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Summary
The social-communicative deficit is the most pertinent impairment for children with an Autism
Spectrum Disorder (ASD), causing them significant difficulties understanding and interacting
within the social world. Research proposes that executive function deficits, particularly an
attention deficit, may explain this impairment. Attention deficits are common in children with
ASD and more than 50 per cent of children meet criteria for a co-morbid diagnosis of Attention
Deficit Hyperactivity Disorder (ADHD). To date, much research has explored attention deficits in
children with ASD, however, the research has not comprehensively explored a range of attention
problems within the one sample, nor has it systematically considered attention problems in
relation to social tasks. Additionally, previous research has overlooked the confounding factor of
many children with ASD having a co-morbid diagnosis of ADHD. The first aim of this study was
to profile the attentional capabilities of children with ASD-only, ASD with co-morbid elevated
symptoms of ADHD, and TD children, using a clinically valid measure. The second aim was to
replicate and extend previous findings on the performance of children with ASD on a Social
Attribution Task and how this related to their attention difficulties. Results revealed that 7- to 12year-old children with ASD, regardless of ADHD symptom co-morbidity, demonstrated
significantly poorer sustained attention and attentional shifting accuracy compared to TD
children. However, groups presented with distinctive social skills, communication and
behavioural profiles. Furthermore, this study has identified that children with ASD and children
with ASD and elevated ADHD symptoms are significantly different from each other and control
participants in their social attribution skills, as measured by a computer animated social task. The
implications of these findings for executive function deficits and further research directions are
discussed.
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Chapter 1: Autism Spectrum Disorders
1.1 Chapter Overview
This thesis explores the role of attention deficits in the social-communicative impairment of
children with Autism Spectrum Disorder (ASD). The social-communicative impairment observed
in children with ASD appears to be the most pertinent difficulty for this group of individuals and
has been the subject of extensive research. The introductory chapters of this thesis will begin with
an introduction to ASDs and the range of impairments that may manifest. Secondly, theoretical
accounts for the emergence of the social-communicative impairment will be presented and
critically examined. Following this, empirical evidence for the attention difficulties experienced
by children with an ASD will be presented and the relevance of exploring attention difficulties in
an ADHD population will also be discussed. The literature outlining the attention deficits
experienced by children with an ASD and / or ADHD diagnosis will be critically reviewed.
Lastly, the impact of attention difficulties on social cognition will be discussed, leading to a
rationale, aims and hypotheses of the current study.
1.2 Definition of ASD
ASDs, including Autistic Disorder, Asperger’s Disorder and Pervasive Development
Disorder Not Otherwise Specified, are pervasive developmental disorders characterised by severe
impairments in social interaction and communication skills, and the presence of stereotyped and
repetitive behaviours or unusual interests (American Psychiatric Association [APA], 2000).
Abnormal functioning or delayed development in these areas is evident in children with ASD
prior to 3 years of age, however, parents often note abnormalities as early as the child’s first year
of life. ASD is a lifelong disorder and whilst the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV-TR) reports that ASD affects between 2 and 20 individuals per 10,000 (APA,
2000), more recent epidemiological studies estimate the prevalence to be closer to 1 in 160
Australian primary school age children (MacDermott, Williams, Ridley, Glasson, & Wray, 2007)
and 1 in 88 children aged 8 years in the USA (Centre for Disease Control and Prevention, 2012).
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Autistic disorder was first described in Kanner’s 1943 case study paper outlining the
presentation of 11 children under the age of 11 years who exhibited a range of profound and
unique social, communicative and behavioural impairments. Since that time, autism has been the
subject of extensive clinical research and was first formally recognised as a psychiatric disorder
through its inclusion in the third edition of Diagnostic and Statistical Manual of Mental Disorders
(DSM; APA, 1980). The most recent edition of the DSM, DSM-IV-TR (APA, 2000), describes
Autistic Disorder, Asperger’s Disorder and Pervasive Development Disorder Not Otherwise
Specified as separate conditions. However, the clinical and research consensus is that the
symptomatology evident in these three disorders represents a spectrum of difficulties where each
child’s functioning presents in varying degrees of impairment. This approach will be reflected in
changes that are proposed to occur in the fifth edition of the DSM, due for publication in May,
2013 (APA, 2011), where there will be only one disorder, Autism Spectrum Disorder. The three
disorders will be referred to collectively throughout this dissertation as ASD. The following
paragraphs will discuss the three core deficits of ASD as defined in DSM-IV-TR (impairments in
social interaction and communication skills, and the presence of stereotyped and repetitive
behaviours or unusual interests) in further detail, as well as a range of commonly associated
cognitive, affective and behavioural features.
1.3 Overview of the Social-Communicative Impairment in Children with ASD
The most pertinent impairment for children with ASD is the social-communicative deficit
which manifests as a lack of social reciprocity, poor use of non-verbal cues, lack of spontaneous
sharing with others (e.g., joint attention), and difficulty establishing and maintaining peer
relationships appropriate to the child’s developmental stage (APA, 2000). These impairments
cause clinically significant difficulties for the individual in understanding and interacting within
the social world.
In typically developing (TD) children, dyadic communication skills, that is face to face
exchanges of affective gestures and signs between infant and care-giver, are evident between the
ages of 0 to 5 months of age (Trevarthen, 1979). Between the ages of 6 and 18 months, TD

2

SOCIAL ATTRIBUTION AND ATTENTION DEFICITS IN CHILDREN WITH ASD
children’s communications is characterised by triadic exchanges, that is shared and coordinated
attention between care-giver, child and some object or event external to the child and care-giver
(Bakeman & Adamson, 1984). A further important developmental milestone that typically
emerges between 9 and 14 months of age is joint attention, which refers to the ability of the
individual to engage with another individual about an object or event of mutual interest
(Tomasello & Farrar, 1986). This skill is important for a child in acquiring their parent’s attention
and directing it to something he/she is interested in. Research has repeatedly demonstrated that
joint attention skills are important to the development of language, cognition and social skills
(Charman, 2005; Charman et al., 2003; Delinicolas & Young, 2007; Kwisthout, Vogt, Haselager,
& Dijkstra, 2008). Additionally, young TD infants demonstrate an early attentional preference for
social stimuli (Dawson & Lewy, 1989).
Children who later receive a diagnosis of ASD fail to meet developmental milestones for
social communication as early as the first year of life (Clifford & Dissanayake, 2008; Clifford,
Young, & Williamson, 2007). Infants aged 6 months who later received an ASD diagnosis have
been found to show avoidance of eye gaze that offered opportunity for face to face interaction
(Clifford & Dissanayake, 2008) and also show significantly poorer preferential attention for social
stimuli compared to TD children, a difference which was not present for attention to non-social
objects (Maestro et al., 2002). At 8 to 10 months of age, children who later received a diagnosis of
ASD show frequent failure to orient to their own name, compared to TD children (Werner,
Dawson, Osterling, & Dinno, 2000), while 12-month-old children who later receive a diagnosis of
ASD show significantly less orienting to the face of another person. The latter was the biggest
single predictor of a later ASD diagnosis (Osterling & Dawson, 1994). Furthermore retrospective
home video studies indicate that compared to TD and developmentally delayed children, children
aged 9-14 months who later receive a diagnosis of ASD demonstrate impaired: quality of eye
contact, communication of positive affect, nestling with their care-giver, engagement in
conventional social games, anticipatory postures (e.g., raising arms to care-giver), interest in
peers, and joint attention (e.g., proto-declarative showing of objects to caregiver for the purposes
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of sharing) (Clifford et al., 2007). At 12 to 24 months of age, children who later received a
diagnosis show impairments in early social-communicative skills such as eye-to-eye gaze, interest
in peers, and protodeclarative showing and pointing (Clifford et al., 2007) and deficits in initiating
and responding to joint attention have been noted during the second year (Clifford &
Dissanayake, 2008). Mundy and Neal (2001) purport that early deprivation in the input of social
information may further disrupt brain and behaviour development. As such, failure to develop
these early social interaction skills likely leads to cumulative delays in social skills as the child
continues to develop. By middle childhood, children with an ASD experience problems
developing age-appropriate peer relationships and poor social reciprocity (APA, 2000).
Qualitative impairments in communication skills are also one of the core deficits of ASD
in the DSM-IV-TR diagnostic criteria (APA, 2000). Impairments manifest as delayed or absent
spoken language, impaired ability to sustain or initiate conversation, stereotyped or repetitive use
of language (including echolalia) and limited age-appropriate make-believe or imaginative play.
The language profile of children with ASD is also markedly different from TD individuals
(Boucher, 2003). Whilst for children with spoken language, speech and grammar (syntax)
development are relatively typical, they may be delayed and the most apparent deficit is the
tendency for language to be used for instrumental rather than social purposes. Superficially,
expressive language may appear advanced, however, semantic (meaning) and pragmatic (social
use of language) language is significantly disturbed. Pragmatics refers to the conventions
governing the use of language for conversation, such as the appropriate way to address peers or
authority figures, and the ability to take account of other’s knowledge and intentions within
conversation. These deficits may manifest as repetitive and egocentric content of speech and
incoherent discourse or narrative.
1.4 Repetitive Behaviours and Special Interests
Individuals with ASD may exhibit restricted, repetitive or stereotyped behaviours, special
interest and activities (American Psychiatric Association, 2000). This may manifest as markedly
restricted or narrow interests that are abnormal in either intensity or focus, for example, specific
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interest in dates or vehicle registration plates. Motor mannerisms, including hand flapping or
complex body movements, or a preoccupation with parts of an object, such as the spinning wheels
of a toy car, may be present. There may also be an inflexible adherence to specific, non-functional
routines or rituals, such as resistance to trivial change.
1.5 Associated Features
There are a range of cognitive, affective and behavioural impairments commonly associated
with ASDs. Whilst these are not included as part of the core diagnostic criteria, they are described
in the diagnostic manual text (APA, 2000) and anecdotal evidence from parents of children with
ASD suggest that these can be significantly impairing.
1.5.1 Cognitive impairments. Approximately 40 to 60 percent of children with ASD have
an intellectual disability (i.e., IQ < 70; Charles, Nicholas, Carpenter, King, & Jenner, 2010) and
absence of or poor language functioning is relatively common (Baltaxe & Simmons, 1992). Some
children with ASD demonstrate specific areas of high intelligence, such as maths or computers.
Individuals with reasonable language functioning and a standardised IQ score greater than 70 are
referred to as having High Functioning ASD (Minshew, Goldstein, & Siegel, 1995).
1.5.2 Affective and behavioural impairments. Behavioural symptoms commonly seen in
children with ASD include aggressiveness, self-injurious behaviours (e.g., banging head or biting
fingers) and, in younger children, temper tantrums or ‘meltdowns’ (APA, 2000). Eating and
sleeping disturbance are quite common in this group of children, as are unusual responses to
sensory stimuli, such as oversensitivity or a high pain threshold. Other common behavioural
symptoms include abnormal mood, such as inappropriate giggling (APA), and higher rates of
internalising disorders, such as depression and anxiety, than experienced by the general
population (Gobrial & Raghavan, 2012; Kim, Szatmari, Bryson, Streiner, & Wilson, 2000). It is
proposed that sensory sensitivities will be recognised in the ASD diagnostic criteria in DSM-5
(APA, 2011).
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A common co-morbid behaviour exhibited by individuals with ASD is deficits related to
attention, including inattention, hyperactivity and impulsivity. Whilst diagnostic criteria currently
prohibit a co-diagnosis (APA, 2000), at least 50 percent of children with ASD meet criteria for
Attention Deficit Hyperactivity Disorder (ADHD; Caron & Rutter, 1991; Sinzig, Bruning,
Morsch, & Lehmkuhl, 2008; Sinzig, Walter, & Doepfner, 2009), with the prevalence being
reported as high as 79 percent in a group of children aged 7 to 10 years (Yoshida & Uchiyama,
2004). A feature common to both ASD and ADHD is impairments in social functioning, including
difficulties listening and following instructions, problems sitting still, talking excessively, and
difficulties with taking turns and interrupting others (APA, 2000). A diagnosis of ADHD often
precedes a diagnosis of ASD (APA, 2000). Regardless of diagnostic convention, currently many
clinicians make a co-morbid diagnosis of ASD and ADHD as inattention, hyperactivity and
impulsivity symptoms are extremely impairing and not improved by typical ASD treatments
(Goldstein, Naglieri, & Ozonoff, 2009). The current proposal for the fifth edition of the DSM
ASD diagnostic criteria will allow for a co-morbid ADHD diagnosis (Vivanti et al., 2013).
1.6 Concluding Remarks
This chapter has outlined the breadth of impairments observed across the autism spectrum
as documented in the DSM-IV-TR (APA, 2000) manual and current literature, however, the
social-communicative impairment is considered by far the most impairing of these deficits. Whilst
the aetiology of ASD symptomatology is still unclear, it is generally regarded to be a neurodevelopmental disorder with a strong genetic basis. There is an extensive body of research that
explores both the nature and underlying mechanisms of the social-communicative deficit in ASD,
and an array of intervention programs that attempt to target these impairments. The following
chapter will outline the four primary theoretical accounts for the social-communicative
impairment evident in children with ASD and highlight the theoretical explanation that offers the
most robust explanation for the development of social-communicative impairments.
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Chapter 2: Theories of Social-communicative Impairment in Children with Autism
Spectrum Disorders
2.1 Chapter Overview
Several theories explaining the social-communicative impairment of ASD have been put
forth, including a deficit in Theory of Mind (Baron-Cohen, 1989; Baron-Cohen, 1995; BaronCohen, Leslie, & Frith, 1985), a Weak Central Coherence processing style (Mottron, Dawson,
Soulieres, Hubert, & Burack, 2006; Shah & Frith, 1983), difficulty with complex information
processing (Minshew, Goldstein, & Siegel, 1997; Minshew, Sweeney, & Luna, 2002), and deficits
in Executive Function (Bowler, 2007). Various degrees of support have been found for each
theory and a critical review of each will be provided in this chapter.
2.2 Theory of Mind
Theory of Mind (ToM) refers to the ability to understand others as agents of intention, with
thoughts, beliefs, hopes, knowledge and desires independent of one’s own (Baron-Cohen, 2001;
Leslie, 1987, 1994a, 1994b). Typically developing around four to five years of age, ToM is used
as a framework for predicting and explaining the thoughts and actions of other people.
Researchers suggest that the social-communicative impairment evident in ASD results from a
failure to understand the mental states of others (Baron-Cohen, 1995), that is, a ToM deficit.
Support for the ToM deficit hypothesis in children with ASD was first established by
Baron-Cohen, Leslie and Frith (1985) using a variation of Wimmer and Perner’s (1983) falsebelief paradigm, the Sally-Ann task (Baron-Cohen et al., 1985). In this classic false-belief
paradigm, children are asked to observe a doll, Sally, hide an object in location A before leaving
the room. Meanwhile, Ann enters and takes the object from location A and moves it to location B.
The examiner asks the child, “Where will Sally look for the object when she returns?” To pass
this task, the child must employ meta-representational skills to disregard their own knowledge and
think about where Sally thinks the object is in order to predict behaviour. That is, the child needs
to be able to understand that another individual has beliefs separate to their own, that other
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individuals’ beliefs or representations may be incorrect, and that individuals will act in
accordance with their beliefs, even if they are incorrect. Baron-Cohen and colleagues (1985)
found that the majority of children with ASD failed a classic false-belief task compared with TD
children and children with Down Syndrome, thus supporting the ToM deficit hypothesis. A large
number of studies have since been published supporting these findings in an ASD population
(Baron-Cohen, 1988; Baron-Cohen, 1989; Baron-Cohen, Leslie, & Frith, 1986; Baron-Cohen et
al., 1985; Frith, 1989; Leslie, 1987; Leslie & Frith, 1988; Perner, Frith, Leslie, & Leekam, 1989;
Prior, Dahlstrom, & Squires, 1990).
Whilst the ToM deficit hypothesis was thought to offer a plausible and unified explanation
for the social impairments in children with ASD, empirical evidence and a number of theoretical
questions have challenged this hypothesis. Firstly, inconsistencies in the research findings suggest
that a ToM deficit cannot entirely explain the deficits observed in ASD. Some studies have found
that adults and up to 55 percent of children with high-function autism pass all false-belief tasks
(Baron-Cohen, 1989; Bowler, 1992) yet, those able to pass these tasks in a laboratory or
controlled environment, still experience difficulties functioning in the social world (Ozonoff &
Miller, 1995). Additionally, in the aforementioned experiments purporting to find support for the
ToM hypothesis (Baron-Cohen, 1989; Baron-Cohen et al., 1985; Leslie & Frith, 1988; Perner et
al., 1989), a minority of participants with ASD were able to pass classic false-belief tasks. While
it has been suggested that variation in false-belief task performance in an ASD sample may be
related to verbal ability (Eisenmajer & Prior, 1991; Prior et al., 1990), it has also been argued that
this cannot entirely explain the performance deficits identified by the literature (Baron-Cohen,
1989; F. Happé, 1995; Leslie & Frith, 1988; Lind & Bowler, 2009; Perner et al., 1989). In
summary, these inconsistencies in the findings suggest that a ToM deficit is not a universal
characteristic present in all individuals with ASD.
A second theoretical concern that challenges the ToM deficit hypothesis is that individuals
with ASD have retrospectively been identified to exhibit a range of social-communicative
impairments in the first year of life, long prior to the development of meta-representational
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abilities which emerge between the ages of 4 and 5 years (Tager-Flusberg, 2001). As detailed in
Chapter 1, early signs of ASD observed in infancy may include impaired joint attention and social
responsiveness that are not dependent upon understanding another individuals’ beliefs, intent or
affect. Thirdly, the ToM hypothesis does not offer a clear theoretical link between ToM deficits
and the emergence of other key ASD symptomatology, such as restricted interests and repetitive
or stereotyped behaviours (F. Happé, 2001; Plaisted, 2001). Consequently, it is likely that a deficit
in ToM cannot account for the range of deficits evident in children with ASD and as such, does
not offer a robust explanation for the fundamental socio-communicative deficits present in this
disorder.
2.3 Theory of a Weak Central Coherence
An alternate hypothesis put forth to explain the social-communicative deficit is the theory
of Weak Central Coherence (WCC). Central coherence refers to a cognitive style in which high
level meaning is derived by integrating information into a meaningful whole (F. Happé, 1994).
Characteristic of the processing style of TD adults and children, central coherence is considered a
global style of processing information at the expense of attention to detail (F. Happé & Frith,
2006). The WCC theory postulates that individuals with ASD have a WCC processing style,
which is piecemeal, focusing on details rather than integrating isolated elements of information
into a meaningful whole. WCC results in a lack of coherence and context and a failure to “see the
big picture”, which are core features required for deriving meaning and understanding from the
social environment, and thus may underlie the social-communicative deficit in ASD.
Some support has been found for the WCC hypothesis whereby children with ASD have
been found to demonstrate inferior performance to TD children on tasks requiring global
processing (Pellicano, Marybery, Durkin, & Maley, 2006). Frith (1989) proposes that a WCC
processing style also accounts for superior abilities associated with ASD, for example, tasks
requiring detailed local processing or memory for special details (F. Happé & Frith, 2006; Shah &
Frith, 1983). Children with ASD do better than TD controls on tasks requiring detailed (rather
than global) processing of information, such as the Embedded Figure Test where individual
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shapes must be found within larger patterns (Joliffe & Baron-Cohen, 1997; Mottron, Burack,
Iarocci, Belleville, & Enns, 2003; Nakano, Ota, Kato, & Kitazawa, 2010; Shah & Frith, 1983) and
the Pattern Construction and Figure-Ground tasks (Pellicano et al., 2006).
Alongside these general processing deficits in children with ASD, the WCC hypothesis also
provides an explanation for social specific deficits. Typically, social information processing
requires integration of detail and context, such as when processing faces (Kaufman & Kaufman,
1983) and the meaning of context-dependent language (F. Happé, 1997). Davies and colleagues
argue that difficulty reading facial expression results from a general perceptual deficit whereby
faces are interpreted in terms of their component parts rather than a meaningful whole (Davies,
Bishop, Manstead, & Tantam, 1994), thus supporting the WCC theory. Additionally, WCC may
play a role in the pragmatic language difficulties experienced by individuals with ASD. Joliffe
and Baron-Cohen (1999) presented adults with ASD and TD adults with words that had identical
pronunciation but different meanings, as well as an ambiguous sentence task; adults were assessed
as to whether they were able to draw contextual meaning from the information. Adults with ASD
were less likely than age-matched controls to use context in deducing the correct pronunciation,
thus supporting the role of WCC in pragmatic language difficulties and social impairments for
individuals on the autism spectrum.
In contrast, a number of studies have failed to support the WCC processing style hypothesis
in ASD populations, whereby children and adults on the autism spectrum performed similarly to
age-matched control participants on local and global processing tasks (Bowler & Thommen,
2000; Burnette et al., 2005; Cook & Richdale, 2003; Klin & Jones, 2006; Ozonoff, Pennington, &
Rogers, 1991). The WCC hypothesis has been criticised as it does not appear to explain patterns
of performance across the autism spectrum and nor the entire range of ASD symptomatology,
such as repetitive or restricted behaviours (Burnette et al., 2005; Pellicano et al., 2006). Also,
other individuals without ASD may show a WCC processing style. For example, a recent
systematic review suggests that individuals with eating disorders have difficulty with global
processing (Lopez, Tchanturia, Stahl, & Treasure, 2008). As such, if the WCC processing style
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cannot differentiate ASD from other disorders, it is unlikely to provide a robust explanation for
the unique pattern of impairments seen in ASD. Moreover, researchers suggest that it is unlikely
that one cognitive process can account for the entire range of impairments present in ASD and
hypothesise that impairments in other cognitive processes may better account for socialcommunicative impairments (Jones, 2007).
2.4 Complex Information Processing Theory
The complex information processing theory suggests that the pattern of deficits seen in
ASD can be explained by neurological impairments in the ability to process complex information,
whilst more basic abilities are unaffected (Minshew & Goldstein, 1998; Minshew et al., 1997;
Williams, Goldstein, & Minshew, 2006). That is, ASD impairments result from multiple cognitive
deficits, specifically in the domain of complex information processing (Minshew et al., 2002). As
defined by this theory, complexity refers to the fact that as the number of elements in the stimulus
material increase, so do the cognitive demands required for task performance (Minshew, Johnson,
& Luna, 2000). Neuropsychological profiling of 33 adults and adolescents with ASD showed that
motor movements, memory for complex material, the interpretive aspects of language and
concept formation were deficient compared to 33 TD adults and adolescents; however, sensory
perception, attention abilities, simple motor skills, simple memory, simple language and visualspatial domains were intact (Minshew et al., 1997). A similar pattern of impairments was
replicated in a sample of 8- to 15-year-olds with ASD (Williams et al., 2006). Minshew and
Goldstein (2001) argue that impairments are specific to the most complex level of information
processing in each domain and hypothesise that there is “a selective underdevelopment of the
higher levels of neural connectivity normally achieved with brain development” within each
cognitive domain (pp. 133).
Whilst the complex information theory appears to encapsulate all areas of impairment
experienced by children with ASD, it does not carefully define the concept of complexity.
Minshew and colleagues allude to the concept of complexity as involving more processing than
required for simple material (Minshew & Goldstein, 2001). However, to date Minshew and
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colleagues have not defined the parameters that may determine materials or stimuli as simple or
complex. One theory presenting a definition is that of the Relational Complexity theory.
Relational complexity theory suggests that complexity can be defined “in terms of relations that
can be processed in parallel” (Halford & Andrews, 2011, p. 706) or “the number of variables
related to a cognitive representation” (Andrews, Halford, & Boyce, 2012, p. 86). Relational
processing leads to an increased demand on the limited cognitive resources the individual has
available (Andrews et al., 2012), and the ability to process unary, binary, ternary and quaternary
relations shows a developmental progression (Halford & Andrews, 2011). It is suggested that the
capacity to process quaternary relations develops at around 11 years of age and that ability to
process complex concepts develops in parallel with the acquisition of knowledge and maturation
of the frontal lobes (Halford & Andrews, 2011). Whilst individuals may segment or chunk tasks
to reduce the risk of cognitive overload, the maximum number of variables adults can process in
parallel, within in one cognitive step is four (Halford & Andrews, 2011; Halford, Baker,
McCredden, & Bain, 2005). Thus, whilst definitions of complexity have been considered within
cognitive psychology, future research could consider how the evidence supporting the complex
information processing theory in ASD fits within established cognitive complexity frameworks
already recognized in the literature.
A number of theoretical concerns also remain unanswered for how the complex information
processing theory might explain ASD symptomatology. The complex information processing
theory is yet to be applied and evaluated in a population of children with ASD who are younger
than 8 years of age or with those outside a normal IQ range. Given the developmental nature of
ASD and the early age at which symptoms present, it is important for a theoretical framework to
account for the timing of symptom and impairment emergence in explaining ASD. Unfortunately,
the current findings supporting the complex information processing theory cannot be generalised
across younger age groups or across the entire spectrum of the disorder. However, the strength of
this theory is that it attempts to account for all ASD impairments and incorporates impairments
beyond the core triad of symptoms. Despite many unanswered theoretical questions, it appears
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that the complex information theory may offer some insight into ASD impairments, but further
research and exploration is required.
2.5 Theory of Executive Function Impairment
An alternative theory proposed to explain the social-communicative impairments in
children with ASD is the theory of Executive Function deficits. Executive function (EF) is a
cognitive construct that is defined as the ability to maintain problem-solving skills for obtaining a
future goal (Luria, 1966). The term EF is used to describe a range of behaviours believed to be
mediated by the frontal lobes, including skills of planning, attentional control, set shifting,
working memory, impulse control, inhibiting prominent but irrelevant responses, organised
searching and flexibility of thinking and behaviours (Baron, 2004; Ozonoff et al., 1991).
Deficits in EF are frequently observed in individuals who have sustained damage to their
frontal lobes, including a tendency to utter inappropriate repetition of previous thoughts or
actions, repetitive aimless moments, difficulty inhibiting responses and integrating isolated
details, difficulty managing simultaneous or multiple sources of information, and poor capacity
for planning (Luria, 1966). There have been few rigorous studies evaluating the impact of frontal
lobe damage in childhood, however, Pennington and Ozonoff’s (1996) summary of the published
child case studies suggests that these children also exhibit EF deficits. Impairments include poor
performance on cognitive tests, problems sustaining or focussing attention, poor peer relations
and a lack of empathy; deficits that appear somewhat reminiscent of the clinical features of ASD.
Executive impairments were first empirically investigated in an ASD population by
Rumsey (1985) however, a range of case studies that described clinical features that we would
now consider EF pre-date this research by up to 40 years (Kanner, 1943; Scheerer, Rothman, &
Goldstein, 1945; Steel, Gorman, & Flexman, 1984). EF deficits in children and adults with ASD
are well established within the literature, and include impairments in planning for the future,
rigidity and inflexibility of thought, over focusing on narrow interests, problems of attention,
inability to anticipate long-term consequences of behaviour, poor self-monitoring, and lack of
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impulse control (D. Bishop, 1993; Bowler, 2007; Ozonoff & Jensen, 1999; Ozonoff et al., 1991;
Steel et al., 1984). A review by Pennington and Ozonoff (1996) identified fourteen studies
examining the differences between autistic and TD participants on measures of EF. Significant
group differences on at least one EF measure were found in thirteen of the fourteen studies; the
one study without group differences did not match groups on age and was subject to a range of
methodological flaws (Schneider & Asarnow, 1987). In Pennington and Ozonoff’s (1996) review,
32 different EF measures were employed across these studies with group differences identified on
25 (78%); ASD individuals did not out perform TD controls on any EF task. The average effect
size across all studies and EF measures was .98, which is considered large.
The EF hypothesis purports that EF impairments are present early in the life of a child with
ASD, subsequently leading to disruption of other emerging skills and further atypical
development (Pennington et al., 1997). Whilst EF deficits may impact on non-social domains,
there are a number of studies which have identified a significant association between EF
impairments and the key social-communicative skills that typically develop early in a child’s life.
Joint attention, as previously described, is important for the development of language, cognition
and social skills (Charman, 2005; Charman et al., 2003; Delinicolas & Young, 2007; Kwisthout et
al., 2008) and absence of joint attention is one of the earliest signs of ASD impairment. Research
has found that cognitive flexibility is significantly associated with the frequency of joint attention
in children with ASD (McEvoy, Rogers, & Pennington, 1993). In TD infants, developmental
improvements in joint attention are congruent with development of cognitive flexibility (Corkum
& Moore, 1998). As such, Burack (1994) suggests that joint attention problems in children with
ASD may be attributed to difficulties with rapid shifting of attentional focus. Other socialcommunicative features that are markedly lacking early on in children with ASD include
imitation, pretend play, social gestures, imaginative activity and communicative speech. Research
findings have indicated that the use of social gestures and imaginative activity requires cognitive
flexibility and executive control (Lewis & Boucher, 1988; I. Smith & Bryson, 1994).
Furthermore, Hughes (2001) argues that the communicative impairments seen in ASD (i.e., lack
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of spontaneous speech, repetition and rigidity, or a failure to inhibit irrelevant speech) result from
difficulties with executive control and inhibition. EF and use of pragmatic and social language are
positively correlated in children with ASD (Verte, Guerts, Roeyers, Oosterlaan, & Sergeant,
2006).
Difficulties with mental representation can also be explained by EF deficits. Ozonoff
(1995a) purports that problems with mental representations occur due to a failure to disengage
from external content, what the individual knows to be true, and engage in an internal
representation, what someone else knows. To assess this, Russell and Jarrold (1992, as cited in
Ozonoff, 1995a) designed an experiment whereby the participant was positioned in front of two
boxes where they could see the contents, and were instructed to point to the box which held a
chocolate. If the participant deceived the experimenter into viewing the empty box, the participant
would receive the chocolate. Children with ASD failed to obtain the chocolate across a series of
attempts, however, comparison children with Down’s syndrome easily learnt to win the chocolate.
It was concluded that children with ASD appeared unable to disengage from what was salient to
them, that is, the real location of the chocolate, and respond based on an internal representation,
thus lending further support to the EF hypothesis.
2.5.1. Strengths of the theory of EF impairment. As compared with other competing
theories, the theory of EF impairment offers the most robust explanation for the socialcommunicative deficit observed in an ASD population. Firstly, EF impairments in ASD have been
established in the literature with fairly consistent support (Pennington & Ozonoff, 1996).
Executive dysfunction has also been demonstrated in individuals with ASD between the ages of 3
and 40 years (Hughes & Russell, 1993; McEvoy et al., 1993; Minshew, Goldstein, Muenz, &
Payton, 1992; Ozonoff et al., 1991; Prior & Hoffmann, 1990) and shown to be pervasive across
individuals with and without an intellectual disability (Pennington et al., 1997). Secondly, EF
deficits are present across the autism spectrum; individuals with high-functioning autism and
Asperger’s Disorder show significantly greater EF impairments than individuals with PDD-NOS
and individuals with PDDNOS show significantly greater EF impairments compared to TD
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individuals (Verte et al., 2006). Research with a subclinical population exhibiting high or low subthreshold ASD traits found that overall level of sub-clinical ASD symptomatology could explain a
significant proportion of the variance in participants level of EF deficit (Christ, Kanne, &
Reiersen, 2010). Thirdly, the EF hypothesis not only provides an explanation for the socialcommunicative impairment, but it also offers an explanation for the repetitive behaviours and
restricted interests seen in ASD. Turner (1997) investigated the everyday displays of repetitive
behaviours and distinct types of repetitive acts, and their association with inhibitory control of
behaviour in children with ASD. Results showed a significant association between failure to shift
attention and high-level repetitive behaviours, such as specific interests and verbal rituals; a
significant relationship between lower-level repetitive behaviours, such as hand flapping, and
inhibitory control was also identified.
Further adding strength to the executive dysfunction hypothesis is the fact that patterns of
EF impairment can discriminate ASD from other presentations of psychopathology. Whilst
significant EF deficits have been identified in other psychiatric disorders, if impairments can only
distinguish ‘normal’ from ‘abnormal’, but not between specific psychopathological disorders then
the EF hypothesis offers a less substantial explanation for ASD. Pennington and Ozonoff’s (1996)
review paper reports that EF deficits are consistently found in ASD and ADHD populations,
however, individuals with ADHD typically exhibit impairments in motor inhibition that are not
seen in ASD and those with ASD show working memory impairments not see in ADHD. EF
impairments are not characteristic of individuals with Conduct Disorder or Tourette’s syndrome.
As such, this evidence suggests that EF profiles can distinguish different clinical disorders.
Finally, in order to account for the range of impairments observed in ASD, the EF
hypothesis must demonstrate that deficits are present early in life concurrent with the emergence
of ASD symptoms. Whilst it is difficult to investigate EF in very young children, evidence
outlined in the proceeding paragraphs highlights a relationship between executive functions such
as cognitive flexibility, shifting attention and executive control of attention and early socialcommunicative impairments (Burack, 1994; Corkum & Moore, 1998; Lewis & Boucher, 1988;
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McEvoy et al., 1993; I. Smith & Bryson, 1994). Furthermore, evidence supporting the theory that
early emergence of EF deficits leads to further atypical development was supported in a
longitudinal study by Carlson and colleagues (2004). Results showed that EF performance at two
years of age was predictive of performance on ToM tasks at three years of age, over and above
that of EF performance at three years of age (Carlson et al., 2004), leading the authors to conclude
that executive skills play a critical role in the emergence of other ASD impairments.
2.5.2 Limitations of the theory of EF impairment. One criticisms of the EF literature to
date is a failure of studies to account for co-morbidities in ASD participants. Few studies have
screened for the presence of ADHD, which is thought to involve some impairments in EF
(Ozonoff, 1997; Pennington & Ozonoff, 1996). This oversight is of concern particularly given the
high rates of ADHD co-morbidity within an ASD population (~ 50%; Caron & Rutter, 1991;
Sinzig, Bruning et al., 2008; Sinzig et al., 2009). This raises some concern regarding the degree to
which the aforementioned literature findings are specific to the ASD population and consequently
further research accounting for potentially confounding ADHD co-morbidity and other comorbidities is required.
One further criticism of the EF literature is that researchers treat EF as a uni-dimensional
construct. Whereas, the umbrella term ‘executive function’ actually encompasses a complex range
of cognitive processes and most tasks employed to assess EF involve more than one cognitive
component. For example, the Wisconsin Card Sorting Test (WCST), one of the most common
tasks used to assess EF (Pennington & Ozonoff, 1996), generally assess cognitive flexibility,
attribute identification, working memory, inhibition, categorisation, selective attention and
integration of verbal information provided through feedback (Ozonoff, 1995b; Perrine, 1993).
Similarly, multiple executive processes are also needed for tasks such as the Tower of Hanoi, the
Trail Making Test and the Matching Familiar Figures Test, which are also commonly used to
assess EF. Therefore, as research moves forward in this area, EF impairments need to be
considered from a multidimensional perspective.
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2.5.3 Investigating the multidimensional EF impairment. The information processing
approach offers a framework for understanding the cognitive components involved in the EF
impairments in ASD (Friedrich & Rader, 1997; Ozonoff, 1997). The focus of the information
processing approach is on understanding the component skills involved in a complex, cognitive
task. This was first employed by Hughes and colleagues in the Intra-dimensional-Extradimensional (IDED) Shift task, administered by computer to assess set-shifting capacity (Hughes,
Russell, & Robbins, 1994). Like the WCST, the IDED task presents the participant with series of
playing cards one after another whilst the participant guesses if the card contains the target
stimulus dimension (i.e., colour or number). The software provides the participant with feedback.
Once through the entire deck, the target stimulus changes without informing the participant if this
is an intra-dimensional or extra-dimensional change. Unlike the WCST, the IDED task does not
require a verbal response or social interaction and is administered across multiple stages, in order
to identify underlying cognitive components. Compared to controls, ASD participants engaged in
highly preservative strategies demonstrating inflexibility and difficulty disengaging from response
patterns (Hughes et al., 1994).
Furthermore, information processing paradigms were utilised by Courchesne et al (1994) to
explore focused and shifting attention skills. Individuals with ASD experienced significantly more
instances of failure to disengage attention from the first stimulus to another than controls. ASD
participants also experienced more difficulties re-engaging attention. Additionally, Ozonoff,
Strayer, McMahon, and Filloux (1994) investigated inhibition of motor responses and attention
shifting across three separate conditions. Whilst the ASD group performed similarly to controls
on conditions assessing inhibition, they demonstrated significant impairments when required to
shift cognitive set. Together these studies highlight that components of EF can be measured
independently. Additionally, an emerging theme from these component analysis studies is that
shifting or disengaging attention from one stimulus or response pattern to another is an important
EF component that may be impaired in an ASD population. Whilst attention is generally
considered as an independent construct, it is also well established as a constituent of the EF family
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(R. Elliott, 2003; E. K. Miller & Cohen, 2001; Posner & Petersen, 1990; Shallice & Burgess,
1996). As such, these findings prompt a closer examination of the attention processes in ASD and
how they might be involved in the social-communicative impairments.
Attention is an essential cognitive mechanism required to derive meaning from the
abundance of information available within the environment. Given the brain has limited sensory
and information processing capacity, attending to specific aspects of the environment while
ignoring others is crucial for adaptation to the environment and social functioning (Bowler, 2007).
Attention deficits in children with ASD were identified as early as 1943 by Kanner and continues
to be noted in research today. Bowler (2007) suggests that problems attending to social
information early in development may lead to insufficient information input to promote typical
perceptual system development, subsequently leading to an atypical knowledge base. Therefore, if
attention difficulties and an atypical knowledge base emerge very early in development, further
differences in cognitive development may consequentially emerge.
The presence of attention problems in an ASD population was highlighted in Chapter 1.
Additionally, empirical, theoretical and clinical evidence suggests that attention difficulties are
not only common (as evidenced by the high rates of ADHD co-morbidity), but that attention
mechanisms are significantly impaired in the ASD population. Furthermore, both children with a
diagnosis of ASD or ADHD experience clinically significant difficulties in social functioning
(APA, 2000). As such, it is possible that attention deficits play a significant role in the ability of
children with ASD to understand and interact within the social world.
2.6 Concluding Remarks
In summary, there are a number of competing theories that purport to the social and
communicative impairments observed in an ASD population which have each been discussed in
this chapter. A deficit in ToM is well validated in a child ASD population and has long-standing
support. However, the ToM hypothesis does not offer a sound explanation for the range of sociocommunicative impairments that emerge prior to the age of 3 years. Secondly, a number of
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studies have found support for the WCC theory in ASD populations, however, results have been
inconsistent. Unfortunately neither the ToM or WCC hypothesis extends to explain the full range
of ASD symptoms, including repetitive behaviours and restricted interests. In addition, it appears
unlikely that a deficit in one cognitive process can explain the complex array of ASD
symptomatology.
The Complex Information Processing Theory goes some way to address these theoretical
flaws; it identifies a comprehensive range of impaired processes and offers a sound body of
research to account for the range of symptoms seen in ASD. That said, the limited sample to
which this theory has been applied (>8-years-old and normal IQ range) suggests further
exploration of this theory is required. As such, it appears that the most robust explanation for the
socio-communicative impairments in an ASD population currently is provided by the EF Deficit
hypothesis. This chapter has presented evidence that the theory applies across a broad age range
and that EF deficits relate to the very early socio-communicative impairments seen in ASD and to
repetitive behaviours. Furthermore, it is likely that EF deficits can discriminate ASD populations
from other psychopathological conditions. Although each theoretical account offers specific
strengths and weaknesses, the EF hypothesis offers the strongest theoretical arguments to explain
the social-communicative impairments and accounts for many of the flaws evident in the three
competing theories outlined.
There are a number of dimensions to the executive dysfunction hypothesis and there still
remains concern about broad definition of executive functions. However, a number of studies
reviewing the component processes of EF deficits in children with ASD have highlighted the
important role of attention in managing and deriving meaning from the abundance of sensory and
social information available within the environment. As such, there is persuasive evidence to
suggest that attention mechanisms play a role in the emergence and maintenance of the socialcommunicative impairment in children with ASD; this will be discussed in further detail in the
following chapters.
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Chapter 3: Attention and Autism Spectrum Disorder
3.1 Chapter Overview
The following chapter will present a model of attention and review the available literature
regarding attention deficits in an ASD population. Furthermore, the relationship between ASD
and ADHD and the co-morbidity debate will also be discussed, including an exploration of the
attention deficits in the ADHD population and how this might assist in furthering our
understanding of social-communicative impairments in individuals with ASD. Limitations of the
current literature will be discussed and directions for further research will be highlighted.
3.2 Definition
Researchers from various fields of psychology have put forth a range of definitions and
theories as to what constitutes attention. Broadly speaking, attention can be defined as a state of
awareness in which the senses are available to receive information from the environment and
perceptual systems are ready to respond to stimuli (APA, 2007). Given the abundance of
information and stimuli within our surrounding environment, the process of selectively attending
to specific stimuli or elements of the environment and ignoring others is important for being able
to manage the potentially overwhelming amount of information available to our senses. There are
a number of theoretical models of attention recognised across various fields of psychology
including cognitive psychology, neuropsychology and psychopathology, with each emphasising
the importance of specific attentional elements (R. A. Cohen, 1993; Mesulam, 1990; Mirsky,
Anthony, Duncan, Ahearn, & Kellam, 1991; Posner & Petersen, 1990; Stuss, Shallice, Alexander,
& Picton, 1995). The majority of models suggest that attention is not a unitary cognitive process,
and it is often conceptualised as being composed of multiple components.
3.3 Model of Attention
Mirsky, Anthony, Duncan, Ahearn, and Kellam (1991) have presented a multi-component
model of attention which purports that attention consists of several unique and interacting
elements. Their model consists of three elements, namely focused, sustained and shifting
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attention, each of which have been extensively researched. Focused attention, also known as
selective attention, refers to the ability to select information from the environment for processing
(Mirsky et al., 1991). This skill is involved in selecting the appropriate target information from an
array of simultaneous information in order to enhance information processing. Sustained attention
refers to the capacity to maintain focus and alertness. As a skill, sustained attention must occur
over time and with vigilance, however, it is known that the quality of sustained attention declines
with time. Lastly, shifting attention, also known as switching attention, refers to flexibility and
cognitive control in order to move attention from one aspect of a stimulus to another, in an
efficient and adaptive manner. Research supports the notion that these elements can be assessed as
unique components of attention performance in both adult and child samples (Mirsky et al., 1991).
Another important attentional component not described by Mirsky et al., (1991) is divided
attention, the ability to attend to two stimuli simultaneously (Stuss et al., 1995). Whilst this is not
described as part of Mirsky’s model, it has been included by others when applying Mirsky’s
theory (Manly et al., 2001). This final model of four unique elements of attention forms the basis
of the Test of Everyday attention for Children (TEA-Ch; Manly, Robertson, Anderson, &
Nimmo-Smith, 1999). Much support has been obtained for this attentional model (Heaton et al.,
2001; Mash & Barkley, 1998; Sutcliffe, Bishop, & Houghton, 2006) and it will be employed here
in the further exploration of the role of attention in ASD.
Mirsky and colleagues argue that children’s ability to control their attention increases
drastically as they develop. Given that aspects of attention development may be disrupted in a
number of childhood disorders, such as ASD and ADHD, measuring the strengths and weaknesses
of attentional skills in each of these disorders is important to enhancing our understanding.
3.4 Attention in Children with ASD
Components of attention have been investigated in ASD populations, but findings have
been inconsistent. Multiple components of attention have rarely been evaluated simultaneously in
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a single sample. A review of the literature exploring each of these four elements of attention,
selective, sustained, divided and shifting attention will follow here.
3.4.1 Selective attention. A number of studies have identified that selective attention is
impaired in children (Burack, 1994; Lovaas, Koegel, & Schreibman, 1979; Townsend,
Courchesne, & Egaas, 1996) and adults (Belmonte & Yurgelun-Todd, 2003) with ASD. It has
been suggested that difficulties with tasks requiring selective attention arise because children with
ASD demonstrate “stimulus over-selectivity”, that is, their attention is overly or selectively
focused on a restricted range of stimuli (Lovaas et al., 1979). Lovaas and colleagues (1979)
trained children with ASD to respond to a complex set of audio-visual-tactile stimuli, however,
when presented with each element separately, children with ASD over-focused on one element
whilst TD children responded to each element equally. Overly selective attention has also been
identified by Townsend and colleagues in an ASD population (Townsend & Courchesne, 1994;
Townsend et al., 1996). Smith and Milne (2009) researched selective attention impairments in 11to 17-year-old children with ASD; through observing their patterns of performance and areas of
difficulty, they concluded that children with ASD have a tendency to focus on contextually
irrelevant information and marginal aspects of visual tasks compared to TD children.
Conversely, it has been suggested that individuals with ASD experience problems with
selective attention due to having abnormally broad attention, or rather ‘under-selective’ attention
(Allen & Courchesne, 2001). Burack (1994) investigated under-selective attention in children
with ASD by presenting them with a series of target and distractor stimuli to children with ASD,
some lying within a window that was hypothesised to impose focus, whilst other stimuli were
presented outside this window. It was found that children with ASD benefited from the presence
of the window and that their performance was impaired in the presence of distractor stimuli.
Burack concluded that children with ASD are impaired in their ability to select relevant
information from the environment for processing and hypothesised that this resulted from an
inefficient attentional lens that is unable to filter extraneous information.
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It appears that there is some variation in the selective attention abilities across individuals
with ASD. Some studies have found opposing results, in that selective attention abilities were
intact in child (Iarocci & Burack, 2004; Plaisted, Swettenham, & Rees, 1999), adolescent
(Fletcher-Watson, Leekam, Turner, & Moxon, 2006) and adult (Remington, Swettenham,
Campbell, & Coleman, 2009) populations with ASD compared to TD controls. However, despite
these conflicting findings and evidence for over- and under-selectivity of attention, the general
trend in the literature suggests that selective attention is impaired in children with ASD.
3.4.2 Sustained attention. Once appropriate stimuli or aspects of the environmental are
selectively attended to, the individual must maintain focus on these for the duration of the task at
hand. Whilst early research primarily investigated the alertness and arousal levels of individual
with ASD, this approach has largely been discarded and instead research focuses on the
behavioural presentation of such difficulties, namely, sustained attention. It has been suggested
that sustained attention may be impaired in ASD, however, research exploring this attention
construct has generally not identified deficits (Buchsbaum et al., 1992; Casey, Gordon,
Mannheim, & Rumsey, 1993; Garretson, Fein, & Waterhouse, 1990; Johnson et al., 2007; Kaland,
Smith, & Mortensen, 2008; Pascualvaca, Fantie, Papageorgiou, & Mirsky, 1998; Siegel et al.,
1992; Siegel, Nuechterlein, Abel, Wu, & Buchsbaum, 1995).
The importance of monitoring motivational factors when investigating sustained attention
skills in individuals with ASD has been highlighted. Garretson, Fein, and Waterhouse (1990)
assessed sustained attention using the Continual Performance Test in a population of 3- to 10year-olds with ASD and controls. Performance was assessed under two conditions: tangible
rewards of money or pretzels, and social rewards of verbal positive praise. Whilst sustained
attention skills were similar across groups when tangible rewards were provided, children with
ASD demonstrated significantly poorer performance during the social rewards condition.
Consequently, it is likely that task motivation is an important factor in measuring sustained
attention capabilities of children with ASD.
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3.4.3 Shifting attention. Once attention has been engaged, it is important for the individual
to be able to flexibly disengage and shift his or her attention in an appropriate and controlled
manner. Impairment of shifting attention is argued to be the deficit underlying the ASD socialcommunicative impairment and has been the focus of a significant body of research. It is well
established that children with ASD develop the ability to utilise meaningful cues to shift attention
much later than TD children (Leekam, Lopez, & Moore, 2000; Leekam & Moore, 2001), and their
ability to rapidly and accurately shift attention compared to controls is impaired (Courchesne,
Townsend, Akshoomoff, Saitoh et al., 1994; Goldberg et al., 2005; Ozonoff et al., 1991; Prior &
Hoffmann, 1990; Reed & McCarthy, 2012; Sanders, Johnson, Garavan, Gill, & Gallagher, 2008).
Researchers argue that shifting attention may actually occur through a number of
consecutive processes – disengaging attention from current stimuli, moving attention to new
stimuli, and re-engaging at that point (Bowler, 2007). Difficulties disengaging when attention is
already engaged elsewhere have been identified in child populations with ASD (Landry &
Bryson, 2004; Pascualvaca et al., 1998; Schietecatte, Roeyers, & Warreyn, 2012) and disengaging
attention from an object and orienting toward adult attention is impaired in pre-school aged
children with ASD (Leekam et al., 2000). The speed of shifting attention seems to be an important
component of the impairment as studies have found that when children with ASD are given
additional time to complete a task involving shifting attention, their performance is comparable
to that of controls (Courchesne, Townsend, Akshoomoff, Saitoh et al., 1994). Therefore, it
appears that rapid and accurate shifting of attention proves problematic for this population.
3.4.4 Divided attention. Few studies have investigated the divided attention capabilities of
individuals with ASD. It has been suggested that divided attention deficits may be the cause of
confusion for individuals with ASD when they are presented with novel and unfamiliar situations
(Althaus, de Sonnewille, Minderaa, Hensen, & Til, 1996) and may be linked to difficulties in
establishing and maintaining joint attention (Bogdashina, 2005). Additionally, divided attention
has been suggested to mediate high-level multisensory integration, such as interpreting and
responding to emotions in humans (e.g., facial expression, vocalisations) and understanding the
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intentions of others (Magnee, de Gelder, van Engeland, & Kemner, 2011). Researchers have
measured event-related brain potentials in response to high level multisensory information and
noted that adults with ASD failed to appropriately integrate information when presented with
incongruent multisensory stimuli. Some studies have identified deficits in divided attention in
children (Althaus et al., 1996), and adolescents and adults (Ciesielski, Knight, Prince, Harris, &
Handmaker, 1995) with ASD. Other research has found no difference between divided attention
capacities of adults with ASD and controls (Bogte, Flamma, van der Meere, & van Engeland,
2009), and that divided attention skills may in fact be superior in an ASD population (Rutherford,
Richards, Moldes, & Sekuler, 2007). Vast inconsistencies in the research findings to date
highlight the need for further investigation of divided attention in ASD populations.
3.4.5 Limitations of previous research. Overall, research has investigated specific
impairments in attention in individuals with ASD generally finding that shifting and selective
attention are impaired in children with ASD. Inconsistent support has been found for deficits in
divided attention and sustained attention deficits have generally not been identified. Whilst there
have been numerous studies investigating attention in individuals with ASD to date, these studies
are subject to a number of limitations and methodological concerns. Most studies to date have
investigated a single aspect of attention or used a single task to investigate several attention
constructs. Few studies have comprehensively explored the range of attentional processes
described above within a single sample of individuals with ASD. Furthermore, there are some
inconsistencies in the research findings to date regarding which aspect of attention are impaired in
this population, possibly due to the use of a broad range of measures to assess attention as well as
using samples of wide age-range, including child, adolescent and adult populations. As children’s
ability to control attention increases substantially with age (Mirsky et al., 1991), it is likely that
the some of the inconsistent findings in the aforementioned studies are a result of employing
samples across this broad age range.
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3.5 Adding to Our Understanding of ASD: Why Consider the ADHD population and ADHD
Co-morbidity?
As has been mentioned in Chapters 1 and 2, attention problems in children with ASD
causes clinically significant impairments and despite diagnostic conventions, many clinicians do
make a co-diagnosis of ADHD, as attention symptoms are extremely impairing and not improved
by typical ASD treatments (Goldstein et al., 2009). Given the commonalities between ASD and
ADHD and high prevalence of co-morbidity, a closer examination of ADHD and the ADHD
symptomatology within individuals with ASD may prove valuable in improving our
understanding of the relationship between attention and the social-communicative impairments in
ASD.
ADHD is primarily characterised by persistent patterns of inattention and/or
hyperactivity-impulsivity that are more frequent and severe than would be observed in a TD
individual (APA, 2000). Symptom presentation may vary between children where some may
experience predominantly inattentive symptoms, predominantly hyperactive/impulsive symptoms,
or both. Inattention difficulties may manifest as difficulty organising tasks and activities,
forgetfulness, being easily distracted, difficulty listening when spoken to directly, problems
sustaining attention on task or play, or avoiding tasks requiring sustained mental effort.
Hyperactivity-impulsivity symptoms on the other hand may present as frequent fidgeting, running
or climbing excessively, often appearing to be “on the go”, excessive talking, difficulty waiting
for turns, interrupting or intruding on others and often blurting out answers before a question has
been completed. Symptoms must be maladaptive, incongruent with the individual’s
developmental level, present across multiple settings (e.g., school and home) and lead to
significant social difficulties and relationship problems with peers, school staff and/or family.
There is a growing interest in the research community regarding the relationship between
ASD and ADHD, with researchers raising questions as to how distinct each disorder is from the
other, and the possibility of co-morbid diagnoses. Whilst clinical case studies and anecdotal
evidence suggests a relationship between these two disorders, a strong genetic link between ASD
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and ADHD has also been identified in community samples of children in middle to late childhood
(Nijmeijer et al., 2009; Ronald, Simonoff, Kuntski, Asherson, & Plomin, 2008) and in children as
young as 2 years (Ronald, Edelson, Asherson, & Saudino, 2010). To explore this further, Mayes
and colleagues (2012) investigated symptom discrimination between children with ASD and
ADHD. Findings indicated that ADHD symptoms were part of the autism spectrum, however,
each of the clinical groups could be distinguished from one another based on their symptom
profile. Similarly, a comparison of parent responses for children with ASD and children with
ADHD on an ASD screening tool, the Social Communication Questionnaire, showed that children
with each disorder could be distinguished based on symptom profile (Ghaziuddin, Welch,
Mohiuddin, Lagrou, & Ghaziuddin, 2010).
Children with ASD and co-morbid ADHD are said to experience greater difficulty in daily
life and greater levels of impairment than those with ASD alone (Goldstein & Schwebach, 2004;
Guttmann-Steinmetz, Fadow, & Devincent, 2009; Holtmann, Bolte, & Poustka, 2007). Ames and
White (2011) identified that co-morbid ADHD symptoms are associated with an increase in ASDrelated behaviours. Furthermore, of clinical concern is the fact that the current prohibition of ASD
with ADHD co-diagnosis places children at risk of a misdiagnosis, which may subsequently delay
the individual receiving appropriate intervention. Currently, assessment for diagnosis of ADHD
often involve screening and assessment tools that are standardised and normed against a TD
population. As such, if these questionnaires are used to assess ADHD symptomatology in a child
with ASD, there is no research or evidence to guide clinicians in whether cut-off scores and
criteria for an ADHD diagnosis are appropriate, thus leading to challenges with test interpretation
(Deprey & Ozonoff, 2009). Consequently, it is essential that further clarity is established around
identifying and assessing ASD and ADHD co-morbidity appropriately. Gargaro and colleagues
(2011) conducted a review of the literature regarding the current diagnostic and treatment
literature for ASD and ADHD co-morbidity. Their summary indicates that further investigation
into the executive dysfunction hypothesis and profiling the similarities and differences across the
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ASD and ADHD populations was the most promising direction for future research into the ASDADHD co-morbidity.
3.6 Attention in Children with ADHD
The four elements of attention presented by Mirsky’s model (Mirsky et al., 1991) have also
been investigated in an ADHD population. Similar to the research presented for an ASD
population, investigation into the attention strengths and deficits of individuals with ADHD is
also subject to inconsistent findings and methodological flaws. A review of the literature
exploring each of these four elements will be summarised in the following sections.
3.6.1 Selective attention. Inconsistent findings have been reported in the literature
regarding selective attention abilities in an ADHD sample. Whist generally speaking selective
attention deficits are not substantiated in this population (Heaton et al., 2001; Hooks, Milich, &
Lorch, 1994; Huang-Pollock, Nigg, & Carr, 2005; Hutchinson, 2009; Manly et al., 2001;
Tarnowski, Prinz, & Nay, 1986), some studies have identified selective attention deficits (Kilic,
Sener, Kockar, & Karakas, 2007; Tripp, Ryan, & Peace, 2002; O. Tucha et al., 2006). In a group
of non-medicated 6- to 9-year-old children with ADHD and TD controls (Hutchinson), no
significant differences in selective attention ability were found when they were assessed using the
Test of Everyday Attention for Children (Manly et al., 1999); this finding was replicated by
Heaton et al. (2001) with 6- to 15-year olds. Huang-Pollock, Nigg and Carr (2005) found no
differences between 8- to 12-year-old children with ADHD and controls using a novel task,
however, Tucha et al. (2006) identified selective attention difficulties in 7- to 14-year-old children
with ADHD, relative to TD controls.
3.6.2 Sustained attention. Several studies have investigated sustained attention abilities in
an ADHD population compared to TD individuals, and consistent support has been found for the
presence of impairments (Berwid et al., 2005; Heaton et al., 2001; Johnson et al., 2007; Kilic et
al., 2007; Manly et al., 2001; Mirsky, Pascualvaca, Duncan, & French, 1999; Pasini, Paloscia,
Alessandrelli, Porfirio, & Curatolo, 2007; Tsal, Shalev, & Mavorach, 2005; L. Tucha et al., 2009).
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For example, in a group of 6- to 9-year-old children with ADHD, sustained attention was
significantly impaired compared with a TD group (Hutchinson, 2009).
3.6.3 Shifting and divided attention. A number of studies have also considered the
attention shifting and divided attention abilities of individuals with ADHD. However, inconsistent
findings have been reported for shifting attention (Corbett, Constantine, Hendren, Rocke, &
Ozonoff, 2009; Geurts, Verte, Oosterlaan, Roeyers, & Sergeant, 2005; Hutchinson, 2009; Inoue,
Inagaki, Gunji, Furushima, & Kaga, 2008; Mirsky et al., 1999; Pasini et al., 2007; Riccio,
Homack, Jarratt, & Wolfe, 2006; Scheres et al., 2004) and divided attention skills (Heaton et al.,
2001; Hutchinson, 2009; Karatekin, White, & Bingham, 2008; Manly et al., 2001; Pasini et al.,
2007) when compared with TD individuals. In Hutchinson’s study of 6- to 9- year olds, children
with ADHD and TD children were not different on either attention mechanism. In a sample of 6to 15-year-olds, children with ADHD demonstrated impaired attention shifting abilities and intact
divided attention (Heaton et al., 2001), whilst in a sample of children with a mean age of 9 years,
divided attention was found to be impaired (Manly et al., 2001).
3.6.4 Limitations of previous research. Overall, it appears that there has been consistent
support in the literature for sustained attention impairments in children with ADHD. However,
there are a range of inconsistent findings across the previous literature regarding their divided
attention, shifting attention, and selective attention abilities. Similar to the ASD attention
literature, it is likely that these differences relate to broad range of research tasks and selecting a
sample of participants with a wide age range.
3.7 Considering the Attention Profiles of Children with ASD and/or ADHD
Given the high prevalence of ADHD co-morbidity in the ASD population, it is surprising
that the majority of studies examining attention difficulties in ASD have failed to control for
participants who meet diagnostic criteria for co-morbid ADHD. Consequently, we are unable to
draw conclusions from previous research as to whether the attention deficits identified in ASD are
unique to the ASD presentation, or the result of co-morbid ADHD.
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Only one study to date has examined the attention profiles of children with ASD who do
and do not meet ADHD diagnostic criteria and compared this to TD children and children with
ADHD only (Sinzig, Bruning et al., 2008). The authors selected the Test for Attentional
Performance (TAP) to assess inhibition, sustained attention, divided attention and alertness,
reporting that the TAP has high clinical validity in an ADHD population. Results indicated that
children with ADHD (only) had sustained and divided attention deficits compared to TD, ASDonly and ASD+ADHD participants. The authors concluded that there was no markedly different
attention profile between children with ASD only and those with ASD and co-morbid ADHD. A
significant problem with this study was that the sample age ranged from 6 to 18 years which,
given the developmental nature of attention, may have limited the interpretability of findings.
Furthermore, the broad age range employed may have contributed to a failure to identify more
marked differences between the clinical groups.
Only a few other studies have compared the attention difficulties of an ASD only and
ADHD only population. Mayes et al. (2012) found that children with high- and low-functioning
ASD experience significant difficulties with selective attention when compared with an ADHD
population. One study has shown that individuals with ASD were impaired in their shifting
attention abilities compared with ADHD (Corbett et al., 2009). Although it has been found that
children with ADHD are impaired on sustained attention measures compared with high
functioning ASD participants (Johnson et al., 2007), Barnard-Brak (2011) suggested that
outcomes of sustained attention assessment in these two clinical groups is highly dependent on the
choice of sustained attention measure. Whilst no control group was employed, Barnard-Brak
found that children with ADHD made significantly more errors on the Rapid Letter Naming task
than the ASD group, however, they found no group differences on the Leiter sustained attention
task. Researchers must be mindful of such issues and critically assess the available measurement
tools when assessing sustained attention and interpreting previous research.
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3.8 Concluding Remarks
In summary, research has investigated the specific impairments of attention in individuals
with ASD or ADHD and one study has examined ASD with co-morbid ADHD. Overall, the
research consensus is that individuals with ASD exhibit shifting and selective attention
impairments with inconsistent support found for deficits in divided attention and no sustained
attention deficits identified. Individuals with ADHD on the other hand, are consistently shown to
demonstrate sustained attention deficits, with conflicting findings regarding shifting, selective and
divided attention abilities. There is a paucity of methodologically rigorous research which
comprehensively assesses a range of attention measures in both clinical groups as well as
accounting for co-morbid ADHD in an ASD population. There is a strong argument to suggest
that comparing the EF abilities of these two clinical groups and understanding the co-morbidity of
ASD and ADHD will provide further understanding of the clinical difficulties experienced by
each group and assist in moving this field of attention research forward. Further research must
address the methodological flaws that several studies have experienced, such as employing a
broad range of measures to assess attention and using samples of wide age-range.
This chapter has provided a picture of the attention difficulties experienced by individuals
with ASD. However, of specific interest to this dissertation is the impact of such attention
difficulties on social functioning in children on the autism spectrum or whether executive
dysfunction, such as an attention deficit, may play an underlying role in the emergence of the
social-communicative impairment. Whilst much of the literature reviewed in this chapter has
examined generalised attention problems in middle childhood to adolescence, the following
chapter will turn our attention to the literature on the social versus non-social nature of attention
difficulties and the methodology available to assess children’s social-communicative skills in a
laboratory environment.
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Chapter 4: Social-Communicative Deficits and Attention Problems in Children with ASD
4.1 Introduction
Social difficulties and impaired social functioning are deficits common to both children on
the autism spectrum and those with a diagnosis of ADHD. Both groups experience difficulty at
school and home with turn taking in conversation, developing relationships with peers,
understanding rules of social conduct, and demonstrating appropriate social behaviours.
Occurring on a spectrum, difficulties in both groups range from a mild to clinically significant
impairment. It has been suggested that social difficulties in children with ADHD result from
general inattention and impulsivity (Carr, 2006), whereas children with ASD have a specific
deficit in their ability to attend to and understand social stimuli (Dawson et al., 2004; Kikuchi,
Senju, Tojo, Osanai, & Hasegawa, 2009; Sweetenham et al., 1998). A paucity of research to date
has explored the relationship between social functioning difficulties and attention in children with
ADHD, however research has done so in an ASD population (Maestro et al., 2005; Maestro et al.,
2002; Osterling & Dawson, 1994; Werner et al., 2000). As such, the primary focus of this chapter
will be the ASD literature.
The following chapter will present the literature investigating social versus non-social
attention difficulties in an ASD population and critically examine the range of methodology
available to assess children’s social-communicative skills in a laboratory environment.
Furthermore, it will be argued that examining children’s social attribution skills offers a
favourable methodology for gaining insight into their social-communicative impairments; the
current social attribution research will be examined.
4.2 Attention Difficulties: Are they Social Specific?
Many researchers suggest that individuals with ASD lack the ability to attend to and
maintain interest in social stimuli. It is well established in the literature that children with ASD
show a lack of attentional bias towards faces (Kikuchi et al., 2009; Klin, Jones, Schultz, &
Volkmar, 2003; Riby & Hancock, 2009; Schultz, 2005) and impaired orienting to social stimuli

