhibitory control in children with autism. 

t-- ý'- , It seems clear from a social, practical, and clinical point of view that children 

with autism do in fact struggle with inhibitory control. It is probable that impaired 

inhibition is responsible for behavioural characteristics of autism such as, echolalia, 

repetitive stereotypies, and verbal and physical outbursts, yet children with these 

behavioural features of autism do show varied performance when being tested for 

impairments of inhibition. 

From studies using the classic Stroop task, especially those studies which used 

the classic Stroop task accompanied by other measures of inhibition, it is certain that 

although the classic Stroop task has provided the most consistent results for inhibitory 

performance in children with autism, it is potentially the most inappropriate when 
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considering what we know about hyperlexia. in children with autism and their 

response to meaningful word stimuli. The task was originally created as a task of 

inhibition for typically developing individuals on the basis that word reading is one of 

the most automatic processes for them and certainly much more automatic than colour 

naming and the task can only ftinction as intended on that basis. The common 

educational strategy of using pictures instead of using written words in order to 

communicate lessons to children with autism must be taken into consideration as an 

example of the little semantic relevance that words might play for children with 

autism in comparison with typically developing children. 

Aside from the classic Stroop task, there is this array of task options, which do 

not use words. - Although these options eliminate the complication of meaningful 

word stimuli, they vary significantly in stimuli, display methods, and response 

requirements, all of which could be responsible for the varying performance in 

children with autism. In the existing literature, there are some signs of consistency 

throughout these tasks, which give clues to what causes varying performance. For 

example, those tasks that require motor responses seem to yield impairment in 

children with autism (Bishop& Norbury, 2005; Christ et al., 2007) while tasks 

requiring verbal responses do not show impairments as consistently (Bryson, 1983; 

Christ et al., 2007). From work with typically developing adults (Friedman & 

Miyake, 2004), it may also be possible that children with autism may be showing a 

difference in performance based on whether they are given a prepotent response 

inhibition task or a resistance to distractor inhibition task. These possibilities have yet 

to be systematically tested in autism. 

In light of the results of the existing literature taken into account with 

behavioural tendencies of children with autism, I argue that children with autism do 
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indeed have impairments of inhibition and that inconsistent performance of children 

with autism on tasks of inhibition is a result of tasks being inappropriate for their, 

audience, overly varied in their use of stimuli, responses options, and displays, and is 

perhaps most importantly a result of task impurities. Although it may not be possible 

to eliminate task impurity from tests of inhibition, it remains important to 

acknowledge their almost certain effects on inhibitory performance in children with 

autism, especially as children with autism are known to have difficulty with many 

areas of executive function which are often triggered by tests of inhibition. 

Furthermore, it is important to explore the possibility of a difference between motor 

and cognitive inhibition and a difference between prepotent response inhibition and 

resistance to distractor inhibition in children with autism. As these differences have 

been noted in children with ADHD and typically developing adults, respectivley (Carr 

et. al., 2006; Friedman & Miyake, 2004) it is imperative to know whether this 

difference is clear in children with autism and to decide how that might impact task 

choice when testing inhibition in children with autism and when assessing the 

performance outcomes from each of these types of task. 
, 

In summary, the number of strengths and weaknesses, which have been 

documented regarding inhibitory performance in children with autism is puzzling and 

has given rise to many interpretations. The key to discovering the reason for the 

-I variance in these findings can most likely be found in the methodological variance of 

testing for inhibition. In order to evaluate these findings, further investigations, which 

systematically examine the effects of methodological aspects of tasks of inhibition are 

essential. 
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1.8 Overview of Thesis 

The theoretical summary above illuminates the need for further work in the 

domain of inhibition in children with autism, particularly addressing the 

characteristics of tests of inhibition used and their impact on inhibitory performance. 

This thesis provides an insight into, and attempts to account for, the varying levels 

and patterns of ability across different tasks of inhibition in autism. , 

In order to investigate the effects of the meaningful word stimuli of the classic 

Stroop task on inhibitory performance of children with autism, Experiment I focused 

on identifying the cause of particularly unique inhibitory strengths of children with 

autism on the classic Stroop task and endeavoured to further identify the role of the 

meaningful word stimuli in this performance. 

The remainder of the thesis focused on tests of inhibition which do not use 

meaningful word stimuli and explored potential reasons why there are still conflicting 

results within these tasks. Experiment 2 examined the theories of inhibition of Carr et 

al. (2006), Carlson and Wang (2007), and Espy and Bull (2005) in relation to 

inhibitory performance by analysing motor versus cognitive inhibition in children 

with autism. Experiment 2 employed two types of Stroop-like task, each administered 

twice, once requiring a motor response and once requiring a verbal response 

representative of a cognitive inhibitory activation. One of the tasks was modelled 

from Bryson's (19 83) form Stroop while the other was modelled from Wright, 

Waterman, Prescott and Murdoch-Eaton's (2003) version of the chimeric animal 

Stroop. 

Experiment 3 investigated conflicting findings from the day/night task and 

versions of the day/night task. Experiment 3 included using a dog/cat task (similar to 

that of Ames and Jarrold's, 2007, dog/pig task) accompanied by a novel four animal 
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task, which simply measured the impact of higher working memory load on inhibitory 

perfonnance of day/night-like tasks, given that working memory is one of the most 

common impurities within inhibition tasks. Experiment 4 followed on from 

Experiment 3, examining the impact of same and different response sets on 

performance on day/night-like tasks. Findings from Simpson and Riggs (2005c) have 

shown that typically developing children under the age of 6 find more difficulty on 

the day/night task when asked to give responses from the same response set as the 

stimuli (e. g., responding 'day' ornight' to pictures of a sun and moon representing 

day and night), than when asked to respond to pictures of day and night with words 

from a different response set (e. g.; 'dog' and 'pig'). Experiment 4 consisted of 2- 

novel day/night-like tasks, one of which was a same response set task and the other of 

which was a different response set task. 

: In reference to the theory of a difference between prepotent response 

inhibition and resistance to distractor inhibition (Friedman & Miyake, 2004), 

Experiment 5 mirrored Friedman and Miyake's (2004) study with typically 

developing adults by utilising two tasks of prepotent response inhibition and two tasks 

of resistance to distractor inhibition and comparing the performance of children with 

autism to typically developing children and children with moderate learning 

disabilities on these different types of task. Following the Friedman and Miyake 

(2004) study, Experiment 5 included an antisaccade task and a stop-signal task as 

prepotent response inhibition tasks, and an abstract shape matching task and a flanker 

task as the two resistance to distractor tasks. Experiment 6 was a follow up of 

Experiment 5, which investigated the role of a bias to weak central coherence in 

children with autism in inhibitory performance of the flanker task. Experiment 6 

included a classic flanker task and a novel flanker task, the latter being modified to 
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eliminate a possible inhibitory advantage resulting from weak central coherence in 

children with autism as opposed to typically developing children. 

Ultimately, this thesis investigated two related hypotheses. The first was 

simply that children with autism do suffer from some form of inhibitory impairment, 

although this impairment may present itself in more complex terms than just being 

impaired or unimpaired, and that this is clear from behavioural characteristics of the 

disorder. The second is that it is the type of task and its methodological content 

which are responsible for varying performance in children with autism and even 

performance which often appears to be typical, resulting in inaccurate conclusions 

concerning the state of inhibition in children with autism. On a more local level, this 

thesis systematically evaluated theories of inhibition from the existing literature of 

typically developing adults and children, and individuals with ADHD and applied 

those theories, to the varying performance of children with autism in hopes of 

pinpointing one or more specific causes for inconsistent inhibitory performance in 

children with autism. These investigations included theories of motor versus 

cognitive inhibition, prepotent response inhibition versus resistance to distractor 

inhibition, and effects of presentation style of tasks and stimulus and response 

demand. The work of this thesis therefore serves the purpose of creating an organised 

account of inhibitory performance in children with autism across tasks in the current 

existing literature with the intent of pinpointing a cause for inconsistent findings in 

the literature and drawing conclusions as to whether children with autism are or are 

not impaired in inhibition. 
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Chapter 2 

Chapter I discussed findings from previous studies, which illustrated the 

variation in performance of children with autism on several tasks of inhibition (Ames 

& Jarrold, 2007; Bishop & Norbury, 2005; Bryson, 1983; Christ et al., 2007; Russell 

et. al., 1999). These studies demonstrated that children with autism frequently show 

unimpaired inhibition on the classic Stroop task, while showing a mixture of 

impairment and unimpairment on other tasks of inhibition which do not use 

meaningful word stimuli. 

Despite the fact that the classic Stroop task stands out in terms of the results it 

produces for inhibition performance in children with autism, no study has been ýý 

conducted for the purpose of investigating why children with autism seem to perform 

so well on the classic Stroop task in such a consistent manner, while showing such 

varied and conflicting performance on all other tasks of inhibition. Instead, this 

performance pattern of children with autism on the classic Stroop task has arisen from 

an array of studies which have used the classic Stroop task as a presumably valid test 

of inhibition for children with autism only to conclude that children with autism are 

unimpaired in inhibition (Bryson, 1983; Eskes, Bryson, & McCormick, 1990; 

Goldberg, et al., 2005; Griffith et al., 1999; Iarocci & Burack, 2004; Lopez et al., 

2005; Ozonoff & Jensen, 1999; Ozonoff & Strayer, 1997). If one assumed that the 

classic Stroop task is indeed a valid test of inhibition for children with autism, then it 

would make sense to conclude from results from the classic Stroop task that children 

with autism do have an intact inhibition. However, due to the fact that they have 

shown impairment on other studies (Ames & Jarrold, 2007; Bishop & Norbury, 2005; 

Christ et al., 2007; Geurts, Vert6, Oosterlaan, Roeyers, & Sergeant, 2004; Minshew, 

Luna, & Sweeney, 1999; Ozonoff, Strayer, McMahon, & Filloux, 1994), all of which 
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employed tasks other than the classic Stroop task, it is important to question the 

validity of the classic Stroop as a task of inhibition for children with autism. 

2.1 Experiment I 

This experiment examined the hypothesis that children with autism perform 

comparably to or quicker than typically developing children on the classic Stroop 

task, not because they have intact inhibition, but because they do not find reading for 

meaning as semantically relevant or automatic as typically developing children and 

therefore do not experience the same interference effects as do typically developing 

children on the classic Stroop task. This hypothesis could explain the consistent and 

seemingly unimpaired performance of children with autism on the classic Stroop task 

in contrast with the completely inconsistent and often impaired performance of 

children with autism on the other tasks of inhibition, which do not utilise meaningful 

word stimuli. 

ý ,:, -There is considerable evidence that children with autism who are able to read 

tend to have high reading skill, in that they can read fast and accurately (Nation, 

2006), but have low reading comprehension levels as the semantic content of what 

they read is not assimilated or retained (Frith & Snowling, 1983; Golinkoff, 1975- 

1976; Nation, 2006). Some children with autism have also been shown to display 

patterns of hyperlexia, in other words advanced word recognition skills in contrast to 

cognitive, social, and linguistic handicaps (Nation, 1999). Indeed, Newman et al. 

(2006) showed that both children with autism and children with hyperlexia had poorer 

reading comprehension than typically developing controls of a comparable level of 

reading speed and naming accuracy. 

This evidence of reading f6r speed and accuracy but not for meaning has 

direct implications for children with autism's performance on the classic Stroop, task. 
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It suggests that children with autism, especially those with hyperlexic tendencies, may 

necessarily be less affected by the meaning of words than typically developing 

children when asked to say the colour in which the word is printed (cf. Rosinski, 

Golinkoff, & Kukish, 1975; Schiller, 1966; Snowling & Frith, 1986). Indeed, one 

might actually expect such individuals to show more evidence of interference in a 

Stroop condition in which they are asked to read colour words and to ignore the 

colour in which these words are printed. Potential support for this suggestion comes 

from that fact that, whether learning in the home or at school, children with autism 

have been found to respond better to illustrated daily instructions rather than written 

instructions. In fact, across the many different teaching curricula used for children 

with autism such as, TEACCH or ABA, teachers often use pictures to convey ideas 

rather than words (Lancioni et al., 2007). 

Importantly, of the previous studies of Stroop performance in autism all bar' 

one have looked exclusively at interference effects on colour naming (that is, the 

effect of incongruent word meanings on individuals' ability to name ink colour; Christ 

et al., 2007; Eskes et al., 1990; Frith & Snowling, 1983; Goldberg et al., 2005; Lopez 

et al., 2005; Ozonoff & Jensen, 1999). The one exception is the study by Bryson 

(1983). Although she found no group differences in Stroop performance on any 

conditions, she employed a relatively high functioning sample who might well be 

expected to have had unusually good reading comprehension levels, and noted that 

their findings "may be limited to the relatively intelligent sample tested" (p. 253). 

Furthermore, although Bryson (1983) matched participants for intelligence and verbal 

performance, she did not match them for reading skill or comprehension. Bryson's 

(1983) conclusions focus on the question of whether children with autism derive 

interference from comprehension of single stimuli. However, Frith and Snowling 
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(1983) found that although children with autism accessed semantic information on a 

comparable level to children with dyslexia when reading single words, they showed 

poor reading comprehension relative to their reading ability level and relative to 

children with dyslexia when reading on a more complex level than single words. The 

first aim of Experiment I was therefore to extend Bryson's procedures to a sample of 

individuals with autism who had a range of reading comprehension skills, in order to 

examine the impact of level of reading skill on degree of interference shown in the 

Stroop task., 

A second aim of Experiment 1 was to ask questions about the relative salience 

of the meaning of different cues for individuals with autism. By including Stroop 

conditions in which individuals had to resist the interference from colour information ý 

when reading words for meaning, as well as the more typical condition in which 

colours had to be named while resisting interference from word meaning, we were 

able to see which of these two dimensions of the stimuli were prioritised by our 

sample with autism. -, This information is important because it will necessarily inform 

the design of other tests of inhibition that are likely to be valid for children with 

autism., 

, lWith 
this in mind, a third and fmal aim of the current work was to assess 

degree of Stroop-like interference in a task that did not involve reading for meaning. 

In the typically developing literature researchers have devised Stroop-like tasks that 

are appropriate for non-reading children (Anderson, 1998; Archibald & Kerns, 1999; 

Wright et at., 2003). Many of these tasks involve incongruent pictures, and we 

employed a version of a chimeric animal task (Wright et al., 2003). ý; In this task 

composite creatures are created using the body of one animal and the head of another; 

across conditions children are instructed to first name the head and ignore the body, 
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and then vice versa. Wright et al. (2003) showed that typically developing children 

had difficulties in inhibiting head identity when asked to respond on the basis of body 

identityý leading to an interference effect. If individuals with autism do have 

inhibitory problems on Stroop-like tasks that are masked by their difficulties in 

reading for meaning when traditional versions of the Stroop are used, - then these 

inhibitory problems should be apparent on the chimeric animal task. 

This study therefore investigated the performance of children with autism and 

typically developing children on two Stroop type tasks; the classic Stroop task 

involving colour words presented in different Coloured inks, and a chimeric animal 

task in which composite animals had incongruous heads and bodies. Each task was 

presented in two versions that required participants to respond to one of the two 

aspects of the stimuli (e. g., the ink colour, or the word identity for the classic Stroop, 

the head or the body identity for the chimeric animal Stroop). Each version of each 

task was presented in both baseline and interference contexts, producing four 

experimental conditions for each task. The degree of interference for each version of 

the task was then determined by comparing performance between the relevant 

baseline and interference conditions. In this way we were able to determine whether 

individuals with autism show problems of inhibition when asked to inhibit word 

meaning or colour information in the classic Stroop task, and two types of visual 

semantic knowledge (animal head and body identity) in the chimeric animal Stroop 

task. In addition, individuals' reading abilities were assessed, both in terms of naming 

accuracy and reading comprehension, in order to exaraine the extent to which reading 

skill affects performance on the traditional Stroop task in autism., 
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2.2 Methods 

Particivants 

Two diagnostic groups, 24 children with autism and 24 typically developing 

children were selected for Experiment 1. All children who participated in Experiment 

I were within the age range of 8- 16 years old and were matched for reading skill and 

mental ability. Children with autism ranged in age from 11 years 0 months to 16 years 

10 months with a mean age of 13 years 5 months. Typically developing children 

ranged in age from 9 years 5 months to 10 years 2 months, with a mean age of 9 years 

9 months. From the group of children with autism, 4 females and 20 males 

participated based on availability and from the typically developing group, II females 

and 13 males participated in the study. 

, All children with autism who participated were enrolled in a secondary school 

with a specialised unit for children with autism and had formal diagnoses of autism 

from qualified assessments either from a clinical or educational psychologist on their 

school files. Furthermore, they were all given the Social Communication 

Questionnaire (SCQ) (Rutter, Bailey & Lord, 2003) to confirm that they still 

presented clear autism spectrum disorder symptomatology. No child had a score 

below 17 on this measure. . The threshold of this instrument suggested by the authors 

is 15, indicating that our participants still displayed post-diagnosis autism spectrum 

disorder behaviours. Careful investigation of each participant's detailed records 

ensured that there were no complicating neurological conditions among the children 

with autism.: Typically developing children were recruited from a mainstream junior 

school, and did not have any clinical diagnosis and they were not on their school's 

register of children with special educational needs. The same criteria and protocol for 

participant recruitment was conducted for every experiment throughout this thesis, 
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with the exception of the administration of the SCQ, which was only administered 

once per participant during this experiment to represent all experiments throughout 

the thesis. 

Procedure 

Participants were tested individually, in two sessions. In the first session 

participants were given a battery of standardised measures that consisted of the 

Raven's Coloured Progressive Matrices Test (Raven, Court, & Raven, 1990), The 

British Picture Vocabulary Scale II (BPVS) (Dunn, Dunn, Whetton, & Burley, 1997), 

The British Ability Skills Word Reading Test (BAS) (Elliott, Murray, & Pearson, 

1983), and The Group Reading Test 11 (GRT) (MacMillan Unit, 2000). The BAS 

Word Reading test is a single word reading test which assesses reading ability, 

accuracy, and phonemic awareness ability, while the GRT measures overall literacy 

development with a primary focus on reading comprehension using sentence 

completion. The SCQ was also administered to all children with autism. 

In the subsequent experimental testing session, which took anywhere between 

20 to 40 minutes to complete, participants were given a classic Stroop task followed 

by a chimeric animal Stroop task. The classic Stroop task had four conditions, each 

of which contained 36 stimuli that were shown in a fixed but apparently random 

order. These stimuli were arranged vertically in sets of 12 on a series of 3 successive 

sheets that were, in turn, placed directly in front of the child at a distance of 

approximately 30 cm. from their eyes. In the first condition (reading baseline) 

participants were shown colour words printed in black ink in 20 point Times New 

Roman font (approximately 0.5 x2 cm per word), and were asked to read these words 

as accurately and quickly as possible. The four words employed were red', 'green', 

'yellow', and 'blue', and each word was presented 8 times. - In the second condition 
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(colour baseline) participants were told they were going to see some colour blocks 

and were asked to name the colour of each block as quickly as they could. The four 

colours employed were again red, green, yellow, and blue, and each colour was 

presented 8 times. The colour blocks were 1.3cm x 2.2cm rectangles. In the third 

condition (reading interference) they were shown the same colour words but printed 

in incongruent coloured ink. In this condition participants were instructed to ignore 

the colour and simply read the word. In this condition, each word appeared 3 times in 

each colour, I per page and the resulting coloured words were randomly ordered on 

the pages. In the fourth and final condition (colour interference) participants were 

again shown colour words printed in incongruent colours. The stimuli for this 

condition were presented in the same format as the third condition, but were 

differently ordered and were again apparently random in their order. In this case, 

children were asked to ignore the word and simply name the colour in which each 

word was printed (the classic Stroop condition). 

The chimeric animal Stroop task was modelled after that employed by Wright 

et al. (2003)., Four conditions were again created, each consisting of 36 farm animal 

pictures, which were arranged with 6 pictures per page, in one column on each page. 

Four farm animals were used in each case; pig, sheep, cow, and duck. Each animal 

was coloured in a representative colour of the real animal (e. g. - pink pig, yellow duck, 

brown cow, and grey sheep). In the first condition (head baseline), just the head 

section of each animal picture was shown (dimensions approximately 2.3cm x 2.8cm), 

and the participant was required to name each animal as accurately and quickly as 

possible., Each animal was shown 8 times, with the stimuli presented in a fixed but 

apparently, random order. In the'second condition (body baseline), just the body 

sections of each animal type (dimensions approximately 3.5cm x 3-3cm) were shown, 

54 



and participants again had to name the animal in each case. In the third condition 

(head interference) participants were shown chimeric or incongruent animals (e. g. - a 

duck's head attached to a cow's body) and were asked to name the head of the animal 

while iiiioring the identity of the body. All chimeric animals were presented in fixed 

but apparently random order and each of the possible 12 chimeric animals was 

presented three times (approximate dimensions of each picture were 2.8cm x 4.5cm). 

Lastly, in the fourth condition (body interference) participants were shown the same. 

set of animals in a different pseudo-random order and were asked to name the bodies 

while ignoring the identity of the heads. The time taken by participants to complete 

each page of stimuli in each condition was recorded by the Experimenter using a 

stopwatch. Children were not allowed to recommence a condition if they made a 

mistake, but they were allowed to correct mistakes within a page of stimuli. The time 

taken by participants to make corrections was included as part of their reaction time 

for the condition. The reaction time per item for each participant was analysed using 

a design that compared baseline and interference conditions for each version (e. g., 

colour naming or word reading, head or body naming) of each of the two Stroop 

tasks. 

2.3 Results 

Descriptive statistics for age, vocabulary mental age, Raven's matrices 

performance and performance on the two reading measures for participants in both 

groups can be found in Table I-A one-factor analysis of variance (ANOVA) on 

individuals' chronological ages with group as the between participants factor showed 

that the difference between the mean ages of the two diagnostic groups was 

significant, F(I, 23) =1 I 11.12, p< .01. Further one-factor ANOVAS of the same 

form were performed on the, BPVS, BAS, RCPM, and GRT scores. The groups 
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clearly did not differ significantly on the BAS or the RCPM, F(l, 46) < 0.49, p ý: . 49. 

However, the difference between groups on the BPVS and GRT scores approached 

significance, with children with autism scoring higher on average on the BPVS but 

lower on average on the GRT, F(l, 46) ?: 3.05, p: 5.09. Furthermore, a correlation 

was conducted in order to determine whether, as suggested, reading comprehension 

level and colour naming performance were related and it a strong positive correlation 

was found, r-- .58, which suggested that as reading comprehension rose, so did 

reaction time. 

Table 1: Participant Background Measures 

CWA 
M 

, 
SD 

I TDC 
M SD 

Chronological age (months) 161.42 20.49 117.08 2.14 
BPVS age (months) 118.75 27.85 106.83 16.84 
RCPM score (max. 36) 27.71 8.87 26.25 5.07 
BAS age (months) 117.85 28.55 119.08 27.76 
GRT age (months) - 97.37 25.93 106.86 18.17 

Table 2 presents mean time to complete each stimulus item for the two groups 

of participants on the two tasks; the classic St'roop task and the chimeric animal 

Stroop. Each task had 4 conditions; two baseline conditions and two interference 

conditions. Once again, preliminary analyses showed no evidence of any significant 

effects of gender on the performance of the control participants on any condition of 

the two tasks, in line with existing evidence of an absence of sex differences in 

interf6rence effects on Stroop tasks (MacLeod, 1991). In addition, chronological age 

did not correlate significantly with reaction times in any condition among either the 

children with'autism-, r values range from -. 15 to - 34, Or the typically devýloping 

children, r values range from .01 to .33. Given this, a three-factor ANOVA was' 

ýr each task, with tef employed on reaction times fh actors of group (children with' 
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autism or typically developing children; between participants), condition type - 

(baseline or interference; within participants), and task version (colour or reading for 

the classic Stroop, body or head naming for the chimeric Stroop; within participants). 

Table 2: Reaction times (s) per stimulus item for each Uoup on each condition of the 
two tasks. 

CWA TDC 
Task Condition m SD m SD ý 
Classic Reading baseline 0.54 0.16 0.48 0.09 
Stroop Colour baseline 0.74 0.25 0.63 0.12 

Reading interference 0.70 0.34 0.62 0.17 
Colour interference 1.17 0.49 1.34 '0.36 

Chimeric Head baseline 0.78 0.25 0.79 0.20 
animal Body baseline 0.84 0.28 0.85 0.27 
Stroop Head interference 0.91 0.29 0.92 0.28 

Body interference 0.97 0.38 1.00 0.29 

For the classic Stroop task, a significant main effect of task version was found, 

with both groups showing more difficulty on the colour conditions W= 11.63, SD = 

3.65) than on the reading conditions (M = 7.03, SD = 2.25), F(l, 46) = 189.19, p<. 

01. A significant main effect of condition type was also found, due to the fact that 

interference conditions W= 11.5, SD = 4.08) were more difficult than baseline 

conditions (M = 7.15, SD = 1.83), F(l, 46) 124.85, p< .01. The main effect of 

group was clearly non-significant, F(l, 46) 0.02, p= . 90. The interaction between 

group and condition type was signif icant, F(I 46) = 4.7 1, p= . 04, as was the task 

version by condition type interaction, F(l, 46) = 68.85, p <. Ol. Inaddition, the 

interaction between task version and group was close to significant, F(l, 46) = 3.04, p 

=. 09. However, these two-way interactions were qualified by a significant three-way 

interaction between task version, condition type, and group, F(l, 46) = 7.75, p< .01. 
Post-hoc analysis of this three-way interaction wasl conducted by examining 

the interaction between group and condition type for each task version separately. For 

the colour version of the task, there was a significant interaction between condition 
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type and group, F(l, 46) = 7.07, p= .01 (see Panel A of Figure 1). Significant effects 

of condition type were seen for both children with autism, F(l, 23) = 26.16, p< .01, 

and typically developing children, F(l, 23) = 118.83, p< .01, but clearly this effect 

was more marked among the typically developing group. Indeed, a further analysis 

that directly compared the size of this interference effect across groups (see Figure 1, 

panel A) confirmed it was significantly larger among typically developing individuals 

than among children with autism, F(l, 46) = 4.52, p =. 04. In contrast, analysis of the 

reading version of the task showed a non-significant interaction between group and 

condition type, F(l, 46) = 0.0 1, p= . 94 (see Panel B of Figure 1). The effect of 

condition type was significant for both children with autism, F(l, 23) = 12.66, p< .01, 

and typically developing individuals, F(l, 23) = 46.09, p< .01, but in this case these 

effects did not differ significantly in strength, F(l, 46) = 0.75, p= . 66. 

A 

Figure I Interference size'('time to cI omplete interference condition m. inus time to 

complete baseline condition)'per stimulus item by group for colour naming 

an ,d word , reading' v, ersio ns of the classic Stroop task , (pa'nýl A) and for head 

and body naming versions'of the chimeric animal Stroop task anelB). Error (p, 

bars are 95% confidence inter'vals for all figures thr6ugh6ut all chapters. 
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A similar analysis of variance was carried out for the chimeric animal Stroop 

task. This revealed a significant main effect of condition type, due to slower reaction 

times for interference conditions (M = 5.70, SD 1.85) than for baseline conditions 

(M=4.88, SD=1.50), F(1,46)=36.13, p<. Ol. The main effect of task version was 

non-significant, F(l, 46) = 1.89, p=. 18, as was the main effect of group, F(l, 46) < 

0.0l, p=. 98. All interactions were non-significant, F(l, 46): 5 1.94, pý:. 17. Figurel 

(panel B) shows the size of the interference effect experienced by each group on the 

two tasks. 

Nevertheless, it remains possible that the relatively reduced interference 

effects seen among individuals with autism on the colour naming version of the 

classic Stroop task, in comparison to typical interference effects on the other three 

task versions, reflects the greater sensitivity of the colour naming version to detect 

group differences. To examine this suggestion the degree of interference shown 

across the four versions was standardised, to take into account any potential 

differences in sensitivity. Z scores for the size of interference effect shown by each 
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individual on each task version were created on the basis of the average performance 

of the typically developing individuals on that version. These z scores are shown in 

Figure 2, and an analysis of the z scores for individuals with autism showed a 

significant effect of task version, F(3,69) = 3.50, p= . 02, which became non- 

significant when the colour naming version was removed from the analysis, F(2,46) 

=0.35, p=. 71. Furthermore, average z scores for the individuals with autism on the 

word reading, head naming and body naming versions did not differ significantly 

from zero, t(23): 5 0.49, p*:: t . 63. This analysis confirms that individuals with autism 

show a reduced interference effect on the classic colour naming version of the Stroop 

task, and that they show comparable interference to controls on the other task versions 

employed in this study, even when potential differences in sensitivity are accounted 

for. 

