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Abstract
Autism Spectrum Disorder (ASD) is a life-long developmental disorder, which affects
communication, social interaction, and flexible behaviour. Kanner’s and Asperger’s
original descriptions suggested a hidden intelligence in Autism, reflected in islets of
ability. However, for more than three decades it has been documented that ASD has a
strong association with Intellectual Disability (ID) and low measured IQ: a high
percentage of cases of ASD have intellectual disability, and risk of ASD increases with
reduced IQ.
The current study aimed to investigate the underlying cognitive potential in ASD, using a
simple measure of processing efficiency. The thesis reports studies testing the notion
that learning and acquisition of skills is hampered by poor social insight in ASD, which
curtails ordinary social learning mechanisms. This general framework further predicts
that the basic processing mechanism is not impaired in ASD, and that learning will
proceed more efficiently through non-social than through social routes. The Inspection
Time (IT) task was used to assess processing efficiency and speed of processing, free of
social demands. ITs were predicted to be significantly better than expected from
standard IQ in children with ASD and ID, but not in those with ID alone. A novel
photograph version of a well-known receptive vocabulary test was developed, predicting
that this less socio-communicative version would specifically aid children with ASD,
compared to the traditional line drawing format (which may be more determined by the
author’s own interpretation and/or drawing ability). Finally, learning in novel social and
non-social odd-one-out tasks was tested in children with ID with and without ASD.
Learning performance was examined in relation to performance on standard IQ tests,
IT, Theory of Mind, and report of everyday life skills and deficits. Results showed that
ASD individuals outperformed ID individuals in the IT task despite matched IQ.
However, IT did not predict better non-social learning than IQ did. Implications of
these results and future directions are further discussed.
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Chapter 1. An Introduction to Autism Spectrum
Disorder and Intellectual Disability
1.1

Introduction

This chapter gives an overview of Autism Spectrum Disorder (ASD), a complex
neuro-developmental disorder with a vast spectrum of manifestations, and focuses
particularly on individuals with additional Intellectual Disability (ID). A review of
definitions, diagnostic criteria, prevalence, aetiology and distinctive characteristics of
individuals with ID with and without ASD will be presented, finishing with an
introduction to the overall structure and aims of this thesis.

1.2 Definitions
Autism is a life-long disorder with major impairments in the ability to socialise and
communicate. Additionally, people with Autism show rigidity of behaviours and
thoughts and, often, sensory abnormalities. Intellectual Disability separately (also called
Mental Retardation or Learning Disability), is defined by low cognitive and adaptive
abilities (Matson, Dixon, Matson, & Logan, 2005).
The term “autistic” was first introduced by the Swiss psychiatrist Eugen Bleuler (1911,
English translation in 1950) to describe an egocentric way of thinking characteristic of
the schizophrenic disorder. It was a few decades later, in 1943, when another
psychiatrist, Leo Kanner, published the description of a new disorder which he would
call Infantile Autism. Kanner characterized this disorder by “… inability to relate
themselves in the ordinary way to people and situations from the beginning of life …
and extreme autistic aloneness” (p. 242), emphasizing at different points in his article,
the overall disconnection from the social world and the unusual attachment to objects.
Among others, Kanner highlighted characteristics such as “excellent rote memory”,
“delayed echolalia”, “literalness”, “obsessive desire for the maintenance of sameness”,
“limitation in the variety of spontaneous activity”, “unquestionably good cognitive
potential”, good fine motor coordination and coming from “highly intelligent families”.
Almost simultaneously Hans Asperger (1944), in Austria, described a rather similar set of
children with social difficulties and rigid special interests but with marked differences in
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linguistic ability and motor coordination. Nowadays, there is considerable debate to
whether Asperger Syndrome should be considered as a different disorder or a form of
“High-Functioning Autism” (HFA); that is, individuals with Autism and good
intellectual capabilities. For example, while Bennett et al. (2008) argue that HFA and
Asperger Syndrome are two very distinct disorders on the premises of a differentiated
linguistic onset and ability, Frith (2004) encompasses both conditions under the broad
Autism spectrum, reviewing evidence of similar behavioural manifestations and
neuropsychological roots.
The modern notion of an Autism spectrum has its roots in the seminal study by Wing
and Gould (1979). In their study, where over 130 children with ID or social and
communication difficulties were selected after screening 35,000 children and adolescents
in South London, the authors found that the condition presented a wide range of
manifestations defined by the degree of the severity of symptoms and the level of
intellectual ability, capturing them under the term “Autism Spectrum Disorders” (ASD).
Social impairment was found in 50% of the children with IQ below 50, where the lowest
IQ presented the most severe forms of impairment, such as “aloofness”.
In summary, ASD is a complex disorder with a wide range of manifestations varying
from those individuals situated in the lower functioning end of the spectrum, with
severe ID (Low-Functioning Autism, LFA), to those with intact intellectual ability,
characterised by social and communication problems in the context of good IQ and
less/no language delay (HFA; Mayes, Calhoun, & Crites, 2001; Schopler, Mesibov, &
Kunce, 1998).

1.3 Current diagnostic criteria and challenges
Clinically, Autism has been defined in the category of Pervasive Developmental
Disorders (PDD) in both the Diagnostic and Statistical Manual of the Mental Disorders, 4th
Edition, Text Revision, DSM-IV-TR (American Psychiatric Association, 2000), and in the
International Classification of Diseases, 10th Edition, ICD-10 (World Health Organization,
1993). Both classifications base the diagnosis of Autism on impairments in three key
areas, which are evident before the child is three years old: i) qualitative abnormalities in
reciprocal social interaction, ii) qualitative abnormalities in communication and, iii)
restrictive, repetitive, and stereotyped patterns of behaviour, interests, and activities.
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Other disorders included under the term PDD are Rett Syndrome, Asperger’s Disorder,
Childhood Disintegrative Disorder, and Pervasive Developmental Disorder Not
Otherwise Specified. One very important milestone in the understanding of ASD was
the inclusion in the DSM-III-R (1987) of possible concurrent ID (which until then had
been considered an exclusionary criterion), reflecting the high prevalence and
significance of both disorders co-occurring.
The DSM-IV-TR criteria for ID (named Mental Retardation) involves overall delayed
intellectual functioning (with IQ below 70), and delay in at least two adaptive areas such
as communication, home and/or community living skills, self-care, social skills,
self-direction, academic or work skills, leisure and health and safety. ID is classified as
mild (IQ between 50-55 and 70), moderate (IQ between 35-40 and 50-55), severe (IQ
between 20-25 and 35-40) and profound (IQ below 20-25). The ICD-10 describes
similarly two criteria to meet the diagnosis: low cognitive abilities (with comparable IQ
cut-off points but including mental age as an alternative classificatory system) and low
social competence.
Although early treatment is of great importance for later outcome (Howlin, 2000), early
diagnosis of ASD remains a difficult task for clinicians who have to base the diagnosis
on behavioural manifestations in the absence of characteristic and unique biological
markers. Clinical assessment tools have improved in the last few decades and ASD
diagnosis can be accurate with babies as young as 18 months (e.g. Baron-Cohen et al.,
1996), the age at which babies start presenting abnormal social development such as
poor eye contact, lack of pointing and symbolic play, among others. While early
detection can be easier in lower functioning children with ASD where abnormalities are
more clearly manifested (Eaves & Ho, 2004), the opposite also happens: in children with
severe ID it may be hard to decide whether symptoms are manifestations of ASD or
part of the ID, or very low mental age (e.g. Howlin & Moore, 1997, Mandell, Listerud,
Levy, & Pinto-Martín, 2002). In such cases, there is a greater certainty in the diagnosis
and assessment when conducted at an older age (Charman, Pickles, et al., 2011).
Clinicians must also consider the high percentage of ID individuals who may display
ASD traits without meeting the full ASD criteria (Gillberg & Coleman, 2000). Thus,
individuals with ID alone may exhibit behaviours such as motor stereotypies, lack or
impaired social connectedness, and severely delayed or even absent speech: typical
characteristics of ASD (Deb & Prasad, 1994; Kaminer, Jedrysek, & Soles, 1984). The
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importance of an accurate diagnosis is for appropriate intervention addressing the
complex needs of children with ASD, with or without ID, and determining the degree
and level of support needed for each individual (Bartak & Rutter, 1976; Hartley &
Sikora, 2010). However, the high co-morbidity of ASD and ID, together with similarity
of symptoms displayed, makes the diagnostic process a hard task (Croen, Grether,
Hoogstrate, & Selvin, 2002; Goin-Kochel, Mackintosh, & Myers, 2006; Skellern,
Schluter, & McDowell, 2005). Furthermore, assessment of individuals with the most
severe ID (IQ < 20), who may present several ASD traits simultaneously, complicates
the situation more as it makes it difficult to attribute the impairment to the severity of
the ID or to ASD. While some authors argue that the diagnosis of ASD should be
imperative to prioritize particular treatment goals (i.e. Jordan, 2001), some other believe
that in these cases diagnosis may not be the key factor for determining the support
needed, but instead the severity of the overall impairment (i.e. Howlin, 2000).