33

SOCIAL ATTRIBUTION AND ATTENTION DEFICITS IN CHILDREN WITH ASD
(Dawson et al., 2004). In a retrospective home video study, children as young as 6 months who
later receive a diagnosis of ASD have been shown to exhibit a deficit in attending to social stimuli
compared to TD children (Maestro et al., 2002). At 12 months of age, infants who later receive an
ASD diagnosis have been found to attend to people and social cues, however, do so far less than
TD infants (Chawarska, Macari, & Shic, 2012; Chawarska, Volkmar, & Klin, 2010; Huntman,
Chela, Gillespie-Lynch, & Sigman, 2012). This supports previous research that identified that 20month-old children with ASD looked less and for shorter intervals at people and also looked more
and for longer periods at objects compared to TD and developmentally delayed children
(Sweetenham et al., 1998). In five separate studies, individuals with ASD (ranging from children
as young as 12 months to adults) have failed to show a preference for social stimuli
characteristically observed in comparison TD individuals (Ashwin, Woolgar, & Baron-Cohen,
2010; Birmingham, Cerf, & Adophs, 2011; Maestro et al., 2005; Nakano, Tanaka et al., 2010;
Schietecatte et al., 2012).
It has been found that 6- to 12-year-olds with ASD have difficulties orienting to speech
sounds compared to controls, as opposed to orienting to simple or complex audio stimuli
(Ceponiene et al., 2003). Additionally, Rutherford, Pennington, and Rogers (2006) found that
children with ASD aged 6 years take longer than TD children to learn a task requiring them to
distinguish animate and inanimate objects. However, whilst skills for distinguishing animate from
inanimate objects were initially impaired, with practice children with ASD performed similarly to
controls. This finding suggests that their skills for completing the task need practicing and/or
priming, or alternatively that children with ASD develop strong compensatory strategies during
task practice.
In contrast, other studies have suggested that attention to social stimuli in individuals with
ASD is comparable to TD individuals. One study presented children aged 9-years on average,
with a ‘spot the difference’ task, where the different element was either an ‘animate’ or
‘inanimate’ stimuli (New et al., 2010). Children’s ability to detect change was measured across
each category. The results indicated that children with ASD were as able as TD children to detect
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change, and their categorical priority of animate social stimuli was considered equivalent to TD
children. Furthermore, research with adolescent and adult samples has shown that individuals
with ASD do not show an aversion to social stimuli, do spontaneously attend to eyes (FletcherWatson, Leekam, Benson, Frank, & Findlay, 2009; Fletcher-Watson, Leekam, Findlay, &
Stanton, 2008) and demonstrate normal visual attention to faces (McPartland, Webb, Keehn, &
Dawson, 2011; Sterling et al., 2008). Rutherford and Krysko (2008) also found that adults with
ASD were as able as controls to reflexively use eye direction cues as an indicator for shifting
attention despite being asked to ignore facial cues; however, their reaction time was significantly
slower than controls. Some researchers have suggested that whilst statistically significant
differences across groups have not been detected in their studies, they have found small marked
differences in performance on attention measures and in response to social stimuli between ASD
and TD participants (Fletcher-Watson et al., 2009; Rutherford & Krysko, 2008). Whilst these
differences observed in a laboratory based research task may appear minor, it is hypothesised that
they may translate into more significant problems in the real world (Fletcher-Watson et al., 2009).
The majority of research supports the notion that attention difficulties are social in nature
for children with ASD. It is important to be clear that the research summarised in section 4.2 has
primarily employed preferential looking paradigms to assess attention to social or non-social
stimuli. As such, attention is typically defined as the duration of time spent looking at or
concentrating on specific stimuli. This definition is quite different from Mirsky and colleagues
conceptualisation of attention as the multi-component cognitive process involving selective,
sustained, divided and shifting attention (Mirsky et al., 1991), which has been emphasised in
Chapter 3. The breadth of research exploring these attention mechanisms has already been
summarised (see Chapter 3), however, the relationship between each of these attention
mechanisms and impaired social functioning of children with ASD has rarely been investigated.
One study has shown that shifting attention accuracy was related to repetitive and restrictive
behaviours (Sanders et al., 2008) and that divided attention was correlated with performance on
the Conner’s Rating Scale (Corbett et al., 2009). Aside from this, very few studies have explored
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the relationship between ASD symptom scales and behaviour measures, and the attention
measures employed to assess selective, divided, sustained or shifting attention. Consequently,
conclusions on the social nature of attention problems are limited to studies using a broad
definition of attention. Moreover, whilst clinical observation and research frequently supports the
notion that general attention difficulties in children with ASD are social in nature, a
comprehensive review of the literature suggests that findings have not been so definitive. It is
likely that inconsistent findings across the previous literature are due to the use of a diverse range
of research methodologies in attention tasks.
4.3 Research Methodology
A review paper by Ames and Fletcher-Watson (2010) aptly described the challenge for
researchers in designing a study of attention in children with ASD: the researcher is “currently
faced with not only a wealth of conflicting findings, but also a raft of potential methodologies for
the study of attention” (pp. 3). Firstly, the concept of attention is defined quite differently across
the research; whilst some authors describe attention as the process of concentrating on specific
stimuli (Ames & Fletcher-Watson, 2010), attention may also be defined as consisting of a number
of different subtypes of attention, such as shifting or divided attention (Mirsky et al., 1999). The
researcher’s choice of attention definition will drive the choice of assessment instrument and thus
strongly influence the interpretation and generalisability of the results. Currently, our
understanding of the social versus non-social nature of attention impairment is limited to a very
general definition of attention, rather than considering social attention across the multiple
mechanisms of attention that has been identified (Manly et al., 2001; Manly et al., 1999; Mirsky
et al., 1991).
Secondly, there are many methodological approaches available to explore attention and
social abilities in an ASD population, including eye-gaze cueing paradigms, spatial attention
paradigms, eye movement recording, change detection paradigms and computational modelling
(Ames & Fletcher-Watson, 2010). A detailed review by Ames and Fletcher-Watson (2010)
summarises the research using the aforementioned methodologies and highlights that these varied
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methodologies have produced many intriguing yet often contradictory findings. The authors
explain that one cause of the inconsistent findings may be the researcher’s selection of stimuli
they deem to be ‘social’, ranging from cartoon characters, to faces, to moving images. Ames and
Fletcher-Watson argue that when designing such research tasks, social stimuli must encompass
the entire range of social input available to us to ensure a truly comprehensive examination.
Inconsistent findings to date may also be attributed to choice of population and learning and
environment factors. Much research in this area has employed adolescent and adult samples with
ASD. Consequently, it is likely that findings from these samples may reflect the performance of
older individuals who have adopted a range of compensatory strategies to manage in social
situations. Task performance may have been further confounded where the research design has
involved unlimited training trials prior to testing, thus allowing for learning opportunities. A
further problem is that the research methodologies tend to be highly structured, laboratory based
tasks whereby assessment of social abilities is primarily by response time or brief response to
directive questions (Ames & Fletcher-Watson, 2010). It may be speculated that the highly
structured nature of tasks and environment may provide scaffolding for participants on the autism
spectrum and as such enhance their performance.
To establish a true measure of the social and attention abilities of children with ASD, it is
important that tasks replicate the complexities of the social world within the laboratory (Klein,
Zwickel, Prinz, & Frith, 2009; Salter, Seigal, Claxton, Lawrence, & Skuse, 2008). Frequently,
individuals with ASD can communicate social understanding and adequately attend to a task in
the laboratory, however subtle differences in performance compared to controls may translate into
more significant difficulties in social situations (Fletcher-Watson et al., 2009). In concluding their
review, Ames and Fletcher-Watson (2010) argue that a new approach to assessing social attention
is to begin using more realistic tasks and stimuli that assess participants’ subjective experiences. It
may be speculated that this will provide valuable insight into more subtle attention abilities that
underpin the social difficulties experienced by individuals with ASD. One challenge associated
with such investigation is developing a simulated, realistic task whereby performance is unlikely
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to be confounded by social anxiety. Nevertheless, a rigorous research design that systematically
varies tasks in a controlled environment is required to accurately assess children’s social attention
and the cognitive processes involved in social understanding (Ames & Fletcher-Watson, 2010).
4.4 Investigating Social Understanding in the Laboratory
A number of laboratory based tasks have been developed to assess the way children make
sense of, or develop their understanding of social behaviour. Also referred to as ‘social
attribution’, these tasks assess how the “social perceiver uses information to arrive at causal
explanations for events” (Fiske & Taylor, 1991). The research to date employing such tasks and
the subsequent findings are reviewed here.
4.4.1 Video vignettes. A methodology that appears informative for evaluating social
understanding is that of video vignettes. This paradigm was used by Pierce, Glad, and Schreibman
(1997) who presented children with ASD and TD and intellectually disabled children with a series
of 7 second video vignettes of children interacting, varying each vignette in the number of social
cues present. Vignettes contained between one and four social cues which consisted of verbal
content (e.g., “I like your toy”), tone (e.g., speaking with an animated voice), non-verbal cue
without an object present (e.g., smiling at an approaching person), and non-verbal cue with an
object present (e.g., giving a present to another child). All children performed similarly when
vignettes included one social cue, however, the performance of the ASD group declined as the
number of social cues increased. Comparatively, the performance of TD children improved when
more social cues were present. Results indicated that when the demands of the social interaction
were high, children with ASD had difficulty responding. A limitation of the study by Pierce and
colleagues (1997) was that social understanding was derived from directive questioning rather
than requesting a spontaneous narrative; this may have provided the children with more structure
and helpful cues, thus may be a less accurate indicator of innate social understanding.
The benefit of using video vignette methodology is that it presents a medium for more
realistic manipulation of social complexity. That is, video or film footage typically involves items
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of focus within a broader range of environmental stimuli, which is analogous to the way
individuals must process information in typical daily life. As such, task stimuli are likely to
present much richer information and research based in this medium is likely to have greater
ecological validity and allow for more extensive generalisation of findings. The disadvantage of
the video vignette methodology is that video footage typically presents a large amount of visual
information, meaning there are a greater number of variables that must be controlled for and there
is a greater potential for results of such studies to be influenced by confounding variables. As
such, the video vignette methodology offers less methodological rigour to control for confounding
stimuli within the task than other methodologies. Furthermore, given its greater similarity to real
life social situations, this task may actually induce greater levels of social anxiety. No further
research has employed methodology of this type in an ASD population and little is known about
its correspondence with performance of these children in real life social situations or traditional
animated tasks; thus further investigation is warranted.
4.4.2 Computer simulated tasks. Computer animated interactions of abstract shapes has
provided a useful way of exploring basic social understanding in TD and ASD populations. The
earliest study to introduce such methodology was that of Heider and Simmel (1944). The Heider
and Simmel paradigm depicts two triangles, one large and one small, and a circle executing a
series of movements in relation to each other and a rectangular box. Participants are required to
provide a narrative describing the animation and responses are coded for metalizing language, that
is, language that reflects the individuals understanding of the interaction in terms of the animate
agents intentions, beliefs and desires. Most TD adults and children interpret the movements of
agents in the animation as intentional and human-like (Berry, Misovich, Kean, & Baron, 1992;
Heider & Simmel, 1944) with personality traits and emotions (Scholl & Tremoulet, 2000).
Specifically, it is the movement of the shapes and their spatial contingency to one another, not the
agents’ shape or size, that is the vital characteristic influencing the shapes being perceived as
social beings, (Berry et al., 1992; Berry & Springer, 1993; Springer, Meier, & Berry, 1996).
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Research employing the Heider and Simmel task (1944) showed that children with ASD
failed to distinguish relevant social information and attribute relevant social meaning to
characters, identified fewer social elements, provided shorter responses, and used less metalizing
language compared with TD children (Klin, 2000; Salter et al., 2008). Bowler and Thommen
(2000) found that children with ASD have particular difficulty in describing coordinated
movement of the animated characters where interaction does not involve contact, compared with
interactions that do involve contact. Bowler and Thommen argue that the performance of children
with ASD may be impaired as a result of difficulties shifting attention between each agent within
the animation. To examine this further, Klin and Jones (2006) compared task performance on the
Heider and Simmel task with that on a task of physical interaction, specifically, a geometric
animation of a rocket launching. Tasks were of equivalent complexity with a similar number of
geometric shapes presented in a monochromatic colour scheme; both tasks lasted for similar
duration and did not involve audio. The authors evaluated the narratives of children and
adolescent for social and physical attributions. Results indicated that the ASD and TD groups
performed similarly on a task of a non-social nature (i.e., rocket launch) whilst participants with
ASD demonstrated a localised deficit to social tasks (i.e., Heider and Simmel task).
4.4.3 Social attribution task. Another computer animation that has proven a useful tool for
examining social understanding is the Social Attribution Task (SAT), a concept pioneered by
Michottee (1946) and Kanizsa and Vicario (1969). This brief animation depicts a black square
that moves from the far left of the screen towards a white square at the centre of the screen. The
white square quickly moves away from the black either as the squares make contact or on the
approach of the black square, prior to contact. Whilst objectively this animation may appear quite
rudimentary, high-level perception arises from these very simple displays (Scholl & Tremoulet,
2000). In the first animation, the brief contact between black and white is interpreted as the black
square causing the white square to move (physical contact or causality), whereas in the second
animation, the white square is perceived as having intentional states or being alive, such that the
black square tries to catch the white square whilst the white square escapes (social contact or
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intentionality). This task offers an advantage over that of the Heider and Simmel (1944) task in
that it isolates interactions into smaller components to allow more precise measurements and
insight into children’s social attributions.
In order to assess performance on the SAT, participants are asked to describe what they saw
and responses are coded for understanding of causality and intentionality of the agents. It has been
found that young TD children can discriminate the physical and social contact of the agents
depicted in these animations, however, it is only at the age of 7 years that TD children can
spontaneously describe the causality and intentionality of the interactions (Thommen, Dumas,
Erskine, & Reymond, 1998). The SAT was employed by Bowler and Thommen (2000) with a
group of TD children and children with ASD aged 7 to 16 years. Results showed that children
with ASD were unimpaired in their ability to differentiate causality. Failure to find differences
between groups may have been a result of the brief and uncomplicated nature of this task.
It has been proposed that it is the complex nature of social interactions that present
difficulties for children with ASD (Freeth, Ropar, Chapman, & Mitchell, 2010; Klein et al., 2009;
Minshew & Goldstein, 1998; Salter et al., 2008). As such, in the interest of improving the external
validity of computer animation tasks, two pilot studies have extended Bowler and Thommen’s
(2000) SAT, by introducing complexities to the original animation. A pilot study by Cook and
Richdale (2003) extended the original SAT task to include two interactions, involving three
squares that moved horizontally and vertically across the screen and that either touched or moved
away from each other. Children with ASD and TD children aged 6 to 12 years were compared on
their ability to perceive the different types of contact between the squares, quality of attribution of
intentionality and frequency of mental state terms across animations involving one or two
interactions. Children did not differ in performance on complex animations including two
interactions or on the simpler, original version of the task involving one interaction. However,
both groups made more frequent use of mental state terms following viewing the more complex
animations.
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Extending this research further, a pilot study by Jones (2007) further manipulated
complexity of a SAT by including an additional square or agent that moved horizontally along the
bottom of the screen (without making contact with other agents) at three different levels of
saliency: dark grey, red or flashing black and white. It was expected that the increased number of
agents in the animation and increased saliency would distract from the important aspect of the
main interaction and therefore produce poorer quality narratives from the children with ASD. The
results indicated that children with ASD were better able to distinguish the type of interaction
(i.e., contact or absence of contact between squares) than TD children when interactions involved
contact between agents. However, in animations where agents did not make contact, the TD
children were better able to describe the type of interaction. The performance of all children was
unaffected by the introduction of the distractor square with no significant differences for the three
levels of distractor square saliency. It was recommended that future research further investigate
the impact of complexity in computer animation tasks in order to enhance the external validity of
the task and generalisability of findings.
4.5 Replicating the Complexities of the Social World in the Laboratory
The theme of complexity is repeatedly emerging as an area of research requiring further
attention when designing studies to assess social-communicative abilities in children with ASD.
Many methodologies fail to adequately integrate the complexities present in the social world in
laboratory based tasks, and to tap into the psychological processes involved in understanding
one’s social environment. Prior to entering a social exchange, there are many complex processes
that take place including identification of relevant social information, integration of multiple
social cues, interpretation of the social situation in the context of relevant social knowledge and
then appropriate behavioural response (Ozonoff & Miller, 1995). Based on a review of the
literature, it is clear that geometric animations provide an opportunity to characterise the basic
processes involved in social cognition, including attention to relevant elements, such as a child’s
ability to identify intentionality, desires and emotions of others. The SAT in particular involves
tried and tested cause-effect links that have been previously established in Michotte’s (1946) early
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work. However, the question remains as to how to address the concern of introducing appropriate
complexity to the task. To date, research has investigated this question using computer animated
tasks. The results indicated that salient colours are hard to ignore in the form of a distractor
(Schubo, 2009) and that the proximity of distractor stimuli to the target stimuli is influential in
allocation of attention; competition for attention is greatest when distractor is more proximal
(Berry & Springer, 1993; Mounts, 2005). Furthermore, similarity between target and distractor
stimuli increases the salience of the distractor (Poiese, Spalek, & Di Lollo, 2008). Further
research in this area is required.
A further limitation to the investigation of social attribution in children with ASD is that
the highly structured nature of laboratory tasks fails to detect the impairments these children
exhibit in more naturalistic settings. As such, previous research has constructed what appear to be
excellent opportunities to assess social understanding, however, have developed the task measure
to involve closed-ended questions requiring brief responses or a set of short response-options
from which the participant must select an answer. Consequently, the results of these studies have
relied on methodology which potentially fails to mimic what needs to be done in a naturalistic
setting. An advantage offered by the SAT in assessing social attribution is that the task design
requires participants to respond in an open-ended verbal, narrative response. Whilst this obviously
creates some challenges given the wide variability of language skills in the ASD population, it
provides a forum for spontaneous and unprompted responses. Additionally, the SAT can be easily
manipulated to assess the impact of complexity. Unfortunately, a primary difficulty in studying
social attribution in individuals with ASD is that is difficult to know what he/she is thinking and
feeling unless verbal skills are present (Sigman, Yirmiya, & Capps, 1995). As such, social
attribution tasks are best targeted at those individuals who have developed fluent language skills,
providing an unbiased opportunity to develop insight into the individual’s social cognition.
4.6 Concluding Remarks
In summary, research suggests that children with ASD experience particular difficulty
with attending to social compared to non-social stimuli. Whilst, there is a substantial body of
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research that has investigated this question, the research is subject to a number of methodological
limitations and diverse and inconsistent findings. Some of these problems include the way in
which ‘attention’ has been defined and the choice of tool to assess attention. Also the population
employed by the study may also significantly influence result, in that studies using an adult
sample may actually be assessing how well the individual has learnt to adapt to tasks requiring
attention to social stimuli. Furthermore, many laboratory based social attention tasks may offer a
highly scaffolded environment that does not mimic the complexities of the real world. The
difficulty in appropriately assessing social abilities and attention in the laboratory is identifying a
suitable balance between ecological validity and methodological rigour. A review of the literature
suggests that computer based animation tasks assessed through the child’s spontaneous narrative
and language, such as the Social Attribution Task, may offer this. Further research exploring the
range and possibilities of such tasks would be helpful to advancing our understanding of the social
attribution skills of children with ASD.
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Chapter 5: The Current Research
5.1 Chapter Overview
This chapter provides an overview of the rationale for the current research, and highlights
the gaps and methodological limitations of previous research. The present research is outlined and
the aims and hypotheses are presented.
5.2 Rationale
ASD consists of a range of deficits occurring across a spectrum, with the socialcommunicative deficit proving the most severe and impairing feature of this condition. Several
theories explaining this deficit have been put forth, however based on the current literature, the
executive function (EF) hypothesis provides the most robust theoretical explanation for the socialcommunicative impairments experienced by individuals with ASD (see Chapter 2). A number of
studies have identified a significant association between key social-communicative skills and EF
impairments (Lewis & Boucher, 1988; McEvoy et al., 1993; I. Smith & Bryson, 1994; Verte et
al., 2006), and the EF hypothesis has been supported across the ASD spectrum (Verte et al.,
2006), in populations with and without intellectual disability (Pennington et al., 1997). The EF
hypothesis also offers explanation for the repetitive behaviours and restricted interests observed in
ASD (Turner, 1997) and patterns of EF deficits discriminates ASD from other psychopathology
(Ozonoff, 1997).
One problem presented by the EF hypothesis is that the ‘executive function’ term
encapsulates a range of cognitive functions and many tasks purported to measure EF do not assess
a unitary construct (Pennington & Ozonoff, 1996). At present, the literature suggests that no one
cognitive process can adequately account for the social-communicative impairments of ASD.
However, given the quantity of research identifying difficulties with attention, it appears that
further exploration of this deficit is warranted. The proposal that attention deficits, such as
shifting attention, may account for many aspects of the social-communicative impairment in
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children with ASD appears to hold promise, but further research is required to more fully explore
this possibility.
In Chapter 3, the literature pertaining to attention deficits in individuals with ASD was
outlined. The literature presented in this chapter supported the notion that individuals with ASD
are impaired in their ability to select information from the environment for processing and in their
ability to shift their attention across stimuli. However, the ability to draw conclusions from these
studies is hampered by diverse differences in design and methodology. For example, a broad
range of measures have been utilised across studies, some of which are not standardised; often
only a single aspect of attention has been investigated in one sample; and samples have been
employed across a broad age range. A comprehensive understanding of attention problems in
ASD requires research that explores a range of attention constructs within a single sample, using
clinically valid assessment tasks. Furthermore, studies have failed to control for associated comorbidities, which is particularly concerning given the high rate of ADHD co-morbidity in
children with ASD (Caron & Rutter, 1991; Sinzig et al., 2009). The literature highlights that
children with ADHD have a markedly different profile of attention difficulties (Heaton et al.,
2001; Hutchinson, 2009; Manly et al., 2001; Mirsky et al., 1999), and limited research has
investigated the attention profiles of children with ASD and co-morbid symptoms of ADHD
(Sinzig, Bruning et al., 2008). Failure of previous studies to address this issue is a major concern
and creates uncertainty and reservations regarding the conclusions drawn from previous studies of
attention in an ASD population. An exploration of differences and similarities between children
with ASD who do or do not meet criteria for an ADHD co-diagnosis, is required to provide a
clearer picture of the attention problems associated with ASD. To date, no single research paper
has adequately addressed these issues.
Chapter 4 explored the social versus non-social nature of attention difficulties in individuals
with ASD. In the majority of these studies, the individuals were compared on their ability to
attend to a social or non-social stimuli; several researchers concluded that individuals with ASD
demonstrated specific difficulties in attending to social stimuli (Chawarska et al., 2012; Kikuchi et
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al., 2009; Klin et al., 2003; Maestro et al., 2005; Maestro et al., 2002; Riby & Hancock, 2009). It
is important to note that this body of research has not only employed a broad range of
methodologies and research designs (Ames & Fletcher-Watson, 2010), but also a different
definition of attention to that employed by this dissertation; that is, attention in the current
research has been defined as a multi-component cognitive process involving selective, sustained,
divided and shifting attention (Mirsky et al., 1991). The breadth of research exploring these
attention mechanisms has already been summarised (see Chapter 3); however, the relationship
between these mechanisms and the social difficulties and impaired social functioning of children
with ASD has rarely been investigated. Consequently, conclusions on the social nature of
attention problems are limited to studies using a broad definition of attention. To further advance
our understanding of the relationship between social and attention difficulties, future research
must address these significant limitations. A number of computer based social attribution tasks
appear to offer a promising avenue for developing a better understanding of attention difficulties
and social attribution abilities in individuals with ASD. Assessed through the child’s spontaneous
narrative and language, the Social Attribution Task offers a suitable balance between ecological
validity and methodological rigour.
Attention difficulties can be amongst their most impairing symptoms for some children
with ASD. Developing a better understanding of the relationship between attention problems and
children’s social understanding may help inform early diagnosis and treatment of both children
with ASD. Furthermore, a clearer understanding of this relationship may also assist in designing
learning and play environments that support the child’s strengths as well as accommodate their
attentional difficulties. Consequently, the main objective in this study was to provide a clearer,
more comprehensive understanding of attention deficits in children with ASD. The current
research addresses the limitations and gaps in previous research by investigating the deficits using
a clinically valid measure of attention that assesses a multi-component system, the Test of
Everyday Attention for Children (TEA-Ch; Manly et al., 1999). Furthermore, ADHD symptom
co-morbidity was controlled for by investigating the attention deficits of children with an ASD
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diagnosis (ASD-only) as well as children with an ASD diagnosis who also demonstrated comorbid elevated ADHD symptoms (ASD+ADHD). Both groups were compared to an age and IQ
matched TD control group to identify any significant group differences.
Additionally, the aforementioned groups were also compared on a novel task assessing
social attribution; the Social Attribution Task (SAT) was designed to address a range of
methodological flaws and limitations of other measurement tools, whilst systematically exploring
the impact of task complexity. Social attribution skills were examined in relation to performance
on an attention measure to identify significant associations. Lastly, age-related limitations of
previous studies were addressed by employing a participant sample in middle childhood, with a
relatively narrow age range.
5.3 Research Aims
The first aim in this study was to profile and compare the attentional capabilities of children
with ASD-only, ASD+ADHD, and TD children using a clinically valid measure, the Test of
Everyday Attention for Children (Manly et al., 1999), which assesses a range of attention
constructs, including selective attention, sustained attention, shifting attention and divided
attention. The second aim was to replicate and extend previous findings on the performance of
children with ASD, with and without co-morbid ADHD symptoms, on the SAT, across increasing
levels of complexity. Lastly, this study endeavoured to identify any relationship between the
attention capabilities and social attribution of the two clinical groups and the TD control group as
well as a range of other descriptive measures of participant’s symptomatology and abilities,
including adaptive behaviour, social and communication skills and symptoms of ASD and
ADHD.
5.4 Hypotheses
5.4.1 Attention hypotheses. Given the substantial number of studies finding that selective
and shifting attention is impaired in children with ASD, yet unimpaired in children with ADHD, it
was expected that co-morbid ADHD would not contribute to the selective attention or shifting