Figure 2. Interference size z scores across the two versions of each task. 
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2.4 Discussion 
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Experiment 1 had three specific aims related to the general question of whether 

individuals with autism have particular problems in inhibitory control. First, to 

examine the extent to which level of reading comprehension affected the patterns of 

results shown on a classic version of the Stroop task; second, to use the extent of 

interference shown on the Stroop task to determine if colour or word information was 

relatively more salient for individuals with autism; and third, to measure the degree of 

interference seen among individuals with autism on a Stroop task that did not involve 

reading for meaning. 

The results clearly suggest that level of reading comprehension does affect the size 

of the interference effect shown by individuals on the classic version of the Stroop 

task. The typical presence of an interference effect when naming the colour in the 

classic Stroop task reflects the fact that participants find the written colour word 

semantically distracting when trying to name the colour in which the word is printed. 

This in turn slows their reaction times, resulting in an interference effect relative to a 

baseline condition in which colours have to be named without any semantic conflict. 

In this study children with autism found naming the colour ink of written colour 

words much less difficult than did typically developing children, and showed a 

reliably smaller interference effect on colour naming when the classic Stroop 

interference condition was compared to the appropriate baseline condition. 

Consistent with this, the two reading assessments employed in this study showed 

that children with autism, although matched for single word naming skill, tended to 

have lower reading comprehension scores than did the typically developing group. 

Findings from the correlation suggesting that as reading comprehension scores 

improve, participants perform more slowly on colour naming supports the argument 

that a lower reading comprehension level in children with autism is associated with 
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their quick performance in colour naming. This difference in reading comprehension 

score implies that word meanings would have been less readily accessible to the 

individuals with autism, and hence, less interfering. It is worth noting that Snowling 

and Frith (1983) found that although children with autism had poorer sentence and 

prose reading comprehension skills than a comparison group of participants with 

dyslexia; they performed comparably on single word comprehension. This suggests - 

that it is possible for children with autism to semantically assimilate single word 

information. However, the present data clearly suggest that the semantic content of 

single written words is simply not processed as automatically in autism as it is in 

typically developing children. 

Although perhaps expected, given the patterns of reading abilities shown in the 

two groups, the clear difference in size of interference effect seen on the classic 

version of the Stroop task has an important and obvious implication. This finding 

clearly shows that the classic Stroop task is not necessarily an appropriate measure of 

inhibitory function in autism. Indeed, reading comprehension problems are generally 

associated with autism (Nation, 2006), and so a task in which the degree of I 

interference expected depends directly on the extent to which individuals comprehend 

written information is not likely to provide an appropriate index of inhibitory control 

in this population. In line with this suggestion, when words are the to-be-inhibitcd 

stimuli in inhibition tasks, as is the case with the classic Stroop, children with autism 

tend to show comparable interference with typically developing children (Christ, 

2007; Hill, 2004; Ozonoff & Jensen, 1999). On the other hand, when word meanings 

do not have to be inhibited in inhibition tasks, children with autism often perform 

more slowly than typically developing children, although the findings are mixed 

across tasks and studies (Christ, 2007; Ozonoff, Strayer, McMahon, & Filloux, 1994). 
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A similar pattern of data was also observed in the current study. For example in 

the 'reading' version of the Stroop task in which participants were asked to read the 

word and ignore the ink colour, children with autism performed comparably to the 

typically developing children. Although this task clearly involves reading, the 

interference that occurs in this condition is not driven by word meaning, but rather by 

the conflicting colour infort-nation that is visually present. One would therefore not 

expect reading comprehension difficulties associated with autism to affect 

performance in this task. Indeed, in this study the two participant groups were 

matched for single word naming skill, and one would therefore expect individuals 

with autism to be able to carry out the reading aspect of this version of the task 

without difficulty., However, the fact that the two groups showed comparable 

interference effects on this version of the task shows that the children with autism 

were not more affected by visual salience than were controls. In other words, there 

was no evidence from this task to suggest that visual colour information has a higher 

semantic, priority for children with, autism, than has written material. 

Comparable results emerged from the chimeric animal Stroop test, which did not 

employ words at all. It was clear that both groups performed equivalently on this 

task.: Most crucially, while both groups showed a significant interference effect in 

both versions of this task (i. e., when naming heads and ignoring bodies and when 

naming bodies and ignoring heads), there were no group differences in the magnitude 

of these interference effects. In other words, across three versions of a Stroop 

procedure - reading words while ignoring conflicting colours, naming animal heads 

while ignoring conflicting bodies, naming animal bodies while ignoring conflicting 

heads ý- individuals with autism showed a comparable degree of interference as 

controls. ý In addition, the degree of interference experienced by all participants was ý, 
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similar across these three versions of the procedure, lending a degree of generality to 

our findings. It is worth noting that the chimeric animals task was always presented 

after the classic Stroop tasks, so if anything, the size of the interference effects seen 

on this task may have been reduced by practice, although it is not clear why there 

would be substantial carry over effects between the two tasks which involve 

responding to quite different types of stimuli. However, there is no reason to suspect 

that any such practice effects would be more or less marked for individuals with 

autism. In the light of these comparable interference effects on three versions of the 

Stroop procedure, the fact that individuals with autism showed less interference when 

asked to name colour information while ignoring conflicting words (the classic Stroop 

task) is therefore consistent with the suggestion of reduced interference caused by 

words for this group, rather than any general superiority in inhibitory control. 

One might argue that the classic Stroop manipulation is more sensitive than the 

other versions of the Stroop procedure employed here, as it gives rise to a larger 

interference effect among controls, and that it might therefore be easier to detect a 

group difference in interference size on this version than on others. However, the 

analysis of z scores for interference effects among individuals with autism presented 

above clearly indicates that they perform comparably to controls on the other versions 

of the Stroop procedure even when issues of task sensitivity are accounted for. In 

other words, the evidence suggests that individuals with autism show comparable 

inhibitory control abilities to the typically developing children assessed here, in 

Stroop-like procedures that do not rely on the semantics of word stimuli to generate 

interference. 

In summary, the results of the Experiment I clearly indicate that the classic 

Stroop task is not a valid measure of inhibitory function for individuals with autism. 
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Poor reading comprehension skills are often associated with autism, and, if present in 

an experimental sample, will necessarily reduce the salience of word meanings in an 

interference context leading to a reduction in the classic Stroop effect. However, the 

current data also show that when this confound is removed, Stroop-like tasks produce 

comparable interference effects among individuals with autism and controls, 

suggesting that inhibition of the form tapped by Stroop-like procedures is not 

particularly impaired in autism. 

, This still leaves the question of why tests of inhibition other than the classic 

Stroop have shown that children with autism do have deficits of inhibition (see Christ 

et al., 2007). One feature of those tasks that have shown deficits of inhibition in 

children with autism is that they tend to require some kind of physical action to make 

a response, such as flanker tasks, go/no-go tasks, 'Simon Says'-like tasks (e. g., the 

bear/dragon task), button press tasks, Luria hand games, and tapping games (Carlson 

& Wang, 2007). 

Given the contrast between this finding and evidence of inhibitory problems on 

other tasks, Chapter 3 examines the range of different types of inhibition such as, 

cognitive and behavioural inhibition, in order to determine whether individuals with 

autism do suffer from inhibitory control deficits in other contexts. This is clearly an 

important question to resolve, given the inhibitory control problems that children with 

autism do display in clinical and real-world settings. 
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Chapter 3 

Experiment I showed that the comparable performance of children with autism to 

typically developing children on the classic Stroop task is clearly due to the fact that 

the classic Stroop task is not a valid test of inhibition for children with autism because 

of the crucial role which a typical reading comprehension level plays in driving the 

standard interference effect. This functional requirement of the classic Stroop task 

paired with the typically lower reading comprehension level of children with autism 

makes for a result of a fast colour naming performance of children with autism on the 

classic Stroop task, suggesting no inhibitory control deficits, despite individuals with 

autism showing deficits of inhibitory control in the literature when given other tasks 

(Christ et al., 2007). This finding still does not account for the inconsistent inhibitory 

performance of children with autism on other tests of inhibition, which do not involve 

meaningful word stimuli. However, one possible explanation for this inconsistent 

performance across other tests of inhibition may be found in the inhibition hypothesis 

put forward in the introductory chapter (see section 1.7.7.1) detailing the possibility of 

different types of inhibition which varying tasks may target differentially. 

3.1 Experiment 2 

This experiment examined the possibility that there are different types of 

inhibition, which are activated by different types of response requirements in tests of 

inhibition. This hypothesis could explain why children with autism tend to show such 

varying performance on tasks of inhibition, which require varying response demands. 
I 

Nigg, Butler, Huang-Pollock, and Henderson (2002) have suggested that there are 

two types of inhibition, cognitive inhibition and effortful inhibition, and their research 

suggested that it is possible for cognitive inhibition to be spared, while effortful 

inhibition is impaired. More recently, Carr et al. (2006) have gone on to argue that 
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cognitive inhibition is required in tasks that require a verbal response, whereas 

effortful inhibition is associated with more physical or "manual" tasks that require 

button presses or even eye movement responses. Some might argue that creating a 

task that is purely motor response without involving cognitive components is very 

difficult and that even a task like a Luria handgame involves a cognitive decision and 

there involves some, if not a significant amount of cognitive inhibition. However, the 

tasks from this study sought to trigger a motor inhibition activation through a button 

press response, which, in refering to the above mentioned theories of motor versus 

cognitive inhibition, are understood to involve mainly motor inhibition. 

Considering the theories of Carr et al. (2006), Carlson and Moses (2001), and Espy 

and Bull (2005), as discussed in Section 1.7.6.1, one might therefore argue that the 

classic Stroop task and other Stroop-like tasks, which are attentional control-based 

tests of cognitive inhibition are less problematic for children with autism than 

response suppression-based tests of behavioural inhibition. Across studies examining 

the difference between cognitive and motor inhibition, there have been no findings to 

suggest that motor inhibition can be intact while cognitive inhibition is impaired. The 

existing literature in autism is perhaps consistent with this suggestion, as studies that 

have used response suppre - ssion tasks, such as walk/don't walk tasks, have tended to 

show deficits in children with autism (Christ et al., 2007; Ozonoff & McEvoy, 1994) 

while other studies, 'including Experiment 1, have shown that children with autism 

perform comparably tocontrols'on Stroop-like'tasks (Bryson, 1983; Christ et al., 

2007). ' 
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3.2 Methods 

Participants 

Three diagnostic groups, 22 children with autism, 22 children with moderate 

learning disabilities, and 22 typically developing children were selected for this study. 

Of the 22 children with autism, 16 had participated in the previous study. None of the 

children with moderate learning disabilities had participated in the previous study, and 

16 of the typically developing children had participated in the previous study. All 

children who participated in the study were within the age range of 9- 16 years old 

and were matched for an index of mental ability (see below). Children with autism 

ranged in age from 132 months to 201 months with a mean age of 161.59 months. 

Typically developing children ranged in age from 112 months to 126 months, with a 

mean age of 125.64 months. Children with moderate learning disabilities ranged in 

age from 125 months to 177 months, with a mean age of 156.14 months. The group 

of children with autism consisted of 3 female and 19 male participants. The typically 

developing group contained 13 females and 9 males, and the group of children with 

moderate learning disabilities consisted of 10 female and 12 male participants. 

Procedure 
All participants were tested individually in one session. Participants were first 

given the Raven's Coloured Progressive Matrices Te st (RCPM) (Raven et al., 1990) 

in order to measure non-verbal mental ability. 

Subsequently, children were given two modes of two experimental tasks to 

complete, each of which took approximately 5 minutes. All tasks were presented on a 

15" Macbook laptop. There were two types of task; a chimeric animal task and a 

picture Stroop task. Each task was presented once in a cognitive mode, requiring a 

verbal response, and the second time in a motor mode, requiring a button press 

response. In addition, each task had two subtasks, which varied in the aspect of the 
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stimuli that the participant was required to respond to. Within each subtask there 

were two conditions, a baseline condition in which the subtask had to be performed 

without interference and an interference condition. In each of these conditions 24 

stimuli were shown. Consequently, the experimental design crossed the factors of 

task (chimerical animal or picture Stroop), mode (cognitive or motor), subtask (see 

below for details) and condition (baseline or interference). 

In the cognitive mode of each task, children were instructed to give a verbal 

response to'a stimulus appearing on the screen and a reaction time for that response 

was recorded by a simultaneous keypress made by the experimenter. Children were 

required to give the correct answer before the next stimulus appeared. As a result, 

reaction time estimates accounted for errors, in that if an error was made the child was 

required to coriect it before their response was recorded and the task progressed. 

Therefore, no error rates were analysed for cognitive task data. For the motor mode 

of each task, the keys 'X', 'W, W, and', ' of the laptop were labelled with pictures or 

colotirs tomatch all types of stimuli'which might appear on the screen, depending on 

the task given at the timeý. ' For the chimeric animal task, children saw full body 

pictures of each of the farm animals, cow, duck, pig, and sheep, on the keys 

respectively. For the picture Stroop, the keys were labelled with coloured stickers, 

red, green, blue, and yellow, in that order. Children were asked to press the button 

which matched the correct response to the stimulus appearing on the screen. Children 

were not required to give correc t responses for the experiment to proceed for the 

motor mode of the tasks and therefore, errors were analysed in addition to reaction 

times in this mode. 

The chimeric animal Stroop task was modelled after that employed by Wright 

et al. (2003). Each condition consisted of 24 farm animal pictures presented in a 
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single-trial format on a laptop computer screen. Four farm animals were used in each 

case; pig, sheep, cow, and duck. Each animal was coloured in a representative colour 

of the real animal (e. g. - pink pig, yellow duck, brown cow, and grey sheep). For the 

task, these animals were presented as chimeric animals with mismatched heads and 

bodies in all possible combinations resulting in the 12 chimeric animal figures, which 

were each presented twice (e. g. - a pig's head attached to a duck's body). In one 

subtask (head naming) the participant was required to identify the animal whose head 

was shown in the stimulus. In the baseline condition of this subtask just the head 

section of each animal picture was shown (dimensions approximately 300 x 250 

pixels), and the participant was required to identify each animal (by button press for 

the motor mode and verbally for the cognitive mode) as accurately and quickly as 

possible. Each animal was shown 6 times, with the stimuli presented in a fixed but 

apparently random order. In the interference condition of this subtask participants 

were shown chimeric or incongruent animals (e. g. - a duck's head attached to a cow's 

body) and were asked to identify the head of the animal while ignoring the identity of 

the body. All chimeric animals were presented in af ixed but apparently random order 

and each of the possible 12 chimeric animals was presented twice (approximate 

dimensions of each picture were 350 x 250 pixels). In the second subtask (body 

naming) the participant was asked to identify the animal whose body was shown in 

each stimulus. In the baseline condition of this subtask just the body sections of each 

animal type (presented in a rectangle where width dimensions varied from 351 to 437 

pixels and height varied from 306 to 400 pixels) were shown. In the interference 

condition of this subtask participants were again shown chimeric animals in a 

different pseudo-random order and were asked to identify the bodies while ignoring 

the identity of the heads. 
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For the picture Stroop task, which was modelled after Bryson's (1983) 

colour/form task, each condition consisted of 24 pictures presented in a single-trial 

format on the same laptop computer screen. It is worth noting that Archibald and 

Kerns (1999) also designed a fruit Stroop task which involves seeing wrongly 

coloured pictures and giving the correct colour, and this task has been used 

successfully with typically developing children (Archibald & Kerns, 1999). 

However, in this instance the picture Stroop task was modelled after Bryson's (1983) 

form Stroop in the interests of comparing our findings of the performance of children 

with autism with her findings from children with autism. Four images were used 

which have prototypical colours; lips (red), chick (yellow), tree (green), and whale 

(blue). All stimuli in the task were presented on the screen in a box measuring 250 x 

200 pixels. In the first subtask (observed colour naming) participants were asked to 

identify the colour in which stimuli were depicted on the screen as accurately as 

possible, either by naming the colour verbally or by pressing a congruently coloured 

computer key, depending on which mode of the task (cognitive or manual) they were 

engaged in. In the baseline condition of this subtask colour patches were shown, 

corresponding to each colour involved in the task (red, green, yellow and blue). Each 

colour patch was shown 6 times, with the stimuli presented in a fixed but apparently 

random order. In the interference condition of this subtask participants were shown 

the four images in incongruent colours (e. g. - a chick printed in red) and were asked to 

identify the colour which they saw on the screen (e. g. - if they saw a red chick, the 

correct response would be red). All pictures were presented in a fixed but apparently 

random order and each of the possible 12 incongruent colour/image combinations was 

presented twice. In the second subtask (true colour naming) participants were 

required to identify the colour associated with an image in real life.. In the baseline 
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condition of this subtask black and white line drawings of each of the four objects 

were shown, and participants had to identify the colour that the object should be in 

each case. In the interference condition of this subtask participants were shown a set 

of incongruently coloured pictures in a pseudo-random order and were asked to 

identify the true colours in which the pictures should be shown, while ignoring the 

incongruent colour in which they were depicted on the screen. 

3.3 Results 

Descriptive statistics for age and Raven's Matrices performance for all groups 

can be found in Table 3. An analysis of variance (ANOVA) showed that the 

difference between the mean ages of the typically developing group and the two 

diagnostic groups was significant, F(2,53) = 27.82, p <. 001. The two older groups 

were the children with autism and the children with moderate learning disabilities, 

who were both significantly older than the typically developing children, F(l, 36) ?: 

47.96, p :5 . 00 1, although not significantly different in age from each other, F(l, 3 8) 

1.90, p=. 18. An ANOVA was performed on the RCPM scores, which verified no 

significant difference in non-verbal ability across all groups, F(2,65) = 0.33, p= . 72. 

Table 3: Particil2ant background measures 

CWA TDC MLD 
m SD m SD m SD 

Chronological age 161.59 26.18 125.64 5.45 156.14 13.30 

(months) 
RCPM score (max. 36) 25.57 8.88 25.18 5.26 24.50 6.01 

Tables 4 and 5 present mean time in milliseconds for the three groups of participants 

on the two tasks; the chimeric animal Stroop task and the picture Stroop task, split by 
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response mode (motor vs. cognitive). The mean error rates from the motor mode of 

the two tasks are displayed in Table 6. 

Table 4: Reaction times (ms) for each group on each condition and each mode of the 
chimeric animal task. 

CWA TDC MLD 
Task Subtask Condition M SD M SD M SD 
Cognitive Heads Baseline 1206 372 1080 169 1159 284 

Mode Interferenc 1357 333 1301 188 1442 803 

Bodies e 1200 529 1118 149 1182 376 

Baseline 1393 501 1378 234 1366 365 

Interferenc 

e 
Manual Heads Baseline 1043 218 1040 157 1101 188 

Mode', , , - 'Interferenc 1262 342 1137 222 1358 439 

Bodies e 996 190 987 157 1043 200 

Baseline, 1279 431 1193 225 1296 306 

Interferenc 

e 
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Table 5: Reaction times (ms) for each groulp on each condition and each mode of the 

picture task. 
CWA TDC MLD 

Taqk Subtask Condition M SD m SD m SD 

Cognitive Observed Baseline 1008.87 343.69 1007.19 178.91 906.20 102.87 

Mode Interferenc 1240.72 434.74 1217.84 208.73 1124.68 202.30 

True e 1421.04 ' 677.98 1366.95 218.95 1187.39 187.22 

Baseline 2003.34 824.70 1783.86 281.90 1793.06 542.82 

Interferenc 

c 
Manual Observed Baseline 956.38 145.21 940.55 183.35 956.38 145.21 

Mode Interferenc 1108.78 233.07 1140.21 262.58 1108.78 233.07 

True e 1156.32 214.37 1109.70 214.04 1156.32 214.37 

Baseline 1726.83 499.25 1660.43 369.38 1726.83 499.25 

Interferenc 

e 

Each table breaks performance down in terms of the two subtasks of each 

task, and the two conditions (baseline vs. interference) of each subtask. An analysis 

of variance (ANOVA) on reaction times was conducted for each task (chimeric 

animal Stroop and picture Stroop) with the factors of group (children with autism 

(CWA), children with moderate learning disabilities (MLD), and typically developing 

children (TDC); independent measure), mode (motor or cognitive; repeated measure), 

subtask (naming heads and bodies for the chimeric animal Stroop task, and naming 

observed colours or true colours for the picture Stroop task; repeated measure), and 

condition (baseline or interference; repeated measure). An ANOVA on error rate was 

also performed for each task in the manual mode only (as error rates, although 

accounted for by an increase in reaction times, were not recorded for the cognitive 
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mode), with the factors of group (CWA, MLD, and TDC; independent measure), 

subtask (repeated measure), and condition (baseline or interference; repeated 

measure). 

For the chimeric animal Stroop task, the analysis of reaction time revealed a 

significant main effect of condition, with all groups showing more difficulty on the 

interference conditions than the baseline conditions for both modes and across 

subtasks, F(l, 63) = 75.20, p< . 00 1. A significant main effect of mode was also 

found, F(l, 63) = 11.57, p= . 00 1, where groups performed more slowly on the 

cognitive mode than the manual mode. The main effect of group was clearly non- 

significant, F(2,63) = 0.76, p= . 47, as were all two-way interactions, F(2,63): 5 1.69, 

p ý: . 18, and three-way interactions, F(2,63): 5 1.67, p> . 19. The mode by subtask by 

condition by group interaction was also non-significant, F(2,63) = 0.13, p= . 88. 

For the picture Stroop task, analysis of reaction time showed a significant 

main effect of condition, again with all groups performing more slowly on the 

interference conditions than the baseline conditions over both modes and subtasks, 

F(l, 63) = 332.57, p <. 001. A significant main effect of mode was also found, where 

the cognitive mode was more difficult for all groups than the manual mode across 

subtask and condition, F(l, 63) = 17.63, p <. 001. The main effect of group was again 

non-significant, F(2,63) = 0.27, p =! . 76, as were the condition by group, mode by 

condition, and subtask by group interactions, F(2,63): 5 1.25, p 2:. 27. 

However, the mode by group interaction was clearly significant (see Figure 3), 

F(2,63)=4.30, p=.. 02. Post hoc analysis examining performance split by group 

showed main effects of mode for, CWA and TDC, with these groups performing 

significantly more slowly in the cognitive modes of the tasks, F(l, 2 1) ý: 10.39, p:: ý' 

004., Individuals with MLD showed no significant difference in performance between 
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cognitive and manual modes on the picture Stroop task, F(l, 2 1) = 0.11, p= . 74. 

Indeed, when the MLD group was removed from the original mode by group analysis, 

the two-way interaction became non-significant, F(l, 42) = 1.7 1, p= . 20 Fi mure 3: 

Picture Stroop Reaction Time- Mode by Group Interaction 
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Furthermore, the mode by subtask interaction was highly significant (see 

Figure 4), F(l, 63) = 12.73, p= . 00 1. Post hoc analyses investigating subtask effects 

split by verbal and manual mode revealed main effects of subtask in each mode 

demonstrating a larger mode effect while naming true colours, F(l, 63) = 165.13, p: 5. 

001, than while naming observed colours F(l, 63) = 132,93, p: 5.001. 

Figure 4- Picture Stroop Reaction Time- Mode by Subtask Interaction 
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rhe subtask by condition interaction was also significant (see Figure 5), F(l, 

63) = 63.46, p< . 00 1. Post hoc analysis of condition effects split by subtask 

(observed colour naming and true colour naming) showed significant main effects of 

condition for both subtasks, where participants showed more interference when 

naming true colours, F(I, 63) = 2.75 ,p< . 00 1, than when naming observed colours, 

F(l, 63) = 4.23 ,p=. 04 

Figure 5: Picture Stroop Reaction Time- Subtask by Condition Interaction 
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Although no three-way interactions were significant at the 5% level, P(1,63) < 2.04, 

p? . 14, there was an approaching mode by condition by group interaction (see 

Figures 6 and 7), F(2,63) = 2.42, p= . 09. Post hoe analyses of mode and condition 

effects split by group showed no interaction between mode and condition among the 

MLD group, P(1,2l)=0.73, p=. 40. However, CWA, F(l, 21) = 2.67, p=. 12, and 

TDC, P(1,2 1)ý2.3 1, p= . 14, both showed trends towards two-way interactions of 

mode by condition. A further post hoc examination of group by mode interactions 

split by condition (baseline and interference) was completed. When split by 

condition, a mode by group interaction was significant in the baseline condition, F(2, 

63) = 3.52, p ý. 04, where the MLD group showed no significant mode effect. For 

CWA and TDC, there were significant main effects of mode in the baseline condition, 

F( 1,42) = 14.54, p < . 001 and in the interference condition, F(1,42)= 18.77, p< . 001, 
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due to slower perfon-nance in the cognitive than the manual mode. In the interference 

condition, again the mode by group interaction was significantl F(2,63) = 3.98, p 

=. 02, where CWA showed a more exaggerated mode effect, F(l, 2 1) = 12.04, p= 

002, than TDC, F(l, 21) = 9.27, p= . 006, and the MLD group, F(l, 21) =0.33, p= 

57 . However, for the MLD group, there were no effects of mode in the baseline 

condition, F(I, 21) = 0.08,1)= . 78, or the interference condition, F(l, 21) = 0.33, p= 

57. When the children with MLD were removed, the mode by group interaction 

became significant between CWA and TDC, F(l, 42) = 18.77, p< . 001, where CWA 

showed a significantly stronger mode effect, F(l, 2 1) = 12.04, p= . 002, than did 

TDC, F(l, 21) = 9.27, p=. 006 (see Figure 9). The four-way interaction of mode, 

subtask, group, and condition was not significant, F(2,63) = 0.22,1) = . 80. 

Fiý,, ure 6: Picture Stroop Reaction Time- Mode by Condition by Group Interaction- 
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Figure 7: Picture Stroop Reactionjime- Mode by Condition by Group Interaction- 
Interference 
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Fipure 8: Picture Stroop Reaction Time- Mode by Group Interaction- CWA andTDC 
Only 
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Table 6: Error Rates for each group on each -condition of each task in the manual 
mode 

CWA TDC MLD 
Task Subtask Condition m SD m SD m SD 
Animal Heads Baseline 1.0 2.18 0.5 1.01 0.23 0.43 

Task Interference 1.63 2.75 0.85 0.86 0.55 1.00 

Bodies Baseline 0.5 1.06 0.73 1.61 0.10 0.43 

Interference 2.0 3.12 0.64 0.95 1.41 3.39 

Picture Observed Baseline 0.86 2.03 0.27 0.45 0.09 0.29 

Task Interference 1.05 1.96 0.59 0.85 1.0 1.51 

True Baseline 0.73 1.24 0.45 0.86 0.68 0.89 

Interference 3.59 3.74 2.64 1.79 1.77 1.95 
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For the churiefic animal Stroop, the analysis of error rates in the manual mode 

revealed a significant main effect of condition, where all groups made more errors on 

the interference conditions than the baseline conditions, F(l, 63) = 8.39, p= . 005. 

There was no significant main effect of group or subtask (naming heads versus 

naming bodies), F(], 63) < 2.08, p> . 13. 

The subtask by condition interaction was close to significant (see Figure 9), 

F(I, 63) = 3.54, p ý. 06. Post hoc analysis ofthe main effects of subtask split by 

condition showed no significant main effect of subtask in the baseline condition, F(l, 

63) = 0.99, p= . 32, although a subtask effect was more apparent in the interl'crence 

condition, F(l, 63) = 1.95, p=. 16, as participants tended to make more errors naming 

bodies than naming heads in this condition. All other two-way interactions were non- 

significant, F(2,63) < 0.65, p> . 
06. In addition there was no significant interaction of' 

subtask by condition by group, F(2,63) = 1.37, p= . 26. 

Fiý), ure 9: Chimeric Animal Errors- Subtask by Condition Marginal Interaction 
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For the picture Stroop task error analysis, a significant main effect of' 

condition was found whcrcby all groups made more crrors on the interference 

conditions than the baseline conditions, F(l, 63) - 49.59, p< . 00 1. Furthermore, a 
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significant main effect of subtask (naming the observed colour versus naming the true 

colour) was found, F(l, 63) = 32.09, p <. 00 1, whereby groups found naming the 

colour a picture was supposed to be (true colours) more diflicult than naming the 

colour they saw on the screen. There was no significant main cf'i'ect ot'group, F(2, 

63) = 2.07, p= . 14. 

The subtask by condition interaction was highly significant (see Figure 10), 

F(I, 63) = 19.83, p <. 001, due to the fact that participants made significantly more 

errors naming the true colours than the observed colours of pictures in the interference 

condition, F(1,63) = 31.03, p< . 001, but made no more errors naming the true than 

the observed colours of pictures in the baseline condition, F(1,63) = 2.05, p- . 16. All 

other two-way interactions were non-significant, F(2,63) < 0.83, p> . 44. 