1.4 Aetiology of ASD with and without ID
Although Kanner and Asperger both originally described the disorders as innate
conditions, in the 1960’s psychogenic theories suggested that “refrigerator parenting”
might cause Autism. However, it is now known to be a biologically-based disorder with
a strong genetic component. In one of the first twin studies undertaken with persons
with ASD, Folstein and Rutter (1977) found 60% to 90% concordance between identical
twins. More recent studies have also supported this (e.g. 90% concordance between
identical twins; Le Couteur et al., 1996). ID is also highly heritable with high
concordance rates in monozygotic twins (Kates et al., 2004). However, despite the
strong association between ID and ASD, autistic traits and ID appear to be genetically
independent; rates of ID are not raised in relatives of ASD probands (e.g. Fombonne,
Bolton, Prior, Jordan, & Rutter, 1997) and twin studies in the general population suggest
low genetic correlation between traits of ASD and ID (Hoekstra, Happé, Baron-Cohen,
& Ronald, 2009). The mode of inheritance of ASD remains unknown, but current
consensus is that many different genes may be associated to different causes operating in
different cases (e.g. de novo mutation versus familial cases; Abrahams & Geschwind,
2008).
Co-morbidity with specific genetic conditions is found in a high proportion of
individuals with ASD. Depending on the type of co-morbidity, ASD can be subdivided
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into syndromic Autism (such as Fragile-X, Tuberous sclerosis, Down Syndrome or
Cohen Syndrome), which is associated with severe to profound ID, and non-syndromic
Autism (for example, Angelman Syndrome or San Filippo Syndrome), with isolated
ASD features (Cohen et al., 2005). For a comprehensive list of over thirty genetic
syndromes that have been associated with ASD, see Artigas-Pallares, Gabau-Vila, and
Guitart-Feliubadalo (2005), or a more recent review by Kaufman, Capone, Clarke, and
Budimirovic (2008).
Other neurological and chromosomal conditions have also been described as showing
raised prevalence in ASD. For example, the rate of epilepsy within the ASD population
has been shown to be significantly higher than in the neurotypical population, and seems
to be associated with gender (more females) and low intellectual and verbal abilities
(Bolton et al., 2011; Smith & Matson, 2010). Copy Number Variations (CNVs,
duplications or deletions in sections of DNA) have been found to be highly associated
to ASD. For instance, de novo chromosomal detections have been associated with up to
25% of the cases of ID plus ASD (Jacquemont et al., 2006). The 22q11.2 Deletion
Syndrome, known to present ID among other features (Goldberg, Motzkin, Marion,
Scambler, & Shprintzen, 1993), has been found coexisting with ASD in 50% of the cases
(Vorstman et al., 2006). Overall, between 10% and 20% of ASD cases are thought to be
the consequence of chromosomal aberrations, with higher percentages in cases with
additional ID (Abrahams & Geschwind, 2008). A recent review of rare copy mutations
common in ASD and ID is presented by Pinto et al. (2010).
Low IQ in ASD has also been attributed to network abnormalities in white matter
(Pardini et al., 2009). Enlarged head circumference has been reported to be common in
people with Autism (Dissanayake, Bui, Huggins, & Loesch, 2006) and this growth
happens more steadily during the first year of life, the time at which first symptoms of
Autism appear (Courchesne et al., 2007), although the growth seems to decelerate as
symptoms worsen around age 4 (Dawson et al., 2007). A comprehensive review of brain
abnormalities found in ASD is, nevertheless, beyond the scope of this thesis; instead, see
Bauman and Kemper (2005).
Environmental factors may also play a role in ASD. Studies have reported raised
incidence of ASD when the mother is exposed to certain substances during pregnancy,
as for example, thalidomide or anticonvulsants (Szatmari, Bryson, Boyle, Streiner, &
Duku, 2003). Also, older parents have been associated with a higher risk of ASD (e.g.
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Reichenberg, Gross, Sandin, & Susser, 2010) although the reason for this remains
unknown (Geschwind, 2009). It has also been suggested that high levels of testosterone
in the womb can lead to increased autistic traits in offspring (Auyeung et al., 2009).
The high male to female ratio is suggestive of an X-chromosome related cause (e.g.
Risch et al., 1999 or Barrett et al., 1999). However, this ratio reduces to 2:1 when IQ is
low (Newschaffer et al., 2007), perhaps suggesting different causes or differential
recognition rates in relation to gender in ASD groups without ID.

1.5 Prevalence rates
Numerous studies have tried to clarify the prevalence of ASD. Factors such as
diagnostic criteria, age range, IQ measurement, the geographical area covered in the
study, the ascertainment method, and the date of the study may alter results from one
study to another. Thus, ASD prevalence has been shown to vary from 5.2/10,000 in
Norway (Sponheim & Skjeldal, 1998) based on ICD-10 criteria, to 72.6/10,000 in
Sweden (Kadesjö, Gillberg, & Hagberg, 1999), based on DSM-III-R. Recent surveys in
the UK showed a prevalence of 22/10,000 using both DSM-IV and ICD-10 criteria
(Chakrabarti & Fombonne, 2005) or 38.8/10,000 using only ICD-10 (Baird et al., 2006).
Prevalence rates seem to be comparable between children and adults: Baron-Cohen et al.
(2009) found 99/10,000 in UK school age children while Brugha et al. (2011) found a
similar 98/10,000 in adults in a UK household survey. Although numbers are not exact,
there appears to have been a rise in the number of people diagnosed with ASD in the
past few decades. Possible reasons for this increase include the different diagnostic
criteria used (e.g. the expanding criteria for ASD; Matson & Shoemaker, 2009), the
changing diagnosis of individuals previously diagnosed with different conditions (i.e.
“diagnostic substitution”, Shattuck, 2006), the improvement of diagnostic tools that
facilitate more accurate and earlier diagnosis, and better awareness and services.
However, a real increase in the rates of ASD cannot be ruled out (Fombonne, 2009). In
terms of gender, all studies show a consistent male over-representation (e.g. 3.8:1 in
Chakrabarti & Fombonne, 2005; 4.47:1 in Croen et al. 2002; or 5.5:1 in Newschaffer et
al., 2007).
The rates of identified ASD in individuals with ID have also been rising in recent years.
Concurrent disorders are three to four times more likely to happen in people with ID
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than in people without ID (Rutter, 1970), with increased rates in those with IQ below 50
(O'Brien, 2000), where ASD is the most common of co-morbid conditions (Gillberg,
1997). Indeed, 75% of ID individuals have been found to suffer from social impairments
(e.g. Kavale & Forness, 1996). Early studies reported very low rates of Autism in ID
individuals (e.g. 11% in Wing & Gould, 1979; or 4% in Shah, Holmes, & Wing, 1982).
However, more recent studies, using current broad notions of ASD, report higher
figures. Rates vary from 17% in de Bildt et al. (2005) and 28% in Bryson, Bradley,
Thompson, and Wainwrigth (2008), to 30% in Gillberg (1997) and up to 40% in La
Malfa, Lassi, Bertelli, Salvini, and Placidi (2004) and Morgan et al., (2002). Matson and
Shoemaker (2009) believe that the increased number of individuals with both ASD and
ID seen in the last decade can be explained by the emphasis clinicians are now putting
into diagnosing co-morbid conditions. However, Skuse (2007) believes that there is an
overestimation of ASD within ID due to ascertainment biases.
Interestingly, the rates of ASD with associated ID follow an opposite trend. Initial
studies described 84% of ASD individuals having IQ below 70 (Lotter, 1966), and
traditionally, it has been thought that ASD coexists with ID in 75% of cases
(Fombonne, 2003; Smalley, Asarnow, & Spence, 1988). The DSM-IV-TR states that
“…there is an associated diagnosis of Mental Retardation, commonly in the moderate
range (IQ 35-50). Approximately 75% of children with Autistic Disorder function at a
retarded level” (American Psychiatric Association, 2000, p. 67). However, one of the
largest (almost 5 million people screened) and most recent prevalence studies described
only 38% of ASD individuals with ID (Croen, et al., 2002). Although not all studies are
as optimistic as Croen et al’s study, research conducted in the last ten years reports rates
around 50%. For example, Baird et al. (2000) and Chakrabarti and Fombonne (2001)
reported 40%, Charman et al. (2011) reported 55% (of which only 29% with IQ below
50), Yeargin-Alsopp et al. (2003) reported 55%, and Kielinen et al. (2000) figures ranged
from 25% to 64% of individuals with ASD having IQ below 70. However, and despite
all efforts to integrate individuals with low cognitive abilities, Brugha et al. (2011) has
noted a difficulty in including individuals with the most severe impairments in
prevalence studies due to difficulties in testing and the low rate of participation in
surveys. In addition, introduction and awareness of higher-functioning ASD diagnoses
such as Asperger Syndrome, and perhaps, better intervention, has likely led to larger
proportions of ASD individuals with higher IQ levels (Hoekstra, Happé, Baron-Cohen,
& Ronald, 2010).
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1.6 Patterns and characteristics of low- versus high-functioning
ASD
As previously described, ASD covers a spectrum of manifestations and it is not unusual
to find different ASD manifestations at the extremes of the spectrum (Freeman et al.,
1981). According to Waterhouse et al. (1996), individuals with ASD in the
low-functioning range present with more motor stereotypies, greater communicative
impairment, poor social imitation abilities and sensory abnormalities. Those individuals
at the higher-ability end, on the other hand, present with language abnormalities and
preservative behaviours. Examples of behaviours that have been found more frequently
in the low-functioning individuals include smelling adults, desire for sameness,
stereotypies (such as hand flapping), self-injurious behaviours, lack of physical
responsiveness, and a greater amount of simple ritualistic behaviours (Bartak & Rutter,
1976; Gabriels, Cuccaro, Hill, Ivers, & Goldson, 2005; Goldman et al., 2009). Complex
ritual behaviours, on the contrary, are more characteristic of high-functioning individuals
(Freeman, et al., 1981).
Highly elaborated routines and rituals seem to be reserved for those ASD individuals
with higher IQs (Gillberg & Billstedt, 2000). The persistence, but mostly the severity, of
the repetition has been said to be determined by non-verbal IQ (Bishop, Richler, &
Lord, 2006). Non-verbal IQ alone has been shown to be negatively associated with
stereotypies and repetitive behaviours (Bishop, et al., 2006), not only in frequency but
also in rhythmicity, bilaterality, number and variety of repetitive behaviours, to which
Autism severity is added (Goldman, et al., 2009). Verbal IQ is also associated with
repetitive behaviours (Hus, Pickles, Cook Jr, Risi, & Lord, 2007), and specifically, motor
stereotypies are related to low verbal IQ, social and communication impairments (Lam,
Bodfish, & Piven, 2008). The number of stereotypies has been reported to correlate
negatively with the Socialization and Communication domains of the Vineland Adaptive
Behaviour Scales (Goldman, et al., 2009).