48

SOCIAL ATTRIBUTION AND ATTENTION DEFICITS IN CHILDREN WITH ASD
attention impairment in children with ASD. Consequently, the first hypothesis was that children in
the ASD+ADHD and ASD-only group would demonstrate impaired selective and shifting
attention compared to TD children.
Conversely, the general consensus in the literature is that sustained attention is impaired in
children with ADHD but not ASD. Whilst the one previous study looking at co-morbidity did not
find impaired sustained attention in an ASD+ADHD population, this study was subject to a
number of limitations that might impact interpretation of the results. As such, in the current study
it was predicted that the presence of co-morbid ADHD symptoms would lead to impaired
performance on a measure of sustained attention in a sample of ASD+ADHD children, compared
to the TD children and children with ASD-only.
There have been a number of inconsistencies in the previous literature regarding difficulties
with divided attention in individuals with ASD, ADHD or ASD+ADHD. Based on the limitations
and choice of assessment instruments in previous studies, it was predicted that in the current
research, there would be no significant differences evident between the ASD-only, ASD+ADHD
and TD groups on a measure of divided attention.
5.4.2 Social attribution hypotheses. Using an extension of previous SATs, it was
predicted that children with ASD-only and ASD+ADHD would demonstrate significantly poorer
performance compared with TD children. Given that no previous research has used the SAT with
children with ADHD, the inclusion of an ASD sample with co-morbid ADHD symptoms was
exploratory. At a minimum, it was expected that the ASD+ADHD group would show equivalent
difficulties to the ASD-only group; however, based on the premise that co-morbid ADHD
symptoms would contribute to the social difficulties experienced by children on the autism
spectrum, it was expected that the ASD+ADHD children may show greater impairments on the
SAT compared to ASD-only participants.
Specifically, it was hypothesised that compared to TD children, children in each of the
clinical groups would show poorer attention to the task stimuli, would be less able to distinguish
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between interaction types, and make fewer social attributions on animations depicting social
interaction (or absence of contact between squares) compared with animations that depict physical
interaction (contact between squares). Children in the ADS+ADHD group were also expected to
show poorer performance than the ASD-only group. Furthermore, it was hypothesised that
performance of those in the ASD-only and ASD+ADHD groups would deteriorate on all
interaction types as task complexity increased; and children in the ASD+ADHD group were
expected to show poorer performance than the ASD-only group.
5.4.3 Hypotheses regarding associations between social and attention impairments. It
was hypothesised that SAT performance would be positively associated with attention measures,
specifically the attention mechanisms that differentiated group performance. It was hypothesised
that better social skills, adaptive behaviour, and pragmatic language and less severe ASD and
ADHD symptoms would be associated with superior performance on the SAT and attention
measures.
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Chapter 6: Method
6.1 Participants
Fifty-one children aged seven to 12 years of age and their parent(s) participated in this
study. Of this group, 18 were typically developing (TD) children and the remainder had a clinical
diagnosis of ASD (n = 33). As previously mentioned, DSM-IV-TR currently prohibits a codiagnosis of ASD and ADHD, however, a proportion of participants in the ASD cohort had also
received a co-diagnosis of ADHD (n = 6) from a psychologist, paediatrician or psychiatrist. All
participating families were from the Melbourne Metropolitan Area and spoke English as a first
language.
6.1.1 Screening inclusion and exclusion criteria. Sixty-five families contacted the
researcher via email or telephone to express interest in the study. To be accepted into the study,
participants needed to be aged between seven and 12 years. The exclusion criteria for all groups
were a clinical diagnosis of a mood or anxiety disorder, a diagnosed learning or intellectual
disability, a hearing or vision impairment that had not been corrected by visual or hearing aids, a
developmental disability other than ASD, or a lack of development of spoken language.
According to parent report via a telephone screening interview, a small number of interested
participants were identified as inappropriate either due to being older or younger than the target
age range (n = 4) or meeting one of the exclusion criteria (n = 5). A further five children were
eligible to participate but following the telephone screening interview, the families decided they
were unable to commit the time required for participation. Therefore, these 14 children did not
participate further in this study.
The 51 participants recruited for the study formed three groups: TD children (which will be
referred to as the TD group), children with a diagnosis of ASD (ASD-only group) and children
with a diagnosis of ASD who also presented with markedly elevated symptoms of ADHD
(ASD+ADHD group). Inclusion criteria for each group are outlined in the following paragraphs.
6.1.2 TD inclusion and exclusion criteria. Participants recruited for the TD group were
required to exhibit no symptoms of ASD or ADHD on clinically valid screening tools for each
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disorder. Participants were required to score below 11 for ASD symptoms on the Social
Communication Questionnaire (SCQ) and to score at or below the 95th percentile for ADHD
symptoms on the Conners’ Rating Scale ADHD/DSM-IV Scales - Parent version [CADS-P],
DSM-IV Total Index. All participants recruited for the TD group met these inclusion criteria.
6.1.3 ASD inclusion and exclusion criteria. The ASD participants in this study were
divided into two clinical groups: ASD-only and ASD+ADHD. Children in both groups were
required have a pre-existing diagnosis of ASD made by a paediatrician, psychologist or child
psychiatrist and to meet the Autism Diagnostic Observation Schedule (ADOS-G) criteria for
Autism Spectrum Disorder or Autistic Disorder using the Gotham, Risi, Pickles and Lord (2007)
algorithms.
Whilst DSM-IV-TR prohibits a co-diagnosis of ASD and ADHD (APA, 2004), some
clinicians adhere rigidly to these rules whilst others tend to sway from this prescription in order to
provide a co-diagnosis that accurately reflects the child’s clinical difficulties. Consequently, some
children may receive a co-diagnosis while others do not, depending on the views of the clinician.
Therefore, to be included in the ASD-only group, ASD participants were also required to show
few symptoms of ADHD, as identified by a score at or below the 95th percentile on the CADS-P
DSM-IV Total Index, an ADHD symptom severity measure. This particular distinction was
selected to reflect either no or mild inattentive or hyperactive/impulsive symptoms, that is,
symptoms that were within 1.96 standard deviations of the mean for the typical population. Whilst
the Conner’s Rating Scale CADS-P scale also offers a scoring option for determining whether a
clinical diagnosis is appropriate, comparing participants with ‘elevated’ symptoms to those with
none to mild symptoms was considered consistent with the current DSM-IV-TR approach to comorbidity (where clinically significant inattention or hyperactivity/impulsivity symptoms in
children with ASD are not eligible for an ADHD co-diagnosis). In addition, the Conner’s Rating
Scale scores are normed against a TD population and we cannot be confident that diagnostic cutoff scores are appropriate for an ASD population.
6.1.4 ASD+ADHD inclusion and exclusion criteria. Children in the ASD+ADHD group
were required to score above the 95 percentile on the CADS-P DSM-IV Total index.
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6.2 Experimental Design
A quasi-experimental design was employed here using three participant groups which
were matched on IQ and chronological age (months).
6.3 Materials
6.3.1 Participant screening. A screening questionnaire (Appendix A), developed by the
researcher, was used to determine initial eligibility for study participation. The questionnaire
asked basic demographic information including the participant’s sex, age, diagnosis, current
medications, health, intervention history and presence of any other psychological problems.
6.3.2 Intelligence. A Three-Subtest Short Form (Block Design, Matrix Reasoning and
Picture Concepts) of the Wechsler Intelligence Scale for Children – IV (WISC-IV) was used to
estimate children’s overall intelligence (Wechsler, 2003). This Short Form is based on the
subscales of the Perceptual Reasoning Index (PRI), which primarily measures fluid reasoning and
has strong correspondence with Full Scale IQ (r = .92; Sattler, 2008). For the purpose of group
comparison, an IQ score was calculated for all participants, even if significant variability across
subscales was present (i.e., subtest discrepancy greater than 5). Participants’ IQ was then used to
compare the three groups on cognitive functioning and to examine any relationships between
attention or SAT performance and IQ.
6.3.3 Language. The Children’s Communication Checklist (CCC-2; D. Bishop, 2003) was
used to assess children’s language and communication, including pragmatic language difficulties.
There are 70 items grouped into 10 subscales (of seven items each) assessing the child’s language
difficulties and strengths. Parents are asked to rate the frequency with which their child displays
each behaviour. Results provide measures of ability across 10 communication areas (subscales)
including speech, syntax, semantics, coherence, inappropriate initiation, stereotyped language, use
of context, non-verbal communication, social relationship and interests. Two composite scores are
calculated: the General Communication Composite (GCC) and the Social Interaction Deviance
Composite (SIDC). The GCC is an overall measure of communication skills and comprises the
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first eight subscales of the CCC-2; higher scores represent superior language abilities. The SIDC
is designed to identify disproportionate pragmatic and social language difficulties in relation to
structural language impairment and is calculated by subtracting scores on the inappropriate
initiation, non-verbal communication, social relations and interests subscales from the total scores
obtained on the speech, syntax, semantics and coherence subscales. Higher scores on the SIDC
represent fewer pragmatic language difficulties.
Internal consistency for the CCC-2 is high (ranging from α = .73 - .88), particularly on the
pragmatic composite score (α = .92) and it can successfully distinguish language-impaired from
non-impaired in 6- to 12-year-olds (Helland, Biringer, Helland, & Heimann, 2009). The two
CCC-2 composite scores were used to compare the three groups and to examine any relationship
between attention or SAT performance and language.
6.3.4 ASD diagnosis. The diagnosis of participants with ASD was corroborated using the
Autism Diagnostic Observation Scale (ADOS-G; Lord, Rutter, DiLavore, & Risi, 2002), a semistructured, standardised assessment of communication, social interaction and play skills. Module
3 was employed as all children were verbally fluent, that is, able to use flexible phrases of more
than three words. The revised algorithm published by Gotham et al., (2007) was employed for
determining if participants met ASD inclusion criteria (ADOS ≥ 7) as well as for calculating an
ASD symptom severity score (re-standardised ADOS scores into a severity scale that ranges from
1 to 10). The ADOS has high inter-rater reliability (88%) and strong agreement on diagnostic
classification (81%; Lord et al., 2002). New algorithms were employed due to superior sensitivity
and specificity in detecting differences between Autism versus non-spectrum (sensitivity: 91%;
specificity: 84%) and ASD versus non-spectrum presentations (sensitivity: 72%; specificity: 76%;
Gotham et al., 2007).
6.3.5 ASD symptoms. TD participants were screened for ASD symptoms using the Social
Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003), a 40-item parent
questionnaire derived from the Autism Diagnostic Interview – Revised. Screening validity has
been supported in children aged 4 years and older (Berument, Rutter, & Lord, 1999). The SCQ
has good sensitivity (.89), specificity (.89) and validity when using a cut-off of 11 with children
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aged 4 years and older (Wiggins, Bakeman, Adamson, & Robins, 2007). Participant SCQ scores
of 11 or higher were used for determining exclusion from the study for TD participants.
6.3.6 ADHD symptoms. The Conners’ ADHD/DSM-IV Scales Parent version (CADS-P;
Conners, 1997) was used to screen all participants for ADHD symptoms and severity scores were
used to place children with ASD in the ASD-only or ASD+ADHD groups. The 26-item scale
includes a range of behaviours which parents are asked to rate for frequency of occurrence on a
four-point Likert scale of (0) ‘never/seldom’, (1) ‘occasionally’, (2) ‘often’ or (3) ‘very
often/frequent’. Behaviours described across the 26 items are congruent with symptoms
contributing to the DSM-IV-TR ADHD criteria for combined, inattentive and
hyperactive/impulsive subtypes (APA, 2000); internal reliability for the CADS-P is high (M. L.
Miller, Fee, & Netterville, 2004).
The CADS-P scoring provides categorical and dimensional information about participants’
ADHD symptoms (Conners, 1997). Categorically, CADS-P parent responses can be utilised to
identify the child’s eligibility for an ADHD diagnosis, including subtype, if the parent endorses
the child as exhibiting six or more ADHD inattentive or hyperactive/impulsive symptoms ‘often’
or ‘very often’. Alternatively, the CADS-P parent responses aggregate into a severity scale
providing percentile and T scores to indicate where the participant’s behaviour fits on the
spectrum of severity; higher scores represent more severe symptoms. The 95th percentile CADS-P
DSM Total Index score was used as an exclusion criterion for TD and to place ASD children in
either the ASD-only or the ASD+ADHD groups. The TD children with a score above the 95th
percentile were excluded from the study, and ASD children with a score above the 95th percentile
were placed in the ASD+ADHD group.
6.3.7 Social skills. Information about participants’ social skills and problem behaviours
were collected using the Social Skills Improvement System (SSIS) parent report (Gresham &
Elliott, 2008). Parents were asked to rate the frequency with which their child exhibits the prosocial and problem behaviours on a four-point Likert scale: never, seldom, often and almost
always (S. N. Elliott, Gresham, Frank, & Beddow, 2008). Parent-responses regarding social skills
are summarised into seven subscales (communication, cooperation, assertion, responsibility,
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empathy, engagement and self-control) and problem behaviours are summarised into five
subscales (bullying, internalising, externalising and hyperactivity/impulsivity, and autism
spectrum). A summary scale is calculated for both social skills and problem behaviour. Scores are
standardised to age-peers, where higher scores on the social skills scale indicates superior skills
whereas higher scores on the problem behaviours scale indicates more problematic behaviour.
The SSIS demonstrates good reliability (> .80) on all subtests and demonstrates moderate to
high correlation with widely used instruments such as the Vineland Adaptive Behaviour Scale
(Gresham & Elliott, 2008). It is also demonstrates strong validity with ADHD and ASD
populations. Both the social skills and problem behaviour standard scores were used to examine
any relationships between social skills or difficult behaviours and the attention variables and SAT
performance. Group differences on social skills and problem behaviours were also investigated.
6.3.8 Adaptive functioning. The Scales of Independent Behaviour – Revised (SIB-R) short
form was completed by the parent/carer to measure the participants’ adaptive functioning
(Bruininks, Woodcock, & Weatherman, 1996). The short form demonstrates good reliability for
5-10 year olds (ranging from r = .67 to .80), high parent inter-rater reliability (r = .93), and strong
correlation with the full scale clusters (ranging from r = .79 to .93). The percentile rank for each
child’s adaptive behaviour was calculated, where a higher score represents superior adaptive
behaviour. The percentile rank was used to examine any relationship between adaptive behaviour
and both attention variables and SAT performance, as well as investigate any group differences on
adaptive behaviour.
6.3.9 Attention. The first four subtests of the Test of Everyday Attention for Children
(TEA-Ch) were administered to measure the four constructs of attention in each group of
children: selective attention (Sky Search), sustained attention (Score!), attentional control and
shifting (Creature Counting), and divided attention capabilities (Sky Search Dual task; Manly et
al., 1999). Each subtest was preceded by practice trials to establish the child’s task
comprehension. Sky search, the first subtest, is a measure of selective attention and requires the
child to scan an A3 page of spaceships and then circle pairs of spaceships. The task is measured
for accuracy (as the number of correct identifications), timing (speed of task completion as
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measured by a stop watch) and efficiency (a ratio of accuracy over time). The influence of motor
skills on task performance is controlled for by the inclusion of a second Sky Search task, which is
identical to the first except that irrelevant stimuli are removed and only the target pairs of
spaceships are presented. Task completion time is used to calculate the component of time
accounting for motor behaviours and therefore identify the component of time attributable to
selective attention skills. The second test, Score! assesses sustained attention and requires the
child to count the number of intermittent ‘scoring’ sounds heard on an audio track.
Creature counting, the third test, measures attention shifting and involves switching
between counting upwards and counting downwards. The child is required to count the creatures
hiding in a burrow and follow the arrows that periodically appear to indicate the direction of
counting. Lastly, the fourth subtest, Sky Search DT (Dual Task) is a test of divided attention. It is
essentially a repeat of the Sky Search subtest simultaneously with the Score! subtest; that is, the
child must circle the pairs of spaceships on an A3 page whilst also counting the number of
intermittent ‘scoring’ sounds. The duration of this task is dependent on how quickly children
identify the pairs of spaceships in the selective attention task. The difference between Sky Search
and Sky Search DT tasks is calculated to give the final divided attention score, which takes into
account speed of the selective attention task compared with speed on the dual task.
The TEA-Ch is a standardised assessment of different attentional capacities that is agescaled to take into account the rapid development of attentional skills observed in children.
Average performance is represented by standard scores between 9 and 11, whilst higher scores
represent superior attention abilities. The TEA-Ch has strong test-retest reliability (ranging from r
= .71 to .81), good validity and moderate correlations between the subtests and other attentional
measures, such as the Stroop Task, and Matching Familiar Figures (Manly et al., 1999). The test
developers have reported that the TEA-Ch is relatively insensitive to reasoning abilities and
general knowledge in a TD and ADHD sample that have an IQ within the normal range.
6.3.10 Social attribution. A computer animated Social Attribution Task (SAT) adapted
from previous research and pilot studies (Cook & Richdale, 2003; Jones, 2007; Thommen et al.,
1998) was employed to measure social understanding and attention to stimuli. Participants were
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shown a series of short animations (between 3 and 6 seconds) portraying 1cm coloured squares
interacting on a computer screen in either of two types of causality: a launch or reaction
interaction. In a launch interaction, one square approaches the other and makes contact,
apparently causing the other square to move away; a pictorial depiction is presented in Appendix
B. In a reaction interaction, one square approaches the other; however, prior to contact, the second
square quickly moves away; a pictorial description is presented in Appendix C. The SAT
consisted of 20 different animations that involved three squares (one red, one green and one blue)
interacting in a launch-launch, reaction-reaction, or mixed (launch-reaction or reaction-launch)
sequence. In some interactions, a fourth square (purple) was also present with varying degrees of
salience, intended to distract the participant’s attention from the interacting squares.
Prior to commencing the SAT, participants were shown four simple practice items and
asked to describe what they had observed. Participants were prompted with questions to ensure
task understanding prior to commencing the SAT trials (see Appendix D for the script for
establishing task understanding). Following completion of the practice trials, participants were
then shown 20 test items in a random order (to control for habituation to the three levels of
distracters) and after each test item, participants were asked to describe what they observed.
Narrative responses were audio and visually recorded, transcribed and coded for attention to
stimuli, distinction of launch and reaction interactions, use of cognitive and mental state terms,
intentionality, physical causality, the use of physical terms and construction of the narrative.
Animation complexity was manipulated by inclusion of coloured distractor squares in some
animations that were hypothesised to be attention demanding. Distractor squares included an
additional square moving along the bottom of the screen, below the interactions (referred to as the
distal distractor condition), or moving between the target interactions (referred to as the
interfering distractor condition); movement is deemed the primary factor in the social
interpretation of abstract animations (Berry et al., 1992; Springer et al., 1996). Distractor salience
was also manipulated by the inclusion of a flashing feature to the distractor square (referred to as
the flashing interfering distractor condition). An additional condition was included to reduce
complexity, whereby the animation was presented at a slower speed (referred to as the slow
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condition). Eight test items were 3-square animations with no distractor (slow and baseline) and
12 test items were 4-sqaure animations (4 of which included the distal distractor square, 4 with an
interfering distractor square that moved between target interactions, and 4 with a more salient,
flashing distractor square that moved between target interactions). Table 1 presents an outline of
animation task details including the number and nature of each interaction and a description of the
speed and distractor variables.
Table 1
Outline of each animation trial including the nature of complexity in each trial
Trial
Test 1
Test 2
Test 3
Test 4
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Type
Single
Single
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual
Dual

Interaction 1
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction
Launch
Reaction

Interaction 2
Launch
Reaction
Launch
Reaction
Reaction
Launch
Launch
Reaction
Reaction
Launch
Launch
Reaction
Reaction
Launch
Launch
Reaction
Reaction
Launch
Launch
Reaction
Reaction
Launch

Speed
Slow
Slow
Slow
Slow
-

Distractor
Distal Distractor
Distal Distractor
Distal Distractor
Distal Distractor
Interfering Distractor
Interfering Distractor
Interfering Distractor
Interfering Distractor
Interfering Distractor
Interfering Distractor
Interfering Distractor
Interfering Distractor

Flashing
Yes
Yes
Yes
Yes

The SAT was presented to children on a Hewlett Packard notebook computer with a 14inch, high resolution screen. Children watched the animation whilst sitting at a table with the
computer placed directly in front of them; the screen was positioned approximately 45 cm away.
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6.4. Procedure
Following obtaining ethics approval from the La Trobe University Human Ethics
Committee (UHEC: 10-085), participants were recruited by displaying advertising posters at Olga
Tennison Autism Research Centre (OTARC), early intervention centres (to recruit older siblings),
around the university campus and in the waiting rooms of health professionals working with
children with an ASD and/or ADHD. Advertising flyers were also included in e-newsletters
distributed to families of children with a developmental disability, including publications by the
Autism Behavioural Intervention Association, OTARC, Amaze and Autism Partnerships.
Furthermore, individuals who had previously listed their details on the Amaze, OTARC, or La
Trobe University Child Development Unit participant registries, and were listed as within the
target age group, were contacted via e-mail to invite participation. E-mails included brief
information about the project and interested parents were invited to contact the researcher at
OTARC and discuss the project. Participants who had included their telephone contact details on
the registries were contacted via a phone call one to two weeks after an email had been sent to
ascertain their interest, and were offered an opportunity to ask any questions. If participants were
not contactable after two phone calls, no further contact attempt was made. Lastly, participants
were recruited through word of mouth and social media.
During telephone contact with parents, information was provided about the research study
and the telephone-screening interview was completed (see Appendix A). Parent’s who reported
that their child did not meet one or more of the screening interview exclusion criteria were
informed that their child was not be eligible to participate in this study and were offered an
opportunity to register their interest to participate in future studies at the OTARC. Following the
screening interview, parents whose child met criteria for participation were sent a Participant
Information Sheet and Consent Form and invited to make an appointment for participation.
Written parental consent for both the assessment and audio-visual recording was obtained prior to
assessment.
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Assessment took place either at the OTARC research laboratory or in the participant’s
home. Parents of children with an ASD diagnosis were asked to provide their child’s diagnostic
report from their paediatrician, child psychiatrist or psychologist confirming their child’s ASD
diagnosis and, where applicable, ADHD diagnosis. Parents of children taking ADHD medications
(e.g., Ritalin, Concerta, etc) were asked to withhold medication on the day of assessment as
studies have identified that medicated children with ADHD perform similarly to TD children on
attention demanding tasks, such as the TEA-Ch (Sutcliffe et al., 2006). Six children in the final
sample were taking an ADHD stimulant medication of either Ritalin (n=3), Concerta (n=2), or
Stratera (n=1). Two of the six participants’ parents indicated that they often withheld this
medication during school holidays. All parents consented to this procedure and withheld their
child’s medication on the day of testing.
Prior to commencing the assessment, children were invited into the research laboratories or
a quiet room in their home and seated at a chair and table. Once the researcher determined the
child was comfortable, assessment commenced. Participants were audio-visually recorded whilst
completing the WISC-IV, TEA-Ch, and SAT. All participants with a diagnosis of ASD were
offered a fifteen minute break prior to being administered the ADOS-G; one participant opted to
complete the ADOS-G assessment at a second appointment time. Whilst the child was occupied,
parents were invited to be seated in the waiting room or in another room in their home and asked
to complete the SCQ (TD children only), CCC-2, SSIS, CRS CADS-P and SIB-R. The testing
session duration was approximately 1 hour and 15 minutes for TD children and approximately 2
hours for children with an ASD diagnosis (additional time due to the administration of the ADOSG).
As incentive for participation, all participants were entered into a draw to win a family
movie pass, and parents were offered a brief psychological report on their child’s performance. If
participants were identified as having areas of ‘below average’ performance, information was
provided in the child’s report on how the family might seek further assessment or intervention
with a psychologist and/or speech pathologist.
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6.5 Coding Procedure for SAT task
Following data collection, narrative responses on the SAT were transcribed and coded
across ten different factors. The coding procedures were developed based on pilot study by Cook
and Richdale (2003) and Jones (2007), adaptations of coding procedures used by Klin (2000) and
Thommen, Dumas, Erksine and Reymond (1998), and the development of new codes through
consultation with experts in the field. A detailed coding protocol with scoring details is provided
in Appendix E for the reader’s reference; a brief outline of the coding procedures is presented in
the following paragraph.
6.5.1 Attention to stimulus array: Interacting squares. Responses were coded for
reference to, or absence of reference to, interactions within the stimulus array (between red, green
and blue squares only; purple is the ‘distractor’ square). The child’s narrative indicated that they
had attended to an interaction when they made reference to an agent or agents and described some
kind of exchange using terms such as “chased”, “ran away from”, “hit”, “bumped”, and “got
him”. It was not necessary for the participant to convey each event in correct temporal sequence,
or correctly identify the colour of the squares within a specific event to obtain a score.
6.5.2 Attention to stimulus array: Distractor squares. Responses were coded for
reference to, or absence of reference to, the purple distractor square, including whether the
distractor square was simply noticed or a misattribution was made that this square was in fact
interacting with the others.
6.5.3 Perception of launch/reaction distinction. Each sequence was assessed in order to
determine whether the participant correctly attended to the difference between launch and reaction
interactions. In a launch interaction, the child needed to correctly identify that a square made
contact with another square. The terminology used to describe this could include “hit”, “tapped”,
“crashed into”, or “pushed”. In a reaction interaction, the child needed to correctly identify the
absence of contact between two squares. The terminology used to describe this could include “ran
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away from”, “didn’t hit”, or “chased”. Each correct identification scored a point and vague or
undifferentiated responses received no score.
6.5.4 Intentionality. Narrative responses were also coded for identification of the
intentionality of each square as an agent, as described below in Table 2.
Table 2
Scoring definitions and examples for coding intentionality in the SAT
Score

Definition and Example

0 = No intentionality/relation between objects.
For example, “the black one went to the right, then the grey one came up and
then the white one went up”
1 = Action between animates/relation exists as shown by identification of contact or
lack of contact.
For example, “the black one hit the grey one and then the white one bumped the
grey one up.”
2 = Weak intentionality: one agent has intention and both interactions do not have to
be referred to.
For example, “the black one tried to push the grey one.”
3 = Strong intentionality: a clear psychological relationship exists; that is, two
agents are identified as having intention but both interactions do not have to be
referred to.
For example, “the black one tried to push the grey one but the grey one runs
away.”

6.5.5 Intentionality: Distractor square. Within the animations, the distractor square
moved independently and did not interact with the primary agents. However, narratives were
coded for whether any attributions of intentionality were mistakenly made by participants as
absent or present. For example, “the purple square tried to hit the blue square” or “the purple one
just watched” or “followed”.
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6.5.6 Physical causality. Narrative responses were coded for identification of a physical
explanation of interactions, as described in Table 3.
Table 3
Scoring definitions and examples for coding physical causality in the SAT
Score

Definition and Example
0 = No relation between objects.
For example, “the red one went to the right, then the blue one came up and
then the green one went up”
1 = Contact Criterion: The child correctly describes the presence or absence of
contact.
For example, “the red one hit the green one.”
2 = Reasoning based on observable features: response indicates an analysis of
the whole scenario and demonstrates cognitive reasoning regarding observable
features, such as relative speed. For example, “the red square moves faster
than the green square”
3 = Complex Inference: response demonstrates a clear capacity of inferring an
invisible cause to explain the interaction or relationship exists between agents.
For example, explaining movements as being similar to magnets or drawing
upon simile or metaphor.