Figure 10: Picture Stroop Errors- Subtask by ConditiOn Interaction 
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However, the three-way interaction between subtask, condition, and group was 

significant (see Figure 11), F(2,63) = 4.33, p= . 02. A post hoc analysis of condition 

and subtask effects split by group was conducted. CWA and TDC showed significant 

two-way interactions of condition and subtask, F(l, 2 1) > 8.50, p< . 009, where CWA 
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made significantly more errors while naming true than observed colours in the 

interference condition, F(l, 2 1) = 10.06, p= . 005, but made no more errors while 

naming true than observed colours in the baseline conditions, F(I, 21) = 0.17, p= . 69, 

and TDC also made significantly more errors while naming true than observed 

colours in the interference condition, F(l, 21)= 26.49, p< . 00 1, while making no 

more errors naming true than observed colours in the baseline conditions, F(l, 21) - 

0.72, p=. 41. In contrast, the MLD group showed no significant subtask by condition 

interaction, F(l, 2 1) = 0.26, p= . 62. 

Figure 11: Picture Stroop Errors- Subtask by Condition by Group Interaction- 
Interference 
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Discussion 

Experiment 2 had two specific aims in relation to the general question o[why 

children with autism show such varying performance on different types ofinhibition 

task. The first goal of the study was to determine whether there are dill , crent types of 

inhibition used by individuals to carry out specific types of inhibitory demand and it' 

this difficulty was more exaggerated in children with autism than in other groups. 

Secondly, the study aimed to address whether this potential tendency ofchildren with 
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autism to appear more impaired in one type of inhibition than another might help to 

explain why their performance on different types of inhibitory control task often 

appears inconsistent. 

The results of this study, although not completely in line with the original 

expectations, are none the less informative and interesting. All three groups showed 

much more difficulty on the interference conditions of both modes of both tasks for 

reaction time and errors, which was indicative of the presence of inhibitory effects, 

reflecting the level of inhibitory exertion experienced by all of the participants, 

making both tasks true tests of inhibition. The results clearly showed that, at least in 

terms of error rates, children with autism performed comparably to typically 

developing controls on both the chimeric animal task and the picture Stroop task. 

Due to the fact that the cognitive modes of both tasks required participants to make 

the correct answer before moving onto the next stimuli, error rates were accounted for 

in the reaction time for the cognitive mode. Therefore, error rates discussed are only 

from manual mode data. 

Both typically developing children and children with autism made more 

effors naming true colours in the interference condition of the picture Stroop task, 

while the children with moderate learning difficulties did not experience a subtask 

effect. There was an obvious indication that all groups experienced the most 

difficulty, and therefore made more errors, naming true colours than observed colours 

on the picture Stroop task. ' This finding was predicted as this was the only condition 

across both tasks where participants were required to source the correct answer from 

information which was not present in the display., For example, in the interference, 

condition of the cognitive mode chimeric animal Stroop task, children were shown 

pictures of chimeric animal creatures, which had incongruent heads and bodies (e. g. --: 
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a sheep's head attached to a pig's body). They were then instructed to identify either 

the head or the body, depending on the subtask, and make a verbal response, naming 

the correct animal. Whether they were asked to identify heads or bodies, the animal 

which represented the correct answer was pictured on the screen from which they 

could derive the correct answer. However, for the interference condition of the 

manual mode picture Stroop task which required children to indicate the colours that 

pictures were supposed to be, the answer was not in the stimulus, as it had been with 

the chimeric animal Stroop. Children were shown a picture of an object or animal, 

which had a prototypical colour, displayed in the wrong colour (e. g. - a red tree) and 

were instructed to identify the colour it should be (in this case, green). In order to 

identify which colour the picture should be, rather than being able to identify the 

colour on the screen, children had to recall what colour the picture should be. 

For the chimeric animal Stroop task in the manual mode there was an 

approaching indication that, although groups showed no significant subtask effect in 

the baseline conditions of the task, they made more errors naming bodies than naming 

heads in the interference condition. In Wright et al. 's (2003) study with typically 

developing children, it was also more difficult for children to name bodies in the 

interference condition. One might argue that the bodies of the animals, when matched 

to incongruent animal heads, are less semantically informative for identification than 

the head due to more detailed features of a specific animal on the head, and, 

finthermore, because the children might be more naturally drawn to faces (Johnson, 

1993; Wright et. al., 2003). However, when heads or bodies appear alone in the 

baseline conditions of the chimeric animal Stroop task, it may be that bodies become 

less difficult to name than heads because they are larger than heads and the absence of 

an incongruent head eliminates a bias to the more automatic face identification 
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(Johnson, 1993; Wright ct. al., 2003). That said, this subtask effect was not found in 

Experiment 1, where the same chimeric animal Stroop was used with the three 

groups. However, in Experiment 1, the chimeric animal Stroop was administered in 

the form of a block trial card task, which may have given children ample time to look 

ahead to the next stimulus or to use neighbouring stimuli as reference points and 

therefore identify bodies more efficiently. In the current experiment and in Wright et. 

al. 's (2003) study, a laptop computer presented the stimuli one at a time. It is possible 

that the difference between using a computer to present stimuli one at a time and 

using cards to present stimuli in blocks of several might be where the sensitivity to 

identifying bodies lies.. A component of the results, which should be mentioned came 

from reaction time analysis of groups on the tasks. For both the chimeric animal task 

and the picture Stroop task, all groups experienced slower reaction times in the 

cognitive mode than the manual mode and as addressed above, experienced slower 

reaction times in the interference conditions than in the baseline conditions. There 

were no ftirther significant results from reaction. time analysis of the chimeric animal 

task. 

The results from the picture Stroop task reaction times showed a mode by 

subtask interaction suggesting that all groups had more trouble indicating true colours 

than observed colours in the cognitive mode than in the manual mode of the task., 

Although this- subtask effect was therefore, not seen in the manual mode in terms of 

reaction time, children also made more errors in the manual mode naming true colours 

than observed colours. 'As discussed above, naming true colours was expected to be 

more difficult than naming observed colours as children were required to generate 

-, responses which were not in the computer display while naming true colours, as, 

opposed to being able to name correct answers which were pictured onscreen while 
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naming observed colours. One might argue that the prolonged reaction time shown 

by all three groups on the cognitive modes of the tasks in contrast with the manual 

modes of the tasks could be due to the fact that the reaction time of cognitive 

responses was recorded through a key press made by the Experimenter after the 

participant had given a verbal response to the stimuli. This practice most likely left 

more room for human error, especially as reaction times were recorded to the 

millisecond. That said, it was also clear from the results that children with autism and 

typically developing children had slower reaction times in the cognitive mode of the 

tasks than children with moderate learning disabilities suggesting that reaction time 

recording methods were not the sole cause of slower reaction times. Presumably, had 

reaction time recording procedures been completely responsible for the difference in 

manual and cognitive reaction time performance, there would not have been distinct 

group differences. The group with moderate learning difficulties unexpectedly , 

showed no effects of mode while the other groups did. This supports the argument 

that the fact that the experimenter controlled the responses for the cognitive mode was 

not responsible for the mode effect of the group with autism and the typically 

developing group. Potentially, the typically developing children may have been 

slower on the cognitive mode due to a significantly younger chronological age than 

the other two groups, and the children with autism may simply have been more keen 

due to a particular enthusiasm for using the computer (Moore & Calvert, 2000) and 

therefore performed faster on the motor tests. The group with moderate learning 

difficulties had an average chronological age between the children with autism and 

typically developing children and have not been documented to have a particular 

enthusiasm for computer tasks and perhaps, therefore, were less affected by the 
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demands of the cognitive mode and less affected by the introduction of controlling the 

computer themselves in the manual mode. 

There was an approaching group by mode by condition interaction for reaction 

time data in the picture Stroop task. When post hocs were conducted, it revealed that 

while children with autism and typically developing children performed more slowly 

on both conditions of the cognitive mode versus the manual mode, children with 

moderate learning difficulties showed no mode effects. Further post hocs also 

showed that children with autism performed more slowly than typically developing 

children on the cognitive than the manual mode (see Figures 6 and 7). This finding is 

probably not suggestive that children with autism do have more difficulty with ,, 

cognitive inhibitory control than do typically developing children and children with 

moderate learning disabilities and there is not a clear indication that children with 

autism are differentially impaired in cognitive as opposed to manual inhibition, 

especially as most findings from the existing literature do not support this suggestion. 

However, it is arguable that rather than being more impaired on the cognitive version 

of the task than. the manual mode, the children with autism were particularly keen to 

do the manual mode of the task than the cognitive mode as they were given control of 

the computer during the manual mode in order to make their responses. The literature 

shows that children with autism are not only particularly motivated by learning with a 

computer, but they'absorb more information and learn faster when using a computer 

as opposed to learning socially or being taught by a teacher (Moore & Calvert, 2000). 

Overall, there was no particular indication of a difference between cognitive 

and manual inhibition, especially not one responsible for differentially impaired 

inhibito performance in children with autism. Although there were results in the ry 

reaction time analysis which showed that children with autism were slower than other 
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groups on cognitive than manual inhibitory tasks and they could be indicative of 

differential impairment between children with autism and controls, these findings are 

not consistent with the literature and are only one finding from the research 

throughout there chapters and therefore it should be considered that this finding may 

not suggest a pervasive difference and that they may have been more motivated on the 

manual mode than the cognitive mode of the tasks. Therefore, these findings do not 

provide a sufficient explanation for the inconsistent performance of children with 

autism on tests of inhibition in the literature; as children with autism have typically 

showed less difficulty on cognitive inhibition tasks than on manual inhibition tasks. 

The findings from Experiment 2 do not suggest any indication of the 

importance of pursuing differential motor and cognitive inhibition in children with 

autism. However, perhaps the most curious finding comes from the lack of mode 

effect shown in the group with moderate learning disabilities. Although this group's 

performance was not central to the interests of this study, they may indirectly shed 

light on patterns found in the group with autism, as explained earlier. It is possible 

that the difference between having control of the computer to make responses in the 

manual mode versus not having control of the computer in the cognitive mode may be 

especially motivating for children with autism whereas it may not be influential at all 

for children with moderate learning difficulties and therefore may highlight the 

importance of the presentational style, including how children are instructed to make 

an answer, employed in inhibition tasks. 

Furthermore, it seems important to investigate the role of response set in tasks 

of inhibition. Section 1.7.6 of the introductory chapter discussed Bryson's (1983) 

findings that children with autism experienced no more difficulty on her form Stroop 

task than did typically developing children. These data showed the same performance 
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between children with autism and controls insofar as they performed naming observed 

and true colours. Section 1.7.6 also discussed how Bryson required children to give 

responses of a different response set from the response set of the stimulus. Simpson 

and Riggs (2005c) found that providing an answer from a different response set than 

the response set of the stimulus is less difficult for typically developing children than 

supplying an answer from the same response set as the response set of the stimulus. 

In our version of Bryson's (1983) form Stroop, the picture Stroop, children were' 

required to supply an answer from the same response set as the stimulus. For 

instance, when shown a picture of a blue chick, children were required to provide a 

colour response. Because the picture Stroop functions in a similar way to the 

day/night task in that children are required to retrieve answers from memory rather 

than the display, and there is evidence that response set plays an important role for the 

performance of children with autism on both, Experiment 3 set out to explore the 

effects of presentation style of a day/night-like task, specifically the effects of 

choosing a correct answer froin'the display or retrieving it from memory, and the 

effects of stimulus and answer response sets on the performance of children with 

autism in comparison with typically developing children and children with moderate 

leaming difficulties. 



Chapter 4 

This chapter includes two experiments, which address concerns regarding the 

performance of children with autism on the tasks in Chapter 3, and extends these to 

the performance of children with autism on day/night-like tasks. It was argued in 

Chapter 3 that naming true colours as opposed to observed colours on the picture 

Stroop task may have necessarily taken longer for groups due to the memory load of 

the task, as it was the only scenario across the tasks used in Experiment 2 which 

required children to provide answers from memory rather than choosing the correct 

answer from the stimulus display. Given there were also group differences found in 

performance between naming observed answers on the picture Stroop and the 

chimeric animal Stroop versus true colours on the picture Stroop, it is important to 

test whether the requirement of the day/night task to provide answers from memory 

may be affecting assement of inhibitory performance in other studies. Therefore, 

Experiment 3 set out to investigate the impact that memory might play a crucial role 

in the inhibitory performance of children with autism on the picture Stroop task as 

naming true colours required a higher memory load in order to mentally generate 

correct answers as opposed to simply choosing correct answers from the on-screen 

display in the chimeric animal Stroop task. For this reason, Experiment 3 examined 

the effects of memory load on inhibitory performance in children with autism. It also, 

investigated the impact of presentation style on performance of children with autism 

on day/night-like tasks, with particular attention to the question of whether the task 
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utilises a block trial card format or a single trial computer format, which involve 

showing multiple stimuli per display or showing one stimulus per display 

respectively. 

Response set may play a significant role in the performance of children with 

autism on Stroop-like tasks, and may be, at least in part, responsible for the 

inconsistent performance of children with autism on day/night-like tasks as it has 

suggested highly influential on performance of typically developing children when 

day/night-like inhibition tasks are used (Simpson & Riggs, 2005c). Hence, 

Experiment 4 investigated the role of same and different response sets on the 

performance of children with autism compared with typically developing children and 

children with moderate learning disabilities using two novel day/night-like tests of 

inhibition. 

4.1, Experiment 3 

Researchers have designed many Stroop-like tasks. Carlson (2005) 

developed a grass/snow task in which children had to point to a white card when the 

experimenter said "grass" and to a green card when the experimenter said "snow". 

She also designed a shape task that displayed three images of large pieces of fruit with 

differing smaller pieces of fruit inside them on a card and children were instructed to 

work from left to right, inhibiting the urge to name the more obvious large piece of 

fruit, and instead naming the small piece of fruit. Similarly, Archibald and Kerns 

(1999) created another fruit Stroop-like task in which children would see a wrongly 

coloured piece of fruit on a card, such as a red banana and would be asked to name 

the colour it should be, 'yellow'. Much like the concept of the fruit Stroop rules, 

Beveridge, Jarrold and Pettit (2002) created a Stroop-like task in which children saw 

pictures of dogs on cards and had to name red dogs "Blue" or vice versa. In addition, 
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Stroop-like tasks can employ numbers and one which is quite popular in the literature 

is the opposite worlds task, in which children see the numbers "I" and "2" and 

respond oppositely to what they see (Manly et al., 2001). Sometimes this task is 

presented on a game board where children can see all stimuli at once, and other times 

stimuli appear on cards one at a time. For these studies with typically developing 

children, results consistently show that younger children, especially those under the 

age of six, perform slower than children seven years or older (Carlson, 2005). 

However, developing Stroop-like tasks which are appropriate for children with 

autism is complex and it is not just the questionable validity of employing meaningful 

word stimuli (as in the classic Stroop task) that poses a problem for accurate testing of 

inhibitory skills in children with autism. The day/night task has been used with 

individuals with autism without showing any deficits of inhibition (Joseph, McGrath, 

& Tager-Flusberg, 2005; Russell et. al., 1999). However, Ames and Jarrold (2007) 

used a dog/pig task in which children saw a picture of a dog on a card and were asked 

to respond "pig" or saw a picture of a pig on a card and were asked to respond "dog"; 

this task showed impairment of inhibition in children with autism. Similarly, Bishop 

and Norbury (2005) found impairment of inhibition in children with autism when 

using the opposite worlds task. With the problem of meaningful word stimuli and 

abstract semantic content clearly not an issue in these tasks, the mystery of 

inconsistent results across these tasks still remains when testing children with autism 

and although one can't be certain that investigating varying performance based on 

presentation style of a task will simply solve the mystery of inconsistent inhibitory 

performance of children with autism, it will certainly further inform the components 

of a truly appropriate and effective test of inhibition for children with autism, which 

will only aid in answering the main question of why children with autism do perform 
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so inconsistently. Surely, because children with autism do show such varying 

inhibitory performance, it should be important to work towards standardising tests of 

inhibition in order to improve the scientific integrity of the findings. If meaningful 

word stimuli make a test of inhibition inappropriate for children with autism, then the 

difference in presenting block trial stimuli or single trial stimuli could just as easily be 

a factor in affecting inhibitory performance of children with autism and therefore 

must be explored. 

A primary aim of Experiment 3 was to investigate the potential impact of 

memory load on inhibition manipulations, taking into consideration the possibility of 

an 'interactive framework' model of executive function (Roberts & Pennington, 

1996). According to this model, executive tasks are those that combine memory and 

inhibitory loads, and these two executive functions compete for a limited capacity 

pool of shared executive resources. Consequently, one would expect greater effects 

of inhibition manipulations under high as opposed to low memory load conditions 

(Beveridge et al., 2002). Furthermore, one theory of inhibition and memory put forth 

by Davidson, Amso, Anderson and Diamond (2006) from a study of typically 

developing children between the ages of 4 and 13 is that effects on performance 

associated with inhibitory loads are greater in young children, while those of 

increasing memory demands are greater in adults. Because younger children tend to 

be more impulsive, '_ they may experience higher interference effects than older 

children from manipulations of inhibition on tasks, while manipulations of memory 

load play more of a role in constraining the performance of adults or older children 

who are more slow and calculated in order to achieve accuracy, mther than speed. 

Because Experiment 3 tested the performance of older children with autism, the 

possibility that memory load might play a role in determining performance was, - 
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addressed by varying the memory load of the animal Stroop-like Task. To provide a 

control for the manipulation of memory load across the tests of inhibition in 

Experiment 3, a separate memory task was also added. This allowed a comparison of 

the basic memory skills of individuals with autism to controls in order to determine 

whether individuals with autism showed particular problems in inhibiting responses 

when a given memory load was imposed on the Stroop-like tasks designed for this 

chapter. 

The secondary purpose of Experiment 3 was to investigate the possibility that 

a single trial computer version of a Stroop-like task might be more sensitive, accurate, 

and, importantly, consistent, in comparison to the kinds of card (single trial or 

blocked) versions of such tasks that are so often used to examine inhibition in autism. 

Using a computer in a single trial format would provide no interference from 

neighbouring stimuli, a sharper sensitivity to performance would be found in reaction 

time measured in milliseconds per stimulus rather than seconds for a block of stimuli, 

and using a computer to move through the stimuli would provide a more consistent 

presentation of the data as opposed to flipping cards manually, which allows for more 

erraticism in stimulus presentation. To that end, this study employed a single trial 

computer-presented version of an animal Stroop-like task. 

There has been considerable research with patients with schizophrenia that 

focuses on the importance of how a classic Stroop task is presented, and, in particular, 

on whether it is presented in a blocked trial format, with more than one stimulus 

presented on the same visual field at once, or whether the task is presented one - 

stimulus at a time in a single trial format (Abramczyk, Jordan, & Hegel, 1983; Barch, 

Carter, Perlstein, Baird, Cohen & Schooler, 1998; Everett, Laplante & Thomas, 1989; 

Graf, Uttl, & Tuokko, , 1995; Henik, 1997; Perlstein, Carter, Barch & Baird; 1998; 
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Taylor, Kornblum, & Tandun, 1996). In particular, Perlstein et al. (1998) tested 

patients with schizophrenia using blocked and single trial presentation versions of a 

classic Stroop task. The blocked trial version of the task was presented on card with 

several stimuli per page, the traditional format of presentation for the classic Stroop 

task, while the single trial version was presented on a computer which showed one 

stimulus at a time on the screen. Perlstein et al. (1998) found that although the clinical 

group tested comparably to the typically developing groups on the blocked Stroop, 

they showed significantly more error interference on the single-trial Stroop. They 

therefore concluded that the single trial version of the classic Stroop was more group 

sensitive than the blocked version. The benefits of the single-trial task, which may 

have led to hightened task sensitivity to group differences, included measuring 

reaction time in milliseconds, measuring error rates, and being able to eliminate 

neighbouring stimuli distraction (Perlstein et al, 1998). Traditionally, the blocked 

trial classic Stroop task has been presented on card, in which case reaction times are 

recorded in seconds and average reaction times taken to complete a page of block 

stimuli are analysed, which gives a less acute record of reaction time performance. 

Of course, even s, ingle trial Stroop-like tasks have, in the past, often been 

presented manually using stimulus cards, and in these cases the same concerns will 

apply. For most researchers the lack of precision of data from such crude versions of 

single trial Stroop-like tasks is not a major issue because they are using these tasks on 

typically developing children of varying ages, where age-related variation is 

substantially larger than the error variance inherent in these measures (Carlson, 2005). 

However, for researchers using these Stroop-like tasks with children with autism, 

group differences in performance may be less obvious. Consequently, it may be 

much more important that Stroop-like tasks are presented in a manner that produces 
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precise and reliable results, for example in a single trial version of a computer, with 

reaction times measured to an acceptable level of precision. 

A review of the previous literature on the use of Stroop-like tasks with 

individuals with autism confirms the previous point. In the study by Ames and, 

Jarrold (2007) using the dog/ pig task, children were presented with each stimulus in a 

single-trial computer format and a group performance effect was found whereby 

children with autism found the task more difficult than did typically developing 

children. In the Joseph, McGrath, and Tager-Flusberg (2005) study, day/night stimuli 

were presented in a single trial card format and no deficits of inhibition in children 

with autism were found in comparison with typically developing children. Although 

Bishop and Norbury (2005) reported finding impaired performance among children 

with autism on an opposite worlds test of response inhibition, they also reported 

finding no evidence of a specific link between poor inhibitory control and autistic 

symptornatology using a blocked trial card version. In the Chimeric animal Stroop 

task employed in Experiment I (Chapter 2) the stimuli were presented to children in a 

blocked trial card format, six stimuli at a time, and group performance was 

comparable. 

With these findings in mind, it is obvious that the introduction of Stroop-like 

tasks as opposed to the classic Stroop task for inhibition research of children with 

autism is not without its inconsistencies. Therefore, this experiment sought to 

investigate effects of working memory load while considering presentation style as aa 

component of a task which most likely effects inhibitory performance especially in 

clinical groups, both factors which are often found in the day/night task. 

4.2 Methods , 

Particinants 
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Three diagnostic groups, 23 children with autism, 23 children with moderate 

learning disabilities, and 23 typically developing children were selected for this study. 

All children who participated in the study were within the age range of 9- 16 years old 

and were matched for index of mental ability (see Table 7). Children with autism 

ranged in age from II years 0 months to 16 years 9 months with a mean age of 161.42 

months. Typically developing children ranged in age from 9 years 4 months to 10 

years 6 months, with a mean age of 116.93 months. Children with moderate learning 

disabilities ranged in age from 10 years 5 months to 14 years 9 months, with a mean 

age of 156.48 months. From the group of children with autism, 4 females and 19 

males participated, based on availability. From the typically developing group, 13 

females and 10 males participated in the study, and from the group of children with 

moderate learning disabilities, 10 females and 13 males participated. All 4 of the 

females with autism who participated in this Experiment had also participated in 

Experiment 1, and all male participants with autism were the same as in Experiment I 

minus I male who had moved schools. Of the typically developing children, there 

were no females who had not participated in Experiment 2 and one male participant 

was new in relation to both Experiments I and 2. No females with moderate learning 

disabilities were new to Experiment 3 in relation to Experiment 2 and 1 male was new 

to Experiment 3. --. 

Procedure 

All participants were tested individually in one session each. -During the 

session, children were first given the Raven's Coloured Progressive Matrices Test 

(RCPM) (Raven et al., 1990) in order to measure non-verbal mental ability (see Table 

7). 
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Subsequently, children were given three experimental tasks to complete on a 

15" macbook laptop, each of which took approximately 5 minutes. Each of the first 

two tasks had two conditions, a baseline condition and an interference condition. The 

third task also had two conditions, a baseline condition and a difficult condition, as 

there was no interference involved in the third task. For each component of each 

task, there were 24 stimuli shown. Children were instructed to give a verbal response 

to a stimulus appearing on the screen and a reaction time for verbal response was 

recorded by a keypress made by the experimenter. Children were required to give the 

correct answer before the next stimulus appeared. As a result, reaction time estimates 

accounted for effors, in that if an error was made the child was required to correct it 

before their response was recorded and the task progressed. The first task was a two 

animal inhibition task in which children were shown pictures of a cat or a dog 

individually and in an apparently random order. In the baseline component, children 

were asked to simply name the animal. If they saw a cat, they should say 'cat' and 

then say 'dog' when they saw a dog. For the interference component, children were 

asked to name the opposite of the animal they saw appear on the screen. If they saw a 

dog, then they should say 'cat% and vice versa. The second task was a four animal 

inhibition task, which therefore imposed a greater memory load than the initial task as 

there were two more animals, a pig and a horse, incorporated into the same general 

procedure as the first task. Again, there was a baseline and then an interference 

condition. During the baseline condition, children saw a dog, cat, pig, or horse appear 

on the screen one at a time and were instructed to name the animal which they saw. 

During the interference condition, children were asked to maintain the interference 

rule from the first task and say 'cat' for dog, and vice versa, while also remembering 

to say 'pig' for horse and vice versa. All animals were displayed in the centre of the 
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1280 x 800 pixel screen and were presented in a rectangle measuring in width 550 to 

612 pixels and in height from 475 to 550 pixels. The third task was a memory task, 

which utilised common shapes, and which provided a control for the memory load 

involved in the first and second tasks just described. During the baseline condition, 

only 2 shapes, a blue circle and a red square, were presented individually and in an 

apparently random order on the screen. Children were instructed to call the red 

square 'one' and the blue circle 'two' as they saw them appear. During the difficult 

condition, two more shapes, a yellow triangle and a green star were added along with 

items I and 2 from the baseline condition, which the children were instructed to call 

'three' and 'four' respectively. All shapes shown were displayed in the centre of the 

screen and were 200 x 200 pixels. 

4.3 Results 

Descriptive statistics for age and Raven's Matrices performance for all groups 

can be found in Table 7. An analysis of variance (ANOVA) showed that a difference 

between the mean chronological ages of the typically developing group and the two 

diagnostic groups was significant, F(2,66) = 69.30, p<. 001. The two older groups 

were the children with autism and the children with moderate learning disabilities, 

who were both significantly older than the typically developing children, F(l, 43) 2: 

113.34, p: 5 . 00 1, although not significantly different in age from each other, F(l, 43) 

2.09, p 16. A further ANOVA was performed on the RCPM scores, which 

verified no significant difference in non-verbal ability across all groups, F(2,66) 

0.3 6, p . 70. 
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Table 7: Particir)ant backizround measures 

CWA TDC MLD 
m SD m SD m SD_ 

Chronological age 161.42 20.49 116.93 2.15 156.49 12.82 

(months) 
RCPM score (max. 25.57 9.17 25.22 4.28 23.96 5.86 

36) 

Table 8 presents mean time in milliseconds for the three groups on the three 

tasks; the two animal task, the four animal task, and the memory task. A repeated 

measures analysis of variance (ANOVA) was employed for the two inhibitory tasks 

(two animal and four animal tasks) with the factors of group (children with autism, 

children with moderate learning disabilities, and typically developing individuals; 

independent measure), condition (baseline and interference; repeated measure), and 

task (two animal and four animal). 
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Table 8: Reaction times (ms) for each uoup on each condition of each task 

CWA TDC MLD 
Task Condition M SD M SD M SD 
Two Baseline 833 154 783 107 819 126 

animal Interference 1174 445 984 204 1024 224 

Four Baseline 1038 165 1127 233 1066 159 

animal Interference 1918 662 1870 366 2045 588 

Memory Baseline 1007 278 901 164 1052 236 

task 

Difficult 1635 689 1495 319 1614 552 

Significant main effects of both task and condition were apparent, F(I, 66) 2: 

229.47, p <. 00 1, whereby the four animal task was most difficult and the interference 

conditions of both tasks were more difficult than their respective baseline conditions. 
f 

The task by condition interaction was also highly significant (see Figure 12), F(l, 66) 

154.09, p <. 00 1, where the interference effect of the four animal task was larger, 

F(l, 66) 273.55, p <. 001, than the interference effect of the two animal task, F(I, 

66) = 51.53, p<. 001. 

Figure 12: Experiment 3 Task by Condition Interaction 
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Interestingly, there was an approaching task by condition by group interaction 

(see Figure 13), F(2,66) = 2.43, p= . 096. As a post hoc analysis, an interference size 

(interference condition reaction time - baseline condition reaction time) was taken for 

each participant of each group and a repeated measures ANOVA was conducted using 

the interference sizes for each task with the factors of group (children with autism, 

children with moderate learning disabilities, and typically developing children; 

between subjects), and task (two animal and four animal; repeated measures). It was 

clear from a post hoc analysis split by group that children with moderate learning 

disabilities showed a greater task effect going from the two animal task to the four 

animal task, F(1,22) = 68.93, p< . 00 1, than children with autism, F(1,22) = 24.24, p 

<. 001 and typically developing children, F(1,22) = 1.8l, p <. 001. However, when 

condition affects were analysed split by task, it was clear that for the 2 animal task, 

while there was no significant difference in performance between children with 

autism and the children with moderate learning disabilities, F(1,44) = 1.76, p= . 19, 

and no group difference between typically developing children and children with 

moderate learning disabilities, F(1,44) = 0.70, p= .41, children with autism showed 

more interference in the 2 animal task than did typically developing children, F(1,44) 

103 



= 4.05, p= . 05. For the 4 animal task, however, there were no significant condition 

effect differences between children with autism and children with moderate learning 

disabilities, F(1,44) = 0.48, p= . 49, or between children with autism and typically 

developing children, F(1,44) = 0.04, p= . 84, but the children with moderate learning 

disabilities showed significantly more difficulty on the 2 animal task than typically 

developing children, F(1,44) = 4.73, p= . 04. 