1.7 Symptom patterns in ID with and without ASD
Symptomatology between ID with and without ASD often overlaps. However, it is
important to distinguish which behaviours are characteristic of the ASD condition, and
which ones may be part of ID. This will help refine diagnostic tools in order to provide
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the appropriate educational or adulthood support needed for each individual. For
example, Wing (1981) found individuals with severe ID alone also present severe social
impairments, and that social impairments may also bring echolalia, repetitive and
stereotyped behaviours and mutism, characteristic of ASD. Although by definition the
main distinction between ID with and without ASD falls in the socio-communicative
domain, some authors have found that communicative and behavioural problems are
more characteristic than the social domain of ID+ASD than ID alone (Deb & Prasad,
1994). However, others have found that repetitive behaviours are the most indicative
difference between groups, followed by impairments in social and then communication
domains (Matson, Dempsey, LoVullo, & Wilkins, 2008).
Altogether, the relationship between ASD and ID is normally characterized by the
severity of their manifestations. For instance, severe ID is known to be highly associated
with ASD (e.g. Dawson, Matson, & Cherry, 1998; Vig & Jedrysek, 1999), and conversely,
the severity of the ASD symptoms will create distinctive IQ-based groups with different
peaks and troughs in their cognitive profiles (e.g. Munson et al., 2008; Matson, et al.,
2008). For example, Wing and Gould (1979) described aloof- and indifferent-type
personalities in those individuals with severe ID and severe social impairment.
According to Matson et al. (2008), not only social, but all ASD features seem to decrease
as IQ increases in those individuals with ID but not in those individuals with ID+ASD,
who would present more severe ASD symptoms regardless of the severity of the ID.
Therefore, while IQ seems to moderate ASD expression in the ID population, IQ is not
related to symptom severity in ASD and ID individuals.
Specifically, some differences have been noted between ID individuals with versus
without ASD. For example, more problems in everyday skills, such as feeding problems
or food aversions, have been found to be more characteristic of ID+ASD than ID alone
(Fodstad & Matson, 2008). Similarly, the tendency to withdraw has been described as
more common in ID+ASD (De Bildt et al., 2005).
The profile of adaptive skills, as measured by the Vineland Adaptive Behaviour Scales
(Sparrow, Balla, & Cicchetti, 1984), in those children with ASD has been described as
qualitatively different from those with ID, specifically in the Socialization domain
(Carpentieri & Morgan, 1996; Liss et al., 2001; Njardvik, Matson, & Cherry, 1999). Low
adaptive and disruptive behaviours, such as self-injury or maladaptive behaviours, tend
to rise as IQ decreases, and particularly more frequently in cases of ID+ASD (Bartak &
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Rutter, 1976; Bölte & Poustka, 2002; O'Brien, 2002). Disruptive behaviours have been
found to follow different functionalities according to gender: While male individuals
with ID+ASD have been found to avoid uncomfortable sensory stimulation or to obtain
tangibles, females with ID+ASD seem to exhibit disruptive behaviours more related to
attention seeking or avoiding demands, in line with the pattern of disruptive behaviours
in ID alone (Reese, Richman, Belmont, & Morse, 2005). Overall, individuals with severe
ID+ASD display four times more disruptive behaviours than those with ID alone
(McCarthy et al., 2010) although this is not universal of this group (Murphy, Healy, &
Leader, 2009).
Lower verbal reasoning skills have been found to be a strong variable to distinguish
individuals with ID+ASD from ID alone (Carpentieri & Morgan, 1996). Additionally,
repetition of sounds has been noted more frequently in ID+ASD than ID alone
(Freeman, et al., 1981). Among repetitive and stereotyped behaviours, screaming,
over-activity and destructiveness (Shah, et al., 1982), finger flicking (Freeman, et al.,
1981; Goldman, et al., 2009), self-injury behaviours and compulsions (Bodfish, Symons,
Parker, & Lewis, 2000), gazing atypically at fingers and objects (Goldman, et al., 2009),
and hand flapping have also been found more frequently in ID+ASD than ID alone
(Lord, 1995).

1.8 Psychiatric conditions
Associated psychiatric conditions have also thrown up differences between individuals
with ID+ASD and ID alone. For example, Bradley and Bolton (2006) found that
psychiatric illnesses such as mood and psychotic disorders, tend to happen more
frequently in the ID+ASD group than in individuals with only ID. In addition, although
the rates of depression were similar, the episodes were longer in those individuals with
ASD than in individuals without. Other studies have reported individuals with ID+ASD
suffering more from disorders such as anxiety, depression, manias, and aberrant
behaviours such as sleep disorders, tics, and organic syndromes, than persons with ID
alone (Bradley, Summers, Wood, & Bryson, 2004). However, a study undertaken
controlling for level of ID and age among other factors, did not find differences in
psychiatric co-morbidity between ID individuals with or without ASD (Tsakanikos et al.,
2006). The problems with communication presented in individuals with ID+ASD
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makes, nevertheless, the inclusion of low-functioning individuals in studies exploring the
co-morbidity of psychiatric conditions difficult (Tsai, 1996).
On the contrary, psychiatric conditions mostly based on behavioural manifestations may
make the study of low-functioning individuals more accessible. For example, Attention
Deficit Hyperactivity Disorder (ADHD) has become a special focus for those interested
in co-occurring conditions in ASD. While an ASD diagnosis is considered an exclusion
criterion for ADHD diagnosis in current DSM and ICD diagnostic manuals, studies
show considerable co-morbidity, as well as genetic overlap (Ronald, Happé, Hughes, &
Plomin, 2005) between these conditions. Hence, Bradley, and Isaac (2006) found 4.44
times more inattention symptoms in the individuals with ID+ASD than in those with
ID alone. Lee and Ousley (2006) reported that a staggering 78% of individuals with
PDD meeting the criteria for ADHD and characteristics of the ADHD seemed not to
differ from high- and low-functioning ASD.

1.9 Adulthood outcomes
The importance of the study of adult outcomes does not fall only on the assessment per
se, but in assessing the efficacy of teaching methods, interventions and psycho-social
factors that may influence a better (or worse) adaptation to everyday life of individuals
who are severely impaired. Unfortunately, there is a paucity of data concerning old age in
ASD.
It has been reported that older adults with ID+ASD are not distinguished from those
with ID only in terms of severity of problem behaviours, once differences in adaptive
skills are taken into account (Felce, Perry, Lowe, & Jones, 2011; Totsika, Felce, Kerr, &
Hastings, 2010). Matson, Dempsey, LoVullo, and Wilkings (2008) found that adults with
ID+ASD presented fewer repetitive behaviours than younger individuals, while older
individuals with ID alone showed virtually no repetitive behaviours. Shattuck et al.
(2007) concluded that the pattern of behaviours displayed through life follow a
non-linear trend in relation to developmental age, which could be an added consequence
of treatments and interventions: some symptoms may be more likely to improve during
childhood, others during adulthood. Shattuck et al. (2007) found that impairments in
social reciprocity and non-verbal communication skills remain severely impaired in later
adulthood, in contrast to verbal communication and stereotyped behaviours, concluding
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that the social impairments characteristic of ASD persist through life. The authors also
concluded that Autism symptoms improved with age as maladaptive behaviours
decreased, but those individuals with additional ID improved less than individuals with
ID alone. Finally, Shattuck and colleagues pointed out that, while verbal skills may be an
indicator of good prognosis during childhood, verbal skills only predict improvement of
social reciprocity during older ages.
Both IQ and verbal ability have been claimed to be predictors of social skills in
adulthood (Anderson, Avery, DiPietro, & Edwards, 1987; Billstedt, Gillberg, & Gillberg,
2005). Adult outcome seems to be positively correlated to IQ, but negatively to Autism
symptoms (Eaves & Ho, 2008; Gillberg & Steffenburg, 1987; Howlin, Goode, Hutton,
& Rutter, 2004). Hence, individuals having IQ below 50 remain dependent on support
during adulthood, and those with IQ above 70 generally show better adaptation (BeadleBrown, Murphy, & Wing, 2006; Howlin, et al., 2004). Some authors have concluded that
the lower the IQ, the more resistant to treatment individuals typically are (e.g. BenItzchak & Zachor, 2007). Outcome studies investigating persons with ASD and ID are
not encouraging and some authors have found that 60-75% of the followed adults have
poor to very poor outcome (Seltzer, Shattuck, Abbeduto, & Greenberg, 2004). Other
studies have described poor outcome for all ASD individuals, despite 10% of the
original individuals being within average IQ ranges (Billstedt, et al., 2005). Furthermore,
50% of individuals who deteriorated during adolescence (one in five) never recovered
(Billstedt, et al., 2005). Low IQ and educational skills, and challenging behaviour (which
does not decrease with age; Murphy et al., 2005) at younger ages seem to resolve in
individuals in residential care during adulthood (Beadle-Brown, et al., 2006). A few
studies have shown, however, more promising outcomes, with half the individuals
having poor to good outcome in adulthood (Eaves & Ho, 2008; Seltzer, et al., 2004;
Shattuck, et al., 2007).
Some authors have also shown that low IQ and the severity of social impairment during
early intervention treatments are related to poor prognosis (Ben-Itzchak, Lahat, Burgin,
& Zachor, 2008; Charman, Pickles, et al., 2011). Although some intervention methods
have been reported to increase IQ levels substantially (McEachin, Smith, & Lovaas,
1993), these methods have proven not to be as effective with individuals who are
severely impaired (Lovaas, 1993). This has lead some authors to conclude that for a
positive outcome early interventions on children with ASD and/or ID should be
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focused on multiple abilities: the development of cognitive, social, communication and
play skills (Howlin, 2000). In fact, in a follow up on the cohort described by Wing and
Gould in 1979, individuals who had not received teaching of new skills before
adolescence showed little change in social and independent skills in later adulthood
(Beadle-Brown, et al., 2006).