6.5.7 Frequency of mental state terms. Narratives were coded for the frequency of
cognitive and affective mental state terms for each animation. Cognitive terms include words
stating knowledge, desires and beliefs of the agents, such as “wants”, “tries”, etc. Affective
terms include words used in relation to the squares’ mental states, such as “feels”, “scared”,
“tried”, and “afraid”.
6.5.8 Frequency of physical terms. Narratives were coded for the frequency of physical
terms and reference to physical attributes of the agents. Physical terms may include words such as
“hard”, “soft”, “slow”, “fast”, “flashing” etc.
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6.5.9 Pertinence index. Narrative responses were coded for their pertinence to the social
attributions of the animation. This coding index was adapted from Klin’s (2000) work with the
Heider and Simmel task (1944). Proportions of less pertinent narratives are important as they may
interfere with an individual’s ability to accurately convey socially appropriate meaning in
everyday life. For each animation, the narrative was considered as a series of propositions; that is,
a series of statements that conveys meaning. Each proposition was assessed for the extent to
which the narrative included pertinent attributions versus vague references, misattributions,
irrelevant attributions or inconsistent propositions. A “vague reference” refers to an undefined
proposition or little relevance to the social theme; a “misattributions” refers to a proposition that is
not within the animation; an “irrelevant attributions” refers to extraneous or tangential
information; and “inconstant propositions” refers to a proposition that contradicts a previous
proposition. The Pertinence Index was scored as a percentage, with higher scores referring to
narratives that were more pertinent to the social theme. The participant was not required to report
the correct interaction type or protagonist within their narrative to score highly.
6.5.10 Temporal sequence. Responses were coded to evaluate the temporal or nontemporal sequence of narratives. This was based on the sequence of participants’ prepositions,
compared to the original pre-written story/narrative (as presented in the complete coding protocol,
see Appendix E).
6.5.11 Qualitative observation. Lastly, qualitative notes were recorded where participants’
narratives included use of pointing and where the participant required prompting to provide their
response.
6.6 Inter-Rater Reliability on the SAT Coding Protocol
Prior to coding the SAT for all participants, ten participants (~20% of the sample; 5 with an
ASD diagnosis and 5 TD children) were randomly selected for establishing inter-rater reliability.
A student enrolled in the postgraduate professional psychology program at La Trobe University
was invited to be the second rater. This individual had experience in the ASD field however she
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was blind to the participants’ diagnoses and had only a brief understanding of the experiment. The
second rater completed training with the author. Training involved viewing the animation and
providing a spontaneous narrative, reviewing written coding protocol, discussing the coding
protocol and scoring rules with the author, and practicing coding a selection of narratives that
represented the breadth and range of narrative responses obtained across participants. Once the
second rater reported confidence and understanding of the protocol, both the author and second
rater coded the random sample of ten participants independently. Data from both raters were
entered into Predictive Analytics Software (PASW) v18 Statistical package and percentage
agreement and intra-class correlations were calculated. Once the author ensured a satisfactory
level of inter-rater reliability had been established, the remaining participant’s (n = 41) narrative
responses were coded by the author.
6.7 Data Analysis Outline
All data were entered in PASW v18 Statistical package. Prior to analysis, all data for each
group were investigated for outliers, which was defined as values 3 or more standard deviations
from the mean (Tabachnick & Fidell, 2007); none were identified. A Shapiro-Wilks test and
Levenes test were conducted to identify any violations of normality or homogeneity of variance in
the data. A conservative alpha level of 0.001 for both tests was adopted due to a small sample
size, as per conventions (Tabachnick & Fidell, 2007). Except where reported, assumptions of
normality and homogeneity of variance were met. Norman (2010) argues that parametric statistics
are sufficiently robust to withstand violations of assumptions of normality thus parametric
analysis are reported in text, and where relevant, non-parametric analyses are referred to in
footnotes. Effect sizes are reported following Cohen’s (1988) classifications, whereby eta squared
of .01 was considered a small effect, .06 as a medium effect and greater than .14 a large effect.
6.7.1 Group characteristics. Means and standard deviations were calculated to describe
the characteristics of each group (age, IQ, CCC-2 GCC and SIDC, ASD and ADHD symptom
scales, SIB-R, and SSIS social skills and problem behaviours scales). As some of these variables
may be expected to be related, correlations between the variables were examined; correlations
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greater than .90 indicates multicollinearity (Tabachnick & Fidell, 2007). Group differences on
age, IQ, social skills, problem behaviours, adaptive behaviours, and ADHD total symptom scales
were investigated using one-way between groups analysis of variance (ANOVA). A Multivariate
Analysis of Variance (MANOVA) was used to compare groups on the ADHD inattention and
hyperactivity/impulsivity symptom scales and another MANOVA was used to compare groups on
the two composite language measures. Games-Howell post hoc analyses were used to follow up
group differences. Differences in ASD severity scores between the two clinical groups were
explored using an independent t-test. The proportion of boys and girls (gender) in the groups was
examined using a Chi-square test of contingencies.
6.7.2 Attention data. Means and standard deviations were calculated for each group’s
performance on the TEA-Ch subtests. A MANOVA was conducted to compare groups across
selective attention measures and one-way between groups ANOVAs conducted to compare
groups on sustained, divided and shifting attention measures. Planned contrasts were used to
compare the TD group with the ASD-only and ASD+ADHD group, as well as a comparison
between the two clinical groups.
6.7.3 SAT data. Narrative data were analysed for inter-rater reliability using percentage
agreement (percentage of identical responses between each rater) and two-way random model
intra-class correlations for absolute agreement on a single measure. Next, missing SAT data were
addressed using mean substitution (Tabachnick & Fidell, 2007). A minority of SAT variables
violated parametric analysis assumptions and were unable to be adequately corrected for with
transformations. As parametric statistics are sufficiently robust to withstand violations of these
assumptions (Norman, 2010) and given that the research questions could not be comprehensively
answered with non-parametric analysis, parametric analysis was employed.
Mixed between-within 3 x 4 x 5 ANOVA with contrasts were conducted to compare groups
on the SAT narrative coding scores across interaction type (causality) and complexity. The
between groups factor was group membership (i.e., ASD, ASD+ADHD or TD) and the within
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subject factors were causality (launch-launch, reaction-reaction, launch-reaction, and reactionlaunch) and complexity (slow, baseline, distal distractor, interfering distractor, and flashing
interfering distractor). The 3 x 4 x 5 ANOVAs were conducted for the four SAT narrative codes
of primary interest: (1) attention to stimulus array, (2) perception of L/R distinction, (3)
attribution of intentionality and (4) attribution of physical causality.
Contrasts were employed to explore statistically significant group differences, as
recommended by Fields (2009). Contrasts were employed over simple main effects analysis as the
author had specific hypotheses regarding the three independent variables. For the planned
contrasts, all causality conditions were compared to launch-launch interaction task performance,
as this was considered the simplest condition on which all children typically demonstrate superior
performance. Similarly, all complexity conditions were compared to this baseline so as to explore
the impact of each varying level of complexity.
Other SAT codes were summed to create a scale total, with the exception of the pertinence
index for which a mean score was calculated. Assumptions of normality were violated for the TD
group on frequency of mental state terms, pointing, prompting, and intentionality of distractor
square, and for the ASD-only group on frequency of physical terms. Again, given parametric
statistics were considered sufficiently robust to withstand these violations (Norman, 2010),
ANOVAs were conducted to explore group differences on each total code. Where violations were
present, non-parametric analyses were also conducted and presented in footnotes.
6.7.4 Correlations and regression analysis. Two-tailed bi-variate Pearson correlation
analyses were conducted to examine any relationship between attention and SAT variables and
age, IQ, language, ASD and ADHD symptom measures, and social and behavioural measures,
within each group. Two-tailed bi-variate Pearson correlation analyses were also conducted to
examine the relationship between the TEA-Ch attention variables. Given the selective attention
efficiency variable encompasses both selective attention accuracy and speed, efficiency was the
only selective attention measure entered into other correlation analyses of the TEA-Ch variables.
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For each group, exploratory standard multiple regressions were used to explore the
relationship between attention and social cognition; attention mechanisms that differentiated
participant groups were entered as predictors of SAT performance (attention to the stimulus array,
distinction of launch/reaction interactions, and attribution of intentionality and physical causality.
Although regression analysis is not recommended for small sample sizes, regression allows for
exploration of the data at a closer level to further understand any relationships. Whilst Tabachnick
and Fidell (2007) recommend that the number of participants required for a regression is 50 in
addition to eight times the number of predictors, others have suggested that as few as five
participants per predictor is acceptable (Brace, Kemp, & Snelgar, 2000). Assumptions of
normality, linearity, multicollinearity and homoscedasticity for all SAT variables were
investigated prior to conducting regression analyses and only those SAT variables that did not
violate these assumptions were examined. Adjusted R squared was reported to account for the
small sample sizes.
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Chapter 7: Comparison of Group Differences on Attention and Descriptive Measures
This chapter addresses the first research aim of this study, that is, to profile the attention
difficulties and capabilities of children with ASD, both with and without elevated symptoms of
ADHD, compared to TD children. Firstly, the characteristics of the participant groups will be
presented, followed by the results for analysis of the attention measures across each participant
group. Lastly, this chapter will partially address the third aim of this study by reporting on an
exploratory analysis of the association between the attention and descriptive measures.
7.1 Participants
7.1.1 TD Group. All TD participants met inclusion criteria for the study (n = 18).
7.1.2 ASD-only group. Eleven children met the ASD cut-off on the ADOS-G revised
algorithms (ADOS ≥ 7) and exhibited ADHD symptoms at or below the 95th percentile on the
CRS CADS-P DSM-IV Total Index, thus forming the ASD-only participant group. In the ASDonly group, five participants had an existing clinical diagnosis of Asperger’s Disorder, three of
Autistic Disorder, two of Autism Spectrum Disorder and one had Pervasive Developmental
Disorder – Not Otherwise Specified. One participant in this group had a clinical diagnosis of
ADHD and was prescribed Ritalin medication, however, current behaviours were not significantly
elevated on the CRS CADS-P DSM-IV Total Index (66th percentile) and did not indicate
markedly atypical ADHD symptoms.
7.1.3 ASD+ADHD group. Eighteen participants met inclusion criteria for the
ASD+ADHD group (ADOS ≥ 7; CADS-P > 95th percentile) who had an existing diagnosis of
Autistic Disorder (n = 6), Autism Spectrum Disorder (n = 6), or Asperger’s Disorder (n = 6).
Four children were reported to have an existing clinical co-diagnosis of ADHD, three of whom
were taking ADHD medications: Stratera (n = 1), Ritalin (n = 1), and Concerta (n = 1). Two
other children in the ASD+ADHD group who only had an existing ASD diagnosis were also
prescribed ADHD stimulant medications: Ritalin (n = 1) and Concerta (n = 1).
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7.1.4 Excluded participants. Four participants did not meet the ASD cut-off on the
ADOS-G revised algorithms (ADOS ≥ 7) and thus were excluded from the analysis.
7.1.5 Sample characteristics. Table 4 presents the characteristics of each participant
group, including the means, standard deviations, and range of scores. Participants included in the
analysis (n = 47) ranged from 7 years 2 months (86 months) to 12 years and 4 months (148
months) of age. A one-way between groups analysis of variance (ANOVA) revealed that the
groups were matched on age (F [2, 44] = 2.57, p = .088, η2 = .10) and IQ (F [2, 44] = .72, p =
.492, η2 = .03).
A multivariate analysis of variance (MANOVA) revealed that groups differed on the
combined language (CCC-2) variable: F (4, 84) = 18.87, p < .001, Pillai’s Trace = .92, ηp2 = .46.
When each language scale was considered separately, groups differed on the GCC score (F [2, 44]
= 83.67, p < .001, 2 = .79) and the SIDC score (F [2, 44] = 5.15, p = .010, 2 = .19). GamesHowell post hoc analyses revealed that TD children exhibited superior general communication
skills to children in the ASD-only (p < .001) and ASD+ADHD (p < .001) groups; the ASD-only
group also showed superior performance on the GCC compared to the ASD+ADHD group (p =
.001). The TD children showed less pragmatic language difficulties than ASD+ADHD children (p
= .042) on the SIDC. Inspection of group means suggests that the ASD-only group exhibit the
most impaired pragmatic language difficulties compared to the TD and ASD+ADHD children,
however, these differences were not significant (p = .056 and .596, respectively), possibly due to
large variance in the ASD-only children’s SIDC scores.
As language skills may be related to attention, correlations were conducted between the
CCC-2 and TEA-Ch prior to examining group differences on the TEA-Ch attentions scores: there
were few significant correlations, and none that were common to all groups. General
communication skills were significantly correlated with attention shifting speed for the
ASD+ADHD group (r = .63, p < .033), while social communication skills significantly correlated
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with attention shifting accuracy for the TD group (r = .51, p = .03) and divided attention for the
ASD-only group (r = .70, p = .036). All correlations with language are presented in Appendix F.
Table 4
Characteristics of each participant group
TD

ASD-only

ASD+ADHD

(n =18)

(n = 11)

(n = 18)

M (SD)

102 (15)

114 (20)

114 (20)

Range

86 - 141

86 - 146

87 - 148

M (SD)

107 (15)

102 (11)

102 (13)

Range

67 - 131

82 - 123

77 - 121

M (SD)

88.33 (16.31)

47.18 (13.81)

25.61 (13.49)

Range

54 - 106

30 - 75

9 – 56

0.33 (9.17)

-12.73 (15.43)

-7.61 (9.68)

-22 - 9

-32 - 9

-31 - 7

M (SD)

2.39 (2.52)

6.73 (1.90)

7.78 (1.63)

Range

0 - 10

4 - 10

4 - 10

M (SD)

50.06 (6.80)

58.73 (12.05)

77.11 (9.33)

Range

41 - 71

46 - 83

60 - 90

M (SD)

48.50 (6.48)

58.36 (10.39)

82.44 (8.06)

Range

43 - 65

45 - 81

64 - 90

M (SD)

49.11 (6.08)

59.18 (6.87)

81.50 (7.78)

Range

41 - 64

47 - 66

70 - 90

Male (%)

44%

100%

67%

Female (%)

56%

0%

33%

Variables
Age (months)

IQ

a

CCC-2 (language): GCC

CCC-2 (language): SIDC
M (SD)
Range
ASD Symptoms

b

ADHD Symptoms: Inattention

ADHD Symptoms: Hyp/Impuls

ADHD Symptoms: Total

Gender

a

Variability in WISC-IV subtests was only present for the minority of participants (TD: n = 3, 17%; ASD:
n =2, 18%; ASD/ADHD: n = 5, 28%).
b
The SCQ was the ASD symptom measure for the TD group whilst ADOS severity scores are presented for
the clinical groups.
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An independent samples t-test showed no significant differences between the ASD-only
and ASD+ADHD groups on ADOS symptom severity scores: t (27) = -1.58, p =.125 (two-tailed),
η2 = .09. ASD symptoms were assessed in the TD group using the SCQ and as such, comparisons
between the TD and clinical groups could not be made. Given the CRS CADS-P ADHD scales
(inattentive, hyperactive/impulsive and total scales) were used to assign participants to group it
was expected that groups would differ across these scales. An ANOVA on the CRS CADS-P total
scale indicated groups were different (F [2, 44]) = 100.88, p < .001, η2 = .82) and a MANOVA
showed that groups differed on the combined variable of the hyperactivity/impulsivity and
inattention scales, F (4, 88) = 15.81, p < .001, Pillai’s Trace = .84, ηp2 = .42. When each scale was
considered separately, groups differed on the inattention (F [2, 44] = 40.17, p < .001, η2 = .65)
and hyperactivity/impulsivity (F [2, 44] = 81.97, p < .001, η2 = .79). Games-Howell post hoc
analyses showed that children in the ASD+ADHD group exhibited poorer inattention that TD (p <
.001) and ASD-only children (p = .001), but TD and ASD-only children were not significantly
different (p = .109). Children in the ASD+ADHD group showed poorer hyperactivity/impulsivity
and overall attention difficulties than children in the ASD-only group (p < .001) and TD children
(p < .001). Children in the ASD-only group showed poorer hyperactivity/impulsivity and overall
attention than TD children (p = .032, p = .002, respectively).
A chi-square test of independence revealed significant differences in gender ratio across
groups (χ2 [2, n=47] = 9.39, p = .009). As ASD and ADHD are more prevalent in males than
females (4:1 and between 2:1 and 9:1, respectively; APA, 2000), an imbalance in the gender ratio
was not unexpected. However, Chi-square standardised residuals were less than 2 suggesting that
no one group gender ratio had a major influence on the significant Chi-square statistic. ANOVAs
were conducted to compare males and females within the TD group and within the ASD+ADHD
on sample characteristics and other key variables; no significant differences were found.
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7.2 Examining Attention Capabilities in Children with ASD or ASD+ADHD Compared to
TD Children
A one-way between groups MANOVA was performed for the three selective attention
measures of the TEA-Ch (Sky Search accuracy, Sky Search timing, Sky Search efficiency) and
one-way between groups ANOVAs were performed for each of the remaining four TEA-Ch
measures (Score!, Creature Counting accuracy, Creature Counting timing, Sky Search DT) to
examine any group differences. Some of the TEA-Ch data were missing; where this occurred, the
participant was not included in that analysis and missing data are referred to in the footnotes. The
means and standard errors for each group are presented in graphical format in the following
sections; means and standard deviations are also presented in Appendix G.
7.2.1 Selective attention. Figure 1 presents the means and standard errors for each group
on the three selective attention task measures (Sky Search): accuracy, speed and efficiency1.

14
12

Scaled Scores

10
8

TD

6

ASD-only

4

ASD+ADHD

2
0
Sky Search accuracy

Sky Search timing

Sky Search efficiency

Attention Tasks

Figure 1. Means and standard errors for the TEA-Ch selective attention task for the TD, ASDonly and ASD+ADHD groups.

1

One child in the ASD+ADHD group completed the motor component of this task incorrectly thus invalidating their
efficiency score.
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A MANOVA revealed no statistically significant difference between children in the ASDonly, ASD+ADHD or TD group on the combined dependent variables of selective attention (F [6,
84] = .86, p = .530, Pillai’s Trace = .12, ηp2 = .06), despite slightly reduced performance on the
timing and efficiency scale in the clinical groups relative to the TD group. Six percent of task
performance could be explained by group membership.
7.2.2 Sustained attention. The mean score and standard error for the sustained attention
task (Score! 2) for each participant group is displayed in Figure 2. A one-way ANOVA conducted
on the Score! task indicated a significant difference between groups (F [2, 43] = 3.34, p = .045, η2
= .13), with 13 percent of variance in task performance being explained by group membership. A
planned contrast analysis was conducted comparing the TD group with the ASD-only and
ASD+ADHD group, as well as a comparison between the two clinical groups. Planned contrasts
with equal variances assumed revealed a statistically significant difference between the TD group
and the two clinical groups (F [1, 43] = 6.54, p = .014) but not between the ASD-only and
ASD+ADHD groups (F [1, 43] = 0.01, p = .910).
7.2.3 Shifting attention. The mean and standard error scores for attention shifting
(Creature Counting) accuracy3 and speed4 for each group are displayed in Figure 2. A significant
group effect for attention shifting accuracy was found, with a large effect size: F (2, 43) = 4.22, p
=.021, η2 = .16. A planned contrast analysis was conducted comparing the TD group with the
ASD-only and ASD+ADHD groups, as well as a comparison between the two clinical groups.
Planned contrasts with equal variances assumed revealed that there was a statistically significant
difference between the TD group and the two clinical groups: F (1, 43) = 8.21, p = .006. Once
again, no significant differences were found between the ASD-only and ASD+ADHD groups: F
(1, 43) = 0.01, p = .950. The one-way ANOVA on the Creature Counting timing score revealed no
significant group differences (F [2, 36] = 1.96, p =.156, η2 = .10), despite poorer performance in
2

One child in the ASD-only group was unable to grasp the task instructions and thus the task was not
administered.
3
One child in the ASD-only group was unable to grasp the task instructions and thus the task was not administered.
4
Data missing for eight participants: A timing score could not be calculated for seven children (1 TD; 4 ASD-only; 3
ASD+ADHD) as they scored below the specified minimum score on task accuracy; the task was not administered to
one child in the ASD-only group as they were unable to grasp the task instructions.
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the clinical groups compared to the TD group, and poorer performance in the ASD+ADHD group
compared to the ASD-only group.

14
12

*

*

Scales Scores

10
8
TD

6

ASD-only

4

ASD+ADHD
2
0
Score!

Creature Counting
accuracy

Creature Counting
timing

Sky Search DT

Attention Tasks

Figure 2. Means and standard errors for the TEA-Ch sustained attention (Score!), attention
shifting (Creature Counting) and divided attention (Sky Search DT) tasks for the TD, ASD-only
and ASD+ADHD groups.
7.2.4 Divided attention. Figure 2 presents the mean and standard error for divided
attention5 (Sky Search DT) scores across each participant group. A one-way ANOVA revealed no
significant group differences for divided attention: F (2, 41) = 2.124, p =.133, η2 = .09. Inspection
of means highlights that the ASD-only group exhibited superior divided attention to both the
ASD+ADHD and TD groups.
7.2.5 Summary of Findings. Table 5 highlights the hypothesised group differences across
each attention measure in comparison with the obtained results. In summary, data did not support
5

Two children in the ASD-only group and one in the ASD+ADHD group were unable to grasp task instructions and thus
the task was not administered.
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the predicted group differences for selective and sustained attention, but did highlight that those
children with ASD, regardless of elevated ADHD symptomatology or not, experience difficulties
with sustained attention. Furthermore, data supported the predicted group differences for divided
attention and partially supported that for attention shifting.
Table 5
Summary of hypotheses and findings for each attention measure
TEA-Ch Subtests

Hypothesised group differences

Results

Selective Attention:
Sky Search accuracy

TD>ASD=ASD/ADHD

TD=ASD=ASD/ADHD

Sky Search timing

TD>ASD=ASD/ADHD

TD=ASD=ASD/ADHD

Sky Search efficiency

TD>ASD=ASD/ADHD

TD=ASD=ASD/ADHD

Sustained attention: Score!

TD=ASD>ASD/ADHD

TD>ASD=ASD/ADHD*

Creature Counting accuracy

TD>ASD=ASD/ADHD

TD>ASD=ASD/ADHD*

Creature Counting timing

TD>ASD=ASD/ADHD

TD=ASD=ASD/ADHD

TD=ASD=ASD/ADHD

TD=ASD=ASD/ADHD

Attention Shifting

Divided attention: Sky Search DT

* Indicates significant group differences.
Appendix H presents additional statistical analysis of TEA-Ch results using the alternative
ASD-only and ASD+ADHD group classifications, that is: TD children, children with ASD-only
who did not meet CRS CADS-P diagnostic criteria for ADHD, and children with ASD who met
diagnostic criteria for ADHD on the CRS CADS-P (see discussion in Chapter 6, section 6.3.5).
An identical pattern of results is obtained when the same TEA-Ch analyses were done comparing
TD children and these alternative clinical groups.
7.3 Examining Group Differences on Behavioural Measures
A secondary aim in this study was to explore group differences in social skills, problem
behaviours, and adaptive behaviour. Group means and standard deviations were calculated for
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each measure and one-way between groups ANOVAs were conducted (see Table 6). Higher
scores represent superior skills for the Social Skills scale and SIB-R Percentile Rank. Conversely,
higher scores on the Problem Behaviours scale indicate more problematic behaviours.
Table 6
Means (M), Standard Deviations (SD), and ANOVA results for behavioural measures by group
TD

ASD

ASD+ADHD

F

Descriptive Measures

M (SD)

M (SD)

M (SD)

(2,44)

p

η2

SSIS: Social Skills a

108.72 (9.68)

82.00 (13.04)

70.22 (10.20)

60.01

<.001

.73

SSIS: Problem Behaviours a

99.44 (11.03)

117.91 (13.98)

135.83 (28.05)

15.07

<.001

.41

SIB-R: Percentile Rank b

86.50 (12.59)

28.85 (37.01)

9.39 (15.53)

60.74

<.001

.73

a

Standard scores used in analysis; b Percentiles used in analysis

7.3.1 Social skills. Significant group differences were identified on the SSIS social skills
scale, with 73% of the variance in the social skills measure explained by group membership
(which represents a very large effect size). Games-Howell post hoc analyses revealed that TD
participants exhibited superior social skills to the ASD-only (p < .001) and ASD+ADHD (p <
.001) groups. Whilst there was a trend for poorer social skills in the ASD+ADHD group, the
difference with the ASD-only group on this measure was not statistically significant (p = .050).
7.3.2 Problem behaviours. An ANOVA revealed a significant group effect for problem
behaviours, with 41 percent of variance explained by group membership, indicating a very large
effect size. Games-Howell post hoc analysis revealed that the TD participants exhibited
significantly fewer behavioural problems than the ASD-only (p = .004) and ASD+ADHD children
(p < .001). Whilst inspection of group means suggests that ASD+ADHD children show more

SOCIAL ATTRIBUTION AND ATTENTION DEFICITS IN CHILDREN WITH ASD
problem behaviours than ASD-only participants, this difference was not statistically significant (p
= .076), although non-parametric analysis did indicate a significant group difference 6.
7.3.3 Adaptive behaviour. An ANOVA revealed significant differences in adaptive
functioning across groups, with a large effect size. Games-Howell post hoc analyses revealed that
the TD participants had significantly better adaptive behaviour compared to the ASD-only (p =
.001) and ASD+ADHD (p < .001) groups. There was no significant difference between the ASDonly and ASD+ADHD groups (p = .260) 7. Variance on this measure was large for both the
clinical groups.
7.4 Examining the Relationship between Attention Capabilities and Clinical and
Behavioural Measures
A further aim of this study was to explore the associations between the attention constructs,
as well as their relationship with the descriptive measures, such as IQ, adaptive behaviour,
problem behaviour, social skills, and ASD and ADHD symptom severity.
7.4.1 Correlations among attention measures. In the TD group, selective attention
accuracy was negatively associated with selective attention speed (r = -.58, p = .011) and
efficiency (r = -.53, p = .023), whilst selective attention efficiency was positively associated with
selective attention speed (r = .91, p < .001). The ASD-only participants demonstrated a
significant inverse correlation between selective attention accuracy and divided attention (r = -.81,
p = .008) and selective attention efficiency was positively associated with selective attention

6

Assumptions of normality were violated for the problem behaviours variable in the ASD+ADHD group,
however a Kruskal-Wallis test also revealed statistically significant group differences (χ 2 [2, n=47] = 25.36,
p < .001). A post hoc Mann-Whitney U test showed that the TD group exhibited significantly fewer
problem behaviours than the ASD-only (p = .002) and ASD+ADHD groups (p < .001); ASD-only exhibited
significantly fewer problem behaviours than the ASD+ADHD participants (p = .003).
7

Assumptions of normality were violated for the adaptive behaviours variable for the ASD+ADHD group,
however a Kruskal-Wallis test also revealed statistically significant group differences (χ 2 [2, n=47] = 29.76,
p < .001). A post hoc Mann-Whitney U tests showed that the TD group showed superior adaptive
behaviours compared to the ASD-only (p = .001) and ASD+ADHD groups (p < .001). Whilst inspection of
means suggest that ASD-only participants had better adaptive behaviour skills than ASD+ADHD
participants, this was not statistically significant (p = .060).
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speed (r = .96, p <. 001). In the ASD+ADHD children, selective attention efficiency was
positively associated with selective attention accuracy (r = .51, p = .039) and speed (r = .95, p <
.001), and sustained attention was positively associated with divided attention (r = .55, p = .021).
A complete correlation matrix is presented in Appendix I.
7.4.2 Correlations between attention and IQ and clinical symptom measures. There
were few significant correlations between IQ and performance on the TEA-Ch. Superior IQ was
positively associated with selective efficiency (r = .68, p = .022) in children with ASD-only, while
in the ASD+ADHD group attention shifting accuracy was significantly correlated with IQ (r =
.52, p = .026). All correlations with IQ are presented in Appendix J.
In the ASD-only group, greater difficulties with inattention were significantly associated
with poorer selective attention efficiency (r = -.90, p < .001), as well as poorer attention shifting
speed (r = -.77, p = .042). However, inattention symptoms were not significantly associated with
attention measures in the TD or ASD+ADHD groups, and hyperactivity/impulsivity and ASD
symptoms were not significantly related to attention difficulties, as measured by the TEA-Ch, for
all participant groups. A complete correlation matrix is presented in Appendix J.
7.4.3 Correlations between attention and behavioural measures. In the ASD-only
group, adaptive behaviour was positively associated with selective attention efficiency (r = .60, p
= .049) and sustained attention (r = .73, p = .017). For the ASD+ADHD children, attention
shifting speed was positively associated with social skills (r = .56, p = .031) and adaptive
behaviour (r = .60, p = .018). There were no other significant associations for any of the three
groups. A complete correlation matrix is presented in Appendix J.
7.5 Discussion
The first aim of this study was to compare the attention profiles, according to Mirsky’s
(1999) model, for three groups: children with ASD (ASD-only), children with ASD and elevated
symptoms of ADHD (ASD+ADHD) and TD children, aged 7 to 12 years. The results will be
considered for each attention mechanism separately and their theoretical implications will be
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discussed. The results of exploratory analysis examining the relationship between the attention
mechanisms and other descriptive measures in each the sample also will be considered.
7.5.1 Selective attention. It was hypothesised that children with ASD-only and
ASD+ADHD would demonstrate poorer selective attention compared to TD children, and that the
ASD-only and ASD+ADHD groups would show comparable abilities. This hypothesis was not
supported as no significant group differences were found for selective attention accuracy, speed or
efficiency. This finding is consistent with those from two previous studies that identified selective
attention as intact in a group of children with ASD averaging 7 years of age (Iarocci & Burack,
2004) and 10 years of age (Plaisted et al., 1999). Both studies used tasks which measured
selective attention using error rates and reaction times (Iarocci & Burack, 2004; Plaisted et al.,
1999). Although there have been no previous studies that assessed selective attention in an ASD
population using the TEA-Ch (Manly et al., 1999), the TEA-Ch also measures performance on
omission errors, that is, missing targets, and total time to complete the task. Consequently, these
two previous studies likely provide a good comparison for the current results.
The standardised scaled scores of the TEA-Ch not only allows for consideration of group
differences relative to participant age, but also an opportunity to interpret group scores for their
clinical meaning. On the standardised scale, all children scored in the average range on selective
attention accuracy; however, the TD children showed below average performance for selective
attention speed and efficiency whilst the clinical groups scored in the low range. That is, children
on the autism spectrum, regardless of ADHD symptomatology, exhibited well below average (low
range) ability to quickly and efficiently select information from their environment for processing.
Whilst group differences were not statistically significant, scores within this range may indicate
clinically meaningful difficulties for the clinical groups assessed in this study.
A number of other studies have identified impairments in selective attention in children
(Burack, 1994; Lovaas et al., 1979; Townsend et al., 1996) and adults with ASD (Belmonte &
Yurgelun-Todd, 2003). Whilst most studies have employed reaction time and error rates as a
measure of task performance, the tasks used to measure selective attention have utilised a diverse
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range of target stimuli. For example, some studies have employed stimuli such as an asterisk,
pound symbol and triangle (Burack, 1994; Iarocci & Burack, 2004), whereas others have used
alphabet letters (Plaisted et al., 1999), photographs (Fletcher-Watson et al., 2006) or film
(Belmonte & Yurgelun-Todd, 2003). The stimuli employed in the selective attention task in the
current study were pairs of geometric space ships. It is possible that discrepancies in findings
between the current and previous studies relate to the different research methodologies.
Specifically, it may be that certain target stimuli are more engaging than others for children aged
7 to 12 years. It is important to note that this study and the previous studies reported here have
assessed selective attention in the visual domain. Tasks assessing auditory-based selective
attention may have produced a different result.
The results from the current study, that elevated symptoms of ADHD did not have any
bearing on selective attention ability in an ASD group, is also supported by previous literature.
Three studies have used the TEA-Ch to assess selective attention difficulties in an ADHD
population and found that they did not differ from TD controls (Heaton et al., 2001; Hutchinson,
2009; Manly et al., 2001). These finding have been supported by other researchers using different
research tasks (Hooks et al., 1994; Huang-Pollock et al., 2005; Tarnowski et al., 1986). Whilst
there has been no research to date assessing selective attention impairments in children with ASD
and co-morbid symptoms of ADHD, a study comparing children with ASD and children with
ADHD showed that, based on parent report, children with ASD have a higher frequency of
selective attention problems than children with ADHD (Mayes et al., 2012).
Overall, the present results do not support the hypothesised impairment of selective
attention in a group of high-functioning children with ASD, regardless of ADHD
symptomatology; statistically speaking, all three groups showed similar selective attention time,
accuracy and efficiency. As such, it appears that children with ASD do not experience a problem
of stimulus under- or over-selectivity as measured by the TEA-Ch. However, standardised scores
on the TEA-Ch indicate low average performance for the clinical groups on selective attention
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speed and efficiency, which may translate into a clinically meaningful impairment in the real
world.
7.5.2 Sustained attention. It was hypothesised that children with ASD and elevated
symptoms of ADHD would exhibit greater difficulties with sustained attention than children with
ASD-only and the TD children. The results did not support this hypothesis, instead showing that
children with an ASD diagnosis, both with and without ADHD symptom co-morbidity,
demonstrated similar sustained attention skills, which were inferior to those of the TD children.
This finding contradicts that from previous research which has consistently found that sustained
attention abilities are comparable across ASD and TD child populations (Barnard-Brak, 2011;
Buchsbaum et al., 1992; Casey et al., 1993; Garretson et al., 1990; Johnson et al., 2007; Kaland et
al., 2008; Pascualvaca et al., 1998; Siegel et al., 1992; Siegel et al., 1995). Moreover, one study
also found comparable sustained attention between TD, ASD-only and ASD+ADHD participants
(Sinzig, Bruning et al., 2008).
Whilst the current study assessed auditory sustained attention, previous studies have found
no sustained attention impairments in children with ASD on auditory (Sinzig, Bruning et al.,
2008) or visual tasks (Buchsbaum et al., 1992; Siegel et al., 1992; Siegel et al., 1995). Two
studies have compared children with ASD and controls on an auditory and visual version of a
sustained attention task: the Continuous Performance Task (Casey et al., 1993; Pascualvaca et al.,
1998). This task is a computerised vigilance task, which like the sustained attention task of the
TEA-Ch, requires the individual to respond to specific targets and inhibit response to others.
Results showed that groups were not significantly different on visual or auditory versions of this
task (Casey et al., 1993; Pascualvaca et al., 1998). As such, it appears unlikely that the domain of
sustained attention (i.e., visual or auditory) assessed led to the discrepancy between the current
and previous study outcomes.
One possible explanation for the discrepancy between the current and previous research
findings is the difficulty and nature of the task requiring sustained focus. Barnard-Brak (2011)
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assessed sustained attention in children with ASD-only and ADHD-only using two different
sustained attention measures: the Leiter-R sustained attention task and the Rapid Letter
Numbering (RLN) task. The Leiter-R task is a visual, fixed-time task where the child must
identify letters that are alike and mark them on paper; no verbal response is required. The RLN,
on the other hand, requires the child to verbally identify letters and is assessed based on task
timing and error rate. Having excluded participants with co-morbidities, Barnard-Brak found that
children with ASD-only and ADHD-only performed similarly on the Leiter-R task but children
with ASD-only showed deficits comparative to ADHD-only children on the RLN task.
Accordingly, Barnard-Brak concluded that sustained attention task outcomes are highly dependent
on the choice of the sustained attention measure.
The differential patterns of performance across two sustained attention tasks in BarnardBrak’s study might be explained by the difference in the task response medium: the RLN task
required children to provide a verbal response whereas the Leiter-R task required a visual-motor
response. Given RLN task performance is predictive of later reading ability (Powell, Stainthorp,
Stuart, Garwood, & Quinlan, 2007), the impairment in sustained attention observed may be
moderated by other cognitive processes associated with verbal or literacy skills. Similar to the
RLN task, the TEA-Ch sustained attention task employed in the current study required a verbal
response following a period of counting. Examination of the correlation analysis between
sustained attention and language measures in the current study (see Appendix F) revealed large,
but non-significant correlations; that is, better general and social communication skills were
associated with better sustained attention performance on the TEA-Ch for children with ASDonly (r = .43, p = .216; r = -.57, p = .084). However, this pattern was not present for the
ASD+ADHD children. Nevertheless, the pattern of associations found for children with ASD
suggest communication skills may play a role in sustained attention task performance where a
verbal response is required. Further examination of any relationship between language and
sustained attention in children with ASD is required, and future studies assessing sustained
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attention in children with ASD should consider utilising tests that do not require a verbal response
in order to avoid this potentially confounding influence.
Despite research showing that children with ASD do not experience problems with
sustained attention, anecdotal evidence from parents and clinicians suggests that maintaining
focus can be quite problematic for children on the autism spectrum. Moreover, sustaining
attention may be problematic in one environment, yet not so in another. For example, a child
might be able to maintain focus for hours on a video game, yet have difficulty maintaining focus
for ten minutes in a classroom. As such, it may be speculated that an important component to
assessing sustained attention in children with ASD is replicating the challenges experienced in the
real world when designing and conducting assessments in a laboratory environment.
Another essential factor to consider in designing research is the individual’s task
motivation. Garretson, Fein, and Waterhouse (1990) assessed the influence of tangible and social
reinforcement on performance on a sustained attention measure, the Continuous Performance
Test. Results showed that TD and ASD participants performed similarly when tangible rewards
were provided, but children with ASD demonstrated significantly poorer performance during the
social rewards condition. The current study’s sustained attention task required the child to
maintain their focus on an inherently boring auditory task. It is possible that a ‘social reward’ was
implied in the current study. When inviting families to participate in the research, parents were
encouraged to discuss participation with the child prior to the assessment session and verbal
consent was obtained from the child prior to commencing tasks. The reason for conducting the
research was explained to children as “helping the researcher to understand how children think
about things”. This may have created a sense of social obligation and thus reward for successful
task completion for TD children, but did not motivate children in the clinical groups. Although
this potential confound cannot be directly assessed here, researchers should be mindful of the
potential for inadvertently providing social reward during assessments.
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The current results highlight comparable sustained attention abilities between ASD-only
and ASD+ADHD participants, thus suggesting that the presence of co-morbid ADHD symptoms
had little additional influence on the capacity of children with ASD to maintain focus. Given the
large number of studies which have concluded that sustained attention is the primary attention
impairment experienced by individuals with ADHD compared to both controls (Berwid et al.,
2005; Heaton et al., 2001; Hutchinson, 2009; Johnson et al., 2007; Kilic et al., 2007; Manly et al.,
2001; Mirsky et al., 1999; Pasini et al., 2007; Tsal et al., 2005; L. Tucha et al., 2009) and
individuals with ASD (Johnson et al., 2007), it was expected that elevated ADHD symptoms in
the ASD group would have an additive effect, leading to sustained attention difficulties in this comorbid group. However, as the ASD-only and ASD+ADHD groups performed similarly on
sustained attention, it appears that considering co-morbid ADHD symptoms as additive to existing
ASD symptoms is not reflective of the actual clinical picture.
In summary, elevated ADHD symptoms did not lead to increased difficulties with sustained
attention for children with ASD, but rather on a clinically valid measure of sustained attention,
children with ASD experienced clinically significantly difficulties with maintaining focus. The
difference between the clinical and control groups was large; whilst TD children performed within
the average range on the standardised scale, children in both the clinical groups scored with in the
low range, highlighting a clinically meaningful impairment in sustained attention. It was
unfortunate that the current study could not include an ADHD-only group, which may have
provided greater clarity in regards to the relationship between ADHD symptoms in an ASD
sample and sustained attention. In previous studies using the TEA-Ch, participants with ADHDonly have scored within a similar range to the current clinical groups: M = 6.93 (Heaton et al.,
2001), M = 7.50 (Hutchinson, 2009) and M = 7.08 (Manly et al., 2001), implying that on this
measure, children with ASD and children with ADHD do not differ. Further research using an
ADHD comparison group of a similar age is required to confirm this.
7.5.3 Shifting attention. It was hypothesised that children with ASD-only and
ASD+ADHD would both demonstrate inferior shifting attention accuracy and speed compared to
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TD children. The results partially supported this hypothesis, revealing that children on the autism
spectrum, regardless of ADHD symptom co-morbidity, demonstrated significantly poorer
attention shifting accuracy compared to TD children. Although the mean scores for attention
shifting speed for each clinical group were impaired compared to controls, this difference was not
statistically significant.
The finding of impaired attention shifting accuracy in both clinical groups is consistent
with several previous studies (Goldberg et al., 2005; Ozonoff, 1995b; Ozonoff et al., 1991;
Pascualvaca et al., 1998; Prior & Hoffmann, 1990; Sanders et al., 2008). Pascualvaca, et al.
(1998) assessed 6- to 12-year-old children with ASD on a range of cognitive measures, including
the Wisconsin Card Sorting Task (WCST) and a Computer Matching Task. During the WCST,
children with ASD made more preservative errors, continuing to maintain a particular strategy
despite a change in feedback, and they also had fewer correct responses. Pascualvaca et al. (1998)
concluded that poorer shifting attention accuracy in children with ASD could be attributed to poor
disengaging of attention, which has also been supported by more recent studies (Leekam et al.,
2000; Reed & McCarthy, 2012).
The comparable attention shifting speed between the TD children and children with ASD is
consistent with the results from one previous study. Using a task requiring the continuous
comparison of novel objects, Pascualvaca et al. found that children with ASD showed similar
reaction times to that of TD children. On the other hand, there are a number of studies measuring
reaction time tasks that have found shifting attention speed to be impaired in individuals with
ASD (Courchesne, Akshoomoff, Townsend, & Saitoh, 1995; Courchesne, Townsend,
Akshoomoff, Yeung-Courchesne et al., 1994; Courchesne, Townsend, Akshoomoff, Saitoh et al.,
1994; Landry & Bryson, 2004). The speed of shifting attention seems to be an important
component of the impairment as studies have found that when children with ASD are given
additional time to complete a task involving shifting attention, their performance is comparable to
that of controls (Courchesne, Townsend, Akshoomoff, Saitoh et al., 1994).
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The discrepancy between the current findings regarding attention shifting speed and that of
the existing body of literature may be attributable to the scoring method on the TEA-Ch shifting
attention subtests. The TEA-Ch does not provide any normative data for attention shifting speed
subscale where participants score below three on the attention shifting accuracy variable (i.e., < 3
items correct). Consequently, children who performed poorly on the accuracy scale were excluded
from analysis on the attention shifting speed analyses. In the current study, this particularly
affected the ASD-only and ASD+ADHD groups, with four and three participants (respectively)
excluded from analysis. Not only does this reduce the sample size included in the analysis, but
excluding participants who performed poorly on other aspects of the attention shifting task likely
led to an inflated mean score for attention shifting speed for the clinical groups. As such, the
shifting attention speed means may not reflect the true abilities of the clinical groups.
Consequently, these findings should be interpreted with caution.
An alternate explanation for differences in the research findings is that the current task
places demands not only on attention shifting but also uses working memory and inhibition. In the
task, the child must count the number of creatures, hold this number in mind whilst they establish
whether they need to shift or maintain their current counting strategy before they continue
counting up or down. Anecdotally, children in the clinical groups who found this task difficult
appeared to struggle to inhibit the urge to either keep counting up regardless of arrow direction, or
count from one following every arrow. As such, attention shifting accuracy and speed in the TEACh may be influenced by additional cognitive processes.
Lastly, as was expected, the co-morbid elevated ADHD symptoms did not influence task
performance for attention shifting accuracy or speed. Whilst there have been no studies
comparing shifting attention abilities between an ASD+ADHD and ASD populations, one study
using the TEA-Ch (Hutchinson, 2009) and two other studies using different tasks (Pasini et al.,
2007; Scheres et al., 2004) found that children with ADHD did not differ from TD controls on
attention shifting accuracy or speed.
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In summary, whilst attention shifting speed was comparable across groups, children with
ASD, regardless of elevated ADHD symptoms, showed difficulties with shifting attention
accuracy on a clinically valid measure. The difference between the clinical and control groups on
the accuracy measure was large; whilst TD children performed within the average range on the
standardised scale, children in both the clinical groups were below average, highlighting a
clinically meaningful impairment in shifting attention accuracy.
7.5.4 Divided attention. It was hypothesised that all groups would demonstrate comparable
skills on a measure of divided attention, which was supported by the results. This finding is
consistent with previous research by Sinzig et al. (2008) who assessed divided attention skills in
children with ADHD, ASD+ADHD, and ASD-only compared to TD children and adolescents
using the Test of Attentional Performance. Their results indicated that whilst individuals with
ADHD experienced marked difficulties with divided attention compared to all other groups, the
ASD+ADHD, ASD-only and TD participants demonstrated similar capabilities. Similarly,
research has demonstrated no differences in divided attention between children with ASD and TD
controls (Bogte et al., 2009), and no differences in divided attention, as measured by the TEA-Ch
between children with ADHD and controls (Heaton et al., 2001; Hutchinson, 2009; Manly et al.,
2001).
Although not statistically significant, a moderate effect size was identified on the divided
attention measure and the ASD-only group demonstrated a higher performance mean compared to
the TD and ASD+ADHD groups. This trend is consistent with one previous study which
suggested that divided attention skills may in fact be superior in an ASD population (Rutherford
et al., 2007). Inspection of standardised means shows that children with ASD-only exhibited
performance within the average range, while both the TD and ASD+ADHD children showed well
below average performance. Furthermore, in the current study, the overall mean scores of the TD
and ASD+ADHD group were lower in general on this task compared to all other attention tasks,
thus suggesting that these two groups found dividing their attention relatively difficult. It is
unclear why the TD children in particular should have found this task difficult, but variability
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within each group was also high compared to the other attention measures, particularly for the
ASD-only group (see Appendix G for Means and Standard Deviations). To understand this result
it is important to reflect on the two tasks that participants were required to attend to
simultaneously.
The divided attention task in the TEA-Ch combines the selective attention task (Sky
Search), where performance was not different between groups, and the sustained attention task
(Score!), which differentiated the clinical and TD groups. Successful performance on the divided
attention task required the children to maintain an even counting pattern on the auditory counting
component of the task, thus allowing the allocation of more cognitive resources to the visual
searching component. If children did not recognise this strategy, they were likely to stop counting
and focus on the visual search task, thus missing the sounds. Alternatively, they may focus their
attention on the counting, whilst suspending the visual search, thus leading to a poor performance
score. Anecdotally, it was observed that some children appeared to quickly develop a strategy for
simultaneously attending to the visual and auditory task, whilst others tended to take a long to
time get started or failed to develop a strategy for completing these two tasks simultaneously.
Given the clinical groups experienced difficulty compared to the TD children on the sustained
attention task, it was likely that a more complex task, such as the divided attention task, would
prove even more difficult. Consequently, it is interesting that the standardised scores of the ASDonly group were higher for the divided attention task compared to their performance on the
sustained or selective attention tasks alone. As such, this finding might actually support those of
Rutherford, Richards, Moldes, and Sekular (2007), that children with ASD may experience
superior divided attention abilities.
Divided attention skills have been implicated in a range of social functions, such as joint
attention (Bogdashina, 2005), interpreting and responding to emotions, and understanding the
intentions of others (Magnee et al., 2011) and thus, developing a clear understanding of divided
attention abilities in children with ASD is important. Given the inconsistencies in previous
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research and the pattern of results identified here, it is apparent that more research is required to
understand the divided attention capabilities of these clinical groups.
7.5.5 What do co-morbid ADHD symptoms add to our understanding of ASD? Whilst
no specific hypotheses were made, the current study explored differences between the three
groups on a range of parent-report measures used to explore symptoms of ASD and ADHD and
associated behaviours. The results indicated that children with ASD-only and ASD+ADHD were
not significantly different in their difficulties with social skills, problem behaviours, or adaptive
behaviour. As would be expected though, both clinical groups were significantly impaired on
these measures compared to the age and IQ matched TD children. Closer inspection of group
means shows that children in the ASD+ADHD group exhibit poorer social skills and adaptive
behaviour and more problem behaviours than children in the ASD-only group. Although post hoc
analyses found these differences were not statistically significant (p = .050 to .260), the very large
effect sizes may indicate that failure to find group differences was a result of low power.
Notably, the children with ASD and elevated ADHD symptoms showed greater difficulties
with general communication skills compared to both the TD and ASD-only groups; also the ASDonly participants were impaired when compared to TD participants. A large proportion of the
variance in general communication was attributable to group membership (79%). Both the clinical
groups demonstrated greater disproportionate pragmatic and social language difficulties in
relation to structural language impairment compared to the TD children. Whilst statistical analysis
indicates this difference was significant between the ASD+ADHD and TD children, group means
suggest pragmatic language was most problematic for the ASD-only group compared to the other
two groups. Given that individuals with ASD and elevated ADHD symptoms experienced
difficulties with general communication above that of the other groups and poorer pragmatic and
social language compared to the TD group, it appears that elevated symptoms of inattention,
hyperactivity and/or impulsivity may contribute to or be the product of significant language
difficulties.
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Whilst previous research has not profiled the language difficulties of children with ASD
with and without co-morbid ADHD symptoms, one study has explored the language profiles of
children with ASD-only and ADHD-only compared to TD children aged 5 to 14 years (Geurts et
al., 2004). Using the first edition of the Children’s Communication Checklist (CCC), Geurts et al
identified that children in each participant group could be discriminated based on their language
profile. Children with ASD showed impairments on all CCC subscales compared to TD children.
Whilst children with ADHD showed fewer areas of impairment than children with ASD, they still
demonstrated several deficits compared to a TD sample. Moreover, these unique language profiles
of each participant group were consistent across age. Given Geurts et al. used the first edition of
the CCC, some comparisons with the current data are not possible. The pragmatic composite in
the first edition of the CCC has been replaced by a composite scale in the second edition of the
CCC that shows the proportionate difference between pragmatic and structural language
difficulties (SIDC) and Geurts et al. did not compare groups on the general communication
composite scale. However, the findings from the current study indicate that individuals with ASD
and co-morbid elevated ADHD symptoms appear to exhibit a unique language profile compared
to TD children, as well as children with ASD only. Given the high rates of ADHD co-morbidity in
an ASD population (Caron & Rutter, 1991; Yoshida & Uchiyama, 2004), it may be important to
screen for ADHD symptoms in studies of language in children with ASD.
Given the children with ASD+ADHD exhibited more severe social skills, general
communication and behavioural impairments compared to children with ASD-only, it was notable
that there were no differences evident in their attention performance when they were assessed
using the TEA-Ch. That is, the different degrees of functional difficulty experienced by the two
clinical groups, as reflected on a range of parent report measures, did not manifest on the attention
measure. A strength of the TEA-Ch as a measure of attention in a clinical population is the
minimal demand the tasks place on language, memory and motor skills of the child. However, the
controlled nature of the task and the typical testing environment may mean that the TEA-Ch was
not reflective of the attention problems experienced by these children in un-controlled conditions.
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It may be that in an ideal environment and task conditions, differences between children with
ASD with and without elevated ADHD symptoms are not evident. Alternatively, it is possible that
the TEA-Ch was not sensitive enough to tease-out group differences. Controlling for potential
confounding factors while also trying to develop a tool that reflects real life abilities is a difficulty
that plagues many clinical assessment tools, particularly when assessing children with ASD. As
such, future research should be mindful of this in selecting assessment tools and interpreting
results.
7.5.6 Relationship between the attention and descriptive measures. A further aim in this
study was to explore the relationships between the measures of attention and the range of
descriptive measures, including IQ, social skills, language, adaptive behaviour, problem
behaviours and ASD and ADHD symptom severity scores. These analyses were exploratory.
Few significant correlations were found between the subscales of the TEA-Ch suggesting
that for the most part, each attention construct is unique and assesses a different cognitive
mechanism. There was a significant positive relationship between some of the selective attention
subtests (i.e., accuracy, speed and efficiency). Given that selective attention efficiency was
calculated as a ratio of accuracy to speed, significant associations between efficiency and speed or
accuracy was expected. Additionally, a small number of positive correlations emerged between
other attention mechanisms. Specifically, in the ASD-only group, there was a positive relationship
between divided attention and selective attention accuracy. In the ASD+ADHD group, a positive
correlation was identified between divided and sustained attention. Given that the divided
attention task relies upon elements of both the selective attention and sustained attention tasks,
this finding is not unexpected. However, these associations were not observed in the TD group.
Consequently, these findings may suggest that for ASD-only children, TEA-Ch divided attention
task performance was particularly dependent on visual selective attention accuracy, where as for
the ASD+ADHD children, divided attention task performance was particularly reliant on auditory
sustained attention skills.
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Contrary to prediction, for both the TD children and children in the ASD+ADHD group,
there was no relationship identified between attention and ASD symptoms or ADHD symptom
severity. Whilst ASD symptom severity and hyperactivity/impulsivity were unrelated to attention
in ASD-only children, their inattention symptoms were positively associated with a number of
attention constructs. Specifically, the speed at which individuals with ASD (without highly
elevated symptoms of ADHD) selectively attend and shift their attention within the environment
is proportionately related to inattentive symptoms of ADHD. It is likely that this was only evident
in the ASD-only group due to the small sample size and/or wider range of inattention scores in
this group compared to the ASD+ADHD group. For the most part, however, it appears that the
TEA-Ch and ADHD symptom measures were assessing different constructs.
Children with ASD+ADHD showed a significant correlation between IQ and attention
shifting accuracy that was not evident in the other groups. This is not unusual, as WISC-IV fullscale IQ, and specifically the WISC-IV Block Design subtest, have been found to be correlated
with attention shifting accuracy in TD children by the TEA-Ch test authors (r = .27, p < .001;
Manly et al., 1999). The current study short-form employed the Block Design subtest; the shortform used is highly correlated with full-scale IQ. In addition, a significant relationship between
selective attention efficiency and IQ was found for children with ASD-only. Whilst the TEA-Ch
subtests place minimal demand on memory and general knowledge, it is possible that tasks such
as the selective attention measure do demand visual-spatial and problem solving skills, perhaps
more so for children with ASD. This has not been investigated to date in the literature.
Exploratory analyses revealed that social skills, problem behaviours, adaptive behaviour
and general communication skills were unrelated to attention mechanisms, for TD participants.
Whilst language impairments were mostly unrelated to attention mechanisms, it was identified
that pragmatic language difficulties (but not structural language impairment) was associated with
poorer ability to accurately move attention from one aspect of the environment to another for TD
children.
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For ASD+ADHD participants, the results partially supported a relationship between
descriptive measures and attention mechanisms. Specifically, for the ASD+ADHD participants,
superior social skills, general communication skills and better adaptive functioning were related to
shifting attention more quickly from one aspect of the environment to another. This finding
suggests that for children with ASD and inattentive and hyperactivity/impulsivity symptoms,
being able to shift their attention quickly from one aspect of the environment to another is
important for social functioning. There was no relationship between attention mechanisms and
severity of problem behaviours or social language difficulties.
Children with ASD-only who exhibited more disproportionate pragmatic and social
language difficulties as opposed to structural language impairment had more difficulty attending
to two simultaneous stimuli. Furthermore, children with poorer adaptive behaviour tended to have
poorer capacity to maintain focus and more difficulty selecting information from their
environment for efficient processing. These findings may suggest that quickly selecting
information and maintaining focus were important for adaptive functioning for children with ASD
who experience fewer inattentive and hyperactivity/impulsivity symptoms. There was no
relationship between attention mechanisms and social skills, problem behaviours or general
communication skills for ASD-only participants. Overall, the various relationships that have
emerged in the data for the two clinical groups suggest that specific attention constructs are
related to aspects of social-communicative and adaptive functioning. Furthermore, these
associations were unique to each clinical group, suggesting that specific attention mechanisms are
differentially important for children with ASD with and without elevated ADHD symptoms.
Although, as group sizes were small these associations require further exploration.
7.6 Conclusions
Overall, the current results show that 7- to 12-year-old children with ASD, with and
without co-morbid elevated ADHD symptoms, demonstrate significantly poorer shifting attention
accuracy and sustained attention compared to age and IQ matched TD participants. The other
attention mechanisms assessed, including selective attention accuracy, speed and efficiency,
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attention shifting speed, and divided attention were comparable across groups. However,
standardised scaled scores suggest that children with ASD experience low average selective
attention speed and efficiency. The results of this study results suggest that the co-morbid ADHD
symptoms do not impact on the attention problems experienced by this group of children with
ASD, at least in the current sample as assessed by the TEA-Ch. There were also few significant
associations between attention and language skills, despite the poorer language profiles of the two
clinical groups.
This study addressed a number of limitations of previous research, thus making an
important contribution to the attention literature. Firstly, a well-researched multi-component
model of attention was employed here, involving four clearly defined attention mechanisms.
Secondly, a standardised measure of attention was employed which has been validated in an
ADHD population. Thirdly, individual tasks that measure each of the four mechanisms of
attention were used to profile attention difficulties, with four mechanisms being assessed within
the one sample. This allows for interpretation of attention difficulties within a sample and across a
range of attention mechanisms, unlike previous studies that have assessed one specific attention
mechanism in one sample or used a single task to draw conclusions about multiple attention
mechanisms. Additionally, by controlling for the co-morbid ADHD symptoms, the specific areas
of attention impairment identified can be truly interpreted and attributed to the ASD sample rather
than the presence of co-morbid ADHD symptoms. Finally, by employing a sample within a
narrow age range, matching groups on age and IQ, and examining the potential influence of
language, the conclusions concerning attention are not likely to be influenced by variance in
cognitive development in participant groups. Having addressed significant limitations in the
previous attention literature, these results offer a new understanding regarding the attention
difficulties of 7- to 12-year-old high-functioning children with an Autism Spectrum Disorder,
with and without significantly elevated symptoms of ADHD.
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Chapter 8: Comparison of Group Differences in Social Attribution
This Chapter will address the second research aim, which was to replicate and extend
previous findings on the performance of children with ASD on the Social Attribution Task (SAT),
exploring the role of increasing complexity and attention. The outcome of the inter-rater
reliability analysis for the SAT will be reported first. Next, the groups will be compared on their
ability to distinguish, attend to, and to attribute intentionality or physical causality to social and
physical interactions, across varying degrees of task complexity. Analyses will also be conducted
to look at the qualitative differences in each groups’ narratives on the remaining SAT codes.
Lastly, exploratory analyses of the associations between SAT performance, and the attention,
clinical and behavioural measures will be reported.
8.1 Participants
The participant details for the data reported in this Chapter are the same as presented in
Chapter 7 (see section 7.1).
8.2 Inter-Rater Reliability on SAT Coding Protocol
Inter-rater reliability analyses were conducted on the SAT coding results for the two raters,
on the randomly selected sample of participants (n = 10). Reliability statistics are reported in
Table 7, including percentage agreement (percentage of identical responses between each rater)
and two-way random model intra-class correlations for absolute agreement on a single measure.
Percentage agreement was strong for the majority of SAT codes (> 82%), with the
exception of the Pertinence Index. Intra-class correlations indicated perfect agreement (ICC > .80)
for the majority of codes; the Pertinence Index and Temporal Sequence, were close to 0.7,
indicating moderate to strong agreement (Shrout & Fleiss, 1979). While the Pertinence Index and
Temporal Sequence codes are subject to some variation in application across raters, there is strong
inter-rater reliability across all other codes. As such, the data obtained using the coding protocol
was considered reliable.
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Table 7
Inter-rater reliability for each code of the SAT coding protocol
Number