Fiaure 13: Reaction Time Interference Size for Group by Task by Condition 

Interaction 
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For the shape memory task, there was a significant main effect of condition, 

which showed that it was more difficult for all groups to remember names for 4 

shapes than for 2 shapes, F(1,66) 99.70, p< . 00 1. Importantly, however, there was 

no significant main effect of group, F(2,66) 1.15, p . 32 and no significant 

condition by group interaction, F(2,66) 0.10, p . 90. 

4.4 Discussion 
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There was a clear interference effect for both Stroop-like tasks, indicating that 

these tasks were successful in producing response interference. Given this, one can 

examine the extent to which children with autism were more or less able to inhibit 

these potentially interfering effects, and the main aim of Experiment 3 was to 

investigate the role of memory load on the performance of children with autism on 

tests of inhibition. More specifically, the aim was to explore how using a computer 

single trial presentation style on a Stroop-like task might affect the sensitivity, 

accuracy, and consistency of measured interference effects. These tasks accounted 

for errors through reaction times in that they required children to make a correct 

answer before continuing on to the next trial. 

Although the approaching three way interaction showed that children with 

moderate learning disabilities showed the highest interference effect going from the 

two animal task to the four animal task, the results from this study also showed some 

interesting group differences between children with autism and typically developing 

controls in the extent of interference seen, and by implication, the degree of inhibition 

exerted by participants for the two animal task, where children with autism showed 

more interference than the typically developing controls. In contrast, for the four 

animal task, results showed that there were only performance differences between the 

typically developing children and the children with moderate learning disabilities, 

where children with moderate learning disabilities showed higher interference effects 

than did the typically developing controls. The results suggested overall that 

presentation style does not play a role in interference effects of children with autism, 

because to a large extent they parallel findings from similar studies that have used 

blocked presentation versions of Stroop-like tasks, including Experiment I (Bishop & 

Norbury, 2005). 
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It is arguable from these findings that children with autism may show 

impairment of inhibition on Stroop-like tasks as long as the memory load is low, due 

to the fact that in- this study, they did show impairment in comparison with typically 

developing controls on the low memory load two animal task, but not on the high 

memory load four animal task. This idea is further supported when considering 

Ames' and Jarrold's (2007) findings as they found inhibitory impairment of children 

with autism in comparison with controls on a dog/pig task which was essentially the 

same as this two animal task and had the same low memory load as does the two 

animal task from this study. ý Recent fMRI studies have shown that in typical 

development of inhibitory control, there is a burst of development in early childhood, 

followed a burst of inhibitory control development at the beginning of adolescence 

(O'Heam, Asato, Ordaz & Luna, 2008). During the early childhood development, 

inhibitory control occurs in the prefrontal cortex only and activation is high. During 

the, adolescen t stage of inhibition development, the brain relies less on the prefrontal 

cortex and activation spreads to other areas of the brain such as the basal ganglia, the 

thalamus and the cerebellum, resulting in less activation in the prefrontal cortex and 

reflecting less effort exerted by adolescents to inhibit behaviors., However, children 

with autism seem to show an arrest in development once they reach adolescence, 

resulting in inhibitory control remaining activated in the prefrontal cortex and 

requiring effort to stay high in adolescents with autism. ý This pattern of inhibitory 

development in autism means that often inhibitory deficits are more evident in 

adolescents and adults than in children with autism. Considering this pattern of 

inhibitory development in adolescents with autism, an inhibitory deficit in children 

with autism when the working memory load, is low, as in the two animal task, will be 

obvious as they are more likely to be trying to answer quickly. However, when the 
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working memory load is high, inhibitory difficulties of children with autism may be 

masked by the slower response times of all participants. 

The findings also suggested that in comparison with typically developing 

controls, children with moderate learning disabilities were more affected by higher 

working memory loads than other groups. In the high working memory demand task, 

the four animal task, children with moderate learning disabilities showed more 

interference than typically developing individuals. This fmding could be in line with 

the findings of Davidson et. al. (2006) discussed earlier, which would predict that the 

older groups, in this case the children with moderate learning disabilities and the 

children with autism, would show more interference on the higher memory load task 

than the younger, typically developing children. However, if the working memory 

development is linear and steadily develops over time and if, in autism, inhibition 

does not develop any ftu-ther after early childhood, one might expect that although 

working memory development may be delayed in autism, it may still not place as 

much strain on children with autism; who do not have the benefit of the second stage 

of inhibitory development. 

In the two animal inhibition task, children with autism showed signs of more 

interference than typically developing children. These findings support findings from 

a study by Simpson and Riggs (2005b), who conducted a study which investigated - 

how inhibitory and working memory loads taxed typically developing children on 

day/night tasks by using a modified version of Gerstadt, Hong and Diamond's (1994) 

day/night task. In their study, Simpson and Riggs (2005b) build on the findings of 

Gerstadt et al. (1994). In a first study, they dissected dimensions of the original 

day/night task, including the original condition where children are required to say 

'day' and 'night' to pictures of a sun and moon. There was then a 'black and white' 
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inhibitory condition, which required children to say a truly opposite response of 

'black' or 'white' to pictures of black and white. This was much like the dog/pig task 

used by Ames and Jarrold (2007), which showed deficits of inhibition in children with 

autism. There was a memory condition where children saw two shapes on cards and 

had to remember to name one shape 'dog' and the other 'cat'. There was a sun and 

moon condition where children were to say 'sun' and 'moon' to pictures of moons 

and suns, and finally there was a naming condition where children saw picture of cars 

and books and simply had to name them. The point of all of these conditions was to 

break the original day/night task down into all of its components such as, inhibition, 

working memory, abstract semantic content, truly opposite naming and simply 

naming pictures as they were in order to assess the degree to which each of these 

components affected the inhibitory performance of children. 

In examining each independent component of the original day/night task, such 

as memory load alone or inihibitory demand alone, Simpson and Riggs (2005b) were 

able to conclude that inhibitory demands were high on their modified version of the 

day/night task which targeted inhibition, and the modified version which targeted - 

working memory showed that working memory demands were low. However, they 

were- also able to analyse important aspects of the development of inhibition and 

working memory in typically developing children. For instance, they found when 

giving modified day/night tasks that only targeted inhibition as opposed to memory or 

naming, that although young typically developing children made rapid inhibitory 

progress between the ages of 3.5 and 5 years of age, their inhibitory improvement 

after this time frame was only modest. - On the contrary, they found evidence to 

support the view that working memory developed more steadily and in a more linear 

fashion over time in typically developing children through the ages. 
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Simpson and Riggs' (2005b) finding that the day/night task is high in 

inhibitory demand and low in working memory demand does seem to stand when 

considering Experiment 3. The group of children with autism from Experiment 3 

showed more interference from the two animal task, which involved more inhibitory 

demand than memory. It might be expected that the children with moderate learning 

disabilities would experience more trouble in the four animal task if drawing from 

Davidson et. al. (2006) in arguing that working memory load affects older children 

more than inhibitory demand does. Meanwhile the children with autism, although the 

oldest group, experienced more trouble in the two animal task which featured high 

inhibitory demand and low working memory demand, as their inhibitory 

development, according to O'Hearn et. al. (2008), may have been arrested after 

childhood. 

Having examined the effects of working memory on inhibitory performance in 

typically developing children, Simpson and Riggs (2005c) looked at another 

important aspect of the day/night task. This study addressed the effects of same and 

different response set on typically developing children. A same response set refers to 

a display item being in the same category as the answer required and a different 

response set refers to a display item which requires an answer which is not in the 

same category. As same and different response set provides a vital element to a task, 

and therefore potentially an impact on inhibitory demands, Experiment 4 addresses 

the impact of response set in the day/night task on the performance of children with 

autism. 

4.5 Experiment 4 
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it has been questioned whether the working memory load of the day/night task 

makes it an impure test of inhibition, with consequent implications for what one can 

infer from using this task as a test of inhibitory performance in typically developing 

children. 

ý The Simpson and Riggs (2005c) study in response to findings from a study by 

Diamond, Kirkham and Amso (2002) looked at a different aspect of the day/night 

task. The Diamond et al. (2002) study suggested that the day/night task requires 

inhibition because the stimulus picture and the corresponding conflicting response are 

semantically related. Mis explanation was derived from analyses which showed that 

typically developing children were more accurate when responding 'dog' and 'pig' to 

pictures of day and night than when responding 'night' and 'day' to pictures of day 

and night. 

However, Simpson and Riggs (2005c) argue that semantic relations are not 

responsible for the inhibitory demands of the day/night task, but that something else 

called a response set effect provides the inhibitory demand of the day/night task. 

Simpson and Riggs (2005c) tested this theory in 3- to I 1-year-olds using a series of 

day/night task combinations which involved different aspects of semantics and 

response set. In the first experiment of the study, they gave 3- and 4-year-olds five 

conditions of the day/night task which included a control where children had to say 

4cup' or, ' boat! to two abstract pictures. -IThe experimental conditions were made up of 

a semantically related and semantically unrelated same response set task, and then a 

semantically related and semantically unrelated different response set task. In the 

semantically related same response set task, children saw pictures of red or blue and 

had to respond 'red' or 'blue' depending on whichever was the opposite of the colour 

they saw. In this case the stimuli content, colour, was semantically related to the 
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response set which was colour and because children were to use the colours red and 

blue in their response, the same colours used in the stimulus, this was a same response 

set. For the same response set semantically unrelated condition, participants saw 

pictures of cars and books and were asked to respond 'book' to a picture of a car and 

'car' to a picture of a book. The semantically related different response set condition 

required children to say 'yellow' and 'green' to pictures of black and white. These 

stimuli and responses were semantically related as they were both from the colour 

category, but the stimuli were of a different response set (yellow and green) than the 

stimuli (black and white). The semantically unrelated different response set condition 

required children to say 'pig' and 'dog' to pictures of a sun and moon. In the second 

experiment of the same study, the same tasks were administered on a laptop PC 

instead of cards in order to record error rates and accurate reaction times, and were 

administered to 3 -, 4-, 5-, 7-, and II -year-olds. 

Simpson and Riggs (2005c) found that typically developing children between 

3 and II all experienced strong response set effects but no semantic effects. Same 

response set conditions yielded longer reaction times than the control conditions for 

all age groups, which suggested that inhibition was required to withhold a prepotent 

response for all ages on the same response set conditions. In contrast, inhibitory 

effects were only found in 3-5-year-olds on the different response set conditions. 

These findings are relevant to the question of inhibitory performance of 

children with autism on the day/night task. Responses set effects have not been 

investigated in children with autism of any age. Experiment 4 therefore set out to 

investigate whether response set effects do play a role in inhibitory performance of 

children with autism, and if so, whether they play the same role in children with 

autism as they do in typically developing children. Furthermore, it explored the 
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potential effects that response set effects may have on the inconsistent performance of 

children with autism on the day/night task. 

4.6 Methods 

Participants 

, Three diagnostic groups, 15 children with autism, 15 children with moderate 

learning disabilities, and 15 typically developing children were selected for this study. 

All children who participated in the study were within the age range of 8-17 years old 

and were matched for index of mental ability (see Table 9). Children with autism 

ranged in age from 12 years 6 months to 17 years 4 months with a mean age of 172.53 

months. All 15 children children had participated in the original Experiment 1. 

Typically developing children ranged in age from 8 years 6 months to II years 9 

months, with a mean age of 117.53 months. Only I child had not participated in 

Experiments 1 or 2. Children with moderate learning disabilities ranged in age from 

12 years 6 months to 15 years 9 months, with a mean age of 170.24 months. Of the 

15,4 of the children with moderate learning disabilities were completely new to this 

study. From the group of children with autism, 3 females and 12 males participated, 

based on availability. From the typically developing group, II females and 4 males 

participated in the study, and from the group of children with moderate learning 

disabilities, 8 females and 7 males participated. 

Procedure 

All participants were tested individually in one session each. During the 

session, children were first given the Raven's Coloured Progressive Matrices Test 

(RCPM) (Raven et al., 1990) in order to measure non-verbal mental ability (see Table 

9). 
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Subsequently, children were given two experimental tasks to complete on a 

15" macbook laptop, each of which took approximately 10 minutes to complete. 

Each of the two tasks had two conditions, a two animal condition and a three animal 

condition. For each component of each task, there were 36 stimuli shown. Children 

were instructed to give a verbal response to a stimulus appearing on the screen and a 

reaction time for this verbal response was recorded by a keypress made by the 

experimenter. Children were required to give the correct answer before the next 

stimulus appeared. As a result, reaction time estimates accounted for errors, in that if 

an error was made the child was required to correct it before their response was 

recorded and the task progressed. 

The first task was a same response set inhibition task in which children were 

shown pictures of animals individually and in an apparently random order on a laptop 

computer screen. In the two animal condition, children saw pictures of cats and dogs. 

Children were asked to name the opposite of the animal they saw appear on the 

screen. If they saw a dog, say 'cat', and vice versa. In the three animal condition, 

children saw pictures of a sheep, pig, or cow. Children were instructed to say 'sheep' 

when they saw the cow, to say 'cow' when they saw the pig, and to say 'pig' when 

they saw the sheep, 

The second task was a different response set inhibition task. Again, there was 

a two animal and then a three animal, condition. During the two animal condition, 

children saw a bird and a frog appear on the screen one at a time and were instructed 

to say 'cup' when they saw a bird and say 'spoon' when they saw a frog. During the 

three animal condition, children saw pictures of a fish, a mouse, and a bear. Children 

were instructed to say 'chair' when they saw a fish, 'bed' when they saw a mouse, and 

'lamp' when they saw a bear. All animals were displayed in the centre of the 1280 x 
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800 pixel screen and were between approxiamatey 276 and 601 pixels in width and 

between 235 and 473 pixels in height. 

4.7 Results 

Descriptive statistics for age and Raven's Matrices perfonnance for all groups 

can be found in Table 9. An analysis of variance (ANOVA) showed that the 

difference between the mean ages of all of the typically developing group and the two 

diagnostic groups was significant, F(2,44), = 58.55, p<. 001. Thechildrenwith 

autism were the oldest group, with the children with moderate learning disabilities 

second oldest, and typically developing children were the youngest of the three 

groups. A further ANOVA was performed on the RCPM scores, which verified no 

significant difference in non-verbal ability across all groups, F(2,44) = 0.16, p= . 85. 

Table 9: Participant background measures 

CWA % TDC MLD 
m SD m SD m SD 

Chronological age 172.53 , 20.80 117.53 12.36 170.23 12.55 

(months) 
RCPM score (max. 25.86 9.84 24.53 3.77 24.94 5.91 

36) 

Table 10 presents mean time in milliseconds for the three groups on the two 

tasks; the same response set task and the different response set task. A repeated 

measures analysis of variance (ANOVA) was employed across the two inhibitory 

tasks (same response set task and the different response set task) with the factors of 

group (children with autism, children with moderate learning disabilities, and 

typically developing individuals; independent measure), memory load (easy (two 

animal) and difficult (three animal); repeated measure), and task (same response set 

and different response set; repeated measure). 
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Table 10: Reaction times (ms) for each group on each memoxy load of each task 

Task Memory Load 
CWA 

M SD 
TDC 

M SD 
MLD 

M SD 
Same Two Animal 924 141 1012 206 1001 234 

Response Three Animal 2014 682 2548 762 2397 734 

Different Two Animal 861 167 986 170 911 161 

Response Three Animal 1559 416 1848 492 1734 484 

Significant main effects of both task and memory load were apparent, F(l, 42) 

?: 42.03, p< . 00 1, whereby the same response set task was the most difficult and the 

three animal memory load of both tasks was more difficult than the respective two 

animal memory load (see Figure 14). There was no main group effect, F(2,42) 

2.45, p=. 10. A task by memory load interaction was also highly significant, F(l, 

42) = 30.82, p< . 00 1, where there was a large response set effect for the three animal 

task, F(l, 42) =39.14, p< . 00 1, but no significant response set effect for the two 

animal task, F(l, 42) =2.24, p=. 23. All other possible two-way interactions were 

not significant, F(2,42): S 1.10, pý:. 34. Furthen-nore, the group by memory load by 

task interaction was also non significant, F(2,42) = 0.45, p= . 64. 

Figure 14: Task by Memory Load Intemetion 
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4.8 Discussion 

There were three main goals for Experiment 4. The first was to determine 

whether response set effect plays a role in inhibitory function of children with autism. 

If so, the second goal was to determine if the response set effect has the same impact 

on the inhibitory performance of children with autism as it does in typically 

developing children. The third and perhaps the main goal of Experiment 4 and the 

ongoing theme of this thesis was to determine whether the response set effect could be 

responsible for the inconsistent inhibitory performance of children with autism on the 

day/night task. 

It was clear from the results of this study that all groups showed strong 

memory load effects which indicate that each group experienced inhibitory demand 

from both the same response set inhibitory task and the different response set 

inhibitory task. It was also clear from the results that response set effect does play a 

role in inhibitory performance of participants from all groups and indeed, the findings 

show that the effect is the same for typically developing children and children with 

moderate leaming disabilities as it is for children with autism. The results from 

Experiment 4 are in line with the findings from Simpson and Riggs' (2005c) study, 
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showing that a stimulus from the same response set as the required response involved 

more inhibitory demand than a stimulus from a different response set as the response. 

That is not to say, however, that the inhibitory demands of the day/night task are 

caused by the presence of a same response set format as significant inhibitory demand 

was also derived Erom the different response set inhibitory task albeit to a lesser 

degree. 

There was an interesting finding that in the lower memory memory load 

condition, there was virtually no response set effect, while in the higher memory load 

task, there was a strong response set effect. Considering that Simpson and Riggs 

(2005b) found in their study that the day/night task is a low memory load, 'high 

inhibitory demand task, the response set effect may not add significantly to the 

difficulty of the task. Furthermore, as Roberts and Pennington (1996) argued in their 

'interactive framework' model of inhibition, it could be that response set interacts 

with working memory load and that when memory load is higher, as in the three 

animal condition, the same response set becomes much more difficult than it would be 

in the two animal memory load condition. 

Finally, because these findings do show that the response set effect does play a 

role in inhibitory demand on the day/night task in the same way for children with 

autism as it does for typically developing children, it is doubtful that the response set 

effect is responsible for inconsistent performance of children with autism on the 

day/night task. Most likely, the response set effect is not even partially responsible 

for the inconsistent performance of children with autism on the day/night task. 

4.9 Conclusion -- 
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The findings from Chapter 4 combine to suggest that although presentation 

style (i. e. - whether presented on card or computer combined with whether stimuli are 

presented in block or single trials) does not seem to affect inhibitory performance of 

children with autism on the day/night task, it seems nevertheless more accurate and 

useful to use a computer single trial presentation style for measuring performance in 

more detail if for no other reason than it eliminates a significant degree of possible 

human error. 

Furthermore, working memory load may differentially affect the inhibitory 

effects shown by children with autism and children with moderate disabilities and 

although children with moderate learning disabilities were not the oldest group and 

there were no group differences on the memory task, post hoc analyses of a3 way 

interaction in Experiment 3 did show that they were much more affected by memory 

load than were typically developing children on the high memory load four animal 

task. It is also plausible that in light of Davidson et. al. 's (2006) findings discussed 

earlier, and Simpson and Riggs' (2005b) findings that the day/night and in this case 

the two animal task have high inhibitory demands and a low working memory loads, 

that children with autism experienced more difficulty from the inhibitory demand than 

the working memory demand if considering the developmental patterns of inhibition 

in adolescents with autism discussed earlier (O'Hearn et. al., 2008). The response set 

effect definitely does have an impact on inhibitory performance, with same response 

sets placing a higher demand on inhibition. However, the evidence from Experiment 

4 does not suggest that same response set is solely responsible for inhibitory demands, 

of the day/night task. 

Ultimately, there are many aspects of tests of inhibition which need to be 

, 
considered in order to discover if children with autism really do show impaired -, 
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inhibition or not. Results from Experiment 3 clearly show that other components of 

executive function, in this case working memory, can and do affect the level of 

inhibitory demand and to what extent that is expressed in performance of participants 

with autism. Due to the developmental patterns of inhibition and working memory 

and at which ages they develope, age group of participants in combination with 

whether inihibition or working memory place more demand on a task become 

important areas to control for. More research needs to be done concerning tests of 

inhibition for children with autism specifically, to make sure that data, especially 

reaction time data reflects pure inhibition performance. Theories of inhibition making 

efforts to explain how it works, what it interacts with, and how it is organised are 

crucial for designing tasks of inhibition which are appropriate for children with 

autism. 
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Chater 5 

In Chapter 3, one theory of inhibition was considered and despite the 

suggestion that there was no clear indication of a difference between cognitive and 

manual inhibitory action specifically, there is no reason to rule out the possibility that 

there exists different types of inhibition, and that this can explain differences in 

performance of children with autism on different inhibition tasks. It is possible that 

different types of inhibition are not simply defined by whether a manual or cognitive 

response must by made, but rather by whether a prepotent response must be withheld 

or whether inhibitory control must be exercised through resistance to distracting 

stimuli. 

As discussed in Chapter 1, Friedman and Miyake's (2004) theory of a 

difference between prepotent response inhibition and resistance to distractor 

inhibition formed from work with typically developing adults may also be relevant to 

inhibition in children with autism. It may not be coincidence that both tests of 

inhibition which seem to cause the most controversy (for other reasons than 

inconsistent results) in the literature on children with autism, the classic Stroop task 

and the day/night task, are prepotent response inhibition tasks. It is also worth noting 

that prepotent response inhibition tasks more often than not, yield results of intact 

inhibition for children with autism. When tested using flanker tasks, a resistance to 

distractor task, children with autism have shown impairments (Christ et al., 2007), 

although the flanker task has not been widely used with children with autism. 

Therefore, with these patterns in mind, it is important to investigate the potential 

differential impairment of children with autism on prepotent response inhibition tasks 

versus resistance to distractor inhibition tasks. 
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In light of the findings from previous chapters of this thesis, combined with 

findings of inhibitory performance in children with autism from the existing literature, 

this chapter presents two experiments which address concerns regarding the tests of 

inhibition employed in Chapters 2,3 and 4. 

Experiment 5 takes into consideration the performance of children with autism 

across different types of tests of inhibition based on what type of inhibition they 

target. Furthermore, it compares these patterns with those found in work from 

Chapters 2,3 and 4 in order to determine the reason why children with autism tend to 

perform so inconsistently on various tasks of inhibition in the literature. In other 

words, by comparing as many different theories of how inhibition is organised and 

works, and by applying those to many different types of task and presentation styles 

in the literature, it may be possible to identify a common denominator, so to speak, 

which may then explain, at least in part, why children with autism show such 

variation in inhibitory performance. Therefore, the purpose of Chapter 5 is to take a 

more comprehensive view of the literature rather than scrutinising specific tasks, in 

order to perhaps"identify a global explanation for the apparently inconsistent 

performance of children with autism on inhibition tasks. 

'- Specifically, Experiment 5 draws on Friedman and Miyake's (2004) findings 

of separable performance in typically developing adults on prepotent response 

inhibition tasks versus resistance to distractor inhibition tasks. The experiment 

employs four tests of inhibition, two prepotent response inhibition tasks and two 

resistance to distractor inhibition tasks in order to determine whether children with 

autism also perform separably'on these two types of taský and if so to investigate the 

possibility that they are differentially impaired on these two types of inhibition task. 
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Experiment 6 draws on findings from Experiment 5, looking more closely at 

the performance of children with autism on prepotent response inhibition versus 

resistance to distractor tasks of inhibition. Importantly, Experiment 6 explores the 

impact of a weak bias towards central coherence, often found in children with autism, 

on their inhibitory performance, and does so specifically in the context of resistance to 

distractor inhibition tasks. To that end, Experiment 6 looks more closely at flanker 

task performance in children with autism, using a modified version of the classic 

flanker task from Experiment 5, and also investigates in more detail the performance 

of children with autism on a stop-signal prepotent response inhibition task modified 

from Experiment S. 

5.1 Experiment 5 

For typically developing individuals, the research into types of inhibition tasks 

which are valid for children is extensive (Archibald & Kerns, 1999; Bishop &, 

Norbury, - 2005; Carlson, 2005; Carlson & Moses, 200 1; Carlson, Moses & Breton, 

2002; Carlson, Moses & Claxton, 2004; Carlson & Wang, 2007; Davidson, Amso, 

Anderson & Diamond, 2006; Diamond, Kirkham & Amso, 2002; Dillon & Pizzagalli, 

2007; Espy & Bull, 2005; Jones, Rothbart & Posner, 2003; Simpson & Riggs, 2005a; 

Simpson & Riggs, 2005b; Simpson & Riggs, 2005c). Many different types of tasks 

have been used with varying memory loads, varying stimuli, and varying types of 

presentation (Espy & Bull, 2005). Naturally, some of these tasks, such as the Stroop 

task discussed in Chapters 1,2 and 3, have been found to be very effective when used 

with typically developing children and adults and have therefore been used for clinical 

groups of participants as well, such as individuals with autism (Bryson, 1983; Christ 

et. al., 2007; Eskes et. al., 1990; Goldberg et. al., 2005; Lopez et. al., 2005; Ozonoff & 

Jensen, 1999). As discussed in Chapters I and 2, those who have used the classic 
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Stroop task have generally concluded that children with autism are not impaired in 

inhibition (Bryson, 1983; Christ et al., 2007; Eskes et al., 1990; Goldberg et. al., 2005; 

Lopez et. al., 2005; Ozonoff & Jensen, 1999). However, other tasks such as the 

flanker task, a task which operates on a target stimuli surrounded by various 

distracting stimuli has shown children with autism to be impaired in inhibition (Christ 

et. al., 2007). 

These different results require further examination of the impact of the type of 

task used and the population tested. As discussed in Chapter 2, several studies 

examining reading comprehension in children with autism have found that they are 

often 'poor comprehenders' (Nation, 2006), and that they are able to maintain a 

comparable reading speed and ability with typically developing children while at the 

same time struggling in reading comprehension (Frith & Snowling, 1983; Golinkoff, 

1975-76; Nation, 2006). ' This same trend was found from the work in Chapter 2 

where it was shown that the classic Stroop task is a valid task of inhibition for 

typically developing children due to the fact that these individuals necessarily have a 

typical reading comprehension level. However, because of the lower reading 

comprehension found in children with autism, Chapter 2 concluded that the semantic 

content of the colour word does not provide as much of a distraction from the colour 

of the ink as it does for typically developing children, leaving children with autism to 

often perform more quickly on the classic Stroop task than typically developing 

children. In Chapters 3 and 4, when a possible difference between cognitive and 

motor inhibition and presentation style of inhibition task displays were reviewed, it 

became clear that children with autism performed compaiably with controls on most 

of the Stroop-like and day/night-like tasks used, with the exception of the two animal 

task in Experiment 2, Chapter 3, where impaired performance of children with autism 
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was argued to be the result of a low working memory load. One might have 

concluded that children with autism, therefore, simply have intact inhibition. 

However, other tests of inhibition have been used which do not function on the 

basis of reading comprehension and furthermore do not even involve meaningful 

word stimuli and these tasks still show inconsistent results across studies (Christ ct. 

al., 2007; larocci & Burack, 2004). The flanker task discussed in Chapter I that was 

used by larocci and Burack (2004) showed intact inhibition in children with autism. 

Typically, a flanker task requires participants to focus on a pre-specified visual target 

stimulus while ignoring surrounding distractor stimuli (Eriksen & Eriksen, 1974). 

Participants are instructed to identify a target stimulus located centrally on a screen 

using a button press and at the time of presentation the stimulus in the most difficult 

inhibitory condition is flanked by differing stimuli directly to the right and left of the 

target stimulus (Eriksen & Eriksen, 1974). Two very common types of stimuli used 

are arrows (a central target stimulus arrow pointing to the left surrounded by arrows 

on either side pointing to the right) or letters (such as HHHKHHH). In their study, 

Iarocci and Burack (2004) did not include an incongruent condition (as in the above 

examples) as their aim was to examine covert orienting responses to peripheral cues. 