1.10 Cognitive theories of ASD
To date there is no single cognitive theory to account for all the features and
manifestations of ASD. Instead, theories are largely split into those that explain the
social domains versus those that explain non-social domains. Three main theories have
been influential in trying to explain different aspects of ASD: the deficit in Theory of
Mind, the theory of Weak Central Coherence, and the Executive Dysfunction theory.
The idea of a deficit in Theory of Mind (ToM; Baron-Cohen, Leslie, & Frith, 1985) is,
perhaps, the most influential cognitive theory of ASD, and will be further described in
relation to individuals with ID in Chapter 2. In brief, the ability to attribute mental states
to others in order to predict and explain their behaviour has been referred to as
“mentalising” or ToM. Numerous studies have demonstrated ToM deficits in ASD,
which may explain everyday social and communication problems (for a complete review,
see Frith, 2003 or Baron-Cohen, 2000). Some people with ASD do pass ToM tasks, but
this appears to be through an alternative, non-intuitive route, and is closely related to
high verbal ability (e.g. Frith, Morton, & Leslie, 1991; or Frith, Happé, & Siddons, 1994).
However, the limitation of this theory is that it fails to explain some of the non-social
symptoms such as insistence on sameness, stereotypies or excellent rote memory.
Frith (Frith, 1989 and Frith & Happé, 1994a) postulated the Weak Central Coherence
theory to explain the difficulty that individuals with ASD experience in putting
information together in a broader context to attribute meaning. Unlike typically
developing people who show a drive for “central coherence”, people with ASD notice
and remember details and features but often lose the gist. This leads to assets on certain
tasks such as Embedded Figures and Block Design, where the ability to segment designs
into their constituent parts is advantageous. It remains to be seen, however, whether a
cognitive style of weak coherence is universal in ASD, and whether it can explain all the
features of this disorder (Happé & Frith, 2006). This particular way of processing
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information has been proven to be present in both LFA individuals (van Lang, Bouma,
Sytema, Kraijer, & Minderaa, 2006) and HFA individuals (e.g. Jarrold & Russell, 1997),
although it may not always show in the later (Shah & Frith, 1983). The tendency for
weak central coherence has been shown to be more marked in LFA individuals in
comparison to children with Pervasive Developmental Disorder Not Otherwise
Specified, or children with ID alone. ASD individuals were better than the other groups
at detailed-focussed processing, regardless of IQ, but individuals with ID+ASD were
better at visuospatial skills than those with ID alone (van Lang, et al., 2006).
Like the weak central coherence account, superior detail processing is part of two other
current cognitive theories of ASD. The “extreme male brain” theory (Baron-Cohen,
2002) proposes that Autism consists of superior systematizing ability, as found in
male-type brains, alongside poor “empathizing”. Superior systemizing is hypothesized to
require good attention to details, and both good systemizing and poor empathizing are
proposed to result from exposure to high foetal testosterone (Auyeung, et al., 2009). The
“enhanced perceptual functioning” theory (Mottron & Burack, 2001; Mottron, Dawson,
Soulieres, Hubert, & Burack, 2006) suggests superior low-level discrimination and
pattern recognition for visual and auditory perception in ASD. These two accounts
differ from the weak central coherence theory in predicting intact global processing in
ASD, alongside superior local processing.
Lastly, the executive dysfunction theory attempts to explain problems in planning,
working memory, inhibition, shifting set and initiation and monitoring actions (Rabbitt,
1997). A failure in these functions would account for the “insistence on sameness”,
rigidity of behaviours, and difficulty switching between tasks, which are characteristic of
ASD (see Hill, 2004 for a review). People who have suffered injuries to the prefrontal
cortex display clear similarities to these characteristic ASD behaviours (Damasio &
Maurer, 1978). Executive function problems are also present in disorders such as
ADHD, Tourette’s syndrome, phenylketonuria and schizophrenia (Ozonoff & Jensen,
1999; Pennington & Ozonoff, 1996; Sergeant, Geurts, & Oosterlaan, 2002). Links have
been proposed between the development of executive functions and ToM abilities (e.g.
Harris et al., 2008). The overlap between IQ and executive function is a matter of some
debate (Ozonoff, Strayer, McMahon, & Filloux, 1994) and studies of executive function
in ASD have tended to focus on high-functioning individuals only. One of the very few
studies undertaken with individuals with LFA showed very poor performance on
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ideational fluency tasks irrespective of additional ID, compared to matched individuals
with no disability or ID alone (Turner, 1999).

1.11 Aims of this thesis
Research with individuals with ASD+ID is scarce relative to those more able ASD
individuals. Perhaps one of the greatest challenges lies on the difficulty to access the
abilities of such individuals, who sometimes appear to be more able than standard tests
show. Scheuffgen, Happé, Anderson, and Frith (2000) found that ASD+ID individuals
performed at the level of TD children in a task believed to tap speed of processing. The
authors hypothesized that the ability of these individuals was underestimated due to the
intrinsic requirement of the ability to mentalize involved in standard IQ tests. Therefore,
the present research was motivated by the idea of an untapped cognitive potential,
which, following the authors’ previous suggestions, may be caused by a serious
impairment in the ability to understand other people’s minds and intentions, or a deficit
in Theory of Mind. The present project also studies the effects of the social constraints
embedded in the standard materials and methods used with ASD individuals, and who
may show better cognitive potential when engaging with non-social materials and
assessments, in contrast to individuals with ID without ASD. Other authors (i.e. Noens
& Van Berckelaer-Onnes, 2004) have suggested that detail-focused cognitive style, or
central coherence, may be more specific to ASD, since Theory of Mind and Executive
Functions can be impaired as part of ID. However, this thesis explores ToM as an
independent factor, over and above global intellectual impairment, which may have
dramatic consequences for the assessment of cognitive potential in individuals with
ASD. The approach taken in this thesis is a cognitive, experimental one; while
educational research in this area is clearly vitally important, a review of interventions and
outcomes in

education is beyond the scope of this thesis, which will focus on

quantitative studies of cognitive abilities in low-functioning individuals.
Therefore, the following six chapters of this thesis focus on the nature of thinking skills
in children with ASD with additional ID. Chapter 2 examines Theory of Mind in groups
with ASD+ID and ID alone, using a naturalistic and nonverbal task. In Chapter 3 these
findings are related to individual differences in reported social and adaptive functioning
in everyday life. Chapter 4 and 5 explore how traditional IQ assessment methods may be
biased towards individuals who are socially able, and the role that Theory of Mind plays
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in the assessment of intellectual abilities. Specifically, Chapter 4 explores a well-known
verbal test, the British Picture Vocabulary Scale, in contrast with a newly created parallel
version hypothesized to place less burden on social-communicative interpretation (the
BPVS-Photo version). Chapter 5 compares a traditional index of visual information
processing (Inspection Time), known to correlate moderately with performance IQ in
the neurotypical population, in comparison to conventional psychometric tools. In the
last experimental chapter, Chapter 6, results from a novel measure of learning,
contrasting social (experimenter feedback) and non-social (computer feedback) contexts
are presented. Performance on this task will be examined in relation to measures of
psychometric intelligence, information processing and Theory of Mind. Chapter 7
provides an overview and discussion of the findings and future directions. Ultimately,
this thesis aims to explore whether intellectual impairment in ASD individuals can be
re-conceptualised when assessed with adequate tools that reduce social demands, and
whether other cognitive compensatory mechanisms are present as a means to correct
deficits in social cognition.
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Chapter 2. Theory of Mind in Low-Functioning
Autism Spectrum Disorder
2.1 Introduction
In the previous chapter, the impairment in Theory of Mind (ToM) in people with ASD
was introduced as one of the most influential theories proposed to account for the
autistic condition. Since ASD presents a continuum of different manifestations, it is very
important to study all levels of ability (or disability) in order to gain a better
understanding of the condition, and to provide the right level of support for each
individual. Testing children with ASD and low cognitive skills presents a challenge for
the researcher and is often a neglected area due to the difficulties of testing
low-functioning individuals. To redress this imbalance, the assessment of ToM in
populations with severe and moderate Intellectual Disability (ID) is the focus of this
chapter. The chapter begins with a theoretical review, which serves to frame the
empirical work presented here: the assessment of ToM in a sample of 132 participants
with ID, with and without ASD, using a naturalistic deception task, the Penny Hiding
Game (PHG).