%

Intra-class

of items a

Agreement

Correlations

Attention to stimulus array: Interacting squares

198

93

.953**

Attention to stimulus array: Observing squares

119

94

.879**

Perception of launch/reaction distinction

198

96

.974**

Intentionality

198

82

.913**

Intentionality: Distractor square

119

97

.891**

Physical causality

198

96

.974**

Frequency of mental state terms

198

98

.980**

Frequency of physical terms

198

96

.861**

Pertinence index

198

67

.689**

Temporal sequence

198

87

.697**

SAT Code

a

Each of the ten participants were presented with twenty trials meaning that 200 scores would be calculated

on each code for each participant. However, due to error, two trials were not administered resulting in the
maximum total number of codes being 198. Furthermore, the codes of Attention to Stimulus Array:
Distractor Square and Intentionality: Distractor Square were only applicable to trials 9 to 20. Allowing for
one administration error (thus missing data), the total maximum responses for these codes were 119.
**. Correlation is significant at the .01 level (p < .01); *. Correlation is significant at the .05 level (p <. 05)

8.3 Examining Differences on the SAT between Children with ASD-only, ASD+ADHD and
TD Children
Three instances of missing data were identified for the SAT due to task misadministration,
which affected three participants on one unique trial each. Mean substitution was utilised to
address missing data (Tabachnick & Fidell, 2007), that is, the mean score for each code on the
specific trial for the missing participant’s group was calculated to substitute these missing data.
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As presented in Chapter 6, the SAT consists of 20 trials including five instances of each of
the following: launch-launch (LL), reaction-reaction (RR), launch-reaction (LR) and reactionlaunch (RL) interactions. Trials 5 to 8 of the SAT were considered the baseline measure of task
performance with trial 5 consisting of a LL interaction, trial 6 a RR, trial 7 a LR and trial 8 a RL.
Trials 9 to 20 followed the same pattern with an increasing level of complexity (Trials 9-12:
Distal Distractor; Trials 13-16: Interfering Distractor; Trials 17-20: Flashing Interfering
Distractor). Trials 1 to 4 were the same as trials 5-8 except that the speed was halved. These data
are analysed across causality (that is, type of interaction: LL, RR, LR or RL) and complexity
conditions (Slow, Baseline, Distal Distractor, Interfering Distractor, Flashing Interfering
Distractor). Four SAT codes were selected as the most meaningful to the research hypotheses
including (1) attention to stimulus array, (2) perception of launch and reaction (L/R) distinction,
(3) intentionality, and (4) physical causality. Whilst it was of interest to explore the frequency of
mental state and physical terms, there were fewer instances of these than expected, therefore it
was not considered meaningful to explore these across varying levels of complexity or causality.
Additional codes for frequency of pointing, temporal sequence, pertinence index, prompting,
attention to distractor square, and attribution of intentionality to the distractor square provided
qualitative information about the nature of participant’s narratives and thus these variables were
explored as total scores and reported subsequent to the primary analysis.
As the groups were not matched on language, correlations between SAT variables and the
CCC-2 composite scores were examined prior to conducting any group analyses for the four SAT
codes. There were no significant associations between language and the four SAT codes, and few
significant correlations with any other SAT codes. For the TD group, general communication
skills were negatively associated with use of physical terms (r = -.57, p = .013) while social
language skills were associated with use of mental state terms (r = .53, p = .023). For the ASDonly group, social language skills were associated with the amount of prompting required during
the SAT (r = .61, p = .045). In the ASD+ADHD group, social communication skills were
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associated with frequency of pointing (r = -.67, p = .004). A complete correlation matrix is
presented in Appendix K.
A 3 x 4 x 5 mixed, between-within ANOVA with planned contrasts was then conducted to
investigate the role of task complexity and interaction type across groups for each of the four SAT
codes. Group membership (TD, ASD-only, ASD+ADHD) was the between subjects variable; and
complexity (slow, baseline, distal distractor, interfering distractor, flashing interfering distractor)
and causality (LL, LR, RL, RR) were the within subject variables. Within subject contrasts were
used to investigate differences between conditions. For the causality variable, all conditions (LR,
RL and RR) were compared with launch-launch (LL) interaction performance, as LL was
hypothesised to be the simplest of the causality conditions. For the complexity variable, all levels
of complexity were compared to the baseline condition, in order to explore the impact of each
complexity condition. The results are presented in the preceding section, with the results of nonsignificant mixed ANOVAs and contrasts presented in Appendices L and M, respectively. Whilst
contrasts were selected to explore SAT data due to the author’s specific hypotheses about the
direction of effect, simple main effects analysis are also provided in Appendix N for the reader’s
consideration.
Further, for the reader’s interest Appendix O presents additional statistical analysis for the
SAT results across the three groups: children with ASD, children with ASD who met diagnostic
criteria on the CRS CADS-P (the alternate method of categorising the two clinical groups, as
discussed in Chapter 6, section 6.3.5) and TD children. When these analyses are redone for the
four SAT codes using this alternate classification for the ASD-only and ASD+ADHD groups, a
largely identical pattern of results is obtained.
8.3.1 Analysis of causality and complexity: Attention to stimulus array. A 3 x 4 x 5
mixed ANOVA on attention to stimulus array showed a significant main effect of Complexity
with a very large effect size, F (4, 41) = 5.93, p = .001, η p2 = .37. Within-subjects planned
contrasts revealed that attention to the stimulus array was more difficult with increasing task
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complexity: better performance was observed at baseline compared to each condition including a
flashing interfering distractor (FID) square (F [1, 44] = 17.53, p < .001, ηp2 = .29), an interfering
distractor (ID) square (F [1, 44] = 6.04, p = .018, ηp2 = .12) and a distal distractor (DD) square (F
[1, 44] = 7.52, p = .009, ηp2 = .15). Slower speed did not impact on performance, F (1, 44) = 0.57,
p = .453, ηp2 = .01. Further analysis showed that children’s decrease in performance across
complexity was a significant linear relationship (F [1, 44] = 22.32, p < .001, ηp2 = .34), with the
slow condition proving the simplest, followed by baseline, distal distractor, interfering distractor
and flashing interfering distractor. As such, children’s performance indicates that the predicted
factors that would lead to increased complexity did so as expected. There was no significant main
effect for Causality or Group, and no significant two-way or three-way interactions. Regardless of
the interaction type, the ability to attend to the stimulus array declined with increasing task
complexity for all groups (see Figure 3).
8.3.2 Analysis of causality and complexity: Perception of L/R distinction. A 3 x 4 x 5
mixed ANOVA identified a significant main effect for ability to distinguish launch (L) and
reaction (R) interactions for both Causality (F [3, 42] = 13.55, p < .001, ηp2 = .49) and Complexity
conditions (F [4, 41] = 9.97, p < .001, ηp2 = .49), with very large effect sizes, but there was no
significant main effect for Group. There was no significant two-way interactions, significant main
effects must be interpreted with caution as results showed a significant three-way interaction
effect between Group, Causality and Complexity: F (24, 66) = 2.04, p = .012, ηp2 = .43. Figure 4
presents the estimated marginal means for each participant group’s perception of the L/R
distinction across conditions of complexity and causality.
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Figure 3. Estimated Marginal Means on attention to stimulus array across complexity and causality conditions for the (a) TD group, (b) ASD-only group and
(c) ASD+ADHD group.
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Figure 4. Estimated Marginal Mean scores on perception of L/R distinction across complexity and causality conditions for the (a) TD group, (b) ASD-only
group and (c) ASD+ADHD group.
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Planned contrasts were used to investigate this three-way interaction. The groups were
compared across level of Complexity (baseline condition against all other levels of complexity)
and Causality (LL condition against other conditions). For the three groups, increasing complexity
tended to result in poorer ability to distinguish L/R interactions. In particular, for LL and LR tasks
there was a significant difference for the interfering distractor when compared to baseline, F (2,
44) = 3.30, p = .046, ηp2 = .13. The TD children showed better performance on the LR compared
to LL condition at baseline, but the interfering distractor impaired LR performance whilst
improving LL performance (Figure 4a). ASD-only and ASD+ADHD groups demonstrated better
ability to distinguish interaction type in LL than in LR condition and performance declined on
both interaction types with the introduction of the interfering distractor (Figure 4b and 4c).
Significant group differences were not evident when comparing LL and LR animations at other
complexity levels.
Compared to baseline, significant group differences were evident between the LL and RL
task conditions when the condition included the interfering distractor (F [2, 44] = 5.19, p = .010,
ηp2 = .19) and the flashing interfering distractor (F [2, 44] = 7.14, p = .002, ηp2 = .25). The TD
children showed better performance at the RL than LL condition at baseline, but ability to
distinguish interaction type improved with complexity in the LL condition and decreased with
complexity in the RL condition (Figure 4a). ASD-only participants demonstrated superior abilities
in LL than RL conditions and exhibited a general decline in performance with complexity (Figure
4b). ASD+ADHD participants demonstrated consistently poorer performance on the RL condition
than the LL and performance tended to decline with task complexity. However, they did exhibit
stronger ability to distinguish L/R interaction on RL when there was an interfering distractor
present (Figure 4c). Whilst a distal distractor did not impact task performance, slower speed
affected all groups, F (2, 44) = 4.59, p = .015, ηp2 = .17. The TD children performed better in the
RL condition than the LL condition at baseline and this pattern was inverted with slower speed.
ASD-only and ASD+ADHD participants’ demonstrated superior performance in the LL compared
to the RL condition, and compared to baseline, performance was improved with reduced speed.
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For the three groups, increasing complexity tended to result in poorer ability to distinguish
L/R interactions for LL and RR tasks. Specifically, there was a significant difference for the
flashing interfering distractor when compared to baseline, F (2, 44) = 4.20, p = .021, ηp2 = .16.
Overall, all participant groups demonstrated poorer performance on the RR compared to LL
interactions (Figures 4a – 4c). Compared to baseline, TD children demonstrated superior abilities
on the LL condition and poorer skills on the RR condition when the flashing interfering distractor
was present. The ASD+ADHD and ASD-only participants showed poorer performance in the
presence of the flashing interfering distractor in the LL condition compared to baseline; the
flashing interfering distractor had little impact on children’s ability to detect causality for RR
interactions. The groups did not differ significantly between LL and RR at other levels of
complexity.
8.3.3 Analysis of causality and complexity: Intentionality. A 3 x 4 x 5 mixed ANOVA
revealed no significant group differences in children’s ability to attribute intentionality and no
main effect for Causality. However, a significant main effect for attribution of intentionality
across Complexity conditions was found: F (4, 41) = 9.22, p < .001, ηp2 = .47. Whilst there were
no significant two-way interactions found, the main effect for Complexity should be interpreted
with caution as a three-way interaction was present for Group, Causality and Complexity: F (24,
66) = 1.83, p = .028, ηp2 = .40. The estimated marginal means for each participant group’s scores
on the intentionality code are presented in Figure 5.
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Figure 5. Estimated Marginal Means on attribution of intentionality across complexity and causality conditions for the (a) TD group, (b) ASD-only group and
(c) ASD+ADHD group.
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Planned contrasts were used to investigate this interaction; groups were compared across
level of Complexity (baseline condition against all other levels of complexity) and Causality (LL
condition against other conditions). The analyses revealed that when compared to baseline, the
groups were not significantly different in their attribution of intentionality across the LL and LR
Causality conditions for all Complexity levels. However, group differences were evident between
the LL and RL task conditions, at all levels of Complexity, including the distal distractor (F [2,
44] = 3.28, p = .047, ηp2 = .13), interfering distractor ((F [2, 44] = 6.35, p = .004, ηp2 = .22),
flashing interfering distractor (F [2, 44] = 8.97, p = .001, ηp2 = .29) and slow (F [2, 44] = 3.83, p
= .029, ηp2 = .15) conditions. Overall, TD children were better able to attribute intentionality on
the RL than LL interactions when presented slowly and at baseline, but performance improved on
LL interactions and declined on RL trials as task complexity increased (Figure 5a). Both ASDonly and ASD+ADHD groups demonstrated superior abilities in LL than RL conditions across all
levels of complexity. The ASD-only participants exhibited a general decline in attribution of
intentionality with complexity for both task conditions (Figure 5b). The ASD+ADHD participants
showed consistent rates of intentionality on LL interactions across most complexity conditions,
with a marked decline in attribution of intentionality on LL interactions, in the presence of the
flashing interfering distractor (Figure 5c). The attribution of intentionality was similar baseline,
and distal and flashing inferring distractor conditions on RL interactions; superior performance
was evident in the slow and interfering distractor conditions.
For the three groups, increasing Complexity tended to result in poorer attribution of
intentionality for the LL and RR tasks. Specifically, there was a significant difference for the
flashing interfering distractor condition when compared to baseline, F (2, 44) = 3.36, p = .044, ηp2
= .13. Overall, all participant groups demonstrated poorer performance on the RR compared to LL
interactions (Figures 5a – 5c), although this difference was not pronounced for the ASD-only
children. Compared to baseline, TD children demonstrated superior abilities on the LL condition
and poorer skills on the RR condition when the flashing interfering distractor was present. The
ASD+ADHD participants showed poorer performance in the presence of the flashing interfering
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distractor in the LL condition compared to baseline; the flashing interfering distractor only led to
a small decline in performance for RR interactions. The groups did not differ significantly on the
LL and RR trials at other levels of complexity.
8.3.4 Analysis of causality and complexity: Physical causality. A 3 x 4 x 5 mixed
ANOVA showed no significant main effect for Group for ability to attribute physical causality.
However, there was a significant main effect for both Causality (F [3, 42] = 13.89, p < .001, ηp2 =
.50) and Complexity conditions, F (4, 41) = 10.46, p < .001, ηp2 = .51. Whilst there were no
significant two-way interactions found, the main effects for Complexity and Causality should be
interpreted with caution as a significant three-way interaction was present for Group, Causality
and Complexity: F (24, 66) = 1.98, p = .015, ηp2 = .42. The estimated marginal means for each
group’s physical causality attributions across Causality and Complexity conditions are presented
in Figure 6.
Again, planned contrasts were used to investigate this three-way interaction. For the three
groups, increasing complexity tended to result in poorer ability to attribute physical causality. In
particular, for LL and LR tasks there was a significant difference for each group when the flashing
interfering distractor was present when compared to baseline, F (2, 44) = 3.88, p = .028, ηp2 =
.15). TD children showed better performance on the LR compared to LL condition at baseline, but
the flashing interfering distractor impaired LR performance whilst improving LL performance
(Figure 6a). ASD-only and ASD+ADHD groups demonstrated better ability to attribute physical
causality in LL than in LR animations and performance declined on both interaction types with
the introduction of the flashing interfering distractor square (Figure 6b and 6c). Other levels of
complexity did not produce significant group differences when comparing LL and LR causality
conditions.
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Figure 6. Estimated Marginal Means on attribution of physical causality across complexity and causality conditions for the (a) TD group, (b) ASD-only group
and (c) ASD+ADHD group.
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Compared to baseline, significant group differences were evident between the LL and RL
animations when the condition included the interfering distractor (F [2, 44] = 4.76, p = .013, ηp2 =
.18), flashing interfering distractor (F [2, 44] = 7.67, p = .001, ηp2 = .26) and when at a slower
speed (F [2, 44] = 4.59, p = .015, ηp2 = .17). The TD children showed better performance in the
RL than LL condition at baseline, but their ability to attribute physical causality improved with
complexity and slower speed in the LL condition and decreased with complexity and slower
speed in the RL condition (Figure 6a). The ASD-only participants demonstrated superior abilities
in LL than RL conditions and exhibited a general decline in performance with complexity for both
interaction types (Figure 6b). The ASD+ADHD participants’ also demonstrated superior abilities
in LL than RL conditions. Stronger attribution of physical causality was evident in the LL
condition at baseline, which decreased marginally with reduced speed and the first two distractors,
but dropped markedly with the flashing interfering distractor. Compared to baseline, performance
on RL animations improved with reduced speed and the interfering distractor, but declined with
when the distal distractor and flashing interfering distractor were present (Figure 6c).
All participant groups demonstrated poorer performance on the RR compared to LL
interactions (Figures 6a – 6c) and increasing complexity tended to result in poorer attribution of
physical causality for LL and RR tasks for all three groups. Specifically, there was a significant
difference for the flashing interfering distractor when compared to baseline, F (2, 44) = 3.73, p =
.032, ηp2 = .15). Overall, compared to baseline, the TD children demonstrated superior abilities on
the LL condition and poorer skills on the RR condition when the flashing interfering distractor
was present. The ASD +ADHD and ASD-only participants showed poorer performance in the
presence of the flashing interfering distractor for both LL and RR conditions. The groups did not
differ significantly between LL and RR at other levels of complexity.
8.3.5 Exploring additional codes. Group means and ANOVA results are presented in
Table 8 for the mean Pertinence Index and the total SAT scores for frequency of mental state
terms, physical terms and pointing, temporal sequence, prompting, attention to distractor square,
and intentionality of distractor square codes. An ANOVA revealed that the three groups were
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significantly different on the frequency of prompting required to begin their narrative. GamesHowell post hoc test revealed the ASD+ADHD participants required significantly more
prompting than the TD participants (p = .032), but there were no differences between ASD-only
and TD (p = .774) or ASD+ADHD participants (p = .254).
Table 8
Means (M), Standard Deviations (SD), and ANOVA results for total SAT codes across groups
TD

ASD

ASD+ADHD

M (SD)

M (SD)

M (SD)

F

p

η2

Frequency of Mental state terms8

6.11 (8.02)

1.73 (5.41)

2.50 (5.62)

1.98

.150

.08

Frequency of physical terms9

6.11 (5.21)

5.55 (9.04)

5.06 (5.27)

0.13

.882

.01

Temporal Sequence

26.94 (10.28)

26.18 (9.37)

21.28 (11.16)

1.49

.236

.06

Pertinence Index

76.54 (12.80)

77.68 (13.87)

67.54 (20.67)

1.84

.172

.08

Attention to Distractor10

9.78 (2.82)

8.36 (3.11)

9.44 (3.00)

0.81

.452

.04

Intentionality of Distractor11

1.83 (2.96)

0.73 (1.01)

2.72 (3.44)

1.67

.200

.07

24.39 (38.42)

25.11 (35.08)

44.63 (41.52)

1.32

.278

.06

2.06 (3.06)

2.91 (3.36)

5.11 (3.80)

3.73

.032

.15

SAT Codes

Pointing12
Prompting13

8

A Kruskal-Wallis Test revealed a statistically significant difference in frequency of mental state term use
across the three groups, χ2 (2, n=47) = 6.13, p = .047. Further exploration with a Mann-Whitney U test
revealed TD participants used more mental state terms than ASD-only participants (U = 56.00, z = -2.12, p
= .034, r = -.31), however no significant differences were found between TD and ASD+ADHD participants
(U = 108.50, z = -1.86, p = .063, r = -.27) or ASD-only and ASD+ADHD participants (U = 88.50, z = -0.63,
p = .529, r = -.09).
9
A Kruskal-Wallis Test found that groups were not different on frequency of use of physical terms, χ2 (2,
n=47) = 1.48, p = .477.
10
A Kruskal-Wallis Test found that groups were not different in their attention to the distractor square, χ2
(2, n=47) = 2.46, p = .293.
11
A Kruskal-Wallis Test found that groups were not different in attributing intentionality to the distractor
square, χ2 (2, n=47) = 1.21, p = .547.
12
Groups were not statistically different in their use of pointing to accompany their narrative as assessed
using a Kruskal-Wallis Test, χ2 (2, n=47) = 3.52, p = .172.
13
A Kruskal-Wallis Test revealed groups were significantly different in their need to be prompted to
provide a narrative response, χ2 (2, n=47) = 8.30, p = .016. Further exploration with a Mann-Whitney U test
revealed that ASD+ADHD participants required more prompting than TD participants, U = 75.50, z = -2.79,
p = .005, r = -.41). No significant differences were found between TD and ASD-only participants (U =
82.00, z = -0.79, p = .428, r = -.12) or ASD-only and ASD+ADHD participants (U = 60.50, z = -1.75, p =
.080, r = -.26).
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Whilst inspection of group means indicated that on average the TD participants used more
mental state and physical terms than the clinical groups, no significant differences were found,
likely due to the large individual variance. However, non-parametric analysis showed that the TD
group used significantly more mental state terms than the ASD-only group. Additionally, group
means show that ASD+ADHD participants experienced more difficulty providing narratives that
were on topic and had more frequent use of random or non-temporal narratives than other
participants, but these differences were not statistically significant and there was large variance.
Non-parametric analyses also showed no significant group differences.
8.4 Examining the Relationship between Social Attribution and Attention Capabilities
Exploratory correlation analyses were conducted to address the third aim in the current
study, exploring the relationship between attention mechanisms (as reported in Chapter 7) and
total performance scores on each of the SAT codes for each participant group. The significant
correlation results are illustrated in Table 9 and a complete correlation matrix is provided in
Appendix P.
In the TD group, a more accurate perception of launch and reaction interaction task
distinction was associated with both superior sustained and divided attention (r = .52, p = .027; r
= .53, p = .022, respectively). Superior attribution of intentionality was also associated with better
divided attention (r = .51, p = .031) and superior attribution of physical causality was associated
with better divided and sustained attention (r = .54, p = .022; r = .52, p = .027, respectively).
Additionally, attention shifting accuracy was positively associated with children’s ability to report
the SAT narrative in a temporal sequence (r = .57, p = .013). Children’s SAT narratives tended to
be more pertinent where the child had poorer selective attention efficiency (r = -.56, p = .016).
Lastly, more frequent prompting was related to better selective attention efficiency (r = .53, p =
.023).
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Table 9
Correlations between total scores for SAT codes and TEA-Ch scores across each participant group
Group

SAT Code

Sky Search
Efficiency

Attention to stimulus array
Perception of L/R distinction
Intentionality
Physical causality
Mental state terms
Physical terms
Pertinence index
b
Temporal sequence
Frequency of pointing
Prompting required
a
ASD-only
Attention to stimulus array
Perception of L/R distinction
a
Intentionality
a
Physical causality
a
Mental state terms
Physical terms
Pertinence index
Temporal sequence
a
Frequency of pointing
Prompting required
ASD+ADHD
Attention to stimulus array
Perception of L/R distinction
Intentionality
Physical causality
Mental state terms
Physical terms
Pertinence index
Temporal sequence
Frequency of pointing
Prompting required
a: significant positive correlation; b: significant negative correlation.

Score!