They were therefore not measuring inhibitory control in children with autism, which 

clearly would have required an incongruent condition. However, in Christ et al. 's 

(2007) study, which also utilised a flanker task, the authors found that although 

children with autism showed intact inhibition on the classic Stroop task, they showed 

impaired inhibition on their version of the flanker task. Although Christ et. al. (2007) 

did include an incongruent condition in their task, they also employed a complex 

button press response system which required children with autism as young as 6 years 

old to identify and then remember which of four characters appearing on the screen at 
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any one time matched with each of two buttons. Considering some of the literature on 

working memory performance in children and adults with autism (Hill, 2004; Landa 

& Goldberg, 2005; Ozonoff et. al., 2004), this task, with high working memory 

demands in addition to simultaneous inhibitory demands, may have been 

inappropriately difficult for children with autism, especially those as young as 6 years 

old. Ozonoff and Strayer also conducted a study (1997) where they used a flanker- 

like task, which, in their study, they called a negative priming task. They used 

capitalised consonants from the alphabet, with the exception of the letter 'Q' in strings 

of 5 letters. In each presentation, the first, third, and fifth flanker letters were 

identical (e. g., F); the second and fourth target letters were always different from the 

flanker letters, and on half of their trials, the target letters were the same (e. g., 

FTFTF)_ On the remaining 50% of trials, the target letters were different (e. g., 

FTFXF). Teenagers with autism and typically developing controls were asked to 

identify whether the second and fourth target letters were 'same' or 'different' in each 

display. Ozonoff and Strayer (1997) concluded that there were no group differences in 

performance in terms of reaction time or error rate between individuals with autism or 

controls. That said, the difference between actually identifying and saying the names 

of the correct target stimuli, versus simply announcing whether they are the same or 

different, could place different strains on inhibitory control. It is worth noting that 

Ozonoff and Strayer (1997) also included a stop-signal task, which, like the Stroop 

task, is a prepotent response inhibition task, and found no group differences between 

individuals with autism and controls in terms of reaction time or error rate on this 

task. Remington, 'Swettenham, Campbell and Coleman (2009) recently used a flanker-, 

task in the first study to examine effects of perceptual load on selective attention in - 

autism., They found that the group with autism required higher perceptual load in 
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order to ignore distracting stimuli. They also found that with the increase in 

perceptual load, the group with autism suffered no reduction in speed or accuracy. 

Although this study is relevant to and can help to inform inhibitory performance on 

the flanker task in autism, it did not specifically investigate inhibition and also tested 

adults with autism. In sum, the flanker task is a prime example of a task which has 

been used widely in typically developing populations, but has yet to show consistent 

results within the autism population, and which, to my knowledge has only been used 

in two studies in order to test inhibition specifically in children with autism to date 

(Christ et. al., 2007; Ozonoff & Strayer, 1997). 

Friedman and Miyake's (2004) theory of inhibition provides a template for 

exploring the apparently inconsistent pattern of inhibition performance in children 

with autism. Friedman and Miyake's (2004) study was conducted using nine tasks of 

inhibition; there were 3 prepotent response inhibition tasks, a classic Stroop task, an 

anitsaccade task, and a stop-signal task. There were also 3 resistance to distractor 

tasks, the Eriksen flanker task, a word naming task, and a shape matching task. 

Finally, there were 3 resistance to proactive interference (PI) tasks, the Brown- 

Petersen variant, the AB-AC-AD task, and a cued recall task. As the focus of the 

current study is comparing performance of children with autism on prepotent response 

inhibition tasks and resistance to distractor tasks, tasks were not borrowed from the 

resistance to PI list. Furthermore, as the current study involved working with 

children, some of whom had a clinical diagnosis, only two tasks from each of the 

inhibition types were selected in order to keep the testing time within practical limits. 

Therefore, in Experiment 5, there were 4 tasks of inhibition. The flanker task 

employed arrows and included an incongruent condition (as explained above). The 

abstract shape matching task presented a'dark green shape on the left and a light green 
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shape on the right. For 50% of the trials, a red distractor shape underlapped the light 

green shape. The instruction for participants was to identify whether the light green 

and dark green shapes matched, ignoring the red shape if present. According to 

Friedman and Miyake (2004), these two tasks are resistance to distractor inhibition 

tasks, or tasks that require the participant to ignore distractor items in order to identify 

a target item. On the other hand were the prepotent response inhibition tasks. In the 

stop-signal task participants were habitualised to categorise animal and non-animal 

pictures in a practise trial. During the test trials, participants had to withhold the 

prepotent response to categorise animals and non-animals when they heard a beep 

sound on display of the stimulus. For the antisaccade task, participants saw a cue 

square appear followed by an arrow either displayed on the same side as the cue 

square or the opposite side. Participants had to identify in which direction the arrows 

were pointing. : These tasks required participants to withhold a prepotent response, 

whether or not they had to then produce a novel response or not. Friedman and 

Miyake's study showed that the scores of typically developing adults correlated 

highly when taken from tasks from the same category of inhibition. Therefore, their 

performance on the two tasks within the prepotent response category was inter- 

related, as was their performance within the resistance to distractor tasks. Although 

performance between these two task categories was closely related, resistance to 

distractor inhibition was related to number generation performance, task switching 

ability, and everyday cognitive failures, while prepotent response inhibition did not 

relate to these other cognitive components (Friedman & Miyake, 2004), suggesting 

that the two types of inhibition are separable in the way they are activated. 

The first goal of the Friedman and Miyake (2004) study was to test the 

distinctions among the three inhibition-related functions; prepotent response, 
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inhibition, resistance to distractor interference, and resistance to Pl. The second goal 

was to measure how these inhibitory factors contribute to other cognitive tasks that 

have been linked to inhibition-related ftmctions. They used Structural Equation 

Modelling to test other inhibition-related theories involving aspects of suppression of 

stereotyped sequences, negative priming, task switching ability, recall performance on 

the reading span test (Daneman & Carpenter, 1980), and the occurrences of everyday 

cognitive failures (Broadbent, Cooper, Fitzgerald & Parkes, 1982), and unwanted 

intrusive thoughts (Wegner & Zanakos, 1994). Through SEM they found that 

prepotent response inhibition and resistance to distractor interference were unrelated 

to resistance to PI, which has implications for theories suggesting that these three 

inhibition-related functions measure a common ability (Hasher & Zacks, 1988; Kane, 

Bleckley, Conway & Engle, 2001). On the other hand, the finding which our study 

focuses on, was that prepotent response inhibition and resistance to distractor 

interference were closely related, due to the fact that both inhibiting a prepotent 

response and resisting distracting information require maintaining the task goal in a 

state of high activation in the face of more dominant but inappropriate responses or 

distracting stimuli present in the display or environment. It was concluded that the 

ability to maintain critical goal-related information is the key mechanism shared, 

between prepotent response inhibition and resistance to distractor interference. 

However, they are separable in that resistance to distractor interference is closely 

related with other components of executive function such as, number generation 

performance, task switching ability, and everyday cognitive failures, all components, 

which, as discussed in Chapter 1, tend to be deficit in autism, ý while none of these 

factors are related to prepotent response inhibition performance (Friedman & Miyake, 

2004). 
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The fundamental aim of Experiment 5 was to explore Friedman and Miyake's 

(2004) theory of prepotent response and resistance to distractor inhibition in the 

context of a population of children with autism. The inconsistent performance of 

children with autism on difference types of inhibition task (Christ et al., 2007) may be 

caused by children with autism perhaps maintaining an ability to suppress prepotent 

responses while not being able to resist distractors as in the flanker task (Christ et al.,, 

2007). Determining this kind of information would clearly be important for resolving 

whether different types of inhibition are involved in why children with autism present 

varied performance in inhibition. Certainly, it would explain the variation in task 

performance which has been reported among children with autism for decades now 

(Bryson, 1983; Christ et al., 2007). 

5.2 Method. 

Participants,,, 

Three diagnostic groups, 17 children with autism, 17 children with moderate 

learning disabilities, and 17 typically developing children were selected for this study. 

All children who participated in the study were within the age range of 9- 16 years old 

and were matched for mental ability (see Table 11). Children with autism ranged in 

age from 132 months to 201 months with a mean age of 161.94 months. Typically 

developing children ranged in age from 112 months to 13 6 months, with a mean age 

of 125.80 months. Children with moderate learning disabilities ranged in age from 

125 months to 177 month s, with a mean age of 153.53 months. From the group of 

children with autism, 4 females and 13 males participated, based on availability. Of 

the children with autism, there was I male and I female who had not participated in 

Experiment 4 but who had both participated in Experiment L' From the typically 

developing group, 9 females and 8 males participated in the study. All females had 
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participated in Experiment 4 while 4 males had participated in Experiment 4 and 4 

males had only participated in Experiments I through 3. From the group of children 

with moderate learning disabilities, 10 boys and 7 girls participated. All of the 

females with moderate learning disabilities had participated in Experiment 4 and 3 of 

the males had not participated in Experiment 4 but had participated in Experiment 1. 

Procedure 

All participants were tested individually in one session each. During the 

session, children were first given the Raven's Coloured Progressive Matrices Test 

(RCPM) (Raven et. al., 1990) in order to measure non-verbal mental ability (see Table 

Subsequently, children were given four experimental tasks to complete, each 

of which took approximately 5 minutes to complete, combined to make 20 minutes, 

total experimental time. There were two types of task, of which, two tasks were 

prepotent response inhibition tasks (antisaccade task and stop-signal task), and two 

tasks were resistance to distracter inhibition tasks (flanker task and abstract shape 

matching task)., Each task was presented once and required a button press response 

on the computer keyboard for each trial. All tasks were presented with all stimuli 

displayed in the centre of a 1280 x 800 pixel screen on a 15" Mac book laptop. 

The antisaccade prepotent response inhibition task was presented first. 

During the antisaccade task, a fixation point appeared in the middle of the screen for 

2000 milliseconds. A visual cue (black square, approximate dimensions 152 x 112) 

then appeared on one side of the screen for 200ms, finally followed by a target 

stimulus, a black arrow inside an open square (approximate dimensions 158 x 96 

pixels), which appeared on the opposite side of the screen to the cue for 200ms, then 

disappeared. Participants were instructed to identify in which direction the target 
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arrow was pointing (left or right) and make a response by using the arrow keys on the 

computer as quickly and accurately as possible. Cues and stimuli were presented so 

that their central point was 350 pixels to the left or right of the fixation point. 

Participants were seated 48 cra from the computer monitor. There were 8 practice 

trials in the task, followed by 40 target trials. Error rates were recorded for each trial. 

The stop-signal prepotent response inhibition task consisted of two blocks of 

trials. Each trial in the first block of 20 trials was used to build a prepotent 

categorisation response. Participants saw I of 20 animal and non-animal pictures 

(e. g. -a tiger or a bicycle) and categorised each item as an animal or non-animal as 

quickly and accurately as possible by a button press response. This phase of 20 trials 

was used to build a habitualisation to categorise animals and non-animals quickly so 

that later on when participants were asked to not categorise on random trials, it was 

more difficult. - Computer keys 'C' and 'M, were labelled 'NO' and 'YES' 

respectively and participants were instructed to categorise the stimuli by pressing 

'YES' if the picture was an animal and 'NO' if the picture was not an animal. Then, 

in the subsequent second block of 80 trials, participants tried not to respond (to inhibit 

the prepotent categorisation response) when they heard the computer 'beep' on 

presentation of the stimulus. 'Beeps' were presented on a pseudorandom basis for 

25% of the trials, and f6r the remaining 75%'of the trials which did not 'beep', they 

were instructed to continue to categorise by making 'YES' and 'NO' button press 

responses to the stimuli. For each of the 100 trials, a fixation point appeared after a 

1000 m illisecond duration and stayed on for 200 ms followed by the stimulus picture 

which remained until the participant made their response. Pictures which were 

preceded by a 'beep' disappeared after 3 seconds providing the child withheld their 

response as instructed. 'Prepotent response errors (an error made ýy a participant 
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making a response when they heard a 'beep'), categorisation errors (an error made 

when a participant incorrectly categorised animals and non-animals), and response 

reaction times for each trial were recorded. 

In the flanker resistance to distractor inhibition task, participants responded by 

button press using the right and left arrow keys on the computer to a centrally located 

arrow, ignoring any other arrows or characters that flanked the target arrow. 

Participants pressed the right arrow key when the central arrow was pointing to the 

right and pressed the left arrow key when the central target arrow on the screen was 

pointing to the left. In three conditions, the target arrow was flanked by three non- 

target characters on either side (central arrow flanked by other arrows pointing in the 

same direction (congruent condition); central arrow flanked by arrows pointing in the 

opposite direction as the central arrow (incongruent condition); or the central arrow 

flanked by asterisks (neutral condition)). There was also a no noise condition in 

which the central arrow appeared alone on the screen. All arrows and asterisks were 

displayed within a box approximately 300 x 300 pixels with characters in the display 

spaced 18 pixels apart from each other and on each trial a 1000 ms blank screen 

preceded a 500 ms fixation point followed by the target stimulus which remained on 

the screen until the participant responded. There were 20 trials of each type of 

presentation for a total of 80 trials and stimuli were presented pseudorandomly with 

the same type of presentation never occurring more than twice consecutively. 

In the abstract shape matching resistance to distractor inhibition task, 15 

abstract shapes presented on the display in a space measuring approximately 550 x 

750 pixels in width and between 250 x 350 pixels in height were created by the 

Experimenter. The shapes were printed in red, light green, and dark green on a white 

background. Each display on the computer screen contained a light green target shape 
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positioned either alone in 50% of trials (no distractor) or overlapping another red 

abstract shape in 50% of the trials (distractor present) (when the two shapes 

overlapped, the green lines always occluded the red lines) on the left side of the 

screen. Simultaneously in the display, a dark green shape appeared on the right hand 

side of the screen. Participants were instructed to decide if the light green shape 

matched the dark green shape as quickly and accurately as possible and respond by 

pressing the 'YES' button for a match and the 'NO' button for a mismatch. The 

shape displays remained on the screen until the participant made the button press 

response, at which point the next trial display appeared. Each of the 15 shapes was 

shown as a light green target shape 4 times to create 60 trials in total. Response 

reaction times and error rates were recorded for each trial. 

5.3 Results,,, 

Descriptive statistics for age and Raven's Matrices performance for all groups 

can be found in Table 11. An analysis of variance (ANOVA) showed that a 

difference between the mean ages of the typically developing group and the two 

diagnostic groups was significant, F(2,50), = 30.28, p< . 00 1. - The children with 

autism were the oldest group, with the children with moderate learning disabilities 

second oldest, - and typically developing children were the youngesý of the three 

groups. A further ANOVA was performed on the RCPM scores, which verified a 

nonsignificant difference in non-verbal ability across all groups, F(2,50) = 0.39, p=. 

68. ' 
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Table 11: Participant backUound measures 

CWA TDC MLD 

m SD m SD m SD 

Chronological age 161.94 20.82 125.80 6.83 153.53 13.32 

(months) 

RCPM score (max. 26-50 9.24 25.10 5.57 25.47 5.95 

36) 
--- 

Tables 12,13,14, and 15 present mean time in milliseconds for all responses 

and error rates for the three groups of participants on the four tasks; the antisaccade 

prepotent response inhibition task, the stop-signal prepotent response inhibition task, 

the flanker resistance to distractor inhibition task, and the abstract shape matching 

resistance to distractor inhibition task. An Analysis of Variance (ANOVA) using 

reaction time and then error rate separately was employed for each task with the factor 

of group (children with autism; children with moderate learning disabilities; and 

typically developing children; independent measure) and factor of condition (which 

varied for each task; repeated measure). 

Table 12. 
- 

Reaction times (ms) and error rates for each groull and each condition on 
the antisaccade task 
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Measure Condition 
CWA 

m SD 
TDC 

m SD 
MLD 

m SD 
RT's Congruent 926 495 853 340 899 406 

Incongruent 826 265 839 272 879 395 

Errors Congruent 2.72 3.81 1.00 1.62 2.82 5.12 

Incongruent 5.94 5.96 6.60 5.39 3.94 4.75 

Table 13: Reaction times (ms) and error rates for each jzroup and each condition on 
the stop: ýi: Mal task 

CWA TDC MLD 
Measure Condition m SD m SD m SD 
RT's Categorise 1175 335 1096 354 1062 301 

Errors Beep 3.33 3.50 2.40 2.40 1.88 1.65 

Categorise 3.20 5.07 1.15 1.63 0.76 1.15 

Table 14: Reaction times ( ms) and error rates for each &Eoul 2 and each condition on 
the flanker task 

CWA TDC MLD 
Measure Condition m SD m SD m SD 
RT's Congruent. 878 236 770 197 832 225 

., Ancongruent 1168 382 1062 386 1087 501 

Errors Congruent 2.72 3.81 1.00_ 1.62 2.82 5.12 

Incongruent 5.94 5.96 6.60 5.39 3.94 4.75 

Table 15: Reaction times ( ms) and error rates for each jzrou p and each condition on 
the abstract shave matchin a task 

CWA TDC MLD 
Measure Condition m SD m SD m SD 
RT's, No Distractor 1346 493 1233 418 1248 397 

Distractor 1756 871 1541 472 1792 660 

Errors No Distractor 1.88 3.03 1.90 1.80 1.24 1.15 

Distractor 3.83 5.10 2.75 1.99 1.76 2.1 1_ 
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For the antisaccade task, there were two conditions; a congruent condition 

where children saw arrows pointing in the congruent direction as the side of the 

screen on which they appeared, and an incongruent condition where children saw 

arrows pointing in the incongruent direction as the side of the screen on which they 

appeared. A repeated measures ANOVA using reaction time was conducted for 

group (children with autism, children with moderate learning disabilities, and 

typically developing children; independent measure) and condition (congruent and 

incongruent conditions; repeated measure). There was no significant main effect of 

condition, F(l, 48) = 1.99, p= . 17, no significant main effect of group, F(2,49) = 

0.0 1, p= . 98, and no significant group by condition interaction, F(2,48) = 0.75, p 

48. 

Although there were no significant differences across condition or group for 

the antisaccade task reaction times, when an ANOVA was completed for error rates, 

there was a highly significant main effect of condition, F(l, 48) = 12.02, p= . 00 1, 

whereby participants made more errors in the incongruent condition than in the 

baseline condition. The main effect of group for error rates was clearly non- 

significant, F(2,48) 0.13, p= . 88. There was an approaching group by condition 

interaction, F(2,48) 2.47, p= . 09, where the typically developing children showed 

more of a condition effect than other groups, F (1,17) = 20.73, p< . 00 1, and children 

with autism showed more of an effect, F(l, 17) = 5.3 6, p . 03, than children with 

moderate learning disabilities, F(l, 17) = 0.32, p= .58 (see Figure 15). 

Figure 15: Antisaceade Group Error Rate Performance 
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For the stop-signal prepotent response task, analysis of the reaction time data 

employed a one-way ANOVA to measure group differences. A repeated measures 

ANOVA was used to analyse error rate pcrtonnance of groups on 'beep' errors and 

categorisation errors with factors of group, an independent measure, and error type 

(categorisation errors and "beep' errors; repeated measures). 

The one-way ANOVA analysis of reaction time group differences for 

categorisation stimuli showed no group differences in reaction time performance, F(2, 

44) = 0.55, p= . 58. 

The analysis of errors showed a significant main effect of condition, F(l, 52) 

= 4.55, p= . 04, whereby groups made more errors responding to 'beep' conditions 

when they should have withheld their answers than they did when simply categoriSing 

on 'no beep' stimuli. There was no significant group by condition interaction, F(2, 

52) = 0.75, p= . 48. However, an approaching significant main effect of group was 

apparent, F(2,48) = 2.96, p= . 06, where children with autism made more errors than 

children with moderate learning disabilities and typically developing children (see 

Figure 16). 

FiýZure 16: Stop-signal task- Group Error Rate 
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For the flanker resistance to distractor task, an ANOVA using reaction time 

was first employed with the factors of group (children with autism, children with 

moderate learning disabilities, and typically developing children; independent 

measure) and condition (congruent vs incongruent; repeated measure). There was a 

signiticant effect of condition, F(l, 48) = 17.45,1) <. 001, whereby the incongruent 

condition was more difficult for all groups. There was no significant main effect of 

group, F(2,48) = 0.32, p= . 73, and there was no significant group by condition 

interaction, F(2,48) = 0.89, p= . 50. 

An ANOVA using error rate was also conducted which again showed it 

significant main effect of condition, F(l, 48) = 4.12, p= . 04, whercby groups made 

more errors on the incongruent condition than the congruent condition. There was 

also a trend for the niain effect of group, F(2,48) ý 2.2 1,1) 
. 12, where children with 

autism made more errors, F(I, 17) - 2.71,1) ý . 12 than othergrOLIPS, F(l, 17) ýý 0.14, 

p< . 72 on both conditions (see Figure 17). However, there was no significant group 

by condition interaction, r(2,49) = 1.38,1) - . 26. 

Fig, ure 17: Flanker task- Group Error Perfon-nance 
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An ANOVA on reaction time was conducted for the abstract shape matching 

task with the factors of group (children with autistn, children with moderate teaming 

disabilities, and typically developing children; independent measure) and condition 

(red distractor shape present or absent; repeated measure). A signiticant main effect 

of condition was seen, F(l, 48) = 66.03, p< . 00 1, whereby all groups found the 

condition with the red distractor shape present more difficult than the condition with 

no red distractor shape. There was no significant main effect ot'group, F(2,48) = 

0.14,1) = . 
87, and no significant group by condition interaction, F(2,48) = 1.72, p= 

19 

An ANOVA utilising error rate was also conducted for the abstract shape 

matching task and revealed a significant main effect of condition, F(l, 48) = 7.38, p= 

. 009, whereby all groups made more errors on the distractor condition. The main 

effect of group was not significant, F(2,48) = 1.67, /) =A9, and nor was the condition 

by group interaction, P'(2,48) = 1.60, p= . 21 (see Figure 18). 

Fiaure 18: Abstract shape matching task- Group Error Performance 
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5.4 Discussion 

The results from this study reiterated that children with autism do not seem to 

be impaired in prepotent response inhibition. For this particular study, they do not 

seem to display particular difficulty with resistance to distractor inhibition either, 

although this data, as will be discussed later on, may not be that straiglifforward. 

For the two resistance to distractor tasks, in terms of reaction time and error 

rate, it was clear that the distractor conditions were much harder for all groups, 

confirming that the task did provide the necessary inhibition effect. For tile two 

prepotcnt response inhibition tasks, the measure ofinhibitory performance was based 

on errors made. In the antisaccade task, the condition effect showed that participants 

made more errors on the incongruent condition than in tile congruent condition. The 

results from this study supported the previous suggestions that children with autism 

have intact prepotent response inhibition. Although not sIgnificant, there were signs 

from the flanker, that children with autism may have experienced more difficulty on 

the task than other groups. 

In the case of the antisaccade task, it was clear that there were no differences 

in reaction time between any of the groups and certainly not between congruent and 
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incongruent conditions either. An approaching condition by group interaction showed 

a suggestion that the typically developing children had more difficulty than the other 

groups in the incongruent condition. Therefore, between the data for reaction time 

and the error, rate data, it is clear that the antisaccade task provides evidence that 

children with autism do not show particular difficulty on tests of prepotent response 

inhibition as they did not show any particular difficulty in comparison with controls in 

terms of reaction time and error rate. 

The stop-signal task revealed no significant reaction time differences between 

groups although it did take longer for groups to respond on 'categorisation' trials than 

on 'beep' trials when they were meant to withhold a response. When errors were 

analysed, children made more errors on 'beep' trials when they erroneously answered, 

than when categorising when they were supposed to on the majority of trials. There 

was also a suggestion via an approaching main effect of group that children with 

autism made the most errors of the three groups while typically developing children 

made the least errors overall of the groups.,, One might argue, that the effects of 

anticipating upcoming 'beep', stimuli may have resulted in more errors on 

ficategorisation', response questions, or miscategorising the stimuli. In this way, 

perhaps children with autism made more errors overall, due to a potential difficulty in 

understanding the task or by trying to respond too quickly. It is also important to note 

that the mean difference in error making of children with autism from the other two 

groups was only approximately 1.5 errors. In essence, enough errors to see an effect 

approaching sioýicance, but perhaps not enough to, conclude that these children with 

autism necessarily experienced any more inhibitory control impairment on these tasks 

than the typically developing children or the children with- Moderate leaming 

disabilities. 
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From the results of the children with autism on the prepotent response 

inhibition tasks, the data seem to suggest that they do not show any obvious deficits of 

inhibition. Certainly, in terms of reaction time, this conclusion seems clear, and in 

terms of error rates for the antisaccade task, this conclusion is fortified. Even for the 

marginal difference in error rates for children with autism on the stop-signal task, it is 

important to note that these mistakes were not specifically prepotent response 

mistakes, but overall mistakes made to a very small degree., In order to decrease the 

effects of anticipating prepotent 'beep' stimuli. - it is important to examine the 

performance of children with autism when the allotted time to make a response from 

when the stimulus appears is varied. 

Although not as clear, some noteworthy results also came from the resistance 

to distractor tasks of inhibition. Based on Christ et. al. 's (2007) findings using the 

flanker task, it seemed as though children with autism might have more problems -. 

resisting distracting information while maintaining the ability to withhold prepotent 

responses. 

For the abstract shape matching resistance to distractor task, the results 

followed a similar pattern as the results from the flanker task. As expected, all groups 

showed a significantly increased reaction time in the more difficult distractor 

condition than in the condition without a distractor. There were no group differences 

in these reaction times. When error rates were analysed, as was the case with the 

flanker task, the groups as a whole made more errors in the distractor (incongruent 

condition for the flanker task) condition than in the condition with no distractor. 

The findings for this study did seem to suggest yet again, in combination with 

the other experiments from this thesis that children with autism seem to show intact 

prepotent response inhibition. Although group differences and interactions were not 
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significant for the resistance to distractor tasks, and certainly not suggestive by any 

statistical measure that there is the potential for a differential impairment of prepotent 

response inhibition and resistance to distractor inhibition in children with autism, it 

seems that the suggestion is there that if this study were replicated using more trials 

and/or more participants on a larger scale, a differential performance may start to 

emerge from the resistance to distractor tasks. It is possible that although children 

with autism are actually impaired in resistance to distractor inhibition, they are intact 

in prepotent response inhibition. A possible reason for why this finding was not 

significant may be explained in terms of a weak bias to central coherence in autism, 

which in this case makes competitor items (the incongruent flanking arrows in the 

flanker task, or the red distracter shape in the abstract shapes task) in the global 

display less distracting as children with autism tend to focus on the more local 

information naturally (B61te, Hubl, Dierks, Holtmann & Poustka, 2008). In real life 

situations, this tendency can often be a disadvantage for children with autism in terms 

of setting and completing goals or participating in social settings (Best, Moffat, 

Power, Owens & Johnstone, 2007). However, in resistance to distracter inhibition 

tasks, focusing on the local stimuli (in this case the central target arrow and the light 

green target shapes) may- lead to an advantage for the children with autism as ignoring 

the global display resulted in less distraction from the non-target stimuli than they' 

otherwise would have experienced., ý One might argue that the flanker task and the 

abstract shape matching task are similar in nature to an embedded figures task, on 

which children with autism are known to excel due to having the advantage'of a weak 

central coherence and therefore the ability to pick out detailedinformation of a global 

display (1381te et at., 2008). Therefore, it is possible that the advantage of a weak 
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central coherence for children with autism on these two resistance to distractor tasks 

is actually downplaying a potentially very poor inhibitory capability. 

This raises the question of whether individuals with autism would show 

stronger inhibitory deficits on such tasks if they were designed with conditions that 

were less difficult in terms of identifying the central target, therefore removing the 

possible advantage of a weak central coherence for the children with autism. Perhaps 

designing resistance to distracter tasks which have varying difficulty levels of 

distraction would allow inhibition effects on these tasks to be teased out. 

5.5 Experiment 6 

Experiment 5 explored the possibility of differential performance and 

potentially differential impairment of inhibition in children with autism. As work 

from Chapter 3 had ruled out the probability of differential motor versus cognitive 

inhibition playing a role in the inconsistent inhibition task performance of children 

with autism, Experiment 5 investigated a second major theory of autism addressed in 

Chapter 1. This investigation was based on findings from work with typically 

developing adults, which suggested that there is a difference between the type of 

inhibition that prepotent response inhibition tasks activate and the type of inhibition 

which resistance to distractor inhibition tasks activate (Friedman & Miyake, 2004). 

Furthermore, Experiment 5 supported previous evidence of intact inhibitory 

performance on tests of prepotent response inhibition such as the day/night task. 