2.2 Theory of Mind in ASD
2.2.1

Definitions and main findings

“Theory of Mind” (ToM), a phrase coined by Premack and Woodruff in 1978, refers to
the ability “to infer the full range of mental states (beliefs, desires, intentions, imagination, emotions,
etc.) that cause action…to be able to reflect on the contents of one’s own and other’s minds” (BaronCohen, 2000, p.3). ToM has been the focus of a large number of studies in the field of
Autism, beginning with Baron-Cohen, Leslie, and Frith’s (1985) finding that children
with Autism, contrary to those with Down Syndrome (who performed similarly to
typical development children), failed to pass simple tasks tapping ToM. These authors
proposed that it was this failure in the ability to infer mental states that accounted for
the social, communication and imaginative deficits in ASD. Due to the enormous
interest that these findings have generated, a full review of the topic is beyond the scope
of this thesis: for a in-depth review of the findings during the first two decades of
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research, the reader is referred to Yirmiya, Erel, Shaked, and Solomonica-Levi (1998) or
Baron-Cohen, Tager-Flusberg, and Cohen (2000); and for a later meta-analysis of
studies, see Shaked and Yirmiya (2004).
There has been considerable theoretical debate concerning the origins and nature of
ToM in Typical Development (TD) and its abnormality in ASD. Relevant to the present
thesis, different theorists have conceptualised ToM as a distinct module or as a product
of domain-general processes. According to authors such as Anderson (1992) and
Baron-Cohen (1998), cases of individuals with ASD who show severe ToM deficits
despite high intellectual ability, strongly support the modular conception of ToM. On
the other hand, authors such as Zelazo (1998) propose that ToM reflects domain general
processes such as rule-based reasoning. Brown, Hobson, Lee, and Stevenson (1997)
suggest that the late acquisition of mentalizing abilities in children with congenital
blindness (Peterson, Peterson, & Webb, 2000) or deafness (Peterson & Siegal, 2000)
suggest the importance of more general perceptual and social processes in the
development of ToM. Holding an intermediate position between modular and acquired
mechanisms is Karmiloff-Smith (1994), who argues that ToM arises through
modularisation, as a result of life experiences.
Intellectual level has been shown to be important in ToM test performance in ASD (e.g.
Buitelaar, Wees, Swaab Barneveld, & Gaag, 1999; where IQ was a predictor of ToM
performance). While low IQ does not seem sufficient to explain poor ToM performance
in ASD, it is clear that relatively high verbal IQ or mental age is necessary for success in
ASD, but not in comparison groups. Some authors argue that ToM task success in
high-functioning individuals with ASD reflects their ability to find alternative ways to
understand and solve the tasks (“hacking”) rather than an intuitive understanding of
others’ mental states (Eisenmajer & Prior, 1991; Frith, et al., 1994). In line with this
account, Moran et al. (2011) showed that intelligent ASD individuals could pass
laboratory False Belief tasks (known to tap ToM ability) but failed to distinguish
between accidental and intentional harm in more naturalistic conditions.
Neuroimaging studies also support the idea that even people with ASD who pass ToM
tests may do so differently from “neurotypicals”. Studies using PET or fMRI techniques
have reported less, or lack of, activation in ASD individuals in areas of the brain that
become activated during ToM tasks in neurotypical individuals. For example,
Baron-Cohen et al. (1999), in a fMRI study, found in individuals with ASD a lack of
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activation of the amygdale when interpreting mental states from pictures of the eyes, in
contrast with neurotypical individuals. Happé et al. (1996) reported lack of activation in
the left medial prefrontal cortex during stories that required mentalizing, while Castelli,
Frith, Happé, and Frith (2002) found reduced activation in the superior temporal sulcus
and temporo-parietal junction when ASD individuals were asked to describe short
animations of shapes interacting, which required mentalistic interpretations. Frith and
Frith (2003) reviewed the findings on the neurobiological substrates of the ability to
mentalize and the abnormalities in this system in individuals with ASD. Notably, such
investigations focused exclusively on individuals with at least average IQ, and the
processing of social information in low-functioning individuals has not been studied
using neuroimaging approaches.
2.2.2

Testing Theory of Mind: False Belief tasks

The litmus test of ToM has traditionally been the False Belief (FB) task, because it
requires prediction of behaviour based on another person’s mental state, and cannot be
passed merely by modelling one’s own beliefs or reality. One of the most used FB tasks
was created by Wimmer and Perner (1983). This task, now commonly known as the
“Sally-Ann” task (after Baron-Cohen, Leslie and Frith’s (1985) adaption for children
with ASD), is based on a simple change of location scenario where the participant is
asked about Sally’s beliefs when she has failed to see a desired object being moved.
According to Wellman and Liu (2004), who present a comprehensive meta-analysis of
the development of FB in TD children, the ability to understand FB develops on
average around 4.5 years of age, although recent work (Baillargeon, Scott, & He, 2010)
suggests that signs of FB tracking can be found as early as around 2 years of age.
The status of the FB test is much debated. Developmental theorists can be split into two
main groups. The “boosters”, those who believe that ToM has an early onset, regard
passing FB tests at age 3 or 4 as a mere “graduation ceremony”. For the boosters, skills
such as the use of verbs implying or referring to mental states, or the use of social
gestures such as pointing, which develop around 2 years of age, are indicative of ToM
ability. The “scoffers”, on the other hand, believe that ToM has a later onset, genuinely
marked by FB test success (Chandler, Fritz, & Hala, 1989). This debate relates to analysis
of the task demands of standard FB tasks. Bloom and German (2000), for example,
argue that TD children possess ToM before the age of 4, but fail FB tasks because of
their demands on skills such as attention to the narrative, memory, and executive
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functions. Leslie (2005) similarly attributed young infants’ FB test difficulties to the high
verbal and executive demands of the tasks. Implicit FB tasks such as looking times
studies (where the infant’s gaze is examined as a marker of expectations based on
tracking mental states) have reported successful results with infants as young as 15.5
months (Onishi & Baillargeon, 2005).
2.2.3

The relation of Theory of Mind with verbal ability

The role of Verbal Mental Age (VMA) has been proven to play a major role in the
acquisition of ToM ability in neurotypical individuals (Astington & Jenkins, 1999;
Garfield, Peterson, & Perry, 2001; Milligan, Astington, & Dack, 2007), in both clinical
and non-clinical populations. In order to study the real effect or influence of verbal
ability in the acquisition of mentalizing abilities, numerous studies have been carried out
with hearing impaired people. In an example of a recent study by Pyers and Senghas
(2009) results showed that deaf participants who had not yet acquired full linguistic
ability (by using sign language) failed significantly more False Belief tests than deaf
participants with full language ability, highlighting the importance of a linguistic system
(whether oral or not) in the development of ToM. Other examples of similar results
have been reported by Peterson and Siegal (2000) and Woolfe, Want, and Siegal (2002).
However, using a scale to measure social ability in real life, in contrast with laboratory
ToM tasks, others studies have shown ToM to be independent of verbal and
chronological maturity (Peterson, Slaughter, & Paynter, 2007), perhaps highlighting that
in TD ToM depends on other cognitive abilities. It is expected that by VMA of 5 years
almost all children can successfully pass FB tasks (Frith, et al., 1994). A full review of the
development of ToM in TD children and its relation to everyday social competence, is
beyond the scope of this thesis. For recent reviews see Astington (2003), or Milligan,
Astington and Dack (2007).
In the case of ASD individuals, and as in TD, the ability to pass FB tests seems to be
closely related to verbal ability. Verbal IQ, for example, has been reported to be a
predictor of performance in FB tasks in children with ASD (Eisenmajer & Prior, 1991;
Ozonoff, Pennington, & Rogers, 1991; Tager-Flusberg & Sullivan, 1994). Syntactic
comprehension has also been found to be related to ToM in ASD, and that even those
individuals able to speak still find explaining behaviour using mentalistic terms difficult
(Tager-Flusberg & Sullivan, 1994). More recent studies in the last decade have
confirmed these results. Fisher, Happé, and Dunn (2005) showed that language
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comprehension in children with ASD was strongly correlated to the ability to pass FB
tasks, and specifically, grammar was more closely related to ToM in children with ASD
than it was in VMA-matched children with ID. In addition, numerous studies report
higher VMA in ASD participants who pass versus fail ToM tasks, and also higher VMA
for ASD passers in relation to TD or ID passers (e.g. Fisher, et al., 2005; Frith, et al.,
1994; Happé, 1995). However, whether the individuals are genuinely passing the tasks or
just finding alternative ways to “hack” the solutions remains an open question. Hence,
Tager-Flusberg (1997) has suggested that those individuals with high verbal ability may
be able to compensate for their ToM deficit as the ability to manage complex linguistic
elements could also help them to make sense of other complex scenarios, such as
people’s minds and desires.
Given the strong relation between ToM and verbal ability, it can be argued that success
on ToM measures in the ASD population is hampered by the communicative deficit
characteristic of the disorder. If that were the case, eliminating the effects of VMA on
ToM performance would also eliminate performance differences between ASD and
non-ASD individuals. In an attempt to assess whether the failure of ToM in ASD was
due to poor verbal ability, Colle, Baron-Cohen, and Hill (2007) used Alternative
Augmentative Communication, an adapted communicative system for people with
language difficulties, based on images and objects rather than spoken words. These
authors found that low-functioning ASD children still failed to pass FB tasks even when
the verbal load of the task had been minimized in this way. In contrast, a matched group
of children with specific language impairment did not find these ToM tasks more
difficult than children with no language impairment. These results support the hacking
theory as they suggest that once verbal ability is partialled out, individuals with ASD still
find it difficult to pass FB tasks.

2.3 Theory of Mind findings in ID individuals with and without
ASD
2.3.1

Overall description of performance

In the first study carried out to study ToM in ASD, Baron-Cohen, Leslie, and Frith
(1985) studied the behaviour of 20 children with ASD (CA = 11.11, VMA = 5.5) in
comparison to 14 individuals with Down Syndrome (CA = 10.11, VMA = 2.11) and 27
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TD children (CA = 4.5). They reported that 80% of the ASD children at or over the
mental age of 4 years, failed to pass the Sally-Ann task, in contrast with the 86% and
85% pass rates in the TD and Down Syndrome groups. However, later studies have
shown that this impairment is not unique to ASD and that failure rates by individuals
with other disabilities are higher than those reported by Baron-Cohen and colleagues.
For instance, Fisher, Happé, and Dunn (2005) showed that, although 74% of children
with ASD failed ToM tests in their sample, a striking 45% of children with moderate ID
with VMA over 4 years (and 39% with VMA above 5 years) also failed to pass first order
FB tasks. In a separate study, around 50% of a sample of individuals with Down
Syndrome also failed FB tasks in contrast with 75% of individuals with ASD (Yirmiya,
Solomonica-Levi, Shulman, & Pilowsky, 1996). Similar rates of FB success have been
reported in individuals with Fragile-X syndrome (around 50%; Cornish et al., 2005;
Yirmiya, Solomonica-Levi, Shulman, et al., 1996). In the meta-analysis of ToM
performance in studies exploring individuals with ASD and individuals with ID
(Yirmiya, et al., 1998), the authors showed that ASD individuals tended to perform less
well than ID individuals, especially those with a known aetiology, particularly Down
Syndrome.
According to the “similar structure” hypothesis (Zigler, 1969), ID individuals without
ASD would be expected to pass ToM at the same mental age (but not CA) as TD
individuals. In other words, the development of ToM would be delayed in line with
intellectual level, but not specifically impaired. Some studies support this proposal;
Baron-Cohen et al. (1985), for example, reported that ID individuals performed at the
same level as VMA-matched TD children on FB tests. Additionally, ID and TD groups
of similar VMA have been found to perform equivalently in a number of studies using
FB tasks (e.g. Baron-Cohen, 1992; Tager-Flusberg & Sullivan, 1994; Yirmiya & Shulman,
1996).
Although both individuals with ASD and those with ID alone often fail ToM tests, it is
unclear whether they do so for the same reasons. As several authors have highlighted, a
participant may fail ToM tasks for many different reasons (e.g. Fisher, et al., 2005),
including: problems of working memory (Slade & Ruffman, 2005), executive functions
(Fisher, et al., 2005), general intelligence or linguistic ability (Sundqvist & Rönnberg,
2010), and a history of limited social environment and opportunities (Charman,
Campbell, & Edwards, 1998; Jervis & Baker, 2004).
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2.3.2