CC
Accuracy

CC Speed

Sky Search
DT

TD

a

a
a
a

a

a

a
a
a
a
a
b
b

a

a
a

a
a

a
a
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In the ASD-only group, superior selective attention efficiency was associated with better
perception of the interaction type (r = .84, p = .001) and superior attribution of intentionality (r =
.82, p = .002) and physical causality (r = .84, p = .001). Additionally, superior attention shifting
accuracy was associated with better perception of the interaction type (r = .70, p = .023) and
superior attribution of intentionality (r = .76, p = .011) and physical causality (r = .71, p = .021).
For children with ASD-only, better selective attention efficiency and shifting attention accuracy
was associated with more temporal narratives (r = .72, p = .013; r = .67, p = .036, respectively).
More frequent physical term use was related to superior sustained attention (r = .80, p = .005) and
more frequent pointing was related to poorer shifting attention speed (r = -.78, p = .040). Lastly,
more frequent prompting was required for ASD-only children to get started on their narratives
where they experienced greater difficulty with shifting attention accuracy (r = -.75, p = .012), and
divided attention (r = .72, p = .030).
For children in the ASD+ADHD group, sustained attention was positively correlated with
ability to distinguish launch from reaction interactions (r = .48, p = .044), and attribute
intentionality (r = .58, p = .011). Children reported more pertinent narratives where they had
superior attention shifting speed (r = .56, p = .029) and divided attention (r = .51, p = .039).
Children in the ASD+ADHD group who reported their narrative in a temporal sequence tended to
exhibit better sustained attention (r = .50, p = .036) and divided attention (r = .50, p = .043).
8.4.1 Exploratory regression analysis. Exploratory standard multiple regressions were
conducted to examine whether impaired sustained attention or attention shifting accuracy, the
attention mechanisms that distinguished the clinical groups from the control group, were
predictive of SAT performance in each participant group. As analyses indicated that the four SAT
total measures did not violate assumptions of normality, linearity, multicollinearity and
homoscedasticity, sustained attention and attentions shifting accuracy were entered in a standard
multiple regression as predictors of these four SAT measures for each group (i.e., 12 regression
analyses). Given the small sample size, results should be interpreted cautiously.
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For the TD children, sustained attention and attention shifting accuracy as a model did not
predict children’s attention to the stimulus (F [2, 15] = 0.34, p = .721, Adjusted R2 = -.09), ability
to distinguish launch from reaction interactions (F [2, 15] = 3.32, p = .064, Adjusted R2 = .21),
attribution of intentionality (F [2, 15] = 1.96, p = .176, Adjusted R2 = .10), or physical causality (F
[2, 15] = 3.25, p = .067, Adjusted R2 = .21). Nevertheless, the models for predicting ability to
distinguish launch from reaction interactions and physical causality each explained 21% of the
variation in scores on these variables.
Similarly in ASD-only participants, sustained attention and attention shifting accuracy did
not predict children’s attention to the stimulus (F [2, 6] = 1.62, p = .273, Adjusted R2 = .14),
ability to distinguish launch from reaction interactions (F [ 2, 6] = 3.75, p = .088, Adjusted R2 =
.41), attribution of intentionality (F [2, 6] = 4.49, p = .064, Adjusted R2 = .47), or physical
causality (F [2, 6] = 3.77, p = .087, Adjusted R2 = .41). However, the models for predicting ability
to distinguish launch from reaction interactions, attribution of intentionality and physical causality
each explained 41%, 47% and 41% of the variability in scores, respectively.
For the ASD+ADHD children, sustained attention and attention shifting accuracy did not
predict children’s attention to the stimulus (F [2, 15] = 0.09, p = .919, Adjusted R2 = -.12), ability
to distinguish launch from reaction interactions (F [2, 15] = 3.22, p = .069, Adjusted R2 = .21), or
attribution of physical causality (F [2, 15] = 2.90, p = .086, Adjusted R2 = .18). It is noted that the
models for predicting ability to distinguish launch from reaction interactions and physical
causality each explained 21% and 18% of the variability in scores, respectively. The model for
sustained attention and attention shifting accuracy was significant and explained 26 percent of the
variance in attribution of intentionality on the SAT (F [2, 15] = 4.03, p = 0.040, Adjusted R2 =
.26). Sustained attention made a unique statistically significant contribution to ability to attribute
intentionality (β = .56, p = .019), once the overlapping effects of shifting attention accuracy were
removed (β = .10, p = .632).
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8.5 Examining Relationships between Social Attribution and Age, IQ, and Symptom
Severity
Participants’ age, IQ and clinical symptom severity scores were entered into a Pearson
correlation analysis with total performance scores on each of the SAT codes. A complete
correlation matrix is provided in Appendix Q.
Overall, there were few significant age or IQ correlations for the TD children, but age was
particularly important for SAT performance in the ASD-only group, while IQ was important for
SAT performance in the ASD+ADHD group. For the TD children, age was positively associated
with children’s ability to report the SAT narrative in a temporal sequence (r = .56, p = .016) and
IQ was inversely correlated with frequency of mental state term use (r = -.49, p = .040). In the
ASD-only group, age was positively associated with ability to distinguish launch/reaction
interactions (r = .74, p = .009), attribute intentionality (r = .81, p = .003) or physical causality (r =
.76, p = .006), report narrative in a temporal sequence (r = .78, p = .005) and the pertinence of
their narrative (r = .61, p = .045). Age was negatively associated with frequency of prompting
required to begin their narrative (r = -.73, p = .011). Age was not related to SAT performance in
the ASD+ADHD group, but IQ was positively associated with ability to distinguish
launch/reaction interactions (r = .57, p = .013), attribute physical causality (r = .55, p = .019), and
develop a narrative in a temporal sequence (r = .69, p = .002).
SAT task performance was unrelated to ASD symptomatology or hyperactivity/impulsivity
symptoms in all participant groups. Whilst inattention symptoms were unrelated to SAT
performance for the TD and ASD+ADHD children, inattention was important for the ASD-only
children’s performance on the SAT. Poor inattention in the ASD-only group was related to poorer
ability to distinguish launch and reaction interactions (r = -.76, p = .006), to attribute
intentionality (r = -.74, p = .009) and physical causality (r = -.76, p <= .007) and to report their
narrative in a temporal sequence (r = -.62, p = .044).
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8.6 Examining Relationships between Social Attribution and Behavioural Measures
The relationship between the SAT and behavioural measures was also explored but few
significant relationships were found. A complete correlation matrix is provided in Appendix Q.
Few significant relationships were found between behavioural measures and SAT skills.
In the TD group, the frequency of mental state term use was positively associated with
social skills (r = .54, p = .021) and in the ASD-only group, social skills were positively associated
with children’s ability to attend to the stimulus array (r = .74, p = .010). For children in the
ASD+ADHD group, social skills were inversely associated with frequency of physical term use (r
= -.60, p = .008). Furthermore, problem behaviours were positively associated with attention to
stimulus array (r = .49, p = .038) and temporal sequence (r = .48, p = .043).
8.7 Discussion
The second aim in this study was to replicate and extend previous findings on the
performance of children with ASD on a SAT. The aim was to extend previous research by
increasing task complexity and examining task performance across three clinical groups: TD
children, children with ASD (ASD-only), and children with ASD and elevated symptoms of
ADHD (ASD+ADHD), aged 7 to 12 years. Furthermore, the aim was to extend our understanding
of the relationship between SAT performance, attention capabilities and symptom severity.
8.7.1 Social attribution task hypotheses. It was hypothesised that compared with TD
children, ASD-only and ASD+ADHD participants would experience more difficulty (1) attending
to the stimulus array, (2) in distinguishing interaction types and in attributing (3) intentionality
and (4) physical causality during interactions involving absence of contact between squares (i.e.,
depicting a social interaction), than interactions involving contact between squares (i.e., depicting
a physical contact). It was expected that the ASD+ADHD group would experience more
difficulties with these tasks than ASD-only participants. Furthermore, it was hypothesised that
performance of those in the ASD-only and ASD+ADHD groups would deteriorate as task
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complexity increased. The results partially supported these hypotheses. Specific results are
discussed for each SAT measure in the following section.
8.7.2 Attention to stimulus array. Contrary to the hypotheses, results indicated that 7 to
12-year-old children with ASD, with and without elevated symptoms of ADHD, were equally as
able as TD children to attend to the stimulus array for each animation type. Whilst there were
some small differences in the groups’ ability to attend to stimulus array across social (reaction)
and physical (launch) interactions, these differences were not significant. The hypothesis was
partially supported in that while the groups did not differ, all children’s ability to attend to the
animation stimuli significantly deteriorated as the task became more complex. The distractor
square moving in between the central interaction, flashing or otherwise, produced the most
significant distraction for all children. Overall, children were more likely to notice and narrate the
movements of the primary interacting agents when there was no distractor present, but on
average, were only likely to attend to one of the interactions when a distractor square was present.
The current finding for causality is consistent with those from Jones’ (2007) pilot study using a
similar SAT design involving three and four-square animations, where the salience of a fourth
square was manipulated (dark grey, red or flashing black and white). Jones found that TD children
and children with ASD aged 6- to 14-years did not differ in their ability to attend to the stimulus
array in the SAT across interaction types (launch-launch, reaction-reaction or mixed reaction
type).
The current findings for causality contradict those of Bowler and Thommen (2000) who
found that children with Autistic Disorder aged 7- to 15-years showed poorer attention to agents,
particularly when agents did not make contact with one another. Bowler and Thommen used the
Heider and Simmel paradigm in their study, which is a longer animation (typically 50 to 150
seconds in duration), involving complex and seemingly spontaneous movements of stimuli.
Similar to the Heider and Simmel task, the SAT involves movement of geometric shapes.
However, movement in the SAT is more static, with only horizontal and vertical movements
across the screen and the animations are approximately six seconds in duration. Although both
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Bowler and Thommen and Jones (2007) used children of a similar age range, a discrepancy
between the findings of their studies may be attributable to task complexity. While the simpler
social attribution task used by Jones did not lead to differences in performance between TD
children and children with ASD, clear group differences were evident in Bowler and Thommen’s
study, which employed the complex Heider and Simmel animation. Whilst the current study also
failed to find group differences, the task employed here was less complex than that used by
Bowler and Thommen; however, more complex than that utilised by Jones. Thus at a certain level
of interaction complexity, it is likely that SAT performance of children with ASD will deteriorate
more than that of TD children, as illustrated by the poorer performance of ASD children in the
Bowler and Thommen study.
In regards to manipulating task complexity, Jones’ (2007) study provides the closest
comparison to the current study. Jones’ found that a distal distractor square moving parallel to the
bottom of the screen did not have any impact on children’s ability to attend to the primary
interaction, regardless of its salience (i.e., dark grey, red, or flashing). In contrast, the current
study found that the distal distractor did impact on children’s ability to attend to the stimuli,
regardless of interaction type. However, a distractor square moving in close proximity to the
primary interaction, with or without increased salience (i.e., flashing), was even more distracting
than a distal distractor. This result is consistent with previous studies examining the components
of computer animated social tasks that lead to poor social perception (Berry & Springer, 1993;
Mounts, 2005; Schubo, 2009). Researchers have shown that the proximity of the distractor to the
target stimuli is most influential on the individual’s allocation of attention and what proves most
distracting for the perceiver.
Thus, the current study has shown that the information-processing ability of children in the
age range 7- to 12-years, regardless of diagnosis, is affected by increasing complexity of
computer animated tasks. It may be that as complexity continues to increase, children with ASD
become differentially affected compared to TD children, as evidenced by Bowler and Thommen’s
(2000) study, showing that children with ASD experience difficulty with the more complex
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Heider and Simmel interaction, compared to TD children. The findings of the current study offer a
new understanding of the role of complexity in social attribution tasks.
8.7.3 Perception of launch-reaction distinction. The hypotheses were partially
supported; while there was no main group effect, there was a differential pattern of ability to
distinguish interaction type across different conditions of Causality and Complexity for each
group. The TD children were best able to distinguish interaction type on launch-launch
animations involving a distractor square or when the animation was slowed. However, on mixed
and reaction-reaction animations, their performance deteriorated when a distractor square was
present. Reaction-reaction animations proved the most difficult for TD children to distinguish
interaction type, but their best performance was observed in the baseline condition involving a
reaction-launch animation and the slow condition involving a launch-launch animation.
In contrast, children in the ASD-only group exhibited a steady deterioration in their ability
to distinguish interaction type for the launch-launch and mixed animations with increasing
complexity. However, variable performance was noted on the reaction-reaction animations.
Unlike Jones (2007), greatest difficulty was experienced in distinguishing causality when a distal
distractor was present; however, superior performance on reaction-reaction animations was
evident in the baseline and interfering distractor conditions. Children in the ASD-only group
appeared to demonstrate better performance in the baseline and slow conditions than TD children.
Children with ASD and elevated symptoms of ADHD demonstrated their strongest distinction of
causality on animations involving launch-launch interactions. Inferior performance was evident
on mixed animations but their poorest performance was on reaction-reaction animations. Overall,
the presence of distractor squares tended to lead to deterioration in ability to distinguish launch
from reaction interactions.
The current findings for causality contradict those from previous research that has shown
children with ASD and TD children are equally able to distinguish interaction type (Bowler &
Thommen, 2000; Congiu, Schlottmann, & Ray, 2010), but these two studies only employed
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single-interaction animations (i.e., two interacting squares), with no distracters. Therefore,
differences between these studies and the current study are most likely due to the simple nature of
the task stimuli used in the earlier research. In support of the current findings for causality, Jones
(2007) also found that children with ASD differed from TD children in their ability to distinguish
interaction type; the TD children showed superior performance to children with ASD on reactionreaction animations, but the inverse was observed for launch-launch and mixed interaction. Jones
did not distinguish launch-reaction and reaction-launch animations from one another, collapsing
them into a ‘mixed interaction’ variable for data analysis. However, a novel finding in the current
study was that these two interaction variations produced quite different patterns of performance in
each group. While the ASD-only children had more difficulty distinguishing interaction type on
the reaction-launch than launch-reaction interactions, the TD children had more difficulty
distinguishing interaction type on the launch-reaction than reaction-launch interactions. The
ASD+ADHD children showed better distinction of launch-reaction than reaction-launch
animation type in some complexity conditions, but not in others. It might be speculated that had
Jones considered launch-reaction and reaction-launch animations separately, different results may
have been obtained. The present findings indicate that the order of interaction presentation in
mixed animations impacts on children’s ability to perceive causality; this effect has not been
previously reported.
Another novel finding of the current study was that children with ASD and elevated ADHD
symptoms showed a different pattern of performance in their ability to distinguish causality,
compared to children with ASD-only. The nature of complexity in relation to the interaction also
had a differential impact on their perception of causality. Consequently, it may be speculated that
clinically significant inattention and hyperactivity/impulsivity symptoms influence children’s
ability to detect causality. There have been no previous studies that have assessed children with
ADHD or ASD with co-morbid ADHD using a SAT, and as such, there are no studies with which
a comparison of these findings can be made. In summary, the current results indicate that
compared to TD children, children on the autism spectrum with and without significant ADHD
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symptoms show differential patterns of perception of social and physical causality in response to
geometric animations that are influenced by task complexity.
8.7.4 Intentionality. While results did not indicate an overall group effect, they revealed a
differential pattern of intentionality attribution across conditions of Causality and Complexity, for
each group, thus partially supporting the hypotheses. For the TD children, the attribution of
intentionality in the slow speed condition was comparable across all interaction types. Similarly,
performance was comparable across all interaction types when the distal distractor was present.
Whilst TD children were best able to attribute intentionality during a reaction-launch animation at
baseline, their ability to attribute intentionality was very poor in the reaction-reaction condition in
the presence of the flashing interfering distractor. Overall, their performance was relatively steady
in the launch-launch condition, but in all other animation types they showed a steady decline with
distractor complexity.
Conversely, ASD-only participants exhibited a steady deterioration in ability to attribute
intentionality for the launch-launch and mixed animations as task complexity increased. However,
attribution of intentionality was more variable for reaction-reaction animations; superior
attributions were made at baseline and when the interfering distractor was present, whilst the
poorest performance was evident in the presence of the distal distractor. Thus, the ASD-only
group exhibited a steady decline in performance for all conditions except the reaction-reaction
animations where performance was highly variable across distractor conditions. The ASD+ADHD
participants generally demonstrated poorer attribution of intentionality compared to both TD and
ASD-only children. Attribution of intentionality in the ASD+ADHD group was strongest for
launch-launch animations and weakest for reaction-reaction animations; few differences were
evident on mixed animations. Overall, poorest attribution of intentionality was evident in the
reaction-reaction animation when the interfering distractor was present.
The finding that differential attribution of intentionality for each participant group was
evident across different causality conditions is supported by previous research using a SAT
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(Jones, 2007). Moreover, children, adolescents and adults with ASD assessed using the Heider
and Simmel task, demonstrated poorer ability to attribute intentionality compared to TD controls
(Klin, 2000; Klin & Jones, 2006). Whist Cook and Jones (2003) failed to find differences between
clinical and control groups using the SAT, only two and three-agent interactions of varying speed
were used in that study; there was no distractor element. In summary, group differences were
detected in the current study and studies that involved increasing degrees of task complexity
(Jones, 2007) or a highly complex task (Klin & Jones, 2006), and no group differences were
identified in Cook and Richdale’s study using a simpler animation tasks. Consequently, it is likely
that task complexity plays an important role in children’s ability to attribute intentionality, which
differential affects TD children, children with ASD and children with ASD+ADHD.
The current results suggest that the presence of a distractor that moves through the primary
interaction leads to a decrease in children’s ability to attribute intentionality. The inclusion of the
interfering distractor in the current study was a novel development to the SAT and tells us that
children’s ability to make sense of a social situation is impaired by distracting stimuli, in close
proximity. However, a distractor square moving along the bottom of the screen (distal distractor)
in a reaction-reaction interaction was impairing for the ASD-only children. This finding
contradicts Jones’ (2007) who found that TD children and children with ASD did not differ in the
presence of the distal distractor nor when the salience of the distal distractor was manipulated. It
may have been that in the reaction-reaction animations only, which were considered the most
difficult of causality conditions, the distal distractor acted to pull the attention of children away
from the target interactions.
In conclusion, the current results indicate that compared to TD children, children on the
autism spectrum with and without elevated ADHD symptoms show a differential pattern of
attribution of intentionality in response to geometric animations that is influenced by task
complexity. In particular, the markedly poorer performance of children with ASD+ADHD
suggests a relationship between social cognition and elevated symptoms of ADHD in children
with ASD.
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8.7.5 Physical causality. Once again, the SAT results did not indicate a group effect for
children’s ability to attribute physical causality. However, analyses revealed a differential pattern
of attribution for each participant group for physical causality across both the Causality and
Complexity conditions, thus partially supporting the hypotheses. It is interesting to note that the
pattern of ability to attribute physical causality for each group was similar to that occurring for
each group’s ability to attribute intentionality. The TD children demonstrated superior attribution
of physical causality on the launch-launch animations at the majority of complexity levels, with
the exception of baseline where superior performance occurred in the reaction-launch animation.
Overall, the TD children experienced the most difficulty attributing physical causality in reactionreaction animations, particularly where the flashing interfering distractor was present. Unlike their
performance on the distinction of interaction and attribution of intentionality measures, little
difference was observed in attribution of physical causality between the animations of mixed
causality for TD children.
For the ASD-only group there was a steady deterioration in physical causality attributions
across the launch-launch and mixed animations as task complexity increased, with more variable
performance for reaction-reaction animations. Their poorest performance was observed on the
reaction-reaction animation in the presence of the distal distractor. For the ASD+ADHD
participants, the poorest attributions of causality again occurred on the reaction-reaction
animations, with their strongest performance being on launch-launch animations. Generally, the
flashing interfering distractor had the most significant impact on physical causality attributions.
Assessing attributions of physical causality is a novel addition to the measurement of SAT
performance. It enabled the assessment of children’s tendency to make sense of the interactions in
terms of pre-existing physical constructs, such as the movement of magnets repelling or attracting
to one another, and whether their attributions of physical causality were also affected by
distracting stimuli. This concept was first introduced by Thommen et al. (1998) when using a
SAT in a TD population of children, however the authors assessed children’s narratives on a scale
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encompassing attributions of intentionality and physical causality. As such, no previous study has
independently assessed attributions of physical causality in children’s SAT narratives.
Congium, Schlottman, and Ray (2010) recently employed a simple, two-agent SAT to
assess perception of social and physical causality in children aged 8- to 18-years. Rather than
asking children to report narratives, children’s understanding was assessed by their indicating
which of a number of pictures best represented the interaction depicted in a SAT. Children with
ASD had no difficulty making physical attributions and did not differ from TD children.
Additionally, a novel task by Klin and Jones (2006), called the Physical Attribution Task,
presented children with a 50 second black and white animation showing a geometric rocket
launching from earth onto the moon. Attributions of physical causality were assessed as the
proportion of the individuals’ descriptive narrative that was related to the physical nature of the
animation. Although children, adolescents and adults with ASD showed superior performance on
this task compared to controls, these differences were not statistically significant. Thus, the results
from previous studies are inconsistent with the current findings; here, participant groups differed
in their ability to attribute physical causality on a SAT, with increasing levels of complexity.
One possible explanation for this discrepancy is the method of assessment for physical
causality. Whilst the current study assessed open ended narratives for physical attributions on a
ranking system, others have utilised pictorial representations (Congium, Schlottman, & Ray,
2010) or proportions of narrative (Klin & Jones, 2006). Another possible explanation for this
discrepancy is the age ranges employed in the participant samples; Congium Schlottman, and Ray
assessed 8- to 18-year-olds, and Klin and Jones employed 8- to 35-year-olds, whilst the current
study assessed 7- to 12-year-olds. Given SAT performance has been suggested to relate to age
(Thommen et al., 1998), it is possible that broad age ranges led a failure to find group differences
in the previous studies. In particular, the inclusion of adults and adolescents in these studies may
mean that results reflect the performance of individuals with ASD who have refined and
developed their social attribution skills over time.
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In conclusion, the current results for children’s attribution of physical causality are
somewhat similar to the findings for attribution of intentionality: compared to TD children,
children on the autism spectrum with and without ADHD symptoms show a differential pattern of
performance in response to geometric animations that is influenced by task complexity.
Additionally, the differential attribution skills across the two clinical groups suggest that
inattentive and hyperactivity/impulsivity symptoms may influence children’s attributions of
physical causality.
8.7.6 Qualitative differences of narrative. It has been suggested previously that children
with ASD generally tend to spontaneously refer to psychological states less than TD children
(Tager-Flusberg, 1992). However, this was not found in the current study or in previous studies
using a SAT (Bowler & Thommen, 2000; Cook & Richdale, 2003; Jones, 2007). Group means
indicated that on average, the TD children did use mental state terms more frequently than
children in the clinical groups, but these differences were not statistically significant. In contrast,
studies employing the more complex animation, the Heider and Simmel task, have found that
children with ASD used fewer affective and cognitive mental state terms than controls when
narrating the animation.
The Heider and Simmel task is both more complex animation and longer in duration than
the current SAT, with agents moving spontaneously in all directions across the screen. In contrast,
the SAT involves agents which move in vertical and horizontal directions only. Research has
explored the aspects of geometric computer animations that influence the perception of agents and
found that it is the nature of movement that is the primary factor influencing human like
perception of geometric shapes (Berry et al., 1992; Berry & Springer, 1993; Springer et al., 1996).
It may be that the more spontaneous movements observed in the Heider and Simmel task lend to
more human like perception, and thus more likely to elicit cognitive and affective mental state
terms in a descriptive narrative of the animation. Alternatively, it is possible that the spontaneous
movement of the Heider and Simmel animation agents makes it more difficult to predict the next
direction of interaction.
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Children in the ASD+ADHD group required significantly more prompting to begin their
narrative than did children in the ASD-only or TD groups, suggesting that they experienced more
difficulty constructing a spontaneous narrative than the other children. This may be related to the
method of assessing task performance in the current study, where children were required to
provide a verbal narrative. As discussed in Chapter 7, children in the ASD+ADHD group
exhibited impaired general communication skills compared with the other two groups, which may
have resulted in poorer performance on the SAT. However, examination of correlations indicates
that frequency of prompting was not correlated with language measures for this group, suggesting
this increased need for prompted is unlikely to be related to language abilities. Alternatively, it
may be speculated that elevated symptoms of ADHD were influential, but again the lack of
correlations with symptomatology in this group do not support this.
While spontaneous narrative was used to assess social attributions in the current study,
other research has employed alternative methods such as directive questioning (Pierce et al.,
1997) or indicating a single-scene picture that best represents the animation observed (Congiu et
al., 2010; Ray & Schlottmann, 2007). These alternative methods would likely reduce any
potentially confounding influence of language and communication skill deficits in the ASD and
ADHD children. However, employing such measures may result in the provision of too much
assistance or scaffolding, and consequently fail to replicate what occurs in naturalistic social
settings. A review of the correlation analyses indicates few relationships between the SAT
narrative measures and general or social communication scales for either clinical group, or indeed
the TD children. In the ASD-only children, more prompting was required where children
exhibited fewer pragmatic language difficulties. The only correlation of note for the ASD+ADHD
children was that fewer pertinent narratives were identified in children with better general
communication skills, which is counter-intuitive. Consequently, it appears unlikely that language
and communication impairments influenced SAT performance in the current study.
8.7.7 Relationship between attention and social attributions. The final hypothesis was
mainly exploratory in nature. It was expected that performance on the SAT would be related to
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attention impairments, particularly sustained attention and attentional shifting accuracy. These
hypotheses were partially supported. Correlation analyses showed a number of significant
correlations between attention measures and the SAT. In particular, a large association between
superior sustained and divided attention and more accurate perception of causality, superior
attributions of intentionality, and physical causality were found in the TD group. Similarly, for
children in the ASD+ADHD group, sustained attention was positively correlated with perception
of causality, superior attributions of intentionality, and temporal sequence of their narrative. There
were a number of significant correlations between attention measures and SAT performance in the
ASD-only group, including that superior shifting attention accuracy and selective attention
efficiency were strongly positively associated with perception of interaction type, superior
attributions of intentionality and physical causality.
Of the regression models tested, only one model was significant and sustained attention
emerged as a significant predictor of intentionality for children with ASD and elevated symptoms
of ADHD. Given the small samples on which the regression analysis were based and the limited
scope to interpret relationships based on correlations, these findings must be interpreted with
caution. Although non-significant, the regression models in the TD children each explained about
20% of the variance for both ability to distinguish launch from reaction interactions and
predicting physical causality. Additionally, the non-significant regression models for the ASDonly group explained over 40% of the variability ability to distinguish launch from reaction
interactions, attribution of intentionality and physical causality. In the ASD+ADHD group, the
regression models for predicting ability to distinguish launch from reaction interactions and
physical causality each explained about 20% of the variability in scores on these SAT variables,
however, these findings were not statistically significant. Thus, taken together, the results indicate
that sustained attention and shifting attention are likely to be important factors in children’s ability
to make attributions of intentionality.
Sustained attention was an important unique predictor of social attribution in children with
ASD and elevated symptoms of ADHD. This is a novel discovery, which has not been reported
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previously. Whilst it has been suggested that sustained attention might be related to social
problems in children with ADHD-only (Carr, 2006), only a few studies have identified sustained
attention problems in children with ASD (Garretson et al., 1990). This novel finding in the current
study suggests that where co-morbid ADHD symptoms are present in children with ASD, their
sustained attention skills may prove important for their ability to understand the intentions of
others.
The pattern of correlations observed in the ASD-only group showed that attention shifting
accuracy was important for detecting causality, attribution of intentionality and physical causality
as well as more temporal narratives accompanied by fewer instances of pointing. This likely
indicates that attention shifting accuracy was not only important for understanding the intentions
of others but also concisely providing a verbal narrative. The relationship between shifting
attention accuracy and social attribution in the ASD-only group is supported by a large number of
studies, and theoretical accounts of the social-communicative impairment in ASD (Courchesne,
Townsend, Akshoomoff, Saitoh et al., 1994; Dawson et al., 2004; Goldberg et al., 2005; Hughes
et al., 1994; Leekam et al., 2000; Leekam & Moore, 2001; Ozonoff et al., 1994; Pascualvaca et
al., 1998). In order to manage the demands of the complex social world, one needs to be able to be
able to flexibly disengage and shift his or her attention in an appropriate and controlled manner.
The current study has shown that this skill, as measured by the TEA-Ch, is important in
distinguishing causality and understanding the intentions of others.
Selective attention was also highly correlated with the SAT variables for the ASD-only
group. In particular, selective attention efficiency was important for detecting causality,
attribution of intentionality and physical causality as well as providing more temporal narratives.
This pattern of correlations was similar to those found for shifting attention accuracy in this
group. Whilst selective attention was not found to differ across the three groups, children in the
clinical groups did perform in the low average range (as discussed in Chapter 7); it is noted that
selective attention was not correlated with SAT performance for the ASD+ADHD group. A
number of previous studies have identified that selective attention is impaired in children with
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ASD (Burack, 1994; Lovaas et al., 1979; Townsend et al., 1996), suggesting that their attention is
overly or selectively focused on a restricted range of stimuli (Lovaas et al., 1979) or conversely,
underlie selective and abnormally broad (Allen & Courchesne, 2001). The current findings
suggest that being able to appropriate select information from the environment for processing in
an accurate and efficient manner may be important to articulating a concise temporal narrative and
appropriately understanding the intentions of others. In summary, whilst the attention profiles
reported in the previous chapter show that the ASD-only and ASD+ADHD groups do not differ, it
appears that their attention problems show a different relationship to their social attribution skills.
Some unique patterns of correlation also emerged for each clinical group between SAT
performance and age, IQ and inattentive symptoms. Children with ASD-only who experienced
more severe symptoms of inattention, had more difficulty distinguishing causality, attributing
intentionality or physical causality and providing a temporally accurate narrative; these
relationships were not evident in the ASD+ADHD group. This is likely due to the somewhat
narrower range of inattentive symptom scores within the ASD+ADHD compared to the ASD-only
group, and a small sample size in the ASD-only group, however, further research is required to
replicate and explore this finding. Age was significantly related to SAT performance in the ASDonly group. Older children with ASD exhibited superior distinction of interaction type,
attributions of intentionality and physical causality, more pertinent and temporally accurate
narratives and required less prompting. This relationship was not unexpected, given Thommen et
al. (1998) suggests that social attribution skills are related to developmental stage in a TD
population. Again, similar age-related correlations were not found for the ASD+ADHD group but
older TD children were more likely to provide a temporally accurate narrative. The current study
did restrict the sample to a relatively narrow age range to provide some control for developmental
effects; however, other studies have used much broader age ranges. The significant correlations
identified here highlight the importance of matching groups on age and restricting the sample age
range when examining social attribution.
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Lastly, the ASD+ADHD exhibited a distinct pattern of correlations that was not observed in
either the ASD-only or TD group. Higher IQ was related to better distinction of causality,
attributions of physical causality and providing more temporally accuracy narratives. That is, for
children with ASD and markedly atypical inattentive and hyperactive/impulsive symptoms,
visual-spatial perception and problem solving skills, which were the skills assessed in the WISCIV short-form, appear to be important for social attribution task performance.
To summarise, each clinical group exhibited a unique profile of relationships between their
social attribution skills and the demographic, behavioural and symptom measures. As such, it
appears that specific aspects of clinical presentation are important to children with ASD-only that
differ from those important to children with ASD+ADHD when assessed on their social
attribution skills, across situations of increasing complexity.
8.8 Conclusions
This study has identified that children with ASD and children with ASD and elevated
ADHD symptoms are significantly different from each other and their age- and IQ-matched
control participants in their social attribution skills, as measured by a computer animated social
attribution task. The use of animations involving interacting colourful squares produces
differences in children’s performance when interactions simulate social and physical contacts,
under varying distraction conditions. Furthermore, the use of a distractor that moves between the
primary interactions of interest actually leads to a general decrease in performance across
participants, particularly when this distractor is highly salient. Whilst the results indicate that the
degrees of complexity in the SAT were perceived as expected by 7- to 12-year-old children, a
complex interaction between group membership, task complexity and conditions of causality have
led to multifaceted findings. We can conclude that task complexity is an important aspect of
measuring a child’s ability to make social attributions as it leads to poorer performance across a
range of social attribution measures. The current results also show that the movement of a salient
distractor in close proximity to the central components of the interaction, that is the aspect of the
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environment that is most important for interpreting the interaction, proves distracting and impairs
children’s ability to make social attributions.
This study has extended previous research by systematically varying task complexity and
exploring the impact of these variations in TD children and children with ASD. Furthermore,
inclusion of the ASD+ADHD group, which takes into account the high co-morbidity of elevated
ADHD symptoms in children with ASD, has highlighted that these co-morbid symptoms
significantly influence social attribution as measured by the SAT used here. A further important
finding of the current study was the unique relationship between attention mechanisms and
children’s ability to make social attributions across each of the clinical groups. For children with
ASD-only both selective attention and ability to accurately shift attention were highly associated
with SAT performance, while for children with ASD and additional elevated ADHD symptoms,
sustained attention was more closely associated with performance. Taken together, these results
implicate the role of attention in the way that children with ASD make sense of or develop their
understanding of social situations and social environment, which is influenced by co-morbid
elevated ADHD symptoms. Given the high rate of co-morbid ADHD in children with ASD, future
related research should assess or control for co-morbid ADHD. These findings have implications
for assessment and intervention in children with ASD with and without ADHD which will be
discussed further in the final chapter.
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Chapter 9: General Discussion
9.1 Chapter Overview
The first aim of the research presented in this thesis was to investigate attention deficits in a
sample of children with ASD, addressing a number of methodological limitations present in the
previous literature. Attention difficulties are common in children with ASD and clinically
significant symptoms of ADHD are frequently co-morbid (Caron & Rutter, 1991; Sinzig, Bruning
et al., 2008; Sinzig et al., 2009). Controlling for clinical co-morbidities in assessing executive
functions, such as attention, is important for establishing a clear picture of the strengths and
weaknesses in attention shown by children with ASD, with and without ADHD. The second aim
was to examine the performance of children with ASD, with and without co-morbid ADHD
symptoms, on a Social Attribution Task (SAT) that had increasing levels of complexity, compared
to TD children. Lastly, relationships between the attention capabilities, social attribution and IQ,
language, symptom and behavioural measures were examined for the three groups of children.
This chapter summarises the key findings of the present research and then discusses the
theoretical and clinical implications of these findings for children with ASD, with and without comorbid ADHD symptoms. The methodological issues are also considered as well as areas for
future research.
9.2 Summary of the Study’s Findings
9.2.1 Attention and clinical profile of each participant group. The TEA-Ch is a
clinically valid tool for measuring attention in children and is designed to minimise the impact of
language, memory and motor skills during the assessment. Attention is primarily assessed in the
visual domain, with the exception of sustained attention, which uses auditory stimuli. All subtests
required that the child understood the task requirements prior to commencement. A strength of the
TEA-Ch is that it has a standardised scoring system and uses individual tasks to assess four
attention constructs, selective attention, sustained attention, attention shifting and divided
attention, which are consistent with Mirsky et al.’s model (1999).
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In a group of 7- to 12-year-olds, children with ASD with and without elevated ADHD
symptoms demonstrated comparable profiles of attention difficulties. Specifically, ASD+ADHD
and ASD-only participants exhibited significantly poorer attention shifting accuracy and sustained
attention compared to TD children, matched on age and IQ. The difference between the clinical
and control groups was large; whilst TD children performed within the average range on the
standardised scale, children in the clinical groups performed in the below average or low average
range. The two clinical groups and the TD children did not significantly differ on divided
attention, attention shifting speed or selective attention accuracy, speed or efficiency, however,
effect sizes were moderate on each of these measures. The two clinical groups performed within
the low range on the standardised scales for selective attention speed and efficiency. The ASDonly group performed within the average range for divided attention, yet the ASD+ADHD
children performed in the low range. These findings both confirm and contradict previous
literature as well as indicating a range of clinically significant attention difficulties experienced by
both clinical groups.
Overall, neither co-morbid elevated ADHD symptoms nor meeting criteria for a co-morbid
diagnosis of ADHD had a significant impact on the attention profile of children with ASD as
measured by the TEA-Ch. Nevertheless, exploration of the clinical profile of each of these two
participant groups and the TD group showed that each group displayed a unique picture of clinical
and functional abilities. Both clinical groups had significantly poorer social skills, problem
behaviours, general communication skills, pragmatic communication skills and adaptive
behaviour than the TD children. However, children with ASD+ADHD also had significantly
poorer general communication skills, and tended to have poorer social skills (p = .05) and
problem behaviours (p = .08) than the ASD-only children as well. Thus, children with
ASD+ADHD appear to experience more functional impairments than children with ASD only.
Further group differences were reflected in correlation analyses. Whilst attention, as measured by
the TEA-Ch, was unrelated to symptom, clinical or behaviour measures in the TD population,
significant relationships emerged for the ASD-only and ASD+ADHD group. Specifically, a
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significant relationship was found between selective attention efficiency and IQ, adaptive
behaviour and inattentive symptoms for the ASD-only children, whilst the ASD+ADHD group
showed a significant relation between shifting attention accuracy and IQ, and attention shifting
speed and social skills and adaptive behaviour. Consequently, the presence of co-morbid elevated
ADHD symptoms appears to contribute to a unique clinical profile in children with ASD.
In summary, two distinguishing attention features, impaired sustained attention and
impaired attention shifting accuracy, were identified in the two ASD groups in this study, when
compared to an age and IQ matched control group. Whilst the finding that shifting attention
accuracy was impaired in the ASD groups is supported by previous studies (Goldberg et al., 2005;
Ozonoff, 1995b; Ozonoff et al., 1991; Pascualvaca et al., 1998; Prior & Hoffmann, 1990; Sanders
et al., 2008), impaired sustained attention in ASD children was a novel finding; previous research
has found comparable sustained attention across ASD and TD child populations (Barnard-Brak,
2011; Buchsbaum et al., 1992; Casey et al., 1993; Garretson et al., 1990; Johnson et al., 2007;
Kaland et al., 2008; Pascualvaca et al., 1998; Siegel et al., 1992; Siegel et al., 1995). Moreover,
one study also found comparable sustained attention between TD, ASD-only and ASD+ADHD
participants (Sinzig, Bruning et al., 2008). There has been limited research comparing a
population of children with ASD with co-morbid ADHD to children with ASD-only or ADHDonly. Consequently, these findings are clinically meaningful and can be interpreted with
confidence that the identified attention difficulties are truly representative of this ASD sample.
9.2.2 Social attribution. The Social Attribution Task (SAT) employed in this study was a
unique computer animation task that was an extension of previous research that used simpler
forms of the task (Bowler & Thommen, 2000; Cook & Richdale, 2003; Jones, 2007; Thommen et
al., 1998). The influence of task complexity on children’s ability to distinguish interaction
causality and their ability to make social and physical attributions was examined using a series of
3- and 4- square interaction animations of increasing complexity. Complexity was manipulated by
a reduction in task speed and the inclusion of additional agents; the factors hypothesised to lead to
increasing complexity were supported by the findings.
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Seven to 12-year-old children with ASD, with and without elevated symptoms of ADHD,
were as able as TD children to attend to the stimulus array in social (reaction) and physical
(launch) animation. Ability to attend to the stimuli deteriorated for all children as the task became
more complex. A distractor square moving between the central interactions, flashing or otherwise,
produced the most significant distraction for all children in the majority of interaction conditions.
Consequently, the movement of a salient distraction in close proximity to the central components
of the interaction proves distracting and impairing on ability to attend.
Analyses also revealed that the groups differed in their ability to detect causality and
attribute intentionality or physical causality across different conditions of causality and
complexity. In general, TD children were best able to distinguish interaction type and attribute
intentionality and physical causality on launch-launch interactions involving a distractor square.
However, on mixed and reaction-reaction animation, children’s performance deteriorated when
the distractor squares were present. Reaction-reaction animations proved the most difficult for TD
children to attribute intentionality or physical causality. TD children demonstrated their strongest
performance in the baseline condition involving a reaction-launch animation. Superior distinction
of causality and attribution of physical causality was related to better sustained and divided
attention in TD children. Although non-significant, exploratory regression analysis revealed that a
model of sustained attention and shifting attention accuracy accounted for 21% of the variance in
performance on the SAT.
In contrast, children in the ASD-only group exhibited a steady deterioration in ability to
distinguish interaction type and attribute intentionality or physical causality with increasing
complexity for the launch-launch and the mixed animations, with more variable performance on
the reaction-reaction animations. The ASD-only participants experienced greatest difficulty
distinguishing causality and attributing intentionality and physical causality in the reactionreaction animations when a distal distractor was present, however, superior performance was
evident in the baseline and interfering distractor conditions. This pattern of results on reactionreaction animations for the ASD-only was unexpected given the patterns observed in other
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groups. Also, Jones’ (2007) study did not find that the distal distractor was impairing for children
with ASD on a SAT task. It may be that in this particular sample, the movement of the distal
distractor directed children’s attention away from the primary interaction, but was only impairing
for the most complex interaction type (where neither interaction involves contact). Conversely,
the movement of the interfering distractor may have shifted their attention towards the interaction
of focus, potentially facilitating better focus on the interaction of most importance.
A number of large significant correlations indicated that performance on the SAT was
related to superior shifting attention accuracy and selective attention efficiency for the ASD-only
group. Non-significant, exploratory regression analysis revealed that a model of sustained
attention and shifting attention accuracy accounted for more than 40% of the variance in
children’s ability to distinguish causality, and attribution intentionality and physical causality on
the SAT. Although groups were matched on age, it appears that older children with ASD-only
tended to demonstrated superior distinction of causality and attributions of intentionality and
physical causality. Previous studies have suggested that shifting attention plays a significant role
in social-communicative functioning in children with ASD (Courchesne, Townsend, Akshoomoff,
Saitoh et al., 1994; Leekam et al., 2000; Leekam & Moore, 2001; Sanders et al., 2008; Townsend
et al., 1996); which is supported by the current findings.
Lastly, children with ASD and elevated symptoms of ADHD demonstrated their strongest
abilities to distinguish interaction type and attribute intentionality or physical causality on
animations involving launch-launch interactions. Their performance tended to decline in mixed
interactions (i.e., launch-reaction or reaction-launch), with poorest skills evident on reactionreaction animations. Overall, this group of children exhibited deterioration in their ability to
distinguish launch and reaction interactions and attribute intentionality and physical causality in
the presence of the distractor square that moved through the central interaction, especially when
flashing. Whilst age was related to performance in the ASD-only group, this was not evident for
those children with co-morbid elevated ADHD symptoms. Furthermore, whilst groups were
matched on IQ, SAT performance was related superior IQ for the ASD+ADHD children. A range
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of moderate to large correlations highlighted a strong association between sustained attention and
SAT performance for the ASD+ADHD children. Sustained attention also emerged as a significant
predictor of these children’s ability to attribute intentionality. The influence of sustained attention
impairments on social cognition for children with ASD is a somewhat novel finding that has not
been addressed in the previous literature.
The findings for performance on the SAT are consistent with previous literature; TD
children and children with ASD differed in their ability to attribute intentionality and physical
causality, particularly on reaction (absence of contact between agents) interactions compared to
launch (physical contact between agents) and reaction (absence of contact between agents)
interactions (Jones, 2007; Klin & Jones, 2006). Whilst a number of researchers have hypothesised
that the complex nature of social interactions present difficulties for children with ASD (Freeth et
al., 2010; Klein et al., 2009; Minshew & Goldstein, 1998; Salter et al., 2008), pilot studies using a
social attribution task have not found support for the complexity hypothesis to date (Jones, 2007).
This is likely due to the selection of distractor stimuli and failure to differentiate launch-reaction
and reaction-launch animations in data analysis. Furthermore, given the differential pattern of
performance in the ASD+ADHD group, discrepancies in findings may also relate to the failure of
Jones’ study to control for co-morbid symptoms of ADHD. The current findings for complexity
are consistent with studies employing the Heider and Simmel task; using a more complex
animation, children with ASD showed inferior performance to TD children on this task (Bowler &
Thommen, 2000). However, the Heider and Simmel task does not necessarily provide an
appropriate comparison for the current study, as previous research using the Heider and Simmel
task has not directly controlled for and manipulated task complexity (Bowler & Thommen, 2000;
Klin & Jones, 2006). As such, a strength of the current study was the controlled manner in which
task complexity was varied. Also, the task created was significantly complex whereby all children
experienced a decline in social and physical attribution skills with task complexity.
The relational complexity theory (Halford & Andrews, 2011) may offer a framework for
viewing the SAT. That is, the animation involved four agents that participated in three ‘relations’.
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Thus, as complexity increased with the addition of the fourth distractor agent (or third relation)
the task involved greater loading on cognitive capacity. Thus, if participants were able to engage
strategies such as chunking or segmentation to reduce cognitive load, they may have managed
well. However, given the limited practice time available, it was unlikely that children would have
had the opportunity to develop and then engage in such processes and thus, poorer task
performance may be related to difficulty processing increasing animation complexity. A study by
Andrews, Halford and Boyce (2012) examining relational processing in children aged 4 to 6 years
showed that awareness of task structure was advantageous to acquiring knowledge of complex
structures and superior performance on a task of increasing complexity. Consequently, it would be
interesting to see whether the performance of children with ASD and ASD+ADHD would
improve if they were provided with feedback on practice tasks or given more time to rehearse
their responses. A further consideration is how relational complexity theory would apply to
processing complex social information in real life.
Findings of the current study show that social attribution skills were significantly impaired
in the ASD groups, particularly for those children with elevated symptoms of ADHD. Whilst
elevated symptoms of inattention and hyperactivity/impulsivity did not differentiate ASD groups
on the TEA-Ch, they did influence performance on the SAT, revealing a differential pattern of
social attribution skills. The findings from the SAT have identified a complex relationship
between these clinical groups and their ability to make social attributions under varying
conditions of complexity. Furthermore, it appears that SAT offers a valuable avenue for
understanding how children use information to arrive at causal explanations for events, as
measured by a computer animation.
9.3 Theoretical Implications
9.3.1 Co-morbidity of ADHD in an ASD population. An important objective of this
research was to investigate the impact of having clinically significant symptoms of both ASD and
ADHD, as opposed to ASD only, on attention and social attribution skills in children with an
ASD diagnosis. A review of the ASD and ADHD diagnostic criteria in the DSM-IV-TR
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highlights that there are several overlapping social and attention symptoms across the
presentations of both disorders. The current prohibition of an ASD and ADHD co-diagnosis
(APA, 2000) and absence of ADHD assessment tools that have been standardised for use in an
ASD population, has limited our understanding of this co-morbidity, and to date there has been
little research into the impact of co-morbid ADHD symptoms. Given the clinical implications of
inappropriate diagnosis may mean incorrect or delayed treatment, furthering our understanding of
this clinical overlap is imperative.
There has been a strong debate in the clinical and research fields regarding the validity of
co-morbid ADHD diagnosis in individuals with ASD. Whilst clinical case studies and anecdotal
evidence have supported this notion for some time, it has only been in the recent years that the
empirical literature has begun to examine this. The proposed DSM-5 criteria will allow for a codiagnosis of ASD and ADHD (APA, 2000). Recently, studies have emerged that support a genetic
link between ADHD and ASD (Nijmeijer et al., 2009; Ronald et al., 2008), with reports that
clinical assessment tools can discriminate both ASD and ADHD symptoms (Ghaziuddin et al.,
2010; Mayes et al., 2012) and that ADHD symptoms have a clinically significant influence on
daily functioning and levels of impairment in children with ASD (Ames & White, 2011;
Goldstein & Schwebach, 2004; Guttmann-Steinmetz et al., 2009; Holtmann et al., 2007). Whilst
the current findings suggest that co-morbid ADHD symptoms do not contribute to a unique
profile of attention impairments in children with ASD, as measured by the TEA-Ch, the symptom
and behavioural measures indicate that children with ASD-only and ASD+ADHD experience a
unique range of functional difficulties. Furthermore, the SAT performance and results from the
correlation analyses indicate a unique contribution of attention impairments to the social cognition
of children with ASD, which is influence by the presence or absence of co-morbid elevated
ADHD symptoms. This study’s findings contribute to the body of ASD and ADHD co-morbidity
research by highlighting the differential role that attention plays in social cognition for children
with ASD-only and ASD+ADHD.
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An additional consideration in reviewing previous research with ASD and/or ADHD
populations is the definition of ADHD symptoms employed by the authors. Previous research has
used a variety of assessment tools and approaches to define ADHD groups or to control for
ADHD symptoms. The various tools and definitions employed raises concerns about the
equivalence of ‘ADHD groups’ and how co-morbidity may be defined across studies, and
furthermore, how these definitions may influence research outcomes. For example, some studies
have employed standardised tools with symptom severity scales (Corbett et al., 2009) or
diagnostic cut-off scores (Sinzig, Bruning et al., 2008; Sinzig, Morsch, & Lehmkuhl, 2008; Sinzig
et al., 2009), whilst others have employed a DSM-IV-TR ADHD checklist (Hutchinson, 2009) or
clinical observation/interview (Mayes et al., 2012). In the current study, co-morbid ADHD was
approached by conceptualising symptoms of ADHD as falling on a spectrum, with those at the
extreme being classified as ADHD. Whilst results indicated that defining the ASD+ADHD group
based on elevated symptoms or diagnostic criteria produced an identical pattern of results for the
primary hypotheses, considering the presentation of ADHD symptoms on a spectrum is consistent
with the overall shift in diagnostic system proposed to occur in the DSM-5, to be released in May
2013 (APA; 2011).
9.3.2 Implications for the EF hypothesis and attention in the social–communicative
impairment. The relationship between attention and EF is complex and not yet completely
understood. However, while attention is a unique process, globally it is considered as one of a
range a EF process and it is often one of the cognitive processes involved in successful
completion of many traditional EF assessment tools (R. Elliott, 2003; E. K. Miller & Cohen,
2001; Posner & Petersen, 1990; Shallice & Burgess, 1996). Although the current research used
the EF hypothesis as a foundation for exploring the social-communicative impairment, the current
study was not designed to directly test the hypothesis of executive dysfunction in an ASD
population. As discussed in Chapter 2, it is likely that a range of EF impairments and disruptions
to EF processes are involved in the social-communicative deficit seen in children with ASD,
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however, it was of specific interest to this study to understand if attention mechanisms play a key
role.
The results of this study indicate that attention shifting accuracy was an important skill for
social cognition for children with an ASD diagnosis, without elevated co-morbid ADHD
symptoms. This is consistent with research identifying problems with social orienting and
impairments in shifting gaze from object to person early in childhood (Burack, 1994; Corkum &
Moore, 1998; Lewis & Boucher, 1988; McEvoy et al., 1993; I. Smith & Bryson, 1994) and
studies employing the information processing framework which have established that attention
shifting is an important component of the EF deficits observed in an ASD population
(Courchesne, Townsend, Akshoomoff, Saitoh et al., 1994; Friedrich & Rader, 1997; Hughes et al.,
1994; Ozonoff, 1997; Ozonoff et al., 1994). That is, ability to disengage attention from one
stimulus or response pattern and shift it to another in an accuracy and flexible manner, frequently
emerges in the literature as a cognitive component impaired in children with ASD. The
relationship identified here between attention shifting accuracy and the cognitive process by
which children with ASD make meaning of their environment and understand the intentions of
others, is a novel contribution to the attention and ASD literature.
The current data present one challenge to the EF hypothesis. It was argued in Chapter 2 that
patterns of executive impairment could discriminate ASD from other presentations of
psychopathology. Whilst the current study did not include an ADHD-only group, the significant
overlap in attention impairments across the ASD-only and ASD+ADHD sample raises concerns
about the usefulness of the EF hypothesis in discriminating between the two disorders. Although
it is likely that there are a range of other EF that lead to the unique profile of impairments in the
ASD and ADHD populations, the findings for attention in the current study do not support the
proposition that a unique EF profile exists for these two populations. However, the failure to find
group differences may lie in the selection of attention measure used here. Whilst the TEA-Ch
presents many strengths, it is only one of many attention measures and as discussed in Chapter 7,
the highly controlled nature of the task may not have captured the attention difficulties children
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with ASD, with and without ADHD experience in their daily life. Further research is required to
explore the role of the EF hypothesis in explaining ASD symptoms, particularly examining
differences across children with ASD-only, ADHD-only and ASD+ADHD on a range of EFs,
such as working memory and inhibition. Whilst a re-examination of the EF hypothesis is beyond
the scope of the current study, findings suggest that future studies must control for ADHD comorbidity in children with ASD.
9.3.3 Implications for competing theories explaining the social-communicative
impairment. The relationship between attention and social attribution abilities across the clinical
and control populations suggests that there is a complex interplay of cognitive processes involved
in the ASD social-communicative impairments. As such, it is important to re-consider the
competing theories that purport to explain the social-communicative impairments observed in
ASD. As discussed in Chapter 2, the complex information processing theory suggests that socialcommunicative deficits result from impairments specific to the most complex level of information
processing in each domain and hypothesise that there is “a selective underdevelopment of the
higher levels of neural connectivity normally achieved with brain development” within each
cognitive domain (Minshew & Goldstein, 2001, p. 133). The complex relationship between
attention and social attribution skills identified here may result from impairments in a range of
cognitive processes not assessed by this study. This taken together with the finding that social
attribution skills were affected by task complexity, suggest that the current study results might
actually lend support to the Complex Information Processing Theory.
Minshew et al. (1997) found that motor movements, memory for complex material,
complex language and concept formation were deficient in an adolescent and adult sample of
individuals with ASD compared to controls. The TEA-Ch is designed to reduce demands on
language, memory and motor skills when assessing attention. If the complex information
processing theory were correct, then controlling for the influence of these skills when assessing
attention would explain the failure of the current study to identify differences between ASD-only
and ASD+ADHD participants. It would be important for future studies to assess other cognitive
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mechanisms (such as, motor movements, memory, and concept formation) that may be impaired
in a sample of children with ASD with and without ADHD, to explore the applicability of the
Complex Information Professing Theory for these populations.
9.4 Implications for Clinical Practice and Research
The current findings highlight the need to assess and control for co-morbid symptoms of
inattention, hyperactivity and impulsivity when examining a population of individuals with ASD.
Whilst the prevalence of ADHD symptoms in the current ASD sample (62% with elevated
symptoms and 31% who met the conservative diagnostic criteria on the CRS CADS-P) was not as
high as suggested by some previous research (Caron & Rutter, 1991; Yoshida & Uchiyama,
2004), clinically impairing symptoms were present in nearly two thirds of the ASD participants.
Furthermore, even without considering a co-diagnosis, separating those with highly elevated
symptoms led to the identification of a unique pattern of functional impairment, across attention,
social cognition and communication skills, and varying relationships between social cognition and
attention difficulties for each population. It is clear from these findings that co-morbid ADHD
symptoms play an important role in the functional abilities of children with ASD and their
presentation on standard social language and behavioural measures.
While there is currently no clinically valid ADHD assessment tool available for use in
children with ASD (Deprey & Ozonoff, 2009), the current results suggest that measuring the
presence of elevated ADHD symptoms is meaningful. In terms of the implications for clinicians
working with children with ASD, the current results suggest that there are benefits in assessing
and monitoring symptoms of ADHD as it appears this will assist in building a clear picture of the
child’s clinical difficulties. Without routinely assessing for ADHD in children with ASD in
clinical practice, there is a significant risk that the child will not receive, or be delayed in
receiving, appropriate treatment. Furthermore, the evidence-based guidelines recommend quite
different treatments for ASD and ADHD populations (National Institute of Health and Clinical
Excellence, 2013; Roberts & Prior, 2006); ASD treatments generally do not target attention
problems (Goldstein et al., 2009). If both disorders are not assessed for, identified and treated in
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children with ASD, clinically significant inattentive and hyperactive/impulsive symptoms are
likely to persist.
Whilst there are a range of parenting and behavioural programs recommended for treatment
of children with ADHD, one common treatment for ADHD symptoms is stimulant medication. A
number of participants with ASD in the current study (n = 6; 21% of the clinical sample) had been
prescribed stimulant medications to manage attention difficulties, though only four had a clinical
ADHD co-diagnosis. There is clinical evidence to suggest that stimulant medication is helpful for
managing ADHD symptoms in an ASD population (Nickels et al., 2008; Santosh, Baird,
Pityaratstian, Tavare, & Gringras, 2006). Whilst outcome measure studies have not been
conducted in an ASD population, some research suggests that stimulant medication increases
academic productivity and participation in children with ADHD (Hectman et al., 2004), whilst
others suggest that despite this observed change there is no long-term academic benefit
(Langberg, Epstein, Urbanowicz, Simon, & Graham, 2008). As such, it is possible that alternative
interventions targeting attention difficulties of children may be beneficial, such as, strategies to
manage difficulties with maintaining focus and alertness, and flexibility and cognitive control to
move attention from one aspect of the environment to another. Furthermore, teachers, parents,
carers and clinicians need to be mindful of the child’s strengths as well as their attention
difficulties when designing learning and play environments.
9.5 Methodological Strengths and Limitations and Recommendations for Further Research
A significant strength of the current study was the use of a clinically valid attention
measure, the use of the ADOS-G to define the two ASD groups, and the assessment of participant
groups on a range of language, symptom and behavioural measures. This allowed for exploration
of each group’s presentation and any potentially confounding variables arising from the complex
clinical presentation of children with ASD. A further strength of the current study was the
development of a novel task that controls for a range of complexity variables. This task has
allowed for detailed exploration of a range of complexity factors, which have previously not been
addressed by the research. Replication studies are required to verify these results. Additionally, it
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is possible that building upon the current study’s SAT with a further increase in task complexity
may lead to more clearly delineated social attribution difficulties across the clinical groups; it is
possible that at a certain level of complexity, children on the autism spectrum will show
significantly poorer performance.
One limitation of the current study is that the majority of the sample was high functioning;
all children were verbally fluent and the majority had an IQ score within the two standard
deviations of the mean (the lowest score was a TD child with an IQ of 67). This raises a concern
regarding the extent to which findings can be generalised to the entire ASD population, including
less able children. Furthermore, it is unclear if these results can be extended to older or younger
individuals with ASD. The current study used a relatively narrow age range to examine children’s
cognitive profiles within middle childhood, and to limit the potential confounding influence of
having a broad range of developmental stages present. Future research will need to extend these
findings by assessing attention problems in younger children and in adolescent populations with
ASD, with and without elevated symptoms of ADHD.
Another potential concern was the differences in gender ratio across participant groups; the
TD and ASD+ADHD group included both boys and girls, whilst the ASD-only group consisted
exclusively of boys. Although it would have been possible to manage gender ratios by selecting to
examine attention and social attribution abilities in boys only or to have matched each participant
on gender, this was beyond the scope and time frame of this study. Analysis revealed that TD
boys and girls, and boys and girls with ASD+ADHD were not significantly different on measures
of attention and social attribution. As such, it is likely that gender had little influence on the
current study outcomes.
Classification of ASD participants into the two clinical groups was based on a parent report
of children’s ADHD symptomatology. Results may potentially be biased as information on
ADHD symptoms was only gathered from one source, rather than confirmed by a second rater,
such as the child’s classroom teacher. Whilst a parent can provide valuable information regarding
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the type and severity of inattentive and hyperactivity/impulsivity symptoms in their child, parent
reported results are limited by recall bias and to the symptoms observed in the home environment.
Some problems of hyperactivity/impulsivity and inattention are likely to be present in the school
environment, and in fact may be more severe in such an environment where the child is asked to
conform to the structured school setting, with less opportunity for one-on-one adult attention or
support. Parent report may also be compromised by the parent’s knowledge of any existing
diagnosis or fear of attracting an ADHD diagnosis. It is recommended that future research include
a second rater, such as a classroom teacher, to confirm the child’s presentation on symptom scales
(such as the CRS CADS-P) and eliminate any potential influence of parent bias.
There was no ADHD-only group in the current study, which would have allowed for a
comparison between ASD-only, ASD+ADHD and ADHD-only and thus provided a
comprehensive delineation of attention abilities and symptoms across ASD and ADHD profiles.
The inclusion of an ADHD group was incorporated in the original research design, however due
to difficulties recruiting a sufficient sample size within the time constraints of the current doctoral
program, inclusion of the ADHD group was abandoned14. It is recommended that future research
pursue this investigation in order to develop a clearer picture of the relationship between ASDonly, ASD+ADHD and ADHD-only clinical presentations.
Additionally, limiting the scope of findings was a small sample size, as this limits the
generalisability of the results. However, other studies have used similar sample sizes and
identified significant group effects (Bowler & Thommen, 2000; Jones, 2007). Also mitigating this
concern is the fact that most analyses in the current study revealed moderate to large effect sizes.
Small numbers in each participant group meant that a regression analysis investigating the
relationship between social attribution skills and attention impairments was exploratory and thus,
results must be interpreted with caution. Although one significant predictive relationship was
identified, there is limited scope to generalise these results.