Although these findings were not coupled with impaired inhibitory performance on, 

resistance to distractor tests of inhibition like the flanker task, there seemed to be a 

possibility that with more trials and more careful control of the possibility for an 

advantage from a weak central coherence on the same resistance to distractor tasks, 

something of significance may come to light (Christ et. al., 2007). 
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Therefore, Experiment 6 addresses this possibility by introducing a modified 

version of the classic flanker task, which adjusted the size of the central arrow and the 

spacing of the flanking arrows from the central arrow in order to make the task easier 

for control groups who do not benefit on the task from a bias to weak central 

coherence, as the children with autism may do. If this suggestion is correct, it is 

expected that if a weak central coherence advantage is controlled for by varying 

sizing and spacing of the flanking stimuli from the central stimuli, it will be possible 

to see whether all groups are affected by these manipulations, allowing for measuring 

inhibitory performance of groups from a point where controls perform like children 

with autism on congruent trials. 

Experiment 6 also addresses the relatively unclear findings from Experiment 5 

regarding performance of children with autism on the stop-signal prepotent response 

inhibition task. In Experiment 5, although children with autism made more errors 

overall than controls, they did not make more prepotent response errors specifically. 

There is a possibility that children with autism were more prone to anticipating a 

stimulus which therefore led to a combination of more prepotent response errors and 

more categorisation errors. Therefore, Experiment 6 employed a stop-signal 

prepotent response inhibition task which introduced beeps at different times from 

when the stimulus appeared, 'in order to minimise the tendency for participants, 

particularly the children with autism, to anticipate the nature of the upcoming 

stimulus and to therefore increase the chances of participants making more inhibitory 

mistakes. This manipulation therefore aimed to allow for a more clear analysis of the 

error data' 

5.6 Methods 

Particl2ants 
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Three diagnostic groups, 15 children with autism, 15 children with moderate 

learning disabilities, and 15 typically developing children were selected for this study. 

All children who participated in the study were within the age range of 8-17 years old 

and were matched for mental ability (see Table 17). Children with autism ranged in 

age from 12 years 6 months to 17 years 4 months with a mean age of 172.53 months. 

Typically developing children ranged in age from 8 years 6 months to II years 9 

months, with a mean age of 117.53 months. Children with moderate learning 

disabilities ranged in age from 12 years 6 months to 15 years 9 months, with a mean 

age of 170.24 months. From the group of children with autism, 3 females and 12 

males participated, based on availability. From the typically developing group, II 

females and 4 males participated in the study, and from the group of children with 

moderate learning disabilities, 8 females and 7 males participated. The same children 

from all groups who participated in Experiment 4 participated in Experiment 6. 

Procedure 

All participants were tested individually in one session each. During the 

session, children were first given the Raven's Coloured Progressive Matrices Test 

(RCPM) (Raven et al., 1990) in order to measure non-verbal mental ability (see Table 

17). All children were also given the Children's Embedded Figures Test (Witkin, 

Oltman, Raskin & Karp, 197 1) in order to test for central coherence performance. 

There were two sections of the task. In the first, children had to find and identify a 

, tent' embedded in a picture and in the second section children had to identify a 

'house'hidden in a picture. This group only completed the II items in section I and 

the dependent measure was time taken to find and identify the 'tent' measured in 

seconds for each item. Final scores equalled the sum of all times taken for each item. 
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Subsequently, children were given two experimental tasks to complete, each 

of which took approximately 5 minutes, a prepotent response inhibition task (stop- 

signal task), and a resistance to distracter inhibition task (flanker task). Each task was 

presented once and required a button press response on the computer keyboard for 

each trial. All tasks were presented with all stimuli displayed in the centre of a 1280 x 

800 pixel screen on a 15" Mac book laptop. 

The stop-signal response inhibition task consisted of three blocks of trials. The 

first block of trials was a practice block of 10 trials. Each trial in the second block of 

20 trials was used primarily to measure participants' average response times which 

were then used to fix their individual 'beep' durations on beeps occurring before and 

after items were displayed. In addition, this block served to build up a prepotent 

categorisation response. - Participants saw I of 20 animal and non-animal pictures 

(e. g. -a tiger or a bicycle) and categorised each as an animal or non-animal as quickly 

and accurately as possible by a button press response. Computer keys 'C' and W 

were labelled . 'NO' and '-YES'- respectively and participants were instructed to 

categorise the stimuli by pressing 'YES' if the picture was an animal and 'NO' if the 

picture was not an animal. Then, in the subsequent third block of 160 trials, ý 

participants tried not to respond (to inhibit the prepotent categorisation response) 

when they heard the computer 'beep' on a pseudorandomly selected 25 % of the trials, 

and for the remaining 75 % of the trials which did not 'beep', they were instructed to 

continue to categorise by making 'YES' and 'NO'- button press responses to the 

stimuli. The ýbeeps' occurred at three different time intervals around the presentation 

of the stimulus. An average response time was recorded for each participant during 

the practise portion of the task. - 
This average was used to calculate when the 'beep' 

sounded for each of the three possible times during the test trials. For one third of the 
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trials that 'beeped', the 'beep' sounded (half of the average reaction time before 1000 

ms) before the stimulus appeared at a time based around each participant's individual 

average response time as determined from block 2 of the task. For another third of 

the 'beep' trials, the 'beep' occurred 1000 ms after the presentation of the stimulus, 

and for another third of the 'beep' trials, the 'beep' occurred (half of the average 

reaction time after 1000 ms) after the stimulus appeared on the screen at a fixed time 

based on each participant's individual average response time from block 2. For each 

of the 160 trials, a fixation point appeared for 1000 ms followed by the stimulus 

picture which remained until the participant made their response. Pictures which 

were accompanied by a 'beep' disappeared after 3 seconds providing the child 

withheld their response as instructed. Prepotent response 'beep' errors (an error made 

by a participant making a response when they heard a 'beep'), categorisation errors 

(an error made when a participant incorrectly categorised animals and non-animals), 

and response reaction times for each trial were recorded. 

In the flanker resistance to distractor inhibition task, participants responded by 

button press using the right and left arrow keys on the computer to a centrally located 

arrow, ignoring any other arrows or characters that flanked the target arrow. 

Participants pressed the right arrow key when the central arrow was pointing to the 

right and pressed the left arrow key when the central target arrow on the screen was 

pointing to the left. This task manipulated three aspects of the classic flanker task; 

size of the central arrow of which there were three levels (central arrows were 

displayed at 100% then increased in width while keeping the length of the arrow 

constant ((100% arrows were 125 x 128 pixels), 120% and 140% in width), space 

from the central arrow to flanking arrows on either side of which there were three 

levels (18 pixels from the central arrow, 36 pixels from the central arrow, and 54 
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pixels from the central arrow), and congruency (congruent, with the ccntral arrow 

pointing in the congruent direction to the flanking arrows, and incongruent, with the 

central arrow pointing in the incongruent direction to the flanking arrows). The 

factorial combination of these three conditions formed 18 possible stimulus displays 

during the task (see Table 16). All flanking arrows were displayed in 100% size and 

were diplayed in a space approximately 874 x 169 pixels. On each trial a 1000 ms 

blank screen preceded a 500 ms fixation point followed by the target stimulus which 

remained on the screen until the participant responded. There were 24 trials of each 

of the 18 types of presentation for a total of 216 trials and stimuli were presented 

pseudorandomly with the same type of presentation never occurring more than twice 

consecutively. 
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Table 16: Flanker Task Conditions 

Space 1- 18 Pixels Space 2- 36 Pixels Space 3- 54 Pixels 

Size 

I- < <1 <>< <<< > > 

100% 
Size 

2- ><< <<< > <<< > <<< 

[20% 

Size 

I- <<<><<< <<< > <<< > <<< 

140% 

5.7 Results 

Descriptive statistics for age and Raven's Matrices performance for all groups 

can be found in Table 17. An analysis of variance (ANOVA) showed that a 

difference between the mean ages of the typically developing group and the two 

diagnostic groups was significant, F(2,44) = 58.55, p <. 001. Thechildrenwith 

autism were the oldest group, with the children with moderate learning disabilities 

second oldest, and typically developing children were the youngest of the three 

groups. A further ANOVA was perfonned on the RCPM scores, which verified no 

significant difference in non-verbal ability across all groups, F(2,44) = 0.16, p= . 85. 

Finally, an ANOVA was performed on the Embedded Figures Test scores, which also 

showed no significant group differences in scores, F(2,44) = 1.39, p= . 25. 

Table 17: Participant background measures 
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i 

CWA TDC MLD 
M SD M SD M SD 

Chronological age 172.53 20.80 117.53 12.36 170.23 12.55 

(months) 
RCPM score (max. 25.86 9.84 24.53 3.77 24.94 5.91 

36) 
Embedded Figures 175.08 84.68 200.28 74.51 184.88 95.68 

Test 

Tables 18,19 and 20 represent mean time in milliseconds and error rate 

numbers for the three groups of participants on the two experimental tasks; the stop- 

signal prepotent response inhibition task and the flanker resistance to distractor 

inhibition task. Analyses of Variance (ANOVA) using reaction time and then error 

rate separately was employed for each task with the factor of group (children with 

autism; children with moderate learning disabilities; and typically developing 

children; independent measure) and repeated measures variables were individual for 

each task. 

Table 18: Reaction times (ms) and error rates for each uoun and each condition on 
the stog-sig aal task 

CWA TDC - MLD 
Measure Condition m SD m SD m SD 
RT's Categonse 1222 380 1235 365 1074 338 

Effors Beep Total 3.00 
1 

2.83 2.66 2.23 1.68 1.85 

Beepl 0.53 '0.63 0.73, '' * 0.70 0.88,2.64- 
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Beep 2 1.13 1.50 1.00 1.36 1.24 2.73 

Beep 3 1.33 1.58 0.93 0.88 1.41 2.67 

Categorise 36.46 4.47 36.73 4.96 37.87 12.41 

Table 19: Reaction times (ms) for each grou p on the con-grucnt and incongruent 

conditions of the flanker task 
CWA TDC MLD 

Condition Combinations m SD m SD m SD 
Congruent Sizel Space 1 751 377 796 281 781 408 

Size 1 Space 2 803 386 848 245 772 362 

Size 1 Space 3 700 241 804 294 720 245 

Size 2 Space 1 649 227 797 312 700 294 

Size 2 Space 2 681 179 749 200 737 338 

Size 2 Space 3 724 281 767 271 705 323 
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Size 3 Space 1 679 223 769 312 682 268 

Size 3 Space 2 750 230 828 246 869 516 

Size 3 Space 3 697 278 717 135 665 252 
Incongruent Sizcl Space 1 915 463 1042 409 1112 842 

Size I Space 2 858 248 1004 352 930 578 

Size I Space 3 921 294 979 327 910 549 

Size 2 Space 1 881 290 999 364 844 386 

Size 2 Space 2 806 235 917 347 882 437 

Size 2 Space 3 812 314 973 349 846 544 

Size 3 Space 1 811 283 812 238 839 388 

Size 3 Space 2 807 267 910 237 832 442 

S izc 3 Space 3 790 235 886 277 761 396 
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Table 20: Error rates for each grouD on the inconment condition on the flanker task 

Condition Combinations 
CWA 

m SD 
TDC 

m SD 
MLD 

m SD 
Congruent Sizel Space 1 0.06 0.25 0.20 0.56 0.17 0.52 

Size 1 Space 2 0.13 0.35 0.66 1.39 0.41 1.00 

Size I Space 3 0.40 0.50 0.60 1.29 0.70 1.57 

Size 2 Space 1 0.26 0.59 0.26 0.59 1.70 2.66 

Size 2 Space 2 1.20 0.56 0.66 1.04 1.88 3.14 

Size 2 Space 3 0.13 0.35 0.73 1.38 1.76 3.05 

Size 3 Space 1 0.26 0.45 0.33 0.72 1.94 3.23 

Size 3 Space 2 0.20 0.41 1.53 0.99 1.41 2.34 

Size 3 Space 3 0.33 0.48 0.60 0.63 1.64 2.7 

Incongruent Sizel Space 1 2.20 3.27 1.13 1.30 2.88 2.91 

Size I Space 2 2.90 3.26 0.46 0.63 1.64 3.06 

Size I Space 3 2.53 3.33 2.60 0.73 1.70 2.66 

Size 2 Space 1 2.53 3.56 0.86 1.06 0.70 1.68 

Size 2 Space 2 3.34 3.54 0.60 0.91 0.47 1.00 

Size 2 Space 3 2.13 3.31 0.73 0.70 0.88 1.90 

Size 3 Space 1 2.60 3.45 0.60 0.91 0.52 1.69 

Size 3 Space 2 2.26 3.30 0.93 1.03 0.59 1.97 

Size 3 Space 3 1.80 3.02 0.73 0.96 1.52 3.00 
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For the stop-signal prepotent response inhibition task, a one-way ANOVA 

using reaction time was employed with a between subjects factor of group as noted 

above and no significant reaction time group performance differences were found, 

F(2,44)=0.55, p=. 58. A one-way ANOVA using error rates was also employed for 

categorisation errors with the same between subjects factor of group, and no 

significant difference was found, F(2,44) = 0.14, p= . 86. 

An analysis of the error rates made on the varying 'beep' conditions using a 

repeated measures ANOVA with a factor of group (independent measure) and a inter- 

stimulus interval (ISI) factor (beep 1, beep 2, or beep 3; repeated measures) showed a 

significant main effect of beep condition, F(2,4 1) = 4.02, p= . 02, where all groups 

made more errors on 'beep' condition 3, when the 'beep' sounded after the 

presentation of the stimulus, than on 'beep' conditions I or 2 when the 'beep' 

sounded before and on the presentation of the stimulus. There was no significant 

main group effect, F(2,42) = 1.46, p . 24, and there was no sign of a significant 

g roup by response type interaction, F(4,84) = 0.47, p= . 76. 

For the flanker resistance to distractor task, ANOVAs using reaction time and 

then error rate were first employed with the factors of group (children with autism, 

children with moderate learning disabilities, and typically developing children; 

independent measure), size (size 100%, size 120%, and size 140%; repeated 

measure), space (space 18 pixels, space 36 pixels, and space 54 pixels; repeated 

measure), and congruency (congruent and incongruent; repeated measure). Due to the 

complexity of the results that emerged from these 4-factor analyses, only the three and 

four-, way interactions are reported as some of these were significant and therefore 

qualified lower-order effects. Furthermore, a repeated measures ANOVA was 

conducted analysing only the performance of typically developing children with the 
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same factors of size, space, and congruency. This analysis provided an illustration of 

how this task behaved with a typical population in comparison with clinical groups. 

Finally, in response to the three and four-way interactions found from the first 

repeated measures ANOVAs, a series of one-way ANOVA's were conducted for each 

size by space level combination in order to explore interference effects at each of the 

9 levels. 

For the reaction time analysis, there was a significant three-way interaction of 

size by space by congruency (See figures 19 and 20), F(4,39) = 8.96, p <. 001. A 

post hoe analysis split by size showed that while there were no significant congruency 

by space interactions for sizes 120% or 140%, F(2,43): 5 1.83, p ?:. 17, there was a 

significant space by congruency interaction for size 100%, F(2,43) = 13.83, p< . 00 1. 

A further post hoc analysis of this two-way interaction for size 100%, split by space, 

showed that the size 100% and space 36 pixel and 54 pixel combinations provided 

lower interference effects, F(l, 44) 5.09, p: 5.03, than the size 100% and space 18 

pixels comination, F(1,44)=24.97, p<. 001. All other possible three way 

interactions were not significant, including the size by space by group interaction, the 

size by congruency by group interaction, and the space by congruency by group 

interaction, F(4,84): 5 1.14, pý: . 35. The possible four way interaction was also not 

significant, F(8,80)= 0.75, p= . 65. 
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Figure 19: Flanker Reaction Time- Size by Space by Congruency Intcraction- 
Conýyruent 
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Figure 20: Flanker Reaction Time- Size by Space by Congruency Interaction- 
Incongruent 
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For the error rate analysis, there was a f'our way size by space by congruency 

by group interaction which was highly significant, F(8,80)= 4.74, p< . 001. Due to 

the complexity of this finding, a repeated measures ANOVA for reaction time and 

error rate with repeated measures factors of size, space and congruency were 

conducted for the typically developing group of children only. This analysis gave a 

representation of how the task bchaves with a typical population in comparison with 

the two clinical groups. The two significant three way interactions from the flanker 
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error analysis were unpacked and a post hoc analysis was then coducted by using a 

one-way ANOVA exploring group performance on each of the 9 space by size 

combination levels (see Figure 30). 

There were two significant three-way interactions. There was a significant 

size by space by group interaction, F(8,80) = 5.57,1) < . 001. A post hoc analysis was 

conducted on space by size effects for each group and showed there was a size by 

space interaction for children with autism, F(4,11) = 4.57, p= . 02, and typically 

developing children, F(4,11) = 6,27, p= . 007, but the children with moderate 

teaming disabilities stood alone in experiencing no significant size by space 

interaction, h'(4,11) = 1.8 1, p= . 20, (see Figures 21,22, and 23). A post hoc analysis 

of space performance split by size was conducted for children with autisin and 

showed no main ci'tcct of space on size 140%, F(2,13) - 1.64,1) = . 23. However, 

there were main effects of space for sizes 100% and 120% in this group, F(2,13) > 

5.73, p< . 02. A further repeated measures ANOVA using interference sizes split by 

space showed no significant dill'crence in interference sizes between spacings for 

children with autism, P'(2,14) = 2.0 1, p= . 15, on size I ()(W'o. For size 120%o, a post 

analysis of'space performance using interference size showed no significant 

difference in interference size across spacings, F(2,13) - 0.33,1) . 72. 

A post hoc analysis for typically developing children of'spacc performance 

split by size showed that while there were signi I icant space effects for both sizes 

100% and 140%, F(2,13) > 13.12, p< . 00 1, there was no signi ficant space effect on 

size 120%, F(2,13) = 0.70, p= . 52. 
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Figure 21: Flanker Errors Size by Space by Group Interaction- Children with Autism 
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Figure 22: Flanker Errors Size by Space by Group Interaction- Typically Developing 
Children 
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Figure 23: Flanker Errors. Size by Space by Group Interaction- Clilldrcn with 
Moderatc Lcarning Disabilitics 
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There was also a significant space by congrucncy by group interaction, F(4, 

84) ý 4.17,1) - . 004. Post hoc analysis of space by congruency effects split by group 

showed that while the children with autism, IJ2,13)- 2.37,1) - . 
13, and the children 

with moderate learning disabilities, P'(2,13) = 3.27,1) -- . 
07, showed non significant 

effects of space and congruency, typically developing children did show a significant 

space by congrueny interaction, due to fewer errors on the incongruent conditions for 

space 36 pixels, F(2,13)= 16.45, p< . 
001, (see Figures 24,25 and 26). 

Figure 24: Flanker Errors Space by Congruency by Group Interactio-n- Children with 
Autism 

4 

3.5 

3 

2.5 

2 

1.5 

0.5 

0 Congruent 

11 Incongnictit 

161 

spacc 18 

Space 18 Space 36 '-, pace 54 

Space 



Fimure 25: Flanker Errors Space by Congruency by Group Interaction- Typically 
Developing, Children 
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Fitmre 26: Flanker Errors Space by Congruency by Group Interaction- Children. with 
Moderate Leaming, Disabilities 
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For the 3 factor ANOVA analysing reaction time perl'Onnance ol'the typicallý 

developing children only, a three-way interaction ot'size, space and congruency was 

significant, F(4,11) = 7.83 p= . 003 (see Figure 27). Post hoc analyses, when split 

by size, showed that while there were no significant interactions of congruency and 

space in sizes 120% and 140%, F(2,13) < 1.09, p> . 40, there was a space by 

congruency interaction for size 100%, F(2,13) = 16.27, p< . 00 1. A post hoc split 

again by space for size 100% showed that the size I 00%o and space 36 and 54 pixel 

combinations showed lower interference sizes, /jI, 14) > 6.88, p< . 02, than the size 

100% and space IS pixel combination, F(I, 14) = 15.39, p< . 
00 1. 

Fiý,, ure 27: Flanker Reaction Time Size by Space by Congruency Interaction- 
Typically Developing Childre 
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The 3 Cactor analysis of error rate aniong typically developing children only 

also showed a significant three-way interaction, F(4,11 ) 4.95, p . 02 (see Figures 

28 and 29). A post hoc split by size showed no significant space by congruency 

interaction for size 120%, F(2,13) = 1.18,1) = . 34. However, for sizes I OW/o and 

140%0, the space by congruency interactions were significant, F(2,13) -- 5.424) - . 
02. 

A post hoc analysis of size 100% split by space showed tilat while tile interference 

sizes for combinations size 100% and space 19 Pixels, and SI/C I 00", ý and space 54 
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pixels were large, F( 1,14) > 14.14, p <- .01, the interference size for combination size 

100% and space 36 pixels was small, F(I, 14) = 0.151 p= . 
49. A post hoc analysis 

split by space for the size 140% space by congruency interaction showed significantly 

less interference effects for the size 140% and space 18 pixel combination or for the 

size 140% and 54 pixel combination, F(l, 14) <- 1.67, p> . 
23, than for the size 140%o 

and space 36 pixel combination interference size, F(l, 14) = 5.56, pý . 
03. 

Figure 28: Typically Developing Size by Space Interference Size for Reaction Time 
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Figure 29: Typically Developing Size by Space Interference Size for Error Rate 
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In order to unpack the orginal flour-way interaction (see Figure 30) in the error 

rate date from all groups, thus examining the pattern oi'perfon-nance of all groups 

across repeated measures factors of size, space and congruency in Figure 30, one-way 

ANOVA's were conducted flor each of the 9 space and size combinations with 

Bonferroni post hoc corrections. 

Figure 30: Flanker Errors Interference Size- Size by Space by Congruency by Group 
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interference effects was not significant, F(2,44) -- 2.37, /) . 12. For the sim 

and space 36 combination, the group difference was significant, F(2,44) 4.8 '), 1 

01. A Bonferrom post hoc showed that children with autisin experienced an 

interference effect while typically developing children did not, t(44)-3.00,1) .01. 

The size 100% and space 54 pixels combination analysis was not significiint, F(2,44) 

= 0.56,1) = . 58, 
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For the size 120% combinations, the combination with space 18 pixels was 

significant, F(2,44) = 5.7 6, p = . 006, where children with autism experienced an 

interference effect while children with moderate learning disabilities did not, 

t(44)=3.40, p=. 005. For space 36 pixels, there was a significant effect, F(2,44) 

6.45, p = . 004, where children with autism showed an interference effect while 

children with moderate learning disabilities did not, t(44)=3.68, p . 003. For space 

54 pixels of size 120%, the finding was also significant, F(2,44) 4.07, p = . 02, 

where children with autism showed an interference effect and children with moderate 

learning disabilities did not, t(44)=2.80, p= . 03. 

Of the size 140% combinations, the space 18 pixels analysis was significant, 

F(2,44) 10.02, p < . 00 1, where children with autism showed an interference effect 

and children with moderate learning disabilities did not, t(44)=4.00, p <. 001. For the 

space 36 pixels, the analysis was significant, F(2,44) 7.87, p . 00 1, again showing 

that children with autism experienced an interference effect while children with 

moderate learning disabilities did not, t(44)=3.07, p =-. 902. Finally, the analysis for 

space 54 pixel of size 140% was approaching significant, F(2,44) 2.70, p . 08. 

5.8 Discussion 

The results from Experiment 6 are complex but can be summed up in a 

straightforward take-home message which potentially answers some questions about 

inhibition in autism. In particular, there are a few main points that stand out in these 

f indings. 

The findings from the stop-signal prepotent response task are very 

straightforward and continue to support the findings throughout this work that 

children with autism do not seem to differ from comparison groups in prepotent 

response inhibition capability. The one-way analysis of reaction time to the 
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categorisation of stimuli showed no group differences. Therefore, no groups 

significantly differed in time taken to categorise items to which they were meant to 

respond. This is worth noting as it demonstrates that all groups demonstrated 

comparable semantic knowledge although it does not inform inhibitory capability. A 

one-way ANOVA was also conducted for errors made miscategorising animals and 

non-animals on stimuli where a 'beep' was not present and there were no significant 

differences in errors made by the three groups. It was clear from a repeated measures 

ANOVA analysing group differences in errors made by responding when a response 

should have been withheld on the three different 'beep' onsets, that 'beep' onset 3 

was where all children made the most errors in responding when they should have 

withheld a response. This was expected as the onset of 'beep' 3 came after the item 

was displayed on the screen, which gave children their average response time in 

milliseconds to believe that the stimulus was a categorisation stimulus rather than a 

'beep' stimulus. As was expected considering findings from Chapters 2,3 and 4 

concerning prepotent response inhibition tasks, there were no group differences in any 

of the groups' ability to withhold a prepotent response by not responding on 'beep' 

stimuli. 

The flanker reaction time data were more straightforward than the error data and 

were summed up with the unpacking of a three-way interaction. It was clear that all 

groups performed the most slowly on the size 100% and space 18 pixel combination. 

This is not surprising as this was the only size and space combination where the target 

arrow was the same size as the flanking arrows in combination with the fact that the 

target arrow was spaced the same distance frorn'the flanking arrows. These two 

factors made it much more difficult to find the target arrows amongst the flanking 

arrows and identify in which direction it was pointing. 
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The error data were considerably more complex, but there were several important 

points which stood out. It was clear from the size by space by group three-way 

interaction that children with moderate teaming disabilities showed no space by size 

interaction effects while children with autism and typically developing children 

showed complex variations in their error rate responses to the size and space 

combination manipulations. For instance, children with autism showed no significant 

space effects for size 140% stimuli, but for space 54, they made far more errors in 

combination with size 100% while making far fewer when in combination with 120%. 

Typically developing children did not show space effects for size 120%, but they 

made the fewest errors on the incongruent conditions of space 36 stimuli, while other 

groups showed no reliable space by congruency interactions. 

Given this complexity, analyses of reaction times and error rates were conducted 

with typically developing children alone in order to see how the task behaved with a 

typical population. In other words, this analysis examined how the manipulations that 

were made to control for an advantage of a weak central coherence in children with 

autism affected the performance of a typically developing population. These analyses 

showed that typically developing children had the largest reaction time interference 

size for the size 100% and space 18 pixels combination. This was in fine with 

expectations as this was designed to be the most difficult condition for reasons 

explained earlier and was meant 
Ito 

trigger a clear latency effect in typically 

developing children. - Furthermore, in terms of error rates, they showed a smaller 

interference size for the size 100% and space 36 pixels combination than for the size 

100% and 18 pixels combination and the size 100% and space 54 pixels 

combinations, which was also expected. They also made more errors on the size 

140% and space 36 pixels combination than on the size 140%'and space 18 and 54 
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pixels combinations. This final finding was not expected but it is arguable that the 

combination of the two intermediate level factors of size and space caused some 

visual ambiguity between larger and smaller stimuli from other size and space 

combinations. 

Following the analyses of typically developing children only, a series of one-way 

ANOVAs were conducted on each of the 9 size/space combinations in order to 

unpack group differences in error rate throughout the different levels of 

manipulations. This was mainly done as the clearest way to highlight the difference 

in the pattern of inhibitory performance from the children with autism versus the 

performance of the control groups as the sizes and spaces increased in order to make 

the task easier for controls therefore controlling for a probable weak central coherence 

in the children with autism. These analyses showed that the interference effects of 

children with autism experienced throughout all size and space manipulations 

remained large and comparable. In contrast, the children with moderate learning 

disabilities and typically developing children began with a large interference size at 

the most difficult size 100% and space 18 pixels combination and as the sizetspace 

combinations became easier with the target arrow growing larger than the flanking 

arrows and farther from the flanking arrows, their interference sizes reduced to very 

little or no interference effects. 

The original hypothesis for Experiment 6 was that it was possible that children 

with autism did not show impairments in resistance to distractor inhibition in 

Experiment 5 due to an advantage of a weak central coherence on task. Therefore, it 

was expected in Experiment 6, that if manipulations were made to the flanker task in 

order to mimick a similar advantage for controls, we might see inhibitory impairments 

surface in children with autism. In that respect, the findings from Experiment 6 did 

169 



uphold the expectations. However, for this specific sample of children with autism, 

there was no indication from their performance on the Embedded Figures Test that 

they show a bias to a weak central coherence. Therefore, it is difficult to argue with 

confidence that in this case, a bias to weak central coherence is responsible for these 

strong interference sizes showed by children with autism which might be taken as - 

impaired inhibitory performance on the easier size and space trials of the flanker task. 

Therefore, it would be important to investigate reasons for this performance and 

perhaps investigate the status of central coherence in these same children finther. It is 

also important to keep in mind that the existing literature on weak central coherence is 

quite consistent in reporting a bias to weak central coherence in children with autism. 