Attempts to adapt Theory of Mind tasks for low-functioning individuals

Given concerns about extraneous task demands in standard ToM tasks, it would seem
important to develop tests appropriate for lower-functioning individuals. FB tests
originated in work with chimpanzees (Premack & Woodruff, 1978), and a number of
nonverbal test have been developed for ToM and related social cognition. Since
Premack and Woodruff’s original studies, Povinelli and Preuss (1995), Hare, Call, and
Tomasello (2001), and others, have studied ToM in chimpanzees using videos or live
action to present different scenarios and photographs or object/location choices to
respond. Bräuer, Call, and Tomasello (2004), have tested dogs’ ability to recognise that a
(human) visual perspective may differ from their own visual perspective; testing whether
a dog is more likely to steal an object out of sight of a human.
Non-verbal measures of ToM have also been adapted for human populations. Krachun,
Carpenter, Call and Tomasello (2009), created a language-free FB situation for children
where two examiners present a real situation and the child has to infer someone’s mental
state. Looking-time tasks, which are non-verbally based, such as the one described by
Onishi and Baillargeon (2005), where the time that babies use to look at unexpected
events is studied, have reported sound results with TD young babies as well as with
adolescents with Asperger Syndrome. However, such techniques may be unsuitable for
lower-functioning children with ASD, who may struggle to remain seated and attentive
long enough for their looking direction and times to be recorded accurately and reliably.
Many ToM tests, including the original Sally-Ann, do not require verbal output; children
can answer by just pointing (e.g. Colle, et al., 2007). The classic Sally-Ann location
change task has been used with relatively low-functioning individuals (e.g. mean
IQ = 67.6 in Harris, et al., 2008). However, as the experimenter has to provide verbal
instructions, the task still relies on verbal comprehension of the story narrative and test
and control questions. This reduces quite drastically the possibility to test participants
for whom language comprehension and production is severely impaired. In addition,
even if explanations are kept to a minimum, this type of task requires the child to shift
their focus of attention between the examiners and the situation, which can be
demanding for children with attentional or executive problems. In order to prove the
importance of the materials used to test ToM in ID individuals, Proctor and Beail (2007)
tested a group of 50 ID adult offenders (above the age of 30 years and average IQ below
65) in an adapted version of the Sally-Ann test. The task was presented in a video format
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and the story line was adapted to be age appropriate, involving two adults eating a
sandwich. They found that 86% passed the task, concluding that, in comparison with
previous studies where high failure rates in individuals with ID were reported (e.g.
Yirmiya, et al., 1998), the adapted task helped them to overcome lack of understanding
due to extraneous task demands in other tests of FB.
Considering all these problems together, the Penny Hiding Game (PHG) is a task that
has much to recommend it. The PHG taps understanding and execution of deception,
an ability that requires ToM since it involves causing someone to have a FB. The PHG
is a simple game where one person hides a penny in one of his/her hands and the other
person has to guess which hand the penny is. Therefore, it is not only about hiding an
object from the other person’s view, but also about putting yourself in the other
person’s shoes to guess a possible hiding strategy. Contrary to other classic tasks where
the criteria is pass or fail depending on the answer given, this task also gives a more
graded measure of social skill, by adding the number, or analysing the type of errors
committed (Charman & Campbell, 1997). This is perhaps the reason why a trend has
been reported in the PHG for pass rates to occur at an earlier age than standard FB
tasks by PDD individuals of low to borderline IQ (Hughes, Soares-Boucaud,
Hochmann, & Frith, 1997). The PHG is a promising task to use with low-functioning
children due to its naturalistic characteristics and active involvement of the participant.
In this way it has advantages for lower-functioning participants over those tasks where
the participant needs to abstract further from the situation (e.g. when the participant acts
as a viewer of a puppet role played scene). Additionally the minimal verbal demands, the
low working memory and joint attention demands, the short administration time, and
the fact that children can disengage from the task for a few moments and come back if
needed, make this task ideal to test low-functioning populations. The PHG was
therefore selected for use in the present study, and relevant literature on this task is
briefly reviewed below.

2.4 The Penny Hiding Game
2.4.1

Penny Hiding Game in TD

The use of the PHG started in the early 1960’s, not to study deception, but to study
role-taking in TD children. Role-taking was thought to be composed of three
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dimensions: inference, controlling the self and inter-relating multiple elements. The
PHG was thought to tap the last dimension or the ability to connect “the number and
relation of mental elements involved in a judgement” (Oswald & Ollendick, 1989, p.
120). According to Gratch (1964), one of the first authors to study this task which
requires guessing when only two possible options are available (i.e. left versus right),
developmental growth in role-taking ability could be measured by studying the hiding
pattern used by the children. Gratch found that children become more skilled at hiding
with age, starting at around 3 years of age with hiding the penny in the same hand
followed by a more mature switching pattern, finishing with irregular change of hands
for hiding at around 6 to 7 years of age.
Devries, in 1970, studied and extended this model of behaviour in the PHG. She
suggested that the development of role-taking occurs not in three, but in five different
stages. In the first stage, the child believes that the penny is always hidden in the same
hand and that the purpose of the game is simply to reveal or uncover the penny. There
is no awareness of secrecy in hiding the penny, if hiding of the penny happens at all.
During the second stage, the child learns to better imitate the movements and may put
his/her hands behind his/her back. However, the child believes at this stage that the
purpose of the game is for the other person to find the penny, and does not understand
the aim of deceiving the other person. The child is aware that both the hider and the
guesser have different behavioural roles, but the child thinks they have the same
motivational roles. During the third stage, the child has learnt that the purpose of the
game is to beat the opponent. Tricks may occur at this stage, although they are not yet
sophisticated (e.g. telling the opponent that they are being tricked). Although the child
already conceives of the other person as having opposite desires, the hiding strategy has
not yet been developed to deceive the opponent and the hiding of the penny occurs in a
regular pattern. The other person’s perspective has not been fully modelled. The fourth
stage is characterised by an irregular hiding strategy. The child begins to understand that
they have to change their strategy in order not to become predictable. Children now
understand what the other person may be expecting. Despite this huge jump of
perspective understanding, at this stage the guessing strategy remains repeated or regular.
In other words, the ability to understand another person’s point of view develops earlier
than the ability to understand that the other person may be considering one’s own
perspective as well. Therefore, the development of the hiding strategy must occur prior
to more sophisticated guessing strategies. Lastly, in the fifth stage, both guessing and

44

hiding are characterized by irregular patterns. At this stage, children may look for clues
in the face when guessing, and decisions may also take longer.
Despite the very complete and comprehensive model for the development of deception
in the PHG, neither Devries nor Gratch provide what could be very valuable
information on approximate VMA for each stage. In order to further explore this model,
Baron-Cohen (1992) conducted a similar study. He concluded that the development of
deception in young children occurs after the development of FB, and that the
chronological age at which TD children start understanding that they need to hide the
object from the other person’s knowledge, and not just from their sight, occurs no
earlier than 3.5 years of age, the age at which tricks also develop. For individuals with
ID, this was also the case, in terms of VMA rather than chronological age.
2.4.2