14

Only 3 ADHD participants who met inclusion criteria were recruited over the space of a 12-month period.
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Lastly, a valuable addition to this study would have been the inclusion of eye tracking on
the SAT task; this was beyond the scope of the resources available at the time of the current study.
Eye tracking could provide a sensitive assessment of the child’s allocation of visual attention to
the stimuli in the animation, allow for exploration of the attention allocated to each SAT stimuli,
and corroborate results derived from narrative codes. It would also allow for comparison with
outcomes of previous attention studies that have defined and assessed attention deficits as the time
spent attending to stimuli. Thus, it is recommended that future studies employing a SAT
incorporate eye tracking as an additional performance measure.
9.6 Concluding Remarks
In summary, the conclusions drawn from this thesis are that children with ASD with and
without elevated symptoms of ADHD have similar attention profiles, however, two attention
mechanisms emerged as significantly impaired in both clinical groups: sustained attention and
shifting attention accuracy. Although ADHD symptoms did not differentiate the attention profiles
of children with ASD with and without ADHD, some differences were apparent. The two clinical
groups showed a unique profile of social, communication and behavioural symptoms and
differential performance on a computer animated social attribution task, suggesting that each
group experiences differing levels of impairment in making social and physical attributions to
animated interactions. Moreover, task complexity was an important factor for all children when
making social attributions. Highly distracting stimuli led to a reduced ability to accurately attend
to and make social attributions for children aged 7 to 12 years, regardless of diagnostic status or
group membership. Furthermore, the current study results suggest that computerised SAT offers a
satisfactory method for investigating social understanding in children.
The findings of the present study have highlighted the significant role of co-morbid ADHD
symptoms in an ASD population. Although children with ASD with and without ADHD in this
sample were not differentiated on their attention profiles, significant differences in the symptom
profile were evident. In particular, it appears that sustained attention was important to social
attribution skills for TD children and children with ASD with elevated ADHD symptoms, whilst
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shifting attention accuracy was important to social attribution skills for children with ASD only.
Identification of specific attention mechanisms as important for understanding the way children
make sense of, or develop their understanding of social behaviour is a novel finding in the
literature and highlights an important area for further investigation. As such, it is recommended
that future research investigating symptom, attention and cognitive impairments of children with
ASD assess and control for co-morbid symptoms of ADHD. With the introduction of DSM-5 and
the proposed changes for inclusion of co-diagnosis, it will be increasingly important to monitor
and understand the difficulties experienced by this co-morbid population.
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Appendices
Appendix A: Screening Questionnaire
Date:

Participant Details
Parent’s First Name: _______________________ Surname: _______________________
Child’s First Name: ________________________ Surname: _______________________
Postal Address: ___________________________________________________________
________________________________________________________________________
Residential Address: _______________________________________________________
________________________________________________________________________
Email Address: ___________________________________________________________
Phone Number: __________________________ Mobile: __________________________

Child’s Details
Child’s D.O.B.: ___/___/____

Age: _________

Sex: M / F

School:

Grade: ____

Aid? Y/ N

Main stream / Special

Diagnoses:


Autistic Disorder



Autism Spectrum Disorder



Asperger’s Disorder



PDD-NOS



ADHD : please circle (inattentive / hyperactive / both)



Any other diagnosis?

Date of Diagnosis: ________
Diagnosed by: ______________________________________________________
Diagnostic Report:

 YES

 NO
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Does your child have:


Vision assessed?



Hearing assessed?



Used any devices to improve vision or hearing?



Difficulty with learning?



Difficulty with reading?



Diagnosed with depression?



Diagnosed with anxiety?

Treatment
Is your child under the care of any health professionals? ________________________
_____________________________________________________________________
_____________________________________________________________________
What interventions has your child received? _________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
Medication
Is your child currently taking any medication for ADHD, such as Ritalin?
_____________________________________________________________________
_____________________________________________________________________
Any other medications? _____________________________________________________
Dosage: ______________________________________________________________
Frequency: ____________________________________________________________
What time of day: _______________________________________________________
How long has your child been taking this medication? ___________________________
Are you happy for your child to withhold medication for the day of testing?  YES

 NO
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Is there anything else you would like to tell me?

Participation
Are you interested in participating?
Availability:
Monday

am / pm

_________________________________

Tuesday

am / pm

_________________________________

Wednesday

am / pm

_________________________________

Thursday

am / pm

_________________________________

Friday

am / pm

_________________________________

Saturday

am / pm

_________________________________

Sunday

am / pm

_________________________________

Location:


Attend OTARC in Bundoora



Attend participant’s home

Please bring:


Diagnostic report



Signed consent forms



Do you have our number?
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Appendix B: Pictorial Description of Launch-Launch Interaction

Time

Figure B1. Example of a three square launch-launch interaction in the Social Attribution Task15

15

The red square moves to the right side of the screen towards the green square. At this point the blue
square moves from its first location up wards. The red square continues moving until it touches the green
square. Upon contact, the green square immediately moves from the centre towards the right of the screen
where it stops. Following this first interaction, the blue makes contact with the red square and the red square
immediately moves in the upwards direction, stopping at the top of the screen.
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Appendix C: Pictorial Description of Reaction-Reaction Interaction

Time

Figure C1. Example of a three square reaction-reaction interaction in the Social Attribution Task16

16

The red square moves to the right side of the screen towards the green square. At this point the blue
square moves from its first location upwards. As the red square nears the green square, the green square
begins moving towards the right side of the screen prior to the two squares making contact. The green
square stops moving as it reaches the right side of the screen. Meanwhile, as the red square reaches the
centre of the screen, the blue square nears the red and the red square changes directions without the blue
square making any contact. The red square moves upwards, stopping at the top of the screen. The blue
square stops moving when it reaches the centre of the screen.
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Appendix D: Social Attribution Task - Script to Establish Task Understanding
Prior to showing the practice trials:
“I am going to show you a short film, and afterwards, I want you to tell me what happened
in it, and I am going to record what you say.”
Participant is shown first practice trial and recording commenced. After the animation has
finished, the final positioning of the squares remains on the screen and ask:
“Can you tell me what happened?”
“What happened with the red square?”
“What happened with the green square?”
“What made the green square move?”
This is to ensure that the participant can correctly perceive and distinguish the two figures.
Participant is shown practice trial two and the above questions are repeated. In addition, ask:
“Was the second film different to the first one you saw?”
This procedure is repeated for practice trials three and four prompting with the following
question:
“Can you tell me what happened?”
“What happened with the red square?”
“What happened with the green square?”
“What happened with the blue square?”
“What made that the green square move?”
“Was the fourth film different to the last one you saw?”
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Throughout practice trials, prompting questions may be omitted if the child spontaneously
identifies the different coloured agents and types of interactions within their narrative.
Prior to commencing the first testing animation, say:
“I am now going to show you some more films, and afterwards, I want you to tell me
exactly what happened in it, and like before, I am going to record what you say.”
Once the participant has seen the animation, ask:
“Can you tell me what happened?”
Repeat this question after each of the remaining testing animations has been shown. If the
participant fails to provide a response or responds briefly with one word, the following prompts
may be used:
“Can you tell me what happened this time?”
“Did anything else happen?”
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Appendix E: Social Attribution Task Coding Protocol
Attention to Stimulus Array: Interacting Squares
Responses were coded for reference to, or absence of, interactions within the stimulus array
(between red, green and blue squares only; purple is classified as the ‘distractor’ square). The
child’s narrative indicates that they attended to an interaction when they make reference to an
agent or agents and describe some kind of exchange using terms such as “chased”, “ran away
from”, “hit”, “bumped”, and “got him”.
Importantly, it was not necessary for the participant to convey each event in correct
temporal sequence, or correctly identify the colour of the squares within a specific event per se
(provided they only refer to red, green or blue interacting squares). For example, “the red block
hit the green block” was not distinguished from “the green block hit the red block”. So long as
attention to the event had been demonstrated, each of these statements would be given the same
rating, that way errors will not adversely affect the later analysis of complexity or salience of the
distractor square. However, if the participant attributes an interaction to the purple and one other
square, this would not receive a score. For example, if the child reported “the red square hit the
green square and the purple square hit the blue square”, the narrative would be coded as a 1.
Table E1
Scoring and definitions for attention to stimulus array: Interacting squares code
Score

Definition
0 = No reference to any interaction
1 = Reference to one interaction only
2 = Reference to two interactions
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Attention to Stimulus Array: Distractor Square
Trials 9 to 20 include the presence of a distractor square which is always purple in colour,
but located at different positions and at times, is flashing. This code reflects whether the
participant has attended to the distractor square. The participant’s attention to the distractor square
would be indicated by narratives such as “the purple one just went along the bottom”, “that one is
flashing”, “that one ran through the middle without touching anyone” or “the purple one was just
watching”. This code also delineates where the child has noted the distractor, and whether or not
the child has misattributed interacting properties to the distractor. For example, “the purple square
nearly hit the red square”.
Table E2
Scoring and definitions for attention to stimulus array: Distractor square code
Score

Definition
0 = No reference to distractor
1 = Reference to distractor
9 = Reporting distractor square to be involved in an interaction

Perception of Launch/Reaction Distinction
Each sequence was assessed in order to determine whether the participant attended to the
difference between launch and reaction interactions. In a launch interaction, the child needs to
correctly identify that a square contacts with another square. Terminology used to describe this
may include “hit”, “tapped”, “crashed into”, “knocks”, or “pushed”. In a reaction interaction,
the child needs to correctly identify the absence of contact between two squares. Terminology
used to describe this may include “ran away from”, “didn’t hit”, “going to catch”, “didn’t
push”, or “chased”. Each trial consisted of two interactions so will either be LL (launch-launch),
RR (reaction-reaction), or mixed (launch-reaction or reaction-launch). The outline of each trial is
provided in Table E3.
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Table E3
Description of type of interaction and distractor per trial
Trial

Type

Interaction

Interaction

1

2

Speed

Distractor

Flashing
Agent

1

Dual

Launch

Launch

Half-speed

-

-

2

Dual

Reaction

Reaction

Half-speed

-

-

3

Dual

Launch

Reaction

Half-speed

-

-

4

Dual

Reaction

Launch

Half-speed

-

-

5

Dual

Launch

Launch

-

-

-

6

Dual

Reaction

Reaction

-

-

-

7

Dual

Launch

Reaction

-

-

-

8

Dual

Reaction

Launch

-

-

-

9

Dual

Launch

Launch

-

Distal Distractor

-

10

Dual

Reaction

Reaction

-

Distal Distractor

-

11

Dual

Launch

Reaction

-

Distal Distractor

-

12

Dual

Reaction

Launch

-

Distal Distractor

-

13

Dual

Launch

Launch

-

Interfering Distractor

-

14

Dual

Reaction

Reaction

-

Interfering Distractor

-

15

Dual

Launch

Reaction

-

Interfering Distractor

-

16

Dual

Reaction

Launch

-

Interfering Distractor

-

17

Dual

Launch

Launch

-

Interfering Distractor

Yes

18

Dual

Reaction

Reaction

-

Interfering Distractor

Yes

19

Dual

Launch

Reaction

-

Interfering Distractor

Yes

20

Dual

Reaction

Launch

-

Interfering Distractor

Yes

One point was given for each correct perception of causality. The child was required to
correctly identify the colour of the agents involved in the interaction and correctly identify the
protagonist. Some responses were undifferentiated, in that the child failed to attend to either a
launch or reaction event that occurred. An example of an undifferentiated response may include,
“that one went up there and that one went like that and that one went straight across”.
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Table E4
Scoring and definitions for perception of launch/reaction distinction code
Score

Definition
0 = Incorrect identification or failure to identify both interactions
1 = Correct identification of one interaction
2 = Correct identification of both interactions

Intentionality
Narrative responses were coded for identification of the intentionality of each square. For a
score to be awarded, the attribution must correctly identify the agents (by colour) involved in the
interaction. Intentionality was scored separately for each interaction within each animation.
Table E5
Scoring and definitions for intentionality code
Score

Definition

0 = No intentionality/relation between objects.
For example, “the red one went to the right, then the blue one came up and then
the green one went up”
1 = Contact Criterion: The child correctly describes the presence or absence of
contact.
For example, “the red one hit the green one”, or “the red nearly hit the green”
2 = Weak intentionality: The child makes an attribution of movement/intention
relating to only one of the squares.
For example, “the blue one tried to push the red one”, “the red one missed the
green one”, or “the green one escaped the red one”.
3 = Strong intentionality: a clear psychological relationship exists, that is, two
agents are identified as having intention.
For example, “the red one tried to push the green one but the green one runs
away scared.”
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Intentionality: Distractor Square
Within the animations, the distractor square moved independently and did not interact with
the primary agents. However, narratives were coded for whether any attributions of intentionality
were mistakenly made by participants as absent or present. For example, “the purple square tried
to hit the blue square” was scored as a 1. This might also include statements such as “watched” or
“followed”. Narratives that made reference to intentionality of the distractor square received a
score of 1, whilst animations that did not received a score of 0.
Physical Causality
Narrative responses were coded for identification of a physical explanation for interactions, as
described in Table E7. A code of physical causality is scored separately for each interaction on the
coding sheet.
Table E6
Scoring and definitions for physical causality code
Score

Definition

0 = No relation between objects.
For example, “the red one went to the right, then the blue one came up and then
the green one went up”
1 = Contact Criterion: The child correctly describes the presence or absence of
contact.
For example, “the red one hit the green one.”
2 = Reasoning based on observable features: response indicates an analysis of the
whole scenario and demonstrates cognitive reasoning regarding observable
features, such as relative speed. For example, “the red square moves faster than
the green square”
3 = Complex Inference: response demonstrates a clear capacity of inferring an
invisible cause to explain the interaction or relationship exists between agents.
For example, explaining movements as being similar to magnets or drawing upon
similes or metaphors.
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Frequency of Mental State Terms
Narratives were coded for the frequency of cognitive and affective mental state terms for
each animation. Cognitive terms include words stating knowledge, desires and beliefs of the
agents, such as “wants”, “tries”, etc. Affective terms include words used in relation to the
squares’ mental states, such as “feels”, “scared”, “tried”, “afraid”.
Frequency of Physical Terms
Narratives were coded for frequency of physical terms and reference to physical attributes
of the agents. Physical terms may include words such as “hard”, “soft”, “slow”, “fast”, “flashing”
etc.
Pertinence Index
Narrative responses were coded for the pertinence of the statement to the social attributions
of the animation. This coding Index was adapted from Klin’s work (2000) with the Heider and
Simmel task. Proportions of less pertinent narratives are important as they may interfere with an
individual’s ability to accurately convey socially appropriate meaning in everyday life.
To code for this variable, each narrative was considered as a series of propositions, that is, a
series of statements that conveys meaning (Oxford, 2008) including a “verb plus is complement”
(Stein & Glenn, 1979, as referred to in Klin, 2000), e.g., “the red one moved fast”; “the red one
hit the green one”. The position where one proposition ends and another begins becomes clear
when the proposition is read aloud. If there was a pause following initiation of or mid proposition,
yet the topic of narrative continues following the pause, this is considered one proposition (e.g.,
“and... it... it went to hit that one”). If a mid-narrative pause is followed by a shift in topic, this is
considered a new proposition (e.g., “then the red... so the purple one was flashing”).
Propositions were assessed for the extent to which the narrative included pertinent
attributions versus vague references, misattributions, irrelevant attributions or inconsistent
propositions, of the total number of propositions. Propositions were considered pertinent if they
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involved social attributions or dialogue that articulated/described the interactions observed. As
adapted from Klin (2000) a “vague reference” refers to a proposition in which either the agent
was undefined or that the narrative referred to aspects of the animation that had little relevance to
the social theme or the description of a discrete geometric event (e.g., “some things moved
around”, “this one went that way”). A “misattribution” refers to a proposition in which the
agents, setting, actions or events described were not appropriate interpretations of the animation
(e.g., “they are mixing their colours”, “same as before”). An “irrelevant attribution” refers to a
proposition that provided extraneous or tangential information (e.g., “they are making a smiley
face”). An “inconstant proposition” refers to a proposition that contradicted a previous proposition
or a change in object of reference (e.g., “the red, no green one”). A “repetitive or recurrent
proposition” refers to a proposition that repeats the content of a previous proposition and adds no
additional information/value to the narrative. This may also include the listing of all the colours of
squares without describing actions (e.g., “there was a red one and a green one and a blue one and
a red one”).
The Pertinence Index is scored according to the following formula and presented as a
percentage where a higher percentage, refers to greater relevance of propositions within the
narrative.
Total # of pertinent propositions
X 100
Total # of propositions

Temporal Code
Responses were coded to evaluate the temporal or non-temporal sequence of narratives.
This score was based on the sequence of participant’s prepositions compared to the original prewritten story/narrative. Scoring rules are presented in Table E7 and pre-written narratives are
presented in Table E8.
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Table E7
Scoring and definitions for temporal sequence
Score

Definition

0=

Random non-temporal recall of animation*

1=

Reference to sequence of interactions that is partially correct compared with order
of pre-written narrative

2=

Reference to sequence of interactions that is identical to order of pre-written
narrative

Participants did not have to recall entire animation or do so correctly (i.e., may describe
colours incorrectly and may describe nature of interaction incorrectly), however, what was
described had to be identified as being an appropriate temporal sequence or random non-temporal
recall. If a participant recalled only one interaction or just the distractor square in the interaction a
score of 0 is awarded. If the narrative was undifferentiated (e.g., “that one banged that one and
that one banged that one”), then a score of 0 is awarded. If a participant did not recall the entire
interaction, but recalled at least two aspects, a score of 1 would be given if the information
recalled was temporally correct.
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Table E8
Pre-written narrative for temporal sequence code
1



The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying





2



The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top




3



The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top





4



The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying




5



The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying





6






The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top
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The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top
The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying
The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying
Whilst this was happening, the purple went along the bottom and without being pushed
The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top
Whilst this was happening, the purple went along the bottom and without being pushed
The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top
Whilst this was happening, the purple went along the bottom and without being pushed
The red square started on the left, the green was in the middle and the blue was at the
bottom
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying
Whilst this was happening, the purple went along the bottom and without being pushed
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The red square started on the left, the green was in the middle and the blue was at the
bottom
The purple square moved up without anything pushing it.
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying
The red square started on the left, the green was in the middle and the blue was at the
bottom
The purple square moved up without anything pushing it.
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top
The red square started on the left, the green was in the middle and the blue was at the
bottom
The purple square moved up without anything pushing it.
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top
The red square started on the left, the green was in the middle and the blue was at the
bottom
The purple square moved up without anything pushing it.
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying
The red square started on the left, the green was in the middle and the blue was at the
bottom
The purple square was flashing and it moved up without anything pushing it.
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying
The red square started on the left, the green was in the middle and the blue was at the
bottom
The purple square was flashing and it moved up without anything pushing it.
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top
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The red square started on the left, the green was in the middle and the blue was at the
bottom
The purple square was flashing and it moved up without anything pushing it.
The red square started moving towards the green square and pushed the green square.
The green square went flying
At the same time, the blue square came from the bottom,
Then the blue square chased the red all the way to the top
The red square started on the left, the green was in the middle and the blue was at the
bottom
The purple square was flashing and it moved up without anything pushing it.
The red square started moving towards the green square and the red square chased the
green square away
At the same time, the blue square came from the bottom,
Then the blue square hit the red and the red went flying

Qualitative Observations
Qualitative notes were recorded where participants narratives included additional
components not addressed by the coding. For example, if the child imposed a creative
interpretation of the animation that could not be accounted for by the code or attributed
humanistic qualities to the squares. Frequency of the child’s pointing throughout the narrative was
noted. Pointing was defined as an extension of the hand and/or finger towards the screen,
gesturing towards the agent presented on the screen. General arm movements and gestures that
accompanied speech with no apparent intended direction were not coded for. Also, observation of
whether a prompt was required for participant to commence a narrative was noted.
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Appendix F: Correlations between Attention and Language Measures for Group
Group

CCC-2 GCC

CCC-2 SIDC

Sky Search Efficiency

.20

-.05

Score!

.04

-.10

Creature Counting Accuracy

-.20

.51*

Creature Counting Speed

.08

.10

Sky Search DT

.02

.12

Sky Search Efficiency

.20

-.06

Score!

.55

-.57

Creature Counting Accuracy

.14

-.47

Creature Counting Speed

.22

.20

Sky Search DT

-.22

.70*

ASD+ADHD Sky Search Efficiency

-.08

-.17

Score!

-.28

-.07

Creature Counting Accuracy

-.14

-.43

Creature Counting Speed

.63*

-.49

Sky Search DT

-.03

-.31

TD

ASD-only

Attention Measures

**. Correlation is significant at the .01 level (p<.01); *. Correlation is significant at the .05 level
(p<.05).
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Appendix G: Means and Standard Deviations for TEA-Ch Results across Groups
Table G1
Means (M), Standard Deviations (SD), MANOVA and ANOVA results for attention tasks (scaled
scores) across each participant group

TEA-Ch Subtests

TD

ASD

ASD+ADHD

M (SD)

M (SD)

M (SD)

Selective Attention:

F

p

η2

0.86

.530

.06

Sky Search accuracy

10.78 (3.01)

10.00 (3.13)

10.33(3.01)

Sky Search timing

7.83 (2.62)

5.91 (3.53)

6.44 (2.92)

Sky Search efficiency a

8.44 (2.33)

6.18 (3.28)

6.71 (3.22)

Sustained attention: Score! b

9.11 (2.40)

6.70 (3.86)

6.83(2.98)

3.34

.045

.13

Creature Counting accuracy c

11.61 (2.57)

8.70 (3.86)

8.78 (3.52)

4.22

.021

.16

Creature Counting timing d

10.59 (3.73)

9.14 (4.81)

7.87 (3.62)

1.96

.156

.10

6.67 (4.35)

9.11 (6.53)

5.12 (3.92)

2.12

.133

.09

Attention Shifting:

Divided attention: Sky Search DT e
a

One child in the ASD+ADHD group completed the motor component of this task incorrectly thus
invalidating their efficiency score.
b
One child in the ASD-only group was unable to grasp task instructions and thus the task was not
administered.
c
One child in the ASD-only group was unable to grasp task instructions and thus the task was not
administered.
d
Data missing for eight participants: A timing score could not be calculated for seven children (1 TD; 4 ASDonly; 3 ASD+ADHD) as they scored below the specified minimum score on task accuracy and the task was
not administered to one child in the ASD-only group as they were unable to grasp task instructions.
e
Two children in the ASD-only group and one in the ASD+ADHD group were unable to grasp task
instructions and thus the task was not administered.
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Appendix H: TEA-Ch Results for TD, ASD-only and ASD+ADHD (Meets Diagnostic
Criteria) Groups Using Alternative Group Classification
A one-way between groups Multivariate Analysis of Variance (MANOVA) was performed
on the three selective attention measures of the TEA-Ch (Sky Search accuracy, Sky Search
timing, Sky Search efficiency) and one-way between groups ANOVAs were performed on the
remaining four TEA-Ch measures (Score!, Creature Counting accuracy, Creature Counting
timing, Sky Search DT) to determine group differences. The results are presented in Table F1.
Some data were missing; where this occurred, the participant was not included in the analysis and
missing data are indicated in presentation of the results.
Selective attention. Results showed no statistically significant difference between children
in the ASD-only, ASD+ADHD or TD groups on the combined dependent variables of selective
attention (F [6, 84] = .82, p = .560, Pillai’s Trace = .11, η2 = .06). Six percent of task performance
could be explained by group membership; representing a moderate effect size.
Sustained attention. A one-way ANOVA indicated a significant difference between
groups (F [2, 43] = 3.50, p = .039, η2 = .14), with 14 percent of variance in task performance
being explained by group membership, representing a large effect size. A planned contrast
analysis was conducted comparing the TD group with the ASD-only and ASD+ADHD group, as
well as a comparison between the two clinical groups. Planned contrasts with equal variances
assumed revealed that there was a statistically significant difference between the TD group and
the two clinical groups (F [1, 43] = 5.73, p = .021) but not between the ASD-only and
ASD+ADHD groups (F [1, 43] = 0.13, p = .596).
Shifting attention. A one-way between group ANOVA found a significant group effect
for attention shifting accuracy (F [2, 43] = 5.12, p =.010, η2 = .19). Nineteen percent of variance
in selective attention accuracy was related to group membership, representing a large effect size.
A planned contrast analysis was conducted comparing the TD group with the ASD-only and
ASD+ADHD groups, as well as a comparison between the two clinical groups. Planned contrasts
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with equal variances assumed revealed that there was a significant difference between the TD
group and the two clinical groups: F (1, 43) = 9.98, p = .003. No significant differences were
found between the ASD-only and ASD+ADHD groups: F (1, 43) = 1.52, p = .225. A one-way
between groups ANOVA on the Creature Counting timing score found there was no significant
group differences (F [2, 36] = 1.86, p =.171, η2 = .09); a moderate effect size was identified.
Table F1
Means (M), Standard Deviations (SD), MANOVA and ANOVA results for attention tasks (scaled
scores) across each participant group

TEA-Ch Subtests

TD

ASD

ASD+ADHD

n = 18

n = 20

n=9

M (SD)

M (SD)

M (SD)

Selective Attention:

F

p

η2

0.82

.556

.06

Sky Search accuracy

10.78 (3.00)

10.25 (3.39)

10.11 (2.09)

Sky Search timing

7.82 (2.62)

6.25 (2.95)

6.22 (3.63)

Sky Search efficiency a

8.44 (2.33)

6.70 (3.05)

6.00 (3.70)

Sustained attention: Score! b

9.11 (2.40)

6.58 (3.34)

7.22 (3.19)

3.50

.039

.14

Creature Counting accuracy c

11.61 (2.57)

9.26 (3.66)

7.67 (3.32)

5.12

.010

.19

Creature Counting timing d

10.59 (3.73)

8.60 (4.34)

7.57 (3.21)

1.86

.171

.09

6.67 (4.35)

7.41 (5.58)

4.78 (4.21)

0.88

.424

.04

Attention Shifting:

Divided attention: Sky Search DT e
a

One child in the ASD+ADHD group completed the motor component of this task incorrectly thus
invalidating their efficiency score.
b
One child in the ASD-only group was unable to grasp task instructions and thus the task was not
administered.
c
One child in the ASD-only group was unable to grasp task instructions and thus the task was not
administered.
d
Data missing for eight participants: A timing score could not be calculated for seven children (1 TD; 5 ASDonly; 2 ASD+ADHD) as they scored below the specified minimum score on task accuracy and the task was
not administered to one child in the ASD-only group as they were unable to grasp task instructions.
e
Three children in the ASD-only group were unable to grasp task instructions and thus the task was not
administered.