, Although a finding of comparable central coherence performance between 

controls and individuals with autism is uncommon in the literature, others have found 

children with autism to show comparable weak central coherence performance with 

controls (Brian & Bryson, 1996; Lopez & Leekham, 2003; Mann & Walker, 2003; 

Mottron, Burack, Iarocei, Belleville & Enns, 2003; Ozonoff, Strayer, McMahon & 

Filloux, 1994; Plaisted, Swettenham & Rees, 1999; Ropar & Mitchell, 1999; Ropar & 

Mitchell, 200 1). Happ6 and Frith (2006) have suggested that whether the wording of 

the instruction directs the participant to the local or global component of the task, 

could affect whether the child with autism experiences an advantage from a bias to 

local processing., Plaisted et. ý al. (1999) found that a reduced or absent global 

advantage in autism may only be evident when participants with autism spectrum 

disorder are not directed to the global information in the display. This finding 

coincides with the idea that an individual with autism may not experience a local 

processing bias if they are not particularly directed to the local information in the task. 

through the wording of the task instructions. Nevertheless, 'it was clear from 
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Experiment 6 that children with autism do show impairments of resistance to 

distractor inhibition while maintaining intact prepotent response inhibition. 

It is possible that because these children were older, they have learned to control 

for the disadvantages of a weak central coherence while still experiencing the 

advantages of weak central coherence, as in the case of the classic flanker task. 

However, it is still undeniable that the children with autism clearly showed impaired 

interference effects which are in stark comparison with those experienced by the two 

control groups. As there were no group differences at any point between the two 

control groups, only ever group differences between the children with autism and 

controls concerning interference sizes, it seems likely that children with autism are 

showing impaired inhibitory control in comparison with controls on conditions where 

a possible advantage of weak central coherence has been controlled for. This finding 

paired with the existing literature of performance of children with autism on the 

flanker task (Christ et. at., 2007) seems to suggest that children with autism may 

indeed be impaired in resistance to distractor inhibition while maintaining an intact 

prepotcnt response inhibition. 

5.9 Conclusion 

The goal of Experiment 5 was to test for a possible differential impairment of 

prepotent response inhibition and resistance to distractor inhibition in children with 

autism. Experiment 5 employed two prepotent response inhibition tasks; an 

antisaceade task and a stop-signal task, and two resistance to distractor tasks of 

inhibition; an abstract shape matching task and a classic flanker task. All four tasks 

were modelled after a study testing for separable inhibitory performance in typically 

developing adults (Friedman & Miyake, 2004)., - It was clear from the reaction time 

and error rate analyses of group performance on the antisaccade task that although the 
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task clearly provided inhibitory demand for all groups, children with autism 

performed comparably to the two control groups. The results of the stop-signal 

prepotent response inhibition task also showed a comparable inhibitory performance 

between children with autism and controls. 

The reaction time and error rate analysis results for the two resistance to 

distractor inhibition tasks were interesting. Both tasks showed that all groups 

experienced significant interference effects in terms of latency and error rate. For 

reaction time, there were no significant group differences in performance and no 

significant interactions with group on either task. The error rate analysis results of 

both tasks did not show a significant difference in performance between children with 

autism and controls, but it was suggested in the discussion that perhaps an advantage 

of weak central coherence could have been playing a role in the comparable 

performance of children with autism to controls and that if the flanker task was 

manipulated in an effort to simulate that same advantage for controls, any possible 

inhibitory control deficits in the children with autim may begin to emerge. 

In light of the findings from Experiment 5, it was suggested that children with 

autism seemed to be showing signs of maintaining an intact prepotent response 

inhibition, but that it was important to further investigate their performance on the 

stop-signal task and the resistance to distractor inhibition tasks in light of the existing 

literature (Christ et. al., 2007) and the fact that not much work has been done with 

resistance to distractor inhibition in children with autism. ' Therefore, because the 

implications of the stop-signal results were not completely clear and because it was 

suggested that the results from the flanker task should be reviewed, Experiment 6 

modified and reviewed group performance on these two tasks. 
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In Experiment 6, the stop-signal task was modified to include three times at 

which a 'beep' sounded around the introduction of a stimulus picture. For each 

'beep' trial, the 'beep' might sound either just before the stimulus appeared, exactly 

on the display of the stimulus, or just after the stimulus appeared based on each 

individual participant's average reaction time taken in the practise block. The 

purpose of this modification was to vary the inhibitory load of the task in order to find 

the point at which the task was most inhibitory and to tailor this manipulation to each 

individual's performance pace. A second aim was to stop participants from 

anticipating the onset of a 'beep. This time, there was a clear response type effect, 

where all children made the most errors when the 'beep' sounded after the onset of a 

stimulus picture, which was expected due to reasons explained in the discussion of 

Experiment 6. However, there were again no group differences in terms of reaction 

time or error rates, which confirmed that children with autism performed comparably 

to controls. This finding upheld the conclusion from Experiment 5 that children with 

autism do appear to have an intact prepotent response inhibition. 

The findings for the flanker task from Experiment 6 were supportive of the idea 

that children with autism may be impaired in resistance to distractor inhibition. The 

results confirmed interference effects experienced by all groups for reaction time and 

error rate. They also showed that all groups experienced comparable interference on 

size 100% and space 18 pixel incongruent trial combination, the point at which it was 

most likely that children with autism might be benefitting from a weak central 

coherence while other children are not, which might, therefore, mask any possible 

inhibitory difficulties. However, when sizes and spaces were modified to be made 

easier for controls, the controls responded with an initial decrease in interference size 

and eventually no sign of interference effects at all ý In contrast, the children with 

173 



autism not only maintained interference effects, but even experienced larger 

interference effects on some of the easier sizes and spaces than the size 100% and 

space 18 pixel combination. As discussed in section 5.8, in contrast to the original 

hypothesis that children with autism might have benefited from a weak central 

coherence on the classic flanker versus the modified flanker, their scores on the 

Embedded Figures Test did not show that this specific population of children with 

autism showed a particular bias to weak central coherence. It was noted that not all 

studies testing central coherence in children with autism have found a bias to weak 

central coherence, although this is rare. It could be possible that older children with 

autism have learned to deal with the disadvantages of a bias to weak central coherence 

while maintaining the benefits, in this case, of weak central coherence. However, 

regardless of why their inhibitory impairment became so starkly apparent on the 

modified flanker trials, it was clear from Experiment 6 that children with autism do 

show impairments of resistance to distractor inhibition while showing intact prepotent 

response inhibition. .IIýI 

-The findings from Experiments 5 and 6 make sense not only in terms of most of 

the work completed from the previous Chapters 2,3, and 4, with the exception of 

Experiment 3 in Chapter, 4, where children with autism showed an approaching 

potential for impairment of prepotent response inhibition, but in terms of the existing 

literature on inhibitory performance in children with autism. Most of the literature on 

inhibitory performance in children with autism discussed in this thesis have employed 

tasks of prepotent response inhibition (Ames & Jarrold, 2007; Bishop & Norbury, 

2005; Bryson, 1983; Eskes et. al., 1990; Christ et al., 2007; Goldberg, et al., 2005; 

Griffith et al., 1999; Geurts et. al., ' 2004; Lopez etal., 2005; Minshew et. al., 1999; 

Ozonoff & Jensen, 1999; Ozonoff & Strayer, 1997; Ozonoff et. al., 1994). Most of., 
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these studies, with the exception of four, have found that children with autism are 

unimpaired on prepotent response inhibition. Of the four that have found 

impairments, two of them reported the impairments from resistance to distractor or 

motor tasks of inhibition while reporting unimpairment on the prepotent response 

tasks of the study (Bishop & Norbury, 2005; Christ et. al., 2007). Specifically, Christ 

et. al. (2007) showed in their study that children with autism showed impairment on 

the flanker task while showing no impairment on the classic Stroop task. 

Furthermore, they reported that although the children with autism did make more 

errors on the 'go' trials of the go/no-go task administered, this result was not 

necessarily a reflection of inhibitory impairment, but most likely a reflection of lack 

of sustained attention to the task as the 'no-go' trials carried the inhibitory demand of 

the task (Christ et. al., 2007). 

Furthermore, throughout the work of this thesis, children with autism relatively 

consistently showed comparable inhibitory performance on all but one prepotent 

response inhibition task. In light of findings from Friedman and Miyake's (2004) 

work with adults and findings from Experiments 5 and 6, it seems reasonable not to 

rule out the possibility of a differential impairment in prepotent response inhibition 

and resistance to distractor inhibition in children with autism. 
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Chapter 6 

General Discussion 

,s ýj An Overview of the FindjW 

It is widely recognised that children with autism are impaired in executive 

'function. Specifically, children with autism show potential evidence of problems of 

working memory, planning, and set shifting. However, it has not been widely 

accepted that children with autism are impaired in the executive function component 

of inhibition due to highly inconsistent inhibitory performance of children with autism 

across studies and tasks. The results of studies which have investigated inhibition in 

children with autism and typically developing children were discussed in the 

introductory chapter and were taken together in order to develop the hypotheses 

which were investigated in this thesis. Thus, the main goal of this thesis was to 

examine two complementary hypotheses. Firstly, that children with autism are in 

some way impaired in iriMbition. This hypothesis was addressed throughout the 

experimental chapters of this thesis. Secondly, it was suggested that children with 

autism show inconsistent performance on varying tasks of inhibition due to aspects of 

the task such as working memory load and presentation style of the stimuli in tasks, 

which may have an impact on inhibitory performance of children with autism. This 

hypothesis was also investigated throughout the experimental chapters of this thesis. 

Throughout the course of the thesis, the results of experiments led to the 

investigation of various aspects of some popular tasks of inhibition and some theories 

of inhibition which, in some cases, have not been previously applied to the 

performance of children with autism. These aspects of inhibition included the impact 

of meaningful word stimuli, presentation style of an inhibition task, response set of a 

day/night-like task, working memory load, manual or cognitive response types of a 
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task, and prepotent response or resistance to distractor tasks of inhibition. The 

findings from the experiments which examined these variables in autism are discussed 

in relation to the impact of each of these variables on inhibitory performance in 

children with autism and what that means in relation to the notoriously inconsistent 

performance of children with autism on various tests of inhibition. 

The results from this work shed light on several aspects of inhibition in 

children with autism and therefore have implications for how testing inhibition in 

children with autism might be conducted in the future. There is no doubt that they at 

least show the importance of considering all aspects of an inhibition task before 

drawing definitive conclusions about the status of inhibition in children with autism 

and even suggest that children with autism may potentially experience differential 

impairment to certain types of inhibition. 

6.1.1. The Classic StrooI2 Tas 

The first priority of this thesis was to investigate the validity of a popular task of 

inhibition for typically developing individuals, the classic Stroop task, for children 

with autism.. ý The classic Stroop task is one of the most popular tasks of inhibition 

used and is the only task of inhibition on which children with autism have always 

shown intact performance. The classic Stroop task stood alone from other tasks of 

inhibition in its use of meaningful word stimuli and studies have shown that although 

children with autism read for speed and accuracy comparably to typically developing 

children, they tend to show a lower level of reading comprehension-, 

In Experiment I-a repeated measures ANOVA analysed classic Stroop task and 

chimeric animal Stroop task performance of children with autism and typically 

developing controls who were matched for mental ability, reading accuracy, and 

reading speed. The results showed that the groups performed comparably on the 
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chimeric animal Stroop task, which did not involve meaningful word stimuli, and on 

conditions of the classic Stroop task which did not involve reading comprehension. 

However, children with autism showed far less interference effects than typically 

developing children on the classic interference condition (ignoring colour words and 

naming the colour of the ink in which the word is printed) of the classic Stroop task 

which requires a typical reading comprehension level to experience an interference 

effect. 

6.1.1.1 The Role of Meaningful Word Stimuli 

Experiment I had three specific aims related to the general question of whether 

individuals with autism have particular problems in inhibitory control. First, to 

examine the extent to which level of reading comprehension affected the patterns of 

results shown on a classic version of the Stroop task; second, to use the extent of 

interference shown on the Stroop task to determine if colour or word information was 

relatively more salient for individuals with autism; and third, to measure the degree of 

interference seen among individuals with autism on a Stroop task that did not involve 

reading for meaning. 

The results from Experiment 1 clearly suggested that level of reading 

comprehension does affect the size of the interference effect shown by individuals on 

the classic version of the Stroop task. The typical presence of an interference effect 

when naming the colour in the classic Stroop task reflects the fact that participants 

find the written colour. word semantically distra, cting, when trying to name the colour 

in which the word is printed. This in turn slows their reaction times, resulting in an 

interference effect relative to a baseline condition in which colours have to be named 

without any semantic, conflict. In this study children with autism found naming the 

colour ink of written colour words much less difficult than did typically developing 
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children, and showed a reliably smaller interference effect on colour naming when the 

classic Stroop interference condition was compared to the appropriate baseline 

condition. 

Consistent with this, the two reading assessments employed in this study showed 

that children with autism, although matched for single word namuig skill, tended to 

have lower reading comprehension scores than did the typically developing group. 

This difference in reading comprehension score implies that word meanings would 

have been less readily accessible to the individuals with autism, and hence, less 

interfering. It was discussed in Experiment I that Snowling and Frith (1983) found 

that although children with autism had poorer sentence and prose reading 

comprehension skills than a comparison group of participants with dyslexia, they 

performed comparably on'single word comprehension. This suggested that it is 

possible for children with autism to semantically as similate single word information. 

However, the data from Experiment 1 clearly suggested that the semantic content of 

single written words is sim ly not processed as automatically in '' tism as it is in p au 

typically developing children. 

Although perhaps expected, 'given the patterns of reading abilities shown in the 

two gIr oups, 'the clear group I differen ce in s, ize - of interference effect seen on the classic 

version of the Stroop task has an important and obvious implication. This finding 

clearly shows that the classic Stro'op task is not necessarily an appropriate measure of 

inhibitory function in autism. Indeed, reading comprehension problems are generally 

associated with autism (Nation, 2006), and so a task in which the degree of 

interfe renýý expect ed depends directly on the extent to which individuals comprehend 

writt6n information is not likely to provide an appropriate mdex'of inhibitory control 

in this population. ' in line''with'thissuggestion, when'woids are the to-be-inhibitcd 
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stimuli in inhibition tasks, as is the case with the classic Stroop, children with autism 

tend to show less interference than typically developing children (Christ, 2007; Hill, 

2004; Ozonoff & Jensen, 1999). In contrast, when word meanings do not have to be 

inhibited in inhibition tasks, children with autism often perform completely 

comparably to typically developing children (Christ et. al., 2007; Ozonoff & McEvoy, 

1994). 

A similar pattern of data was also observed in the Experiment 1. For example in 

the 'reading' version of the Stroop task in which participants were asked to read the 

word and ignore the ink colour, children with autism performed comparably to the 

typically developing children. Although this task clearly involves reading, the 

interference that occurs in this condition is not driven by word meaning or reading 

comprehension, but rather by the conflicting colour information that is visually 

present. One would therefore not expect reading comprehension difficulties 

associated with autism to affect performance in this task. Indeed, in this study the two 

participant groups were matched for single word naming skill, and one would 

therefore expect individuals with autism to be able to carry out the reading aspect of 

this version of the task without difficulty. However, the fact that the two groups 

showed comparable interference effects on this version of the task shows that the 

children with autism were not, more affected by visual salience than were controls. In 

other words, there was no evidence from this task to suggest that visual colour 

information has a higher semantic priority for children with autism than has written 

material. 

Comparable results emerged from the chimeric animal Stroop test, which did not 

employ words at all. It was clear that both groups performed equivalently on this 

task. Most crucially, while both groups showed a significant interference effect in 
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both versions of this task (i. e., when naming heads and ignoring bodies and when 

naming bodies and ignoring heads), there were no group differences in the magnitude 

of these interference effects. 

Therefore, across three versions of a Stroop procedure - reading words while 

ignoring conflicting colours, naming animal heads while ignoring conflicting bodies, 

naming animal bodies while ignoring conflicting heads - individuals with autism 

showed a comparable degree of interference as controls. In addition, the degree of 

interference experienced by all participants was similar across these three versions of 

the procedure, lending a degree of generality to the findings. In the light of these 

comparable interference effects on three versions of the Stoop procedure, the fact that 

individualswith autism showed less interference when asked to name colour 

information white ignoring conflicting words (the classic Stroop task) is therefore 

consistent witý the suggestionof reduced interference caused by meaningful word 

stimuli for this group, rather than any general superiority in inhibitory control. That 

said, in hindsight, the comparable group performance found on the chimeric animal 

task and the reading accuracy interference condition of the classic Stroop task add to 

the support of an apparently intact prepotent response inhibition in children with 

autism. ' 

In summary, the results of Experiment I clearly indicate that the classic Stroop 

task is not a valid measure of inhibitory function for individuals with autism. Poor 

reading comprehension skills are often associated with autism, and, if present in an 

experimental sample, will necessarily reduce the salience of word meanings in an 

interference context, leading to'a'reduction in the classic Stroop effect. However, the 

current data also show that when meaningful word stimuli is removed, ' Stroop-like 

tasks produce comparable interference effects ainong individuals withautism and 
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controls, suggesting that prepotent response inhibition is not particularly impaired in 

autism. 

6.1.2. Manual and Cognitive Inhibition 

As the performance of children with autism on the classic Stroop task had 

been examined, the next step of the work needed to address possible theories of 

inhibition and aspects of tests of inhibition which do not involve meaningful word 

stimuli. Therefore, Experiment 2 entertained three theories of inhibition discussed in 

section 1.7.6.1 of the introductory chapter. These three theories came from work with 

typically developing individuals and children with ADHD. In particular Carr et al. 

(2006) proposed the possibility of differential types of inhibition required for a task 

using motor responses and the inhibition required for a task using a cognitive 

response which could be in the form of a verbal response. Indeed, this study had 

shown that children with ADHD were differentially impaired in motor inhibition 

while showing intact cognitive inhibition. 

Therefore, Experiment 2 investigated the possibility of this same pattern in 

children with autism and whether this pattern, if present, was responsible for the 

inconsistent performance of children with autism on tasks of inhibition. Experiment 2 

employed the same chimeric animal Stroop task from Experiment I accompanied by a 

modified version of Bryson's (1983) form task (the picture Stroop task) discussed in 

section 1.7.6 of the introductory chapter. Each task was presented twice, once 

requiring a verbal or cognitive response, and once requiring a manual or button press 

response. Results from a repeated measures ANOVA showed that all groups were 

slower on the cognitive mode than the manual mode. - It was also clear that on the 

picture Stroop task, naming true colours; in the interference condition was most 
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difficult in terms of reaction time for all groups and in terms of error rate for children 

with autism and typically developing children. 

6.1.2.1 The Roles of Motor Versus Coanitive Inhibition and Working Memo 

Experiment 2 had three specific aims in relation to the general question of why 

children with autism show such varying perfonnance on different types of inhibition 

task. The first goal of the study was to determine whether there are different types of 

inhibition used by individuals to carry out specific types of inhibitory demand. If the 

data suggested that participants utilise two types of inhibition depending on the type 

of response they must give on a test of inhibition, then the second goal was to 

establish if children with autism showed particular difficulty on one type of inhibitory 

task than another and if this difficulty was more exaggerated in children with autism 

than other groups. 'Lastly, the study aimed to address whether this potential tendency 

of children with autism to appear more impaired in one type of inhibition than another 

might help to explain why their performance on different types of inhibitory control 

task is often inconsistent. 

The results clearly showed that, at least in terms of error rates, children with 

autism performed comparably to typically, developing controls on both the chimeric 

animal task and the picture Stroop task., There was an obvious indication that all 

groups experienced the most difficulty, and therefore made more errors, naming true 

colours than observed colours on the picture Stroop task. This finding was predicted 

as this, was the only condition across both tasks where participants were required to 

source the correct answer from information which was not present in the display. For 

example, in the interference condition of the cognitive mode chimeric animal Stroop 

task, children were shown pictures of chimeric animal creatures which had 

incongruent heads and bodies (e. g. - a sheep's head attached to a pig's body). They 
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were then instructed to identify either the head or the body, depending on the subtask, 

and make a verbal response, naming the correct animal. Whether they were asked to 

identify heads or bodies, the animal which represented the correct answer was 

pictured on the screen from which they could derive the correct answer. However, for 

the interference condition of the manual mode picture Stroop task which instructed 

children to indicate the colours; which pictures were supposed to be, the answer was 

not in the stimulus, as it had been with the chimeric animal Stroop. Children were 

shown a picture of an object or animal, which had a prototypical colour, displayed in 

the wrong colour (e. g. - a red tree) and were instructed to identify the colour it should 

be (in this case, green). In order to identify which colour the picture should be, rather 

than being able to identify the colour on the screen, children had to recall in their 

mind what colour the picture should be. 

Overall, there was some indication of the possibility of a dissociation between 

cognitive and manual inhibition. There were results from an approaching three way 

interaction which in the reaction time analysis suggested that children with autism had 

more difficulty with cognitive than manual inhibitory tasks in the interference 

conditions. However, in the baseline conditions, the typically developing children 

and children with autism had the same pattern performance, taking longer on the 

cognitive mode, and children with moderate learning disabilities showed no effects of 

mode. It was suggested in Chapter 3 that perhaps a motivation factor based on 

whether children with autism were given control of the computer in the manual 

condition or were asked not to touch the computer as was the case in the cognitive 

condition played more of a'role in the performance of children with autism across 

modes than did differential inhibition. This suggestion was based on evidence that 

children with autism have shown to be particularly motivated to learn or perform 
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when using computers (Moore & Calvert, 2000). This suggestion seems to stand 

especially considering that the children with autism only experienced more trouble in 

the cognitive mode than typically developing controls in the interference conditions, 

where the need for motivation to concentrate in order to perform quickly would have 

been at its highest. These findings did not provide a sufficient explanation for the 

inconsistent performance of children with autism on tasks of inhibition in the 

literature as children with autism have typically showed less trouble on cognitive 

inhibition tasks than on manual inhibition tasks. - 

ý Although the findings from Experiment 2 do not suggest any clear indication 

of the importance of pursuing differential manual and cognitive inhibition in children 

with autism, one area of the findings deserves further investigation. For both modes 

of the task, all groups made more errors and took longer to name true colours than 

observed colours on the picture Stroop task. This was likely due to the fact that 

children had to retrieve the correct answer from their memories as opposed to making 

a choice from an answer in the display. The day/ night task requires this same 

retrieval of the correct answer from memory as opposed to the display and therefore, 

the trouble experienced on this subtask by all groups raises questions about the role 

that providing answers from memory plays in the inconsistent performance of 

children with autism on various forms of the day/ night task. 'Not only do these 

findings highlight the importance of presentation style of inhibition tasks, but they 

also bring to- light the crucial role which memory load plays in the performance of 

children with autism on these tasks of inhibition, which has been a point of contention 

for the day/night task in previous studies (Russell et al., 1999). - 
In summary, it is not probable from the findings of Experiment 2 that children 

with autism are differentially impaired in cognitive and manual inhibition any more so 
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than are other groups affected by the difference in response demand. Children with 

autism also performed comparably to controls on the two tests of prepotent response 

inhibition, again suggesting that there are no particular deficits of prepotent response 

inhibition for children with autism in comparison with controls. Perhaps the most 

important implication of Experiment 2 is the obvious impact of memory load on 

inhibitory performance of all groups based on the findings from naming true colours 

in the interference conditions of the picture Stroop task. These findings highlight the 

importance of assessing the degree to which cognitive demands other than inhibitory 

demands may be playing a role in the inhibitory performance of participants. 

6.1.3 The Day/Night Task and Response Set 

It was important to review the performance of children with autism in 

comparison with controls on the day/night task as it is potentially the most commonly 

used task of inhibition for children with autism aside from the classic Stroop task. 

Given that it does not employ meaningful word stimuli, it is probably a more valid 

task of inhibition than the classic Stroop task, but it is not without its complications 

and is involved in a bulk of the mixed reviews concerning inhibition in children with 

autism (Ames & Jarrold, 2007; Russell et. al., 1999). Some aspects of the day/night 

task have been repeatedly faulted for causing inconsistencies not only with children 

with autism but also for typically developing children including abstract semantic 

content, presentation style, working memory load, and response set (Archibald & 

Kerns, 1999; Simpson & Riggs, 2005a, b, c). Therefore, Chapter 4 comprised an 

investigation of presentation style and abstract semantic content in Experiment 3 and 

an investigation of the effects of response set in Experiment 4., 

Experiment 3 employed a modified version of the day/night task (a two animal 

dog/cat task) which eliminated the abstract semantic content by requiring a response 
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which was truly opposite of the stimulus picture shown (Ames & Jarrold, 2007). The 

task also addressed presentation style effects by presenting the task on a computer in 

single trial format to 'Control for arguments that a card blocked trial format might be 

responsible for the lack of sensitivity to group differences of clinical populations from 

controls (Perlstein et. al., 1999). Impacts of a high working memory load were 

addressed by providing an additional four animal task, which simply increased the 

memory load from remembering three rules to remembering five rules while 

completing the task., In the two animal task participants were required to remember 

the instruction of the task, name the opposite of what you see, and to remember to call 

the cat a dog, and vice versa. In the four animal task they were required to remember 

the instruction, then they had to remember what to call each of the 4 animals. The 

increased working memory load of this task was controlled for by providing a task 

which tested for working memory performance only. 

Results from a repeated measures ANOVA showed that there were no group 

differences of working memory on the memory task. " There were clear interference 

effects for both the two animal and four animal tasks for all groups with the 

interference effects being larger for the four animal task due to the increase in 

memory load. There was an aproachmig 3 way interaction which suggested that 

children with moderate learning disabilities showed a larger task effect giong from the 

two animal task to the four animal task and that there were groups differences on the 

different tasks., Post hoc analyses comparing two groups at a time suggested that 

while children with autism showed more interference than typically developing 

controls on the two animal task, children with moderate learning disabilities showed 

more interference than typically developing children on the four animal task. 
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Experiment 4 investigated the potentially important role of response set on 

performance of children with autism on the day/night task. This experiment 

addressed concerns from section 1.7.2 of the introductory chapter regarding Simpson 

and Riggs'(2005c) work done with typically developing children which suggested that 

the inhibitory demand of the day/night task came from the same response set used in 

the task. Simpson and Riggs' study found that response set played a large role in the 

inhibitory performance of typically developing children of all ages (Simpson & Riggs, 

2005c). 

In regards to this work, Experiment 4 employed a same response set 

day/night-like task and a different response set day/night-like task in order to assess 

the effects of response set on the inhibitory performance of children with autism. 

Results from a repeated measures ANOVA showed that the interference conditions of 

each task were more difficult than the baseline conditions and that the same response 

set task was more difficult for all groups than the different response set task. There 

were no group differences. 

6.1.3.1 The Roles of Presentation Sjyle. Working Memoly and Response Set 

Results from the Stroop-like tasks presented indicated that these tasks were 

successful in producing response interference. Given this, one can examine the extent 

to which children with autism were more or less able to inhibit these potentially 

interfering effects, and the main aim of Experiment 3 was to investigate the role of 

presentation style on the performance of children with autism on tests of inhibition,, 

especially with regard to the impact it can have on the amount of working memory 

load involved in the task. More specifically, the aim was to explore how using a 

computer single trial presentation style on a Stroop-like task might affect the 

sensitivity of measured interference effects.,.., 
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The results of Experiment 3 suggested that presentation style does not play a 

role in interference effects of children with autism, because to a large extent they 

parallel findings from similar studies that have used blocked presentation versions of 

Stroop-like tasks, including Experiment I (see also Bishop & Norbury, 2005). 

Taken together with previous evidence of unimpaired performance among 

individuals with autism on a blocked version of a chimeric animal Stroop task from 

Experiment 1, the results of Experiment 3 support the general conclusion that children 

with autism do not typically show impaired inhibition, at least when tested using 

Stroop-like tasks of prepotent response inhibition. 

Despite the fact that groups showed no differences in performance on the 

memory shape task, an approaching 3 way interaction suggested that children with 

autism showed more difficulty than typically developing children in the low memory 

load two animal task, suggesting that they were more affected by inhibitory load. 

Children with moderate learning disabilities showed the largest task effect and 

therefore largest interference sizes moving from the low memory load two animal task 

to the high memory load four animal task. Furthermore, in the high memory load four 

animal task, children with moderate learning disabilities showed more interference 

than the typically developing controls. 

Utimately, in regards to presentation style, it may be important to utilise the 

benefits of single trial presentation in regards to measuring more accurate reaction 

times, facilitation, and error rates in order to gather a more infort-ned picture of Stroop 

performance in any future work with children with autism., It also seems that children 

with autism show inhibitory impairment in combination with a low memory load but 

not in combination with a high memory load. Simpson and Riggs' (2005b) study 

showed that the day/night task, the task which the two animal task was modelled after, 
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has a high inhibitory demand and a low working memory demand. Davidson et al. 

(2006) argue that because working memory develops steadily over time and inhibition 

develops in short bursts in early childhood and then once again in adolescence, that 

younger children should struggle more with inhibitory demands while working 

memory demands should cause more difficulty for older children. Children with 

moderate learning disabilities, one of the older groups, did experience more difficulty 

with the higher working memory load, but children with autism had more trouble with 

the lower working memory load and therefore higher inhibitory demand task. It was 

suggested in Chapter 4 that perhaps because children with autism experience an arrest 

in inhibitory development after early childhoood, but do continue to develop working 

memory over time, the inhibitory impairment would be most clear when the working 

memory demand is low and therefore not causing the children to be slower in their 

performance. 