Penny Hiding Game in ASD

Several studies have explored the ability to deceive in ASD, although only a handful has
used the PHG. Using different tools than the PHG, the ability to deceive has been
reported to be deficient in individuals with ASD, although not the ability to sabotage or
to impede physically a “thief” from obtaining an object (Sodian & Frith, 1992; Yirmiya,
Solomonica-Levi, & Shulman, 1996). Although a recent study with individuals with HFA
showed that they were capable of deceiving and lying, it also showed that individuals
with ASD were less capable of maintaining lies and were less consistent than TD
individuals, highlighting the difficulties of ASD individuals to understand intuitively the
purpose of the deception (Li, Kelley, Evans, & Lee, 2011).
The first study of deception in ASD using a PHG was conducted by Oswald and
Ollendick (1989). Following the principles used in the study by Devries (1970), the
authors matched in chronological age and non-verbal IQ, 10 ASD children with 10 ID
children (both mean IQ = 61). The authors found that ASD children, despite
performing similarly to ID children in two FB tasks, failed to hide the penny from the
experimenter significantly more than ID children, and that this was closely correlated to
their social ability as measured by the Vineland Adaptive Behaviour Scales (Sparrow,
Balla, Cicchetti, & Doll, 1984), in particular, with the Interpersonal Relationship
sub-domain. The PHG not only correlated with the Vineland scales, but also with the
proportion of time used in interacting with others during free-play and positive activities.
By contrast, the measures of FB did not correlate significantly with the Vineland Scales
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or other social measures. This finding highlights the advantage of the naturalistic PHG
over alternative measures of ToM.
Following these findings, Baron-Cohen (1992) proposed a model to help to understand
this phenomenon. He rejected Devries’ model, as he believed that the root of the
problem in the PHG did not stem from the quality of the guessing and hiding patterns,
but from the cognitive demands of hiding an object. Instead, Baron-Cohen distinguished
two main indexes to analyse performance on the PHG. The first one, which occurs at a
younger developmental age, is the Object Occlusion index. This index corresponds to the
first stage of Devries’ model, where the child is merely covering and uncovering the
penny. However, in line with the ability to deceive, Baron-Cohen adds a second index,
or Information Occlusion. That is, to make sure that the information about where the penny
is located is kept hidden from the guesser. An example of a child understanding Object
Occlusion but not Information Occlusion would be a child that hides the penny
correctly by closing both fists, but reveals verbally the location, or only brings the hand
with the penny forward. Successful Information Occlusion would be, for example, a
child who makes sure that the penny was hidden behind his/her back and both hands
are at the same level when presented, so that the guesser cannot infer where the penny
is. Baron-Cohen described tricks as an advanced form of deception - and called this
misinformation – as they require creating a FB in the person that guesses. In his study,
Baron-Cohen tested 15 ASD (CA = 15.3, VMA = 6.2), 15 ID (CA = 15.44; VMA = 5.0)
and 15 TD (CA = 3.8) children on the PHG task and correlated the results with those
from a FB task adapted from Perner, Leekam, and Wimmer (1987). Overall, children
with ASD performed less well than individuals with ID despite the lower VMA of the
latter group. Findings in this study support the idea that ASD children are not impaired
in Object Occlusion, but they are at Information Occlusion, similar to the results found
in Sodian and Frith (1992), where ASD children were good at physically preventing
someone from getting an object but not at telling a lie. The author also found that those
children who passed the Information Occlusion criteria (only 2 ASD children) also
passed the FB task (4 ASD children) but not vice versa, suggesting that understanding of
FB is necessary but not sufficient to show Information Occlusion ability. Additionally,
none of the ASD participants showed, according to Devries, the mature strategy of
irregular hiding and guessing, leading the author to conclude that his newly created
indexes were more appropriate and reliable than Devrie’s model. VMA was not a
moderator of performance in the ASD group, but it was for ID individuals. Finally,
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Baron-Cohen pointed out that the ASD individuals rarely used tricks (only 1 ASD
individual in his study) despite mental ages over 3.5 years, age at which tricks start to
develop in TD.
Only one further study, by Reinecke, Newman, Kurtz, Ryan, and Hemmes (1997), has
described in detail the performance of ASD children in the PHG. In this study, the
authors studied the teaching of deceptive ability by using the PHG in three ASD
adolescents with moderate to severe ID (9-, 12- and 14-year-olds). Results showed that
children can be taught to deceive under intensive treatment, and the authors add that the
ability to deceive, contrary to Baron-Cohen’s suggestion, can be spontaneously acquired
via means of social reinforcement. However, this sample is extremely small and
generalization of results to real life or conclusions requires caution.
Several studies have reported the use of the PHG as part of a comprehensive ToM
battery of tests to assess ASD individuals of different degrees of intellectual ability,
although with no specific information on performance on the PHG and only occasional
description of the scoring procedures used. Fisher and Happé (2005) and Oswald and
Ollendick (1989) report studies including PHG focused on children and adolescents
with ASD and severe and moderate ID. Steel, Joseph, and Tager-Flusberg (2003) used
the PHG, substituting a sticker for the penny, with both children and adolescents with
ASD of a wide range of abilities (from severe ID to normal intelligence). Hamilton,
Brindley, and Frith’s (2007) study focused on young children with ASD and moderate
ID. White, Hill, Happé, and Frith (2009) studied children and adults with HFA, and
Gowen, Stanley, and Miall (2008) focused only on adults with HFA. In one other study
with PDD individuals (13 Autism, 8 PDD-NOS) between the ages of 4 and 11 (range
non-verbal IQ 35 - 83, range VMA 2 – 7), 24% of the children passed the PHG but not
any of the other three FB tasks presented (Hughes, et al., 1997). However, the authors
did not report detailed information on the performance of such individuals in relation to
other tasks or individual characteristics.
Baron-Cohen’s study (1992), although being the most detailed study in children with
ASD, included only a small number of ASD participants (n = 15) and lacks validity to
generalize findings to the broad Autism spectrum. Similarly, Reinecke et al. (1997)
described the performance of only three individuals with ASD and ID. Thus, in order to
obtain sound and powerful results, an extensive and detailed evaluation of performance
on the PHG by a large group of individuals at the lower ability end of the spectrum is
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needed. The present chapter reports differences on PHG performance in a large group
of over one hundred participants with ID with or without ASD.

2.5 Aims and hypotheses
In this chapter, evidence has been reviewed showing that a ToM deficit seems to occur
in both individuals with ASD and individuals with ID. However, these groups present
qualitative differences in performance. The poor performance of ID groups has been
proposed to be a consequence of extraneous task difficulties (e.g. memory, executive
function, linguistic demands). By contrast, ToM task failure in ASD is thought to reflect
core difficulties in representing mental states. The present study aims to explore in detail
the performance of a group of individuals with ID with or without ASD during a
naturalistic, largely non-verbal task measuring the ability to deceive and hence ToM: the
Penny Hiding Game (PHG). It is predicted that the format of the PHG (non-verbal, low
attention demands, low memory load) will aid individuals with ID more than individuals
with ASD. The role of Verbal Mental Age (VMA) will be studied in relation to PHG
performance. Types of performance (e.g. number and type of tricks and errors
committed) will be examined between groups. The Object and Information Occlusion
indexes described by Baron-Cohen (1992), will be explored within and between groups,
as descriptors of developmental change. Since Object Occlusion errors are characterized
for corresponding to a more immature ToM development stage, it is expected that ASD
individuals will commit more frequently this type of errors than ID individuals.
Simultaneously, it is hypothesised that the number of Objects Occlusion errors will be
greater than Information Occlusion errors in the ASD group, denoting a difficulty to
achieve more complex levels of mental understanding. Concretely, this study will be
testing the following hypotheses:
1) ASD individuals will perform significantly worse, by committing more errors,
than an ID group (matched in VMA) on the PHG.
2) The ID group will produce significantly more tricks, and display a greater ability
to deceive, than the ASD group.
3) The VMA of those who pass the PHG would be higher in the ASD group than
in the ID group.
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4) The Object Occlusion index will be greater (denoting more mistakes) in the
ASD group than in the ID group.
5) The Object Occlusion index will be greater than Information Occlusion index in
the ASD group.

2.6 Method
2.6.1

Participants

Special Needs schools in the area of Greater London were approached by the author by
letter or direct contact. A total of 16 schools (out of 79 approached) supported this
project. All children attending these schools have a Special Needs Statement with degree
of ID ranging from moderate to severe. Within each school, teachers were asked to
select children who they considered were able to stay on task for at least 10-minute
intervals and cooperate with the researcher. Based on these criteria, 211 children
between the ages of 5 to 19 were recruited. However, due to the severity of their
intellectual impairment, 41 of the children were unable to complete any of the tasks in
the battery. This was due to refusal (n = 5) or inability to understand what was required
to complete the tasks (n = 36). The proportion of ASD individuals unable to complete
the task was significantly higher than the proportion of ID individuals who were unable
to complete the task (χ2(1) = 18.87, p < .001). Additionally, at the time of testing, 20
participants were no longer available (e.g. moved to different school, absent due to
illness). Lastly, five children were excluded from the sample as they were considered to
be too high-functioning for this study (e.g. studying for A-Levels). Not all 145 remaining
children were able to complete the whole battery of tests, and exact participant numbers
used in this thesis are provided below (see Table 2-1).
The experimental group was formed of children with a diagnosis of ASD. The diagnosis
was identified from each individual’s special needs statement, which had been completed
by the corresponding Local Educational Authority and under the assessment of a clinical
and multidisciplinary team of professionals. The comparison group consisted of
participants with ID, but with no associated ASD. According to their special needs
statement, all participants in both groups suffered from moderate to severe ID.
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Table 2-1 Number (%) of completed and uncompleted participants in the ASD and ID
groups from the total recruited
ASD

ID

Total

33 (31%)

8 (8%)

41 (19%)

Refusal

5

0

5

Unable to perform

28

8

36

11 (10%)

9 (9%)

20 (10%)

High-functioning

3 (3%)

2 (2%)

5 (2%)

Valid participants

61 (56%)

84 (81%)

145 (69%)

108 (100%)

103 (100%)

211 (100%)

Unable to complete

Lost cases

Total

An excess of males was observed in both groups, but was significantly greater in the
ASD group than the ID group (ASD = 85%, ID = 64%, χ2(1) = 7.90, p < .05). All 145
participants were impaired to some degree in their communicative ability (ranging from
mildly delayed to one-word sentence production) and some were non-verbal (no use of
spoken language and limited use of alternative systems of communication). The
proportion of non-verbal participants was significantly greater in the ASD group (25%)
than in the ID group (8%), χ2(1) = 7.26, p < .001.
Teachers and teaching support staff were approached to complete two questionnaires.
The

first

questionnaire,

the

Vineland

Adaptive

Behaviour

Scales,

Second

Edition-Teacher Rating Form (VABS-T; Sparrow, Cicchetti, & Balla, 2006), measures
social and personal skills in the academic environment. The second questionnaire
differed depending on the group. For those children with an ASD diagnosis, teachers
filled in the Inventory of the Autism Spectrum (Rivière, 1997a, 1997b) to rate the
severity of the Autism condition. For the control group, and in order to screen for
autistic traits, teachers completed the Social Communication Questionnaire Current
Form (SCQ; Rutter, Bailey, & Lord, 2003). The SCQ is a short questionnaire based on
the items of the Autism Diagnostic Interview-Revised (ADI-R; Rutter, Le Couteur, &
Lord, 2003) and measures behaviours comprising the triad of impairments in Autism.
Lastly, teachers answered specific questions regarding diagnosis (as referred to their
statement of special needs) and co-morbid medical conditions. A summary of co-morbid
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medical conditions across the ASD and ID groups is presented in Table 2-2.
Additionally, other syndromes were also noted (see Table 2-3).
Table 2-2 Co-morbid medical conditions for valid participants, by group
ASD