SOCIAL ATTRIBUTION AND ATTENTION DEFICITS IN CHILDREN WITH ASD
Divided attention. The mean and standard error for divided attention (Sky Search DT)
scores across each participant group is displayed in Figure 2. A one-way between groups ANOVA
revealed that there were no significant group differences found for divided attention (F [2, 41] =
0.88, p =.424, η2 = .04); a small effects size was identified.
Summary of Findings. In summary, data did not support the predicted group differences
for selective and sustained attention, but did highlight that those children with ASD (regardless of
elevated or absent ADHD symptomatology) experience difficulties with sustained attention.
Furthermore, data supported the predicted group differences on variables of divided attention and
partially supported those for attention shifting. These results for comparison of children with
ASD, ASD who meet diagnostic criteria for ADHD and children with TD, replicated results
presented in the text of this thesis.
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Appendix I: Correlations between Attention Measures for Each Participant Group
Group

TD

Attention Measures

Sky Search
Accuracy

Sky Search
Timing

Sky Search
Efficiency

Score!

Sky Search Accuracy
.44
-.58*
-.53*
Sky Search Timing
-.15
.91**
Sky Search Efficiency
-.21
Score!
Creature Counting Accuracy
Creature Counting Speed
Sky Search DT
ASD-only
Sky Search Accuracy
.24
.28
.08
Sky Search Timing
.38
.96**
Sky Search Efficiency
.26
Score!
Creature Counting Accuracy
Creature Counting Speed
Sky Search DT
ASD+ADHD Sky Search Accuracy
.38
.32
.51*
Sky Search Timing
.09
.95**
Sky Search Efficiency
.10
Score!
Creature Counting Accuracy
Creature Counting Speed
Sky Search DT
**. Correlation is significant at the .01 level (p<.01); *. Correlation is significant at the .05 level (p<.05).

Creature
Counting
Accuracy
.09
-.03
-.10
.25

Creature
Counting
Speed
.30
.07
.05
.34
.26

Sky Search
DT

.46
.38
.51
.43

.07
.57
.57
.49
.36

-.81**
.16
.09
-.09
-.30
.39

.47
-.07
-.07
.22

-.03
.39
.23
.18
.03

.24
.27
.19
.55*
.28
.43

.47
-.16
-.18
.45
.05
.04
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Appendix J: Correlations between Attention Measures and IQ, Symptom Scales, Clinical and Behavioural Measures for Each Participant Group
Group

Attention Measures

IQ

ASD
In-attention
Hyperactivity
Social
Problem
#
Skills
Behavs.
Symptoms
/ Impulsivity
TD
Sky Search Efficiency
.09
-.33
.04
-.34
-.15
-.09
Score!
.06
.04
-.03
.07
-.13
-.14
Creature Counting Accuracy
.05
.01
.03
-.10
.10
-.30
Creature Counting Speed
.34
-.03
.44
.07
-.30
-.25
Sky Search DT
.10
.30
-.02
-.17
-.09
.09
ASD-only
Sky Search Efficiency
.01
.48
.56
-.40
.68*
-.90**
Score!
.51
-.36
-.09
.50
-.25
.22
Creature Counting Accuracy
.04
-.52
-.52
.39
-.08
.29
Creature Counting Speed
.48
.07
.27
.30
-.20
-.77*
Sky Search DT
.22
.25
-.38
.01
-.03
-.39
ASD+ADHD
Sky Search Efficiency
.37
.15
-.15
-.27
-.16
-.11
Score!
.31
-.17
.30
.24
.15
.03
Creature Counting Accuracy
-.22
.06
.42
.09
.04
.52*
Creature Counting Speed
.09
.29
-.42
-.17
-.16
.56*
Sky Search DT
.45
.29
-.01
.07
.18
.06
**. Correlation is significant at the .01 level (p<.01); *. Correlation is significant at the .05 level (p<.05).
#
SCQ scores were entered for TD participants and ASD Symptom Severity scores were entered for ASD-only and ASD+ADHD participants.

SIB-R
-.04
.15
-.27
.10
.45
.60*
.73*
.59
.31
-.09
-.01
.03
.35
.60*
.28

SOCIAL ATTRIBUTION AND ATTENTION DEFICITS IN CHILDREN WITH ASD
Appendix K: Correlations between SAT and Language Measures for Each Participant
Group
Group

SAT Code
CCC-2 GCC
CCC-2 SIDC
TD
Attention to stimulus array
.04
-.13
Perception of L/R distinction
-.04
.12
Intentionality
.04
.17
Physical causality
-.04
.12
Mental state terms
-.11
.53*
Physical terms
.17
-.57*
Pertinence index
-.18
.25
Temporal sequence
-.14
.45
Frequency of pointing
.34
.04
Prompting required
.10
-.31
ASD-only
Attention to stimulus array
.07
.38
Perception of L/R distinction
.11
-.13
Intentionality
.13
-.26
Physical causality
.14
-.16
Mental state terms
.21
-.35
Physical terms
-.08
.06
Pertinence index
-.14
.10
Temporal sequence
.22
-.21
Frequency of pointing
-.11
-.08
Prompting required
-.27
.61*
ASD+ADHD Attention to stimulus array
-.45
-.15
Perception of L/R distinction
-.03
-.23
Intentionality
-.06
-.06
Physical causality
-.03
-.25
Mental state terms
-.11
.22
Physical terms
-.15
.27
Pertinence index
-.34
-.28
Temporal sequence
-.23
-.11
Frequency of pointing
.02
-.67**
Prompting required
-.16
.15
**. Correlation is significant at the .01 level (p<.01); *. Correlation is significant at the .05 level
(p<.05).
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Appendix L: Non-significant Results for 3 x 4 x 5 ANOVA on SAT Performance across
Groups
Attention to Stimulus Array
Main effect: Group
Main effect: Causality
Main effect: Complexity
Two-way: Group x Causality
Two-way: Group x Complexity
Two-way: Causality x Complexity
Three-way: Group x Causality x Complexity
Perception of L/R Distinction
Main effect: Group
Main effect: Causality
Main effect: Complexity
Two-way: Group x Causality
Two-way: Group x Complexity
Two-way: Causality x Complexity
Three-way: Group x Causality x Complexity
Intentionality
Main effect: Group
Main effect: Causality
Main effect: Complexity
Two-way: Group x Causality
Two-way: Group x Complexity
Two-way: Causality x Complexity
Three-way: Group x Causality x Complexity
Physical Causality
Main effect: Group
Main effect: Causality
Main effect: Complexity
Two-way: Group x Causality
Two-way: Group x Complexity
Two-way: Causality x Complexity
Three-way: Group x Causality x Complexity

F (2, 44) = 2.37, p = .106, ηp2 = .10
F (3, 42) = 0.92, p = .439, ηp2 = .06
F (6, 84) = 1.07, p = .388, ηp2 = .07
F (8, 82) = 0.52, p = .842, ηp2 = .05
F (12, 33) = 0.89, p = .566, ηp2 = .24
F (24, 66) = 0.85, p = .663, ηp2 = .24
F (2, 44) = 1.37, p = .264, ηp2 = .06
F (6, 84) = 1.08, p = .380, ηp2 = .07
F (8, 82) = 0.43, p = .897, ηp2 = .04
F (12, 33) = 0.71, p = .732, ηp2 = .21
F (2, 44) = 1.01, p = .373, ηp2 = .04
F (3, 42) = 1.85, p = .153, ηp2 = .12
F (6, 84) = 1.11, p = .362, ηp2 = .07
F (8, 82) = 0.71, p = .684, ηp2 = .07
F(12, 33) = 0.61, p = .816, ηp2 = .18
F (2, 44) = 1.45, p = .246, ηp2 = .06
F (6, 84) = 1.28, p = .273, ηp2 = .08
F (8, 82) = 0.81, p = .597, ηp2 = .07
F (12, 33) = 0.56, p = .856, ηp2 = .18
-
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Appendix M: Non-significant Results for 3 x 4 x 5 ANOVA Contrasts to Explore 3-Way
Interactions on SAT Performance across Groups
Perception of L/R Distinction
LL x LR
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor
LL x RL
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor
LL x RR
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor
Intentionality
LL x LR
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor
LL x RL
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor
LL x RR
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor
Physical Causality
LL x LR
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor
LL x RL
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor
LL x RR
Baseline x Slow
Baseline x Distal Distractor
Baseline x Interfering Distractor
Baseline x Flashing Interfering Distractor

F (2, 44) = 1.40, p = .257, ηp2 = .06
F (2, 44) = 1.61, p = .211, ηp2 = .07
F (2, 44) = 3.02, p = .059, ηp2 = .12
F (2, 44) = 1.65, p = .204, ηp2 = .07
F (2, 44) = 0.41, p = .669, ηp2 = .02
F (2, 44) = 0.28, p = .755, ηp2 = .01
F (2, 44) = 1.37, p = .265, ηp2 = .06
F (2, 44) = 0.98, p = .385, ηp2 = .04
F (2, 44) = 1.23, p = .301, ηp2 = .05
F (2, 44) = 2.00, p = .148, ηp2 = .08
F (2, 44) = 2.51, p = .093, ηp2 = .10
F (2, 44) = 0.67, p = .515, ηp2 = .03
F (2, 44) = 0.66, p = .521, ηp2 = .03
F (2, 44) = 0.67, p = .518, ηp2 = .03
F (2, 44) = 1.64, p = .206, ηp2 = .07
F (2, 44) = 1.39, p = .260, ηp2 = .06
F (2, 44) = 2.47, p = .096, ηp2 = .10
F (2, 44) = 1.83, p = .172, ηp2 = .08
F (2, 44) = 0.79, p = .460, ηp2 = .04
F (2, 44) = 0.60, p = .553, ηp2 = .03
F (2, 44) = 0.66, p = .520, ηp2 = .03
-
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Appendix N: SAT 3 x 4 x 5 ANOVA Simple Main Effects Analysis
Table N1
Simple Main Effects Analysis for Attention to Stimulus Array
Effect
F Test
Complexity in LL causality - TD group
F (4, 41) = 0.79, p = .538, ηp2 = .07
Complexity in LL causality - ASD-only
F (4, 41) = 1.21, p = .320, ηp2 = .11
Complexity in LL causality - ASD+ADHD group
F (4, 41) = 1.54, p = .210, ηp2 = .13
Complexity in RR causality - TD group
F (4, 41) = 2.46, p = .060, ηp2 = .19
Complexity in RR causality - ASD-only
F (4, 41) = 1.05, p = .392, ηp2 = .09
Complexity in RR causality - ASD+ADHD group
F (4, 41) = 1.59, p = .195, ηp2 = .13
F (4, 41) = 2.90, p = .033, ηp2 = .22
Complexity in LR causality - TD group
Complexity in LR causality - ASD-only
F (4, 41) = 1.55, p = .205, ηp2 = .13
Complexity in LR causality - ASD+ADHD group
F (4, 41) = 2.54, p = .054, ηp2 = .20
Complexity in RL causality - TD group
F (4, 41) = 2.45, p = .061, ηp2 = .19
Complexity in RL causality - ASD-only
F (4, 41) = 2.08, p = .101, ηp2 = .17
F (4, 41) = 6.52, p < .001, ηp2 = .39
Complexity in RL causality - ASD+ADHD group
Causality at complexity (slow) – TD group
F (3, 42) = 0.72, p = .545, ηp2 = .05
Causality at complexity (slow) – ASD-only group
F (3, 42) = 0.61, p = .614, ηp2 = .04
Causality at complexity (slow) – ASD+ADHD group
F (3, 42) = 0.98, p = .412, ηp2 = .07
Causality at complexity (baseline) – TD group
F (3, 42) = 1.72, p = .177, ηp2 = .11
Causality at complexity (baseline) – ASD-only group
F (3, 42) = 0.42, p = .743, ηp2 = .03
F (3, 42) = 3.51, p = .023, ηp2 = .20
Causality at complexity (baseline) – ASD+ADHD group
Causality at complexity (DD) – TD group
F (3, 42) = 0.18, p = .913, ηp2 = .01
Causality at complexity (DD) – ASD-only group
F (3, 42) = 0.30, p = .828, ηp2 = .02
Causality at complexity (DD) – ASD+ADHD group
F (3, 42) = 2.28, p = .093, ηp2 = .14
Causality at complexity (ID) – TD group
F (3, 42) = 1.18, p = .327, ηp2 = .08
F (3, 42) = 3.16, p = .034, ηp2 = .18
Causality at complexity (ID) – ASD-only group
Causality at complexity (ID) – ASD+ADHD group
F (3, 42) = 0.07, p = .974, ηp2 = .01
F (3, 42) = 3.49, p = .024, ηp2 = .20
Causality at complexity (FID) – TD group
Causality at complexity (FID) – ASD-only group
F (3, 42) = 0.69, p = .565, ηp2 = .05
Causality at complexity (FID) – ASD+ADHD group
F (3, 42) = 0.03, p = .991, ηp2 = .00
Groups at complexity (slow) – LL causality
F (2, 44) = 1.75, p = .185, ηp2 = .07
Groups at complexity (slow) – RR causality
F (2, 44) = 0.23, p = .792, ηp2 = .01
Groups at complexity (slow) – LR causality
F (2, 44) = 0.36, p = .701, ηp2 = .02
Groups at complexity (slow) – RL causality
F (2, 44) = 1.51, p = .233, ηp2 = .06
Groups at complexity (baseline) – LL causality
F (2, 44) = 0.22, p = .802, ηp2 = .01
Groups at complexity (baseline) – RR causality
F (2, 44) = 2.96, p = .062, ηp2 = .12
Groups at complexity (baseline) – LR causality
F (2, 44) = 2.28, p = .115, ηp2 = .09
Groups at complexity (baseline) – RL causality
F (2, 44) = 1.00, p = .378, ηp2 = .04
Groups at complexity (DD) – LL causality
F (2, 44) = 0.14, p = .868, ηp2 = .00
Groups at complexity (DD) – RR causality
F (2, 44) = 2.02, p = .145, ηp2 = .08
Groups at complexity (DD) – LR causality
F (2, 44) = 2.74, p = .076, ηp2 = .11
Groups at complexity (DD) – RL causality
F (2, 44) = 3.14, p = .053, ηp2 = .13
Groups at complexity (ID) – LL causality
F (2, 44) = 1.56, p = .222, ηp2 = .07
Groups at complexity (ID) – RR causality
F (2, 44) = 2.46, p = .097, ηp2 = .10
Groups at complexity (ID) – LR causality
F (2, 44) = 0.49, p = .615, ηp2 = .02
Groups at complexity (ID) – RL causality
F (2, 44) = 0.58, p = .564, ηp2 = .03
Groups at complexity (FID) – LL causality
F (2, 44) = 2.38, p = .105, ηp2 = .10
Groups at complexity (FID) – RR causality
F (2, 44) = 0.86, p = .430, ηp2 = .03
Groups at complexity (FID) – LR causality
F (2, 44) = 0.20, p = .822, ηp2 = .01
Groups at complexity (slow) – RL causality
F (2, 44) = 2.77, p = .074, ηp2 = .11
LL: launch-launch interaction; RR: reaction-reaction interaction; LR: launch-reaction interaction; RL:
reaction-launch interaction; DD: distal distractor; ID: interfering distractor; FID: flashing interfering
distractor.

179

SOCIAL ATTRIBUTION AND ATTENTION DEFICITS IN CHILDREN WITH ASD
Table N2
Simple Main Effects Analysis for Distinction of Launch/Reaction Interactions
Effect
F Test
Complexity in LL causality - TD group
F (4, 41) = 2.16, p = .091, ηp2 = .17
Complexity in LL causality - ASD-only
F (4, 41) = 2.44, p = .062, ηp2 = .19
F (4, 41) = 3.37, p = .018, ηp2 = .25
Complexity in LL causality - ASD+ADHD group
F (4, 41) = 2.98, p = .030, ηp2 = .23
Complexity in RR causality - TD group
Complexity in RR causality - ASD-only
F (4, 41) = 2.17, p = .089, ηp2 = .18
Complexity in RR causality - ASD+ADHD group
F (4, 41) = 1.14, p = .352, ηp2 = .10
F (4, 41) = 2.85, p = .036, ηp2 = .22
Complexity in LR causality - TD group
Complexity in LR causality - ASD-only
F (4, 41) = 2.36, p = .069, ηp2 = .19
Complexity in LR causality - ASD+ADHD group
F (4, 41) = 0.83, p = .516, ηp2 = .08
F (4, 41) = 4.68, p = .003, ηp2 = .31
Complexity in RL causality - TD group
F (4, 41) = 3.30, p = .020, ηp2 = .24
Complexity in RL causality - ASD-only
F (4, 41) = 2.77, p = .040, ηp2 = .21
Complexity in RL causality - ASD+ADHD group
F (3, 42) = 3.56, p = .022, ηp2 = .20
Causality at complexity (slow) – TD group
F (3, 42) = 2.86, p = .048, ηp2 = .17
Causality at complexity (slow) – ASD-only group
F (3, 42) = 3.49, p = .024, ηp2 = .20
Causality at complexity (slow) – ASD+ADHD group
F (3, 42) = 8.74, p < .001, ηp2 = .38
Causality at complexity (baseline) – TD group
Causality at complexity (baseline) – ASD-only group
F (3, 42) = 1.24, p = .309, ηp2 = .08
F (3, 42) = 5.23, p = .004, ηp2 = .27
Causality at complexity (baseline) – ASD+ADHD group
Causality at complexity (DD) – TD group
F (3, 42) = 2.18, p = .105, ηp2 = .14
F (3, 42) = 4.62, p = .007, ηp2 = .25
Causality at complexity (DD) – ASD-only group
F (3, 42) = 7.25, p < .001, ηp2 = .34
Causality at complexity (DD) – ASD+ADHD group
F (3, 42) = 8.75, p < .001, ηp2 = .38
Causality at complexity (ID) – TD group
Causality at complexity (ID) – ASD-only group
F (3, 42) = 1.14, p = .345, ηp2 = .08
F (3, 42) = 10.33, p < .001, ηp2 = .43
Causality at complexity (ID) – ASD+ADHD group
F (3, 42) = 7.14, p < .001, ηp2 = .34
Causality at complexity (FID) – TD group
Causality at complexity (FID) – ASD-only group
F (3, 42) = 1.69, p = .183, ηp2 = .11
Causality at complexity (FID) – ASD+ADHD group
F (3, 42) = 0.70, p = .558, ηp2 = .05
Groups at complexity (slow) – LL causality
F (2, 44) = 0.73, p = .490, ηp2 = .03
Groups at complexity (slow) – RR causality
F (2, 44) = 0.44, p = .650, ηp2 = .02
Groups at complexity (slow) – LR causality
F (2, 44) = 1.52, p = .231, ηp2 = .06
Groups at complexity (slow) – RL causality
F (2, 44) = 1.02, p = .369, ηp2 = .04
Groups at complexity (baseline) – LL causality
F (2, 44) = 1.22, p = .305, ηp2 = .05
Groups at complexity (baseline) – RR causality
F (2, 44) = 1.68, p = .199, ηp2 = .07
Groups at complexity (baseline) – LR causality
F (2, 44) = 2.09, p = .136, ηp2 = .09
F (2, 44) = 4.63, p = .015, ηp2 = .17
Groups at complexity (baseline) – RL causality
Groups at complexity (DD) – LL causality
F (2, 44) = 0.16, p = .851, ηp2 = .01
Groups at complexity (DD) – RR causality
F (2, 44) = 0.40, p = .672, ηp2 = .02
Groups at complexity (DD) – LR causality
F (2, 44) = 1.27, p = .291, ηp2 = .06
Groups at complexity (DD) – RL causality
F (2, 44) = 2.90, p = .065, ηp2 = .12
Groups at complexity (ID) – LL causality
F (2, 44) = 0.16, p = .852, ηp2 = .01
F (2, 44) = 5.60, p = .007, ηp2 = .20
Groups at complexity (ID) – RR causality
Groups at complexity (ID) – LR causality
F (2, 44) = 0.37, p = .691, ηp2 = .02
Groups at complexity (ID) – RL causality
F (2, 44) = 0.40, p = .675, ηp2 = .02
Groups at complexity (FID) – LL causality
F (2, 44) = 2.05, p = .142, ηp2 = .09
Groups at complexity (FID) – RR causality
F (2, 44) = 2.60, p = .086, ηp2 = .11
Groups at complexity (FID) – LR causality
F (2, 44) = 1.09, p = .345, ηp2 = .05
Groups at complexity (slow) – RL causality
F (2, 44) = 0.56, p = .574, ηp2 = .03
LL: launch-launch interaction; RR: reaction-reaction interaction; LR: launch-reaction interaction; RL:
reaction-launch interaction; DD: distal distractor; ID: interfering distractor; FID: flashing interfering
distractor.
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Table N3
Simple Main Effects Analysis for Intentionality
Effect
F Test
Complexity in LL causality - TD group
F (4, 41) = 2.12, p = .096, ηp2 = .17
F (4, 41) = 2.72, p = .043, ηp2 = .21
Complexity in LL causality - ASD-only
F (4, 41) = 4.09, p = .007, ηp2 = .29
Complexity in LL causality - ASD+ADHD group
F (4, 41) = 3.15, p = .024, ηp2 = .24
Complexity in RR causality - TD group
Complexity in RR causality - ASD-only
F (4, 41) = 1.26, p = .301, ηp2 = .11
Complexity in RR causality - ASD+ADHD group
F (4, 41) = 0.62, p = .649, ηp2 = .06
Complexity in LR causality - TD group
F (4, 41) = 1.63, p = .185, ηp2 = .14
Complexity in LR causality - ASD-only
F (4, 41) = 1.51, p = .217, ηp2 = .13
Complexity in LR causality - ASD+ADHD group
F (4, 41) = 0.74, p = .573, ηp2 = .07
F (4, 41) = 5.66, p = .001, ηp2 = .36
Complexity in RL causality - TD group
Complexity in RL causality - ASD-only
F (4, 41) = 2.09, p = .099, ηp2 = .17
Complexity in RL causality - ASD+ADHD group
F (4, 41) = 1.68, p = .174, ηp2 = .14
Causality at complexity (slow) – TD group
F (3, 42) = 0.17, p = .914, ηp2 = .01
Causality at complexity (slow) – ASD-only group
F (3, 42) = 0.58, p = .634, ηp2 = .04
Causality at complexity (slow) – ASD+ADHD group
F (3, 42) = 0.79, p = .508, ηp2 = .05
F (3, 42) = 4.84, p = .006, ηp2 = .26
Causality at complexity (baseline) – TD group
Causality at complexity (baseline) – ASD-only group
F (3, 42) = 0.08, p = .970, ηp2 = .00
Causality at complexity (baseline) – ASD+ADHD group
F (3, 42) = 2.69, p = .058, ηp2 = .16
Causality at complexity (DD) – TD group
F (3, 42) = 0.32, p = .811, ηp2 = .02
Causality at complexity (DD) – ASD-only group
F (3, 42) = 1.38, p = .261, ηp2 = .09
Causality at complexity (DD) – ASD+ADHD group
F (3, 42) = 2.56, p = .068, ηp2 = .16
Causality at complexity (ID) – TD group
F (3, 42) = 1.12, p = .351, ηp2 = .07
Causality at complexity (ID) – ASD-only group
F (3, 42) = 0.91, p = .444, ηp2 = .06
F (3, 42) = 3.01, p = .041, ηp2 = .18
Causality at complexity (ID) – ASD+ADHD group
F (3, 42) = 3.51, p = .023, ηp2 = .20
Causality at complexity (FID) – TD group
Causality at complexity (FID) – ASD-only group
F (3, 42) = 1.79, p = .164, ηp2 = .11
Causality at complexity (FID) – ASD+ADHD group
F (3, 42) = 0.08, p = .969, ηp2 = .01
Groups at complexity (slow) – LL causality
F (2, 44) = 0.67, p = .515, ηp2 = .03
Groups at complexity (slow) – RR causality
F (2, 44) = 0.81, p = .450, ηp2 = .04
Groups at complexity (slow) – LR causality
F (2, 44) = 0.72, p = .493, ηp2 = .03
Groups at complexity (slow) – RL causality
F (2, 44) = 0.79, p = .461, ηp2 = .04
Groups at complexity (baseline) – LL causality
F (2, 44) = 1.28, p = .289, ηp2 = .06
Groups at complexity (baseline) – RR causality
F (2, 44) = 0.85, p = .436, ηp2 = .04
Groups at complexity (baseline) – LR causality
F (2, 44) = 1.15, p = .325, ηp2 = .05
F (2, 44) = 6.40, p = .004, ηp2 = .23
Groups at complexity (baseline) – RL causality
Groups at complexity (DD) – LL causality
F (2, 44) = 0.07, p = .933, ηp2 = .00
Groups at complexity (DD) – RR causality
F (2, 44) = 0.64, p = .532, ηp2 = .03
Groups at complexity (DD) – LR causality
F (2, 44) = 0.67, p = .517, ηp2 = .03
Groups at complexity (DD) – RL causality
F (2, 44) = 1.30, p = .282, ηp2 = .06
Groups at complexity (ID) – LL causality
F (2, 44) = 0.06, p = .945, ηp2 = .00
Groups at complexity (ID) – RR causality
F (2, 44) = 2.47, p = .097, ηp2 = .10
Groups at complexity (ID) – LR causality
F (2, 44) = 0.33, p = .721, ηp2 = .02
Groups at complexity (ID) – RL causality
F (2, 44) = 0.41, p = .668, ηp2 = .02
Groups at complexity (FID) – LL causality
F (2, 44) = 2.80, p = .072, ηp2 = .11
Groups at complexity (FID) – RR causality
F (2, 44) = 1.49, p = .237, ηp2 = .06
Groups at complexity (FID) – LR causality
F (2, 44) = 1.02, p = .368, ηp2 = .04
Groups at complexity (slow) – RL causality
F (2, 44) = 0.44, p = .650, ηp2 = .02
LL: launch-launch interaction; RR: reaction-reaction interaction; LR: launch-reaction interaction; RL:
reaction-launch interaction; DD: distal distractor; ID: interfering distractor; FID: flashing interfering
distractor.
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Table N4
Simple Main Effects Analysis for Physical Causality
Effect
F Test
Complexity in LL causality - TD group
F (4, 41) = 2.03, p = .107, ηp2 = .17
F (4, 41) = 2.76, p = .041, ηp2 = .21
Complexity in LL causality - ASD-only
F (4, 41) = 3.95, p = .008, ηp2 = .28
Complexity in LL causality - ASD+ADHD group
F (4, 41) = 2.98, p = .030, ηp2 = .23
Complexity in RR causality - TD group
F (4, 41) = 2.92, p = .032, ηp2 = .22
Complexity in RR causality - ASD-only
Complexity in RR causality - ASD+ADHD group
F (4, 41) = 1.12, p = .361, ηp2 = .10
Complexity in LR causality - TD group
F (4, 41) = 2.41, p = .065, ηp2 = .19
F (4, 41) = 2.68, p = .045, ηp2 = .21
Complexity in LR causality - ASD-only
Complexity in LR causality - ASD+ADHD group
F (4, 41) = 0.82, p = .518, ηp2 = .07
F (4, 41) = 4.85, p = .003, ηp2 = .32
Complexity in RL causality - TD group
F (4, 41) = 3.52, p = .015, ηp2 = .26
Complexity in RL causality - ASD-only
Complexity in RL causality - ASD+ADHD group
F (4, 41) = 2.29, p = .076, ηp2 = .18
F (3, 42) = 3.56, p = .022, ηp2 = .20
Causality at complexity (slow) – TD group
F (3, 42) = 2.86, p = .048, ηp2 = .17
Causality at complexity (slow) – ASD-only group
F (3, 42) = 3.49, p = .024, ηp2 = .20
Causality at complexity (slow) – ASD+ADHD group
F (3, 42) = 8.64, p < .001, ηp2 = .38
Causality at complexity (baseline) – TD group
Causality at complexity (baseline) – ASD-only group
F (3, 42) = 0.91, p = .446, ηp2 = .06
F (3, 42) = 4.94, p = .005, ηp2 = .26
Causality at complexity (baseline) – ASD+ADHD group
Causality at complexity (DD) – TD group
F (3, 42) = 2.19, p = .103, ηp2 = .14
F (3, 42) = 4.62, p = .007, ηp2 = .25
Causality at complexity (DD) – ASD-only group
F (3, 42) = 6.27, p = .001, ηp2 = .31
Causality at complexity (DD) – ASD+ADHD group
F (3, 42) = 9.14, p < .001, ηp2 = .40
Causality at complexity (ID) – TD group
Causality at complexity (ID) – ASD-only group
F (3, 42) = 1.20, p = .321, ηp2 = .08
F (3, 42) = 11.49, p < .001, ηp2 = .45
Causality at complexity (ID) – ASD+ADHD group
F (3, 42) = 7.13, p = .001, ηp2 = .34
Causality at complexity (FID) – TD group
Causality at complexity (FID) – ASD-only group
F (3, 42) = 1.72, p = .178, ηp2 = .11
Causality at complexity (FID) – ASD+ADHD group
F (3, 42) = 0.58, p = .633, ηp2 = .04
Groups at complexity (slow) – LL causality
F (2, 44) = 0.73, p = .490, ηp2 = .03
Groups at complexity (slow) – RR causality
F (2, 44) = 0.44, p = .650, ηp2 = .02
Groups at complexity (slow) – LR causality
F (2, 44) = 1.52, p = .231, ηp2 = .06
Groups at complexity (slow) – RL causality
F (2, 44) = 1.02, p = .369, ηp2 = .04
Groups at complexity (baseline) – LL causality
F (2, 44) = 1.22, p = .305, ηp2 = .05
Groups at complexity (baseline) – RR causality
F (2, 44) = 2.99, p = .061, ηp2 = .12
Groups at complexity (baseline) – LR causality
F (2, 44) = 2.51, p = .093, ηp2 = .10
F (2, 44) = 4.63, p = .015, ηp2 = .17
Groups at complexity (baseline) – RL causality
Groups at complexity (DD) – LL causality
F (2, 44) = 0.16, p = .851, ηp2 = .01
Groups at complexity (DD) – RR causality
F (2, 44) = 0.40, p = .672, ηp2 = .02
Groups at complexity (DD) – LR causality
F (2, 44) = 1.27, p = .291, ηp2 = .06
Groups at complexity (DD) – RL causality
F (2, 44) = 1.49, p = .237, ηp2 = .06
Groups at complexity (ID) – LL causality
F (2, 44) = 0.09, p = .913, ηp2 = .00
F (2, 44) = 5.60, p = .007, ηp2 = .20
Groups at complexity (ID) – RR causality
Groups at complexity (ID) – LR causality
F (2, 44) = 0.37, p = .691, ηp2 = .02
Groups at complexity (ID) – RL causality
F (2, 44) = 0.40, p = .675, ηp2 = .02
Groups at complexity (FID) – LL causality
F (2, 44) = 2.43, p = .100, ηp2 = .10
Groups at complexity (FID) – RR causality
F (2, 44) = 2.60, p = .086, ηp2 = .11
Groups at complexity (FID) – LR causality
F (2, 44) = 1.09, p = .345, ηp2 = .05
Groups at complexity (slow) – RL causality
F (2, 44) = 0.56, p = .574, ηp2 = .03
LL: launch-launch interaction; RR: reaction-reaction interaction; LR: launch-reaction interaction; RL:
reaction-launch interaction; DD: distal distractor; ID: interfering distractor; FID: flashing interfering
distractor.
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Appendix O: Results for 3 x 4 x 5 ANOVA Comparing TD, ASD-only and ASD+ADHD
(Meets Diagnostic Criteria) Groups Using Alternative Group Classification
Attention to Stimulus Array
Main effect: Group
Main effect: Causality
Main effect: Complexity
Two-way: Group x Causality
Two-way: Group x Complexity
Two-way: Causality x Complexity
Three-way: Group x Causality x Complexity
Perception of L/R Distinction
Main effect: Group
Main effect: Causality
Main effect: Complexity
Two-way: Group x Causality
Two-way: Group x Complexity
Two-way: Causality x Complexity
Three-way: Group x Causality x Complexity
Intentionality
Main effect: Group
Main effect: Causality
Main effect: Complexity
Two-way: Group x Causality
Two-way: Group x Complexity
Two-way: Causality x Complexity
Three-way: Group x Causality x Complexity
Physical Causality
Main effect: Group
Main effect: Causality
Main effect: Complexity
Two-way: Group x Causality
Two-way: Group x Complexity
Two-way: Causality x Complexity
Three-way: Group x Causality x Complexity

F(2, 44) = 0.54, p = .587, ηp2 = .02
F(3, 42) = 0.38, p = .777, ηp2 = .03
F(4, 41) = 6.75, p < .001, ηp2 = .40
F(6, 84) = 1.99, p = .076, ηp2 = .12
F(8, 82) = 0.28, p = .972, ηp2 = .03
F(12, 33) = 1.05, p = .432, ηp2 = .28
F(24, 66) = 0.84, p = .671, ηp2 = .24
F(2, 44) = 0.96, p = .389, ηp2 = .04
F(3, 42) = 12.22, p < .001, ηp2 = .47
F(4, 41) = 8.13, p < .001, ηp2 = .44
F(6, 84) = 0.87, p = .520, ηp2 = .06
F(8, 82) = 0.43, p = .901, ηp2 = .04
F(12, 33) = 0.96, p = .512, ηp2 = .26
F(24, 66) = 1.76, p = .041, ηp2 = .39
F(2, 44) = 0.48, p = .481, ηp2 = .06
F(3, 42) = 1.70, p = .181, ηp2 = .11
F(4, 41) = 7.24, p < .001, ηp2 = .41
F(6, 84) = 0.92, p = .480, ηp2 = .06
F(8, 82) = 0.46, p = .881, ηp2 = .04
F(12, 33) = 0.66, p = .777, ηp2 = .19
F(24, 66) = 1.40, p = .038, ηp2 = .34
F(2, 44) = 0.87, p = .426, ηp2 = .04
F(3, 42) = 12.70, p < .001, ηp2 = .48
F(4, 41) = 8.06, p < .001, ηp2 = .44
F(6, 84) = 0.85, p = .533, ηp2 = .06
F(8, 82) = 0.70, p = .694, ηp2 = .06
F(12, 33) = 0.73, p = .713, ηp2 = .21
F(24, 66) = 1.61, p = .066, ηp2 = .37
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Appendix P: Correlations between Total Scores for the SAT and TEA-Ch Scores across Each Participant Group
Group

SAT Code

Sky Search
Score!
CC
CC Speed
Efficiency
Accuracy
TD
Attention to stimulus array
-.43
.20
.12
.30
Perception of L/R distinction
-.42
.52*
.31
.00
Intentionality
-.33
.42
.27
-.10
Physical causality
-.42
.30
-.01
.52*
Mental state terms
-.42
-.19
.15
-.39
Physical terms
.11
-.25
.31
-.08
Pertinence index
.14
.15
.46
-.56*
Temporal sequence
-.40
.20
.57*
.05
Frequency of pointing
.19
-.43
.16
.10
Prompting required
.02
-.45
.11
.53*
ASD-only
Attention to stimulus array
.45
-.50
.07
.44
Perception of L/R distinction
.08
.54
.84**
.70*
Intentionality
.17
.44
.82**
.76*
Physical causality
.10
.53
.84**
.71*
Mental state terms
.37
.02
.42
.07
Physical terms
.36
-.18
-.10
.80**
Pertinence index
.38
-.35
.30
-.29
Temporal sequence
.05
.55
.72*
.67*
Frequency of pointing
-.35
-.08
-.51
-.78*
Prompting required
-.50
-.44
-.61
-.75*
ASD+ADHD
Attention to stimulus array
.16
.10
.05
.21
Perception of L/R distinction
.08
.36
.30
.48*
Intentionality
-.03
.23
.30
.58*
Physical causality
.09
.46
.36
.32
Mental state terms
-.20
.26
-.27
.19
Physical terms
.16
-.18
-.17
-.27
Pertinence index
.42
.33
.21
.56*
Temporal sequence
.24
.19
.13
.50*
Frequency of pointing
-.14
.03
.18
-.08
Prompting required
-.39
-.19
.06
-.38
**. Correlation is significant at the .01 level (p<.01); *. Correlation is significant at the .05 level (p<.05).

Sky Search
DT
.30
.53*
.51*
.54*
.15
.10
.05
.35
-.42
.19
.11
-.24
-.25
-.24
-.21
-.06
-.05
-.36
-.34
.72*
.24
.23
.17
.32
-.09
-.13
.51*
.50*
-.04
-.10
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Appendix Q: Correlations between SAT Performance and Age, IQ, Symptom Severity and Behavioural Measures for Each Participant Group
Group

SAT Code

Age

IQ

ASD
Inattention
Hyperactivity/
Social
Symptoms#
Impulsivity
Skills
TD
Attention to stimulus array
.23
.30
.24
.21
.19
-.03
Perception of L/R distinction
.42
.30
-.09
.03
-.25
.10
Intentionality
.20
.18
-.19
-.13
-.41
.28
Physical causality
.41
.31
-.10
.02
-.25
.10
Mental state terms
-.33
.18
-.27
-.25
-.49*
.54*
Physical terms
-.09
.40
.27
.45
.03
-.16
Pertinence index
.18
-.06
.10
.23
.10
-.06
Temporal sequence
.15
.05
.10
-.18
.06
.56*
Frequency of pointing
-.43
.00
-.21
-.15
-.06
.24
Prompting required
-.28
-.18
.24
.10
.13
-.24
ASD-only
Attention to stimulus array
.20
.08
.39
-.59
-.30
.74*
Perception of L/R distinction
.27
-.22
.26
.44
.74**
-.76**
Intentionality
.30
-.18
.39
.45
.81**
-.74**
Physical causality
.30
-.25
.27
.43
.76**
-.76**
Mental state terms
.53
.06
.04
-.33
.14
.43
Physical terms
-.29
.22
.16
-.14
.14
.14
Pertinence index
.10
-.38
-.42
.17
.14
.61*
Temporal sequence
.30
-.26
.14
.48
.78**
-.62*
Frequency of pointing
-.63
-.21
.14
.56
-.31
-.07
Prompting required
-.30
.56
.22
-.37
-.15
-.73*
ASD+ADHD
Attention to stimulus array
.15
.33
-.23
-.02
.15
-.24
Perception of L/R distinction
.27
-.30
.14
.16
.29
.57*
Intentionality
.41
.33
-.23
.29
.21
.31
Physical causality
.27
-.29
.11
.17
.30
.55*
Mental state terms
.31
-.13
.06
.18
-.18
.22
Physical terms
-.09
.17
.04
.08
.21
-.60**
Pertinence index
.44
.27
.04
-.12
.11
-.17
Temporal sequence
.08
-.26
.27
.08
-.04
.69**
Frequency of pointing
-.40
.14
-.03
.09
.13
.14
Prompting required
-.35
-.16
.14
-.25
.07
-.18
**. Correlation is significant at the .01 level (p<.01); *. Correlation is significant at the .05 level (p<.05).
#
SCQ scores were entered for TD participants and ASD Symptom Severity scores were entered for ASD-only and ASD+ADHD participants.

Problem
Behavs.
.03
-.14
-.31
-.14
-.24
.25
-.18
-.11
-.29
.24
-.58
-.22
-.26
-.21
-.42
-.37
.02
-.01
-.07
-.21
.49*
.26
.25
.25
.08
.22
.16
.48*
.13
-.34

SIBR
.27
.28
.28
.27
-.08
.06
-.09
-.03
-.07
.38
-.12
.42
.58
.46
.47
-.03
.13
.40
-.32
-.55
-.04
.40
.24
.41
-.16
-.23
.06
.12
.31
-.32
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