There were three main goals for Experiment 4. The fast was to determine 

whether the response set effect plays a role in inhibitory function of children with 

autism. If so, the second goal was to determine if the response set effect has the same 

impact on the inhibitory performance of children with autism as it does in typically 

developing children. The third and perhaps the main goal of Experiment 4 and the 

ongoing theme of this thesis was to determine whether the response set effect could be 

responsible for the inconsistent inhibitory performance of children with autism on the 

day/night task. 

It was clear from the results of Experiment 4 that all groups showed strong 

condition effects which indicate that each group experienced inhibitory demand from 

both the same response set inhibitory task and the different response set inhibitory 

task. It was also clear from the results that the response set effect does play a role in 
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inhibitory performance of participants from all groups and indeed, the findings show 

that the effect is the sarne for typically developing children and children with 

moderate learning disabilities as it is for children with autism. The results from, 

Experiment 4 were in line with the findings from Simpson and Riggs' (2005c) study, 

showing that a stimulus from the same response set as the required response involved 

more inhibitory demand than a stimulus from a different response set as the response 

required., That is not to say, however, that the inhibitory demands of the day/night 

task are caused by the presence of a same response set format as significant inhibitory 

demand was also derived from the different response set inhibitory task although to a 

lesser degree. 

, Finally, because these findings showed that the response set effect plays a role 

in inhibitory demand on the day/night task in the same way for children with autism 

as it does for typically developing children, it is doubtful that the response set cffect is 

responsible for inconsistent performance of children with autism on the day/night 

task. Most likely, the response set effect is not even partially responsible for the 

inconsistent performance of children with autism on the day/night task. 

6.1.4 PrMotent Response and Resistance to Distractor Inhibition 

,II- Chapter 5 addressed a theory of inhibition discussed in section 1.7.6.2 of the 

introductory chapter which proposed the idea of a distinguishability between the type 

of inhibition required to complete a prepotent response inhibition task, which is the 

type of task used in all experimental chapters up until Chapter 5, and the type of 

inhibition required to complete a resistance to distractor task discussed in section 

1.7.4 of the introductory chapter and not widely used with children with autism. 

Friedman and Miyake (2004) found that although level of performance in these two 

task categories in typically developing adults was closely related, resistance to 
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distractor inhibition was related to number generation performance, task switching 

ability, and everyday cognitive failures, while prepotent response inhibition did not 

relate to these other cognitive components. This suggested that the two types of 

inhibition may rely on separable underlying brain activity, and have differential links 

to other executive fiinctions they may interact with. This therefore suggested the 

possibility of two different types of inhibition activating in the brain separably based 

on the task demand of either withholding a prepotent response or resisting distracting 

stimuli (Friedman & Miyake, 2004). 

For this reason, Experiment 5 modelled four of nine tasks of inhibition from 

Friedman and Miyake's (2004) study in order to test for the potential differential 

impairment of these two types of inhibition in children with autism. The four tasks 

were two tasks of prepotent response inhibition; an antisaccade task and a stop-signal 

task, and two tasks of resistance to distractor inhibition; a flanker task and an abstract 

shape matching task. - 

Results for the stop-signal task were relatively inconclusive as there were no 

signs of a clear interference effect experienced by any of the groups, even though 

children with autism made more errors overall on the task than other groups. The 

results from the antisaccade task confirmed interference effects for all groups in terms 

of errors made, although there were no group differences, with the exception of an 

approaching interaction which suggested that typically developing children made 

more errors than other groups in the interference conditions. 

The results of the flanker and abstract shape matching tasks mirrored each 

other quite similarly. Results for both tasks showed that incongruent or distractor 

conditions were more difficult than the congruent or no distractor conditions for all 
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groups in terms of reaction time and error rates. The flanker task error results showed 

no group differences nor did the abstract shape matching task results. 

The relatively inconclusive findings from the stop-signal task and the flanker 

task of Experiment 5 paired with the little knowledge known about resistance to 

distractor inhibition performance of children with autism made it imperative to 

investigate aspects of the stop-signal and flanker tasks in more detail. Thus, 

Experiment 6 included a modified version of the stop-signal task from Experiment 5 

which manipulated 'beep' onset which was tailored to each participant's average 

response time in order to find the point at which the stop-signal task is most reliant on 

inhibitory control and also controlled for the potential tendency for children to 

anticipate . 'beeps' therefore making ingenuine categorisation and prepotent errors. 

Therefore, instead of the 'beeps' always being introduced at the onset of the picture 

stimulus, they were introduced either just before the picture stimulus, exactly at the 

introduction of the picture stimulus, or just after the picture stimulus, at intervals 

specific to each participant's average response reaction times recorded from the 

practise trials. 

... The flanker task was also modified to include more conditions and to therefore 

give more, insight into participants' performance. It was suggested in the discussion of 

Experiment 5 (section 5.4), given the agreement in the literature which suggests that 

children with autism experience a bias to weak central coherence (B61te et. al., 2008) 

and given the similarity of resistance to distractor tasks to central coherence tasks, that 

it may be important to control for the possibility of a weak central coherence in 

children with autism serving as an advantage for finding the central target arrow in the 

flanker task and thereby masking any inhibitory deficit. Anytime a task involves an 

aspect of cognitive functioning which is known to either advantage or disadvantage 
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the inhibitory control of children with autism, it should be controlled for in order to 

assess the implications, as in the case of working memory load on the day/night task. 

Therefore, the flanker task from Experiment 6 involved conditions manipulating size 

of the central arrow and spacing of the central arrow from the flanking arrows in order 

to give the control groups the equal advantage of identifying the local target as the 

children with autism might have been experiencing from a possible bias to weak 

central coherence. 

Results from Experiment 6 regarding the stop-signal task clearly showed, from 

a repeated measures ANOVA, that there were no significant group differences in 

performance. Furthermore, it was clear that the onset of a 'beep' occurring after the 

presentation of a stimulus was more difficult for groups than 'beeps' occurring before 

the onset of the stimulus or at the onset of a stimulus. 

The results from the repeated measures ANOVA of the modified flanker task 

yielded a significant four-way interaction of size by space by congruency by group. 

The overall interpretation of these data was that children with autism experienced 

significant interference effects from all size and space levels, even the trials designed 

to be the least difficult, while children with moderate learning disabilities and ý 

typically developing individuals only experienced interference effects on the most 

difficult size and space combination', which most closely resembled the classic flanker 

task. 

6.1.4.1 T bition 

Experiment 5 had three main aims. The first was to investigate the possibility 

of differential performance patterns in children with autism on prepotcnt response 

inhibition tasks versus resistance to distractor tasks of inhibition, 'especially in light of 

these findings in typically developing adults'from a study by Friedman and Miyake 
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(2004). Furthermore, Experiment 5 set out to explore the possibility of differential 

impairment of prepotent response inhibition and resistance to distractor inhibition in 

children with autism, especially in light of the findings from Christ ct al. (2007) and 

the findings of comparable group performance on prepotent response inhibition tasks 

from most of the work in Chapters 2,3, and 4. The final question which Experiment 

5 sought to answer, as did every other experiment from this thesis, was the question of 

whether these two types of inhibition might explain inconsistent performance of 

children with autism on tasks of inhibition if they were found to be differentially 

impaired in the two types of inhibition. 

For the two resistance to distractor tasks, in terms of reaction time and error 

rate, it was clear that the distractor conditions were much harder for all groups, 

ensuring that the task did provide the necessary inhibition effect. Although there were 

no definite group differences in performance between children with autism and 

controls, there were several signs that a difference in performance may have been 

masked by a potential bias to weak central coherence in the children with autism from 

the resistance to distractor tasks. The performance of all groups on the prepotent 

response inhibition tasks further confirmed that children with autism do not seem to 

show any deficit in this area of inhibition. 

In the case of the antisaccade task, - it was clear that there were no differences 

in reaction time between any of the groups and certainly not between congruent and 

incongruent conditions either. It was clear that the antisaccade task showed strong 

evidence that children with autism do not show particular difficulty on tasks of 

prepotent response inhibition as they performed completely comparably to controls in 

terms of reaction time and error rate. 
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Although participants did not make any more errors on the prepotent response 

stimuli than the categorisation response stimuli of the stop-signal task, the children 

with autism did make more errors in general throughout the task, than the other 

groups. One might argue that the effects from anticipating upcoming prepotent 

categorisation stimuli may have resulted in more errors on categorisation response 

questions, or miscategorising the stimuli. In this way, perhaps inhibition effects from 

the prepotent response stimuli that the children with autism experienced may have 

affected categorisation accuracy of the stimuli which did not require withholding a 

prepotent response. This stated, it was noted in Chapter 5 that the mean difference in 

error making of children with autism from the other two groups was approximately 

1.5 errors. Ultimately, the results of the stop-signal task were not very conclusive and 

demanded further investigation in Experiment 6. 

From the results of the performance of the children with autism on the 

prepotent response inhibition tasks, it seemed clear that they do not show any obvious 

deficits of inhibition, at least when employing a prepotent response inhibition task. 

Certainly, in terms of reaction time, this conclusion seems clear, and in terms of error 

rates for the antisaccade task, this conclusion was fortified. Even for the marginal 

difference in error rates for children with autism on the stop-signal task, it is 

important to note that these mistakes were not specifically prepotent response 

mistakes, but overall mistakes made to a very small degree. In order to decrease the 

effects of anticipating prepotent 'beep' stimuli, it was important to examine the 

performance of children with autism'when the allotted time to make a response from 

when the stimulus appears was varied. 

- From the flanker task and abstract shape-matching task, there were no 

significant differences to suggest that children with autism do have differential 
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impairment in prepotent response inhibition and resistance to distractor inhibition. 

Although, based on Christ et al. 's (2007) findings using the flanker task, it was 

important to investigate fiirther if children with autism might have more problems 

resisting distracting information while maintaining the ability to withhold prepotent 

responses. Although the results from Experiment 5 were not significant, it was 

suggested that an advantage of a weak central coherence in children with autism 

might mask inhibitory difficulties and that this should be explored further through 

controlling for this possibility. 

It is possible, given findings from the existing literature and the fact that not 

much is known about resisance to distractor inhibition in children with autism, that 

although children with autism are actually impaired in resistance to distractor 

inhibition, they are intact in prepotent response inhibition. It was argued in Chapter 5 

that a possible reason for why this finding was not quite significant may be explained 

in terms of a weak bias to central coherence in autism, which in this case makes 

competitor items (the incongruent flanking arrows in the flanker task, or the red 

distracter shape in the abstract shape matching task) in the global display less 

distracting as children with autism tend to focus on the more local information 

naturally (1361te et. al., 2008).. -In resistance to distracter inhibition tasks, focusing on 

the local stimuli (in this case the central target arrow and the light green target shapes) 

may have been easier with a bias to weak central coherence as an advantage for the 

children with autism. Ignoring the global display may have resulted in less distraction 

from the target stimulus than they normally would have experienced had these 

resistance to distractor tasks not involved this component of weak central coherence 

advantage. ý It was argued that the flanker task and the abstract shape matching task 

are similar in nature to an Embedded Figures task. Children with autism are known to 
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perform particularly well on such tasks due to having the advantage of a weak drive to 

central coherence and therefore the ability to pick out detailed information in a global 

display. Therefore, it is possible that the advantage of weak central coherence for 

children with autism on these two resistance to distractor tasks is actually 

downplaying a potentially impaired inhibitory capability. 

- -This raised the question of whether individuals with autism would show 

stronger inhibitory deficits on such tasks if they were designed with conditions that 

were less difficult in terms of identifying the central target, therefore removing the 

possible advantage of weak central coherence for the children with autism. Perhaps 

designing resistance to distractor tasks which had varying difficulty levels of 

distraction would allow inhibition effects of these tasks to be teased out of 

individuals' with autism reaction to resisting global stimuli. 

The original hypothesis for Experiment 6 was that children with autism would not 

show deficits of prepotent response inhibition while showing impairment of resistance 

to distractor inhibition if an advantage from a weak central coherence was accounted 

for. In Experiment 6, a flanker task was designed which incorporated easier trials 

with two degrees of larger target arrows and two degrees of larger spacings of the 

flanking arrows from the target arrow. This was in order to provide the same type of 

advantage which children with autism benefit from with a weak coherence for control 

participants. However, for this specific sample of children with autism, there was no 

indication from their performance on the Embedded Figures Test that they show a 

bias to a weak central coherence. Therefore, it was not confirmed that a bias to weak 

central coherence is responsible for this interference effect across manipulations of 

size and space in comparison with other groups in this particular population of 

children with autism. Because the existing literature on weak central coherence is 
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consistent in reporting a bias to weak central coherence in children with autism, it is 

possible that because these children were older, they have learned to control for the 

disadvantages of a weak central coherence while still experiencing the advantages of 

weak central coherence. Although a finding of comparable central coherence - 

performance between controls and individuals with autism is rare in the literature, 

other studies have shown children with autism to have comparable central coherence 

performance with controls (Brian & Bryson, 1996; Lopez & Leekham, 2003; Mann & 

Walker, 2003; Mottron et. al., 2003; Ozonoff et. al., 1994; Plaisted et. al., 1999; Ropar 

& Mitchell, 1999; Ropar & Mitchell, 2001). Plaisted et al. (1999) found that a 

reduced or absent global advantage in autism may only be evident when participants 

with autism spectrum disorder are not directed to the global information in the 

display. This finding coincides with the idea that an individual with autism may not 

experience a local processing bias if they are not particularly directed to the local 

information in the task through the wording of the task instructions. Happ6 and Frith 

(2006) have suggested that whether the wording of the instruction directs the 

participant to the local or global component of the task, could affect whether the child 

with autism experiences an advantage from a bias to local processing. 

Nevertheless; it was clear from Experiment 6 that children with autism do show 

impairments of resistance to distractor inhibition while more of the previous 

experiments within this work suggested an intact prepotent response inhibition. The 

children with autism showed a heightened interference size in comparison with the 

inhibitory performance of the two control groups. This finding paired with the 

findings from Experiment 5 and the existing literature of performance of children with 

autism on the flanker task (Christ et al., 2007) seems to suggest that children with 
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autism may be impaired in resistance to distractor inhibition while maintaining intact 

prepotent response inhibition. 

In summary, the work from Experiments 5 and 6 produced results consistent 

with the literature and with findings from previous chapters of this thesis that children 

with autism do appear to have an intact prepotent response inhibition. The findings 

from the resistance to distractor tasks do support other findings from what little work 

has already been done in the literature, that children with autism are impaired on the 

flanker task, a task of resistance to distractor inhibition. These results do seem to 

suggest, whether in this case it is a bias to weak central coherence which was masking 

the inhibitory difficulty in the traditional flanker task condition, that there is a 

differential performance pattern in the two types of inhibitory task and therefore, a 

possible unimpairment of prepotent response inhibition combined with an impairment 

in resistance to distractor inhibition in children with autism. 

6.2 Summary 

Although the findings of the work from tl-ds thesis were not always completely 

conclusive, they served to answer several questions about the performance of children 

with autism on tasks of inhibition; They also shed light on the effects of meaningful 

word stimuli, working memory load and the bearing of other cognitive functions on 

tasks of inhibition in combination with inhibitory demand, response set and the 

possibility of a differential impairment of prepotent response inhibition and resistance 

to distractor inhibition in children with autism. 

Findings from Experiment I'suggested that the classic Stroop task is indeed not a 

valid task of inhibition for children with autism due to its use of meaningful word 

stimuli. Experiment I clearly demonstrated that the meaning of words is not as 

semantically salient to children with autism as they are to typically developing 
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children. Furthermore, the necessity for a typical reading comprehension level of the 

participant in order to derive an interference effect from the most important 

interference condition of the classic Stroop task supported the argument that it is not 

an appropriate or accurate test of inhibition for children with autism considering their 

tendency to experience a low reading comprehension level paired with a typical 

reading speed and accuracy level. The findings from Experiment I also suggested 

that children with autism do not seem to be impaired in comparison with controls on 

tasks of prepotent response inhibition. 

. Findings from Experiment 2 showed that children with autism do not seem to 

show any particular signs of differential impairment of cognitive versus motor 

inhibition in comparison with controls as do children with ADHD. Nevertheless, 

Experiment 2 played a fundamental role in illustrating the obvious impact of working 

memory load on inhibitory performance for all participants, especially children with 

autism, on tasks of inhibition. Again, work from Experiment 2 supported the 

argument that children with autism do not show particular impairment on prepotent 

response tasks of inhibition. - ,, " ý'' ý_' ý'_ , "ý ,, ý. "ýr ý, I 

, 
Findings from Experiments 3 and 4 were again demonstrative of a significant 

impact of working memory load on the inhibitory performance of all participants. 

Although it may not be possible to eliminate working memory from tasks of , 

inhibition, it is important to consider that indeed, working memory load does affect 

performance of both children with autism and controls on tasks of inhibition. 

Findings from Experiment 3 suggested that when inhibitory demand is high and 

working memory load is low, an inhibitory impairment is apparent in autism. 

However, when working memory demand is high, children with autism did not seem 

to have difficulty with the four animal prepotent response inhibition task. This 
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finding could be interpreted as an impairment of prepotent response inhibition. If this 

is the case, it seems to be that a high working memory load plays a huge role in 

masking inhibitory difficulty in children with autism. The findings from Experiment 

3 may suggest that children with autism are impaired in inhibition, including 

prepotent response inhibition, but that they are highly affected by the presence of a 

high demand from other cognitive components, such as working memory, or, in the 

case of Experiment 6, central coherence, whether that affect is to their advantage or 

disadvantage. However, it was also clear from the two animal task in Experiment 4 

that children with autism showed no more inhbitory difficulty than did controls so it is 

most likely that children with autism are not impaired in prepotent response 

inhibition. Experiment 3 did not suggest that presentation style did play a significant 

role in the performance of the groups on tasks of inhibition. However, it goes without 

saying that there are obvious benefits of accuracy and data recording options, 

eliminating the potential for distraction from ricighbouring stimuli when using single 

trial computer versions of inhibition tasks. Experiment 4 went on to show that a same 

response set manipulation does place a much higher inhibitory demand on participants 

than do different response set tasks, but is most likely not the only provider of 

inhibitory demand to tasks of inhibition, as different response sets also placed 

inhibitory demand on all participants, although to a lesser degree. Experiment 4, in 

contrast to Experiment 3 suggested that children with autism seem to be unimpaircd 

in prepotent response inhibition. 

Findings from Experiments 5 and 6 supported the notions that, firstly, childrcn 

with autism do not show pervasive inhibitory difficulty on prcpotent response 

inhibition tasks based on their performance on the stop-signal task in both 
.- 

experiments and theirperformance on the antisaccade task in Experiment 5. These 
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findings were again consistent with the findings from all previous experiments except 

for Experiment 3 where it was suggested that low working memory demands may 

have had an affect on inhibitory performance. Finally, the performance of children 

with autism on the resistance to distractor tasks of Experiment 5 still left the 

possibility of a potential impairment of resistance to distractor inhibition, when 

considering possible effects of weak central coherence. This suggestion was 

demonstrated in Experiment 6 from the interference effects experienced by children 

with autism in contrast with other groups on the modified flanker task. Overall, 

although Experiment 5 was relatively inconclusive, on Experiment 6, despite the fact 

that the group of children with autism showed no particular bias to weak central 

coherence from the Embedded Figures Test, they did show a clear inhibitory 

disadvantage as the task became less difficult for the controls, to the point where the 

controls showed no interference from the modified flanker task. In addition to 

Experiment 3, the flanker task in Experiment 6 was the only task in which there was a 

clear high demand from another cognitive component (i. e. - working memory and 

central coherence) and although the performance of the group with autism on the 

Embedded Figures Test cannot confirm that a bias to weak central coherence caused 

the inhibitory difficulty in Experiment 6, it was clear for both experiments that the 

high demand of other executive functions in tasks of inhibition play a crucial role in 

whether children with autism show signs of impairment on tasks of inhibtion. In both 

Experiments 3 and 6, a high working memory load and importance of a bias to weak 

central coherence seemed to provide an advantage as a mask of inhibitory 

impairment. 

In summary, the work from this thesis collectively seems to suggest that children 

with autism are not clearly and consistently impaired on tasks of prepotent response 
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inhibition but that they do, in come cases, seem to show impairment when working 

memory load is low. Furthermore, it is possible that they are impaired in resistance to 

distractor inhibition. Findings from this thesis also emphasise the definite impact of 

cognitive demands such as working memory load and central coherence on inhibitory 

performance and the importance of accounting for these factors along with paying 

careful attention to presentation style and the impact of meaningful word stimuli and 

response set before selecting a task of inhibition or drawing conclusions about 

inhibitory performance in children with autism. It is suggested that perhaps children 

with autism are impaired in prepotent response inhibition but when high demand of 

other cognitive functions are present or perhaps when presentation style presents other 

confounding stimuli to the task such as, neighbouring stimuli, inhibitory difficulty in 

children with autism is masked. The general message of all of the data of this work 

taken together suggested strong evidence for impairment in resistance to distmctor 

inhibition coupled with much less evidence for impairment of prepotcnt response 

inhibition with the possibility that the latter is seen when working memory demands 

are low. It may be possible that children with autism are simply impaired in 

inhibition, both prepotent response and resistance to distractor and that other cognitive 

demands, which may be outweighing inhibitory demands are potentially masking 

inhibitory difficulty. 

6.3 Limitations and Future Work 

In light of the results from the experimental chapters of this thesis paired with 

findings from the existing literature and taken into account with bchavioural 

tendencies of children with autism, - it was suggested in the introductory chapter of this 

thesis that children with autism do indeed have impainncnts of inhibition. It was also 

suggested that inconsistent performance of childrcn with autism on tasks of inhibition 
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is a result of tasks being inappropriate for their audience, overly varied in their use of 

stimuli, response options, and displays, and perhaps most importantly a result of task 

impurities. - The findings from Chapters 2,3,4, and 5 showed that although it may not 

be possible to eliminate task impurities in tests of inhibition, it remains important to 

acknowledge their certain effects on inhibitory performance in children with autism, 

especially as children with autism are known to have difficulty with executive 

function and to experience a bias to weak central coherence, both of which are often 

triggered in tests of inhibition: In the case of Experiment 3, despite the fact that 

children with autism have shown to be impaired in working memory, it almost 

seemed to play as an advantage in masking their inhibitory difficulty when the 

working memory load was high. Furthermore, it is important to acknowledge the 

possibility of a differential impariment between prepotent response inhibition and 

resistance to distractor inhibition in children with autism. As a distinction between the 

two has been noted in typically developing adults (Friedman & Miyake, 2004) it is 

imperative to be aware that findings from Experiment 6 supported this possibility for 

children with autism and the results from Chapter 5 allow for the possibility that they 

are differentially impaired in these two types of inhibition as well. Overall, findings 

from this work did not fully support the original idea that children with autism are 

impaired in resistance to distractor inhibition while remaining unimpaired in prepotent 

response inhibition. For the most part, children with autism showed no difficulty in 

comparison with controls on the prepotent response inhibition task, except in 

Experiment 3, where children showed difficulty on a two animal task and when a high 

working memory load was introduced with 2 more animals, the inhibitory difficulty 

was no longer apparent. - This idea was further supported by findings from Experiment 

6 which showed clear impairment of inhibition of children with autism when the task 
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was modified to remove any advantage children with autism might be deriving from a 

weak bias to central coherence. Although this particular group with autism showed 

no bias to weak central coherence and therefore, it cannot be conf mned that they were 

experiencing an advantage from this cognitive factor on the classic flanker task, they 

most definitely showed inhibitory difficulty as the task became easier for controls. 

Therefore, it was argued that inhibitory performance of children with autism Tel ies 

heavily on task purity and that children with autism do seem to be impaired in 

resistance to distractor inhibition and may be impaired in prepotent response 

inhibition as long as the task does not include any high demands of other cognitive or 

executive functions. With these f indings in mind it becomes important to decide how 

that might impact task choice when testing inhibition in children with autism and 

when assessing the performance outcomes from each of these types of task. 

In summary, the number of strengths and weaknesses, which have been 

documented regarding inhibitory performance in children with autism is puzzling and 

has given rise to many interpretations. The key to discovering the reason for the 

variance in these findings can most likely be found in the mcthodological variance of 

testing for inhibition. In order to evaluate these findings, further invcstigations, which 

systematically examine the effects of methodological aspects of tasks of inhibition are 

essential. 

There were a few areas of this thesis which would deserve to be expanded on 

in future work. It became clear throughout the experiments that chronological age of 

children with autism may have an impact on inhibitory performance. This was 

especially clear for Experiment 3 which suggested that working memory possibly 

played a clear role in masking inhibitory difficulty. Because it is known that working 

memory and inhibition develop at different times throughout childhood and 
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adolescence, it would be helpful to repeat Experiment 3 with children at different ages 

of those developmental windows, which would give considerable insight into whether 

children with autism are missing out on the second adolescent stage of inhibitory 

development (O'Hearn et at., 2008). This thesis incorporated the data of participants 

with autism who were adolescents rather than children and it seemed clear, especially 

from Experiments 2 and 3 that chronological age may play a large role in whether 

children with autism experience more difficulty from working memory load than 

inhibitory demand. It is arguable that older children experience more demand from 

working memory than inhibition but is also possible that the linear nature of how 

working memory develops in contrast with the non-linear nature of how inhibition is 

thought to develop may give rise to older children having learned to cope with 

demands of working memory (Davidson et al., 2006). Therefore, in future work, it 

would be helpful to compare the inhibitory performance of younger and older children 

with autism on high and low working memory load inhibition tasks. 

,, A crucial point of future research must be applied to the potential differential 

impairment of children with autism on prepotent response inhibition tasks and 

resistance to distractor inhibition tasks., The research on the performance of children 

with autism on prepotent response inhibition tasks is vast and is for the most part, 

consistent in showing that children with autism do not suffer from a deficit in 

prepotent response inhibition, although this doesn't necessarily speak for their 

inhibitory impairment completely. Experiment 3 seemed to suggest some impairment 

on prepotent response inhibition tasks, at least when the task has a low working 

memory load and very little or no other confounding factors such as, meaningful word 

stimuli, abstract semantic content, or a central coherence factor. This showed that 

task purity, is crucial and showed a possibility for prepotent response inhibitory 

208 



impairment, but did not rule out the possibility of a differential impairment between 

prepotent response inhibition and resistance to distractor inhibition. It is highly 

possible that in the few tasks of prepotent response inhibition where children with 

autism have shown deficits the seemingly impaired performance may have come from 

confounding cognitive demands of the task and as in Experiment 3. It is possible that 

cognitive demands of prepotent response inhibition tasks used have masked inhibitory 

performance. For the classic day/night task, abstract semantic content undoubtedly is 

a factor which may cause children with autism to perform comparably to controls as it 

involves more rules to remember and therefore a higher working memory load. 

Moreover, the fiindings from this thesis, especially those of Experiments 5 and 6, 

show that resistance to distractor tasks deserve much more attention in terms of how 

they target inhibitory function in children with autism. There is not much research 

which demonstrates how children with autism perform on tasks of resistance to 

distractor inhibition and this should most definitely be explored further. Kane, 

Hasher, Stoltzfus, Zacks, and Connelly (1994) designed a word naming task where 

participants were required to identify a green target word in a display while ignoring a 

red distractor word. This task is much like the shape matching task in design and 

using the words would not be appropriate for children, especially those with autism 

because of problems they experience with meaningful word stimuli. However, one 

could present this same task using pictures such as animals instead of words. It would 

especially be telling to observe the brain activation of children with autism via fMRl 

scans when completing prepotent response inhibition tasks with varied levels of 

cognitive demand other than inhibition and resistance to distractor inlibition tasks 

using a modified flanker in order to identify the affects of central coherence on 

inhibitory performance. This kind of study would not only inform what a well 
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stuctured valid task choice would encompass for children with autism, but would also 

inform where these different cognitive functions such as working memory, inhibition, 

and central coherence are activated in the brain and to what extent they interact and 

affect each other. It would also be important to determine whether one takes priority 

over another. Also, despite the fact that the sample of children with autism from 

Experiments 5 and 6 did not show particular signs of weak central coherence, the role 

of central coherence in resistance to distractor tasks should certainly be explored and 

should be followed up with an exploration of the impact of central coherence on the 

inhibitory performance of children with autism on resistance to distractor tasks of 

inhibition. 

ý ý' -1 This thesis can only go so far in uncovering the mystery of inhibition in 

children with autism. However, the work from this thesis has at least taken some 

steps in measuring the impact that various factors have in determining how effective 

and accurate different tasks are at measuring inhibitory function in children with 

autism., Furthermore, it has shed light on a new possibility for why children with 

autism do show such conflicting results on various tasks of inhibition. 
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