ID

Total

Epilepsy

1

13

14

ADHD

1

9

10

Motor problems

4

20

24

Hearing impairment

1

5

6

Visual impairment

0

4

4

Respiratory difficulties

4

6

10

Neurological conditions

0

2

2

Total

11

59

70

Table 2-3 Co-morbid chromosomal conditions for valid participants, by group
ASD

ID

Total

Kippel-Feil Syndrome

0

1

1

Down Syndrome

0

4

4

Sickle Cell Disease

1

0

1

Cerebral Palsy

1

5

6

Microcephalia

0

2

2

Fragile X Syndrome

0

1

1

Prader-Willi Syndrome

0

1

1

Pentasomy X Syndrome

0

1

1

Partial Trisomy X Syndrome

0

1

1

Chromosomal abnormality (not specified)

0

1

1

Total

2

17

19

2.6.1.1

The ASD Group

The Inventory of the Autism Spectrum is a translation (by the present author) of the
Inventario Del Espectro Autista (or IDEA) by Rivière (1997a, 1997b), that consists of
12 dimensions describing four areas of impairment in Autism: (i) Social Impairment, (ii)
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Communication and Language Impairment, (iii) Anticipation and Flexibility Impairment,
and (iv) Symbolisation Impairment, each of which have three sub-dimensions. This tool
is commonly used in Spain and other Spanish-speaking countries (e.g. Herrera, Alcantud,
Jordan, Blanquer, Labajo, & De Pablo, 2008; Kaufmann, 2008; Fortea & Luzardo, 2003).
The inventory is intended to be used as a measure of the degree of severity of Autism
and to identify possible changes due to the exposure to (or lack of) educational and
therapeutic methods. Each dimension is scored from 0 (no impairment at all) to 8 (very
impaired). Appendix A.1 presents the Inventory of the Autism Spectrum in full.
The classification of valid ASD participants with completed Inventory of the Autism
Spectrum (n = 55) is presented in Table 2-4. Each sub-dimension score ranged from 0 to
8, with the full dimension varying from 0 to 32 (high scores indicate greater impairment).
Following Rivière’s guidelines, participants were classified in terms of the severity of
ASD. Those that scored low (between 0-40), were classified as Mild ASD; those scoring
around 50 (41 to 60) were classified as Typical ASD; and those with high score (61 to
96) as Severe ASD individuals. Participants’ level of ability in each sub-dimension by
ASD subgroups is described in Appendix A.2.
Table 2-4 Classification of participants according to the Inventory of Autism Spectrum
Disorder: Number and (percentage)
Mild ASD

Typical ASD

Severe ASD

Male

14

24

9

Female

4

3

1

18 (33%)

27 (49%)

10 (18%)

Total

Figure 2-1 shows the mean severity score for each subgroup of ASD in each of the four
main dimensions. Figure 2-2 represents the mean severity score for the 12
sub-dimensions.
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Figure 2-1 Participants mean severity in the four main dimensions of the Inventory of
Autism Spectrum Disorders. Error bars represent 95% CI

Following suggestions from Happé and Ronald (2008) showing evidence of a
fractionable triad of impairments with relatively low correlations between components
of the triad, analyses were carried to examine the correlation between the four main
dimensions of the Inventory of Autism Spectrum. As data were not normally
distributed, non-parametric Spearman Rho was used. Results showed high and
significant correlations between all four dimensions (all rs > .42, p < .001), especially
between the Communication and Symbolization domains (rs = .68, p < .001) suggesting
that the ability to construct symbolic representations is closely related to the
development of communicative ability. The second strongest correlation was found
between Communication and Socialization (rs = .63, p < .001), with a high correlation
also being found between Symbolization and Socialization domains (rs = .58, p < .001).
However, in line with Happé and Ronald’s finding, once the ASD group was divided in
subgroups in terms of severity, only the correlation between Communication and
Symbolization remained significant in the mild ASD group (rs = .47, p = .05), and
between Anticipation and Symbolization domains for the severe ASD group (rs = - .74,
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p = .015). The remaining correlations became low (rs < .36) and non-significant for all
groups.

Figure 2-2 Participants mean severity in the 12 dimensions of the Inventory of Autism
Spectrum Disorders. Error bars represent 95% CI

2.6.1.2

The ID Group

The Social Communication Questionnaire (SCQ) was completed by the teachers in
order to screen for possible ASD in the ID participants. Standard procedures to analyse
the SCQ set the cut off point for possible ASD at 15 points. However, due to the
severity of (particularly communication) difficulties displayed by the control group, 54
from 67 individuals with available questionnaires scored above the recommended cut-off
and further analysis was required. As the SCQ questionnaire is based on the ADI-R
interview, the SCQ questions were transferred into the ADI-R algorithm using the
ADI-R guidelines to compute the final scores. Therefore, the corresponding answers in
the SCQ were multiplied accordingly by 2. After each domain was analysed
independently for those participants scoring above cut-off in the SCQ, results showed
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that the majority of ID participants scored above cut off in the Communication and
Behaviour and Stereotyped Patterns domains (89% and 96% respectively), in contrast
with the Socialization domain where only 33% scored above cut-off. As the diagnostic
criteria for ASD requires impairment in all the three areas simultaneously, only those
participants scoring above the cut-off in all three areas were considered at risk of an
ASD diagnosis (a total of 16 participants or 30%). Figure 2-3 shows a Venn’s diagram
with the number of participants scoring above cut-off in each of the subscales of the
SCQ (as converted into the ADI-R algorithm).

Figure 2-3 Number of ID participants scoring above cut-off in each area of the SCQ
(converted into the ADI-R algorithm)

As teachers also completed the Vineland Adaptive Behaviour Scales Second Edition,
Teacher Rating Form (VABS-T), this measure was used to explore further those
participants in the ID group with enough ASD traits (as assessed by the SCQ) to be
possibly classified as on the Autism spectrum. The good discriminant validity of the
VABS-T for individuals with Autism, with or without ID, has been reported in previous
studies (e.g. Balboni, Pedrabissi, Molteni, & Villa, 2001; Perry, Flanagan, Geier, &
Freeman, 2009). The VABS-T is composed of four domains: (i) Communication, (ii)
Daily Living, (iii) Socialization and (iv) Motor Skills. However, Motor Skills norms only
cover up to 6 years of age. The manual provides standard scores, which have a mean of
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100 and a standard deviation of 15. According to Balboni et al. (2001), the VABS-T is a
good tool to discriminate between conditions by reflecting lower scores in the specific
area(s) of impairment of each disability. For instance, since ASD is a disorder with social
impairment as the main feature, a relative trough in the Socialization sub-domain should
help discriminate ASD from other clinical groups. Supporting this idea, the VABS-T
manual specifies that greater social ability is seen in individuals with ID alone compared
to those with ID and ASD (Sparrow, et al., 2006, p. 58). Additionally, studies by
Carpentieri and Morgan (1996) and Liss et al. (2001) have also reported that the
Socialization domain has good discriminative power between these groups. The
VABS-T manual provides significance levels for pair-wise comparisons between all four
main domains. Pair-wise comparisons were therefore used for those 16 participants who
scored above cut off in all three sub-domains of the ADI-R (as determined from the
SCQ), showing only one of those participants presenting a flat profile in all main
domains of the scales (standard scores in Communication = 76, Daily Living = 84, and
Socialization = 78), in contrast with the peak in the Socialization domain to be expected
for the ID only group. That participant was therefore excluded from the ID group.
2.6.1.3

Participants in the present study

Of the 211 participants recruited for the study, 132 participants were approached to
complete the Penny Hiding Game (PHG). Four participants were unable to understand
Part 1, where they had to guess where the penny is, and therefore their assessment was
aborted (e.g. participant did not attempt to guess where the penny was or just mirrored
the experimenter’s arms movements without awareness of having to choose one of the
hands). Of the remaining 128 participants, nine did not complete a single trial of Part 2
(1 ASD and 1 ID participants refused, and 7 ASD participants engaged in the interaction
but did not understand that they had to hide the penny), one participant attempted one
trial and then refused, and two other participants attempted two trials but did not
understand the game and therefore the game was aborted. As Fisher and Happé (2005)
reported sound results with young children on the task by using only three hiding trials,
this was considered the minimum number of trials required for the task to be defined as
valid. Therefore, the remaining 116 participants were used in the analyses of the PHG
task. Answers for those participants where the number of trials was less than six were
prorated (ASD = 7, ID = 11). Table 2-5 shows the number of trials passed in each part
of the task (Part 1 and Part 2) for each group.
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Table 2-5 Number (%) of participants according to level of engagement, by group
ASD

ID

52 (93%)

76 (100%)

Engaged, but unable to understand

4 (7%)

0 (0%)

Refusal

0 (0%)

0 (0%)

0 trials

8 (15%)

1 (1%)

1 trial

0 (0%)

1 (1%)

2 trials

2 (4%)

0 (0%)

3 trials

3 (6%)

3 (4%)

4 trials

5 (10%)

2 (3%)

5 trials

2 (4%)

9 (12%)

6 trials

32 (61%)

60 (79%)

42 (81%)

74 (97%)

Part 1: Guessing: Number of trials completed
Interacted during all 6 trials

Part 2: Hiding: Number of trials completed

Total participants with valid data (≥3 trials completed)

The number of dropped participants due to lack of comprehension of the task was
significantly higher in the ASD group than in the ID group (χ2(1) = 15.14, p < .001).
2.6.2

Materials

In order to gather information about the participants’ verbal ability, individuals were
administered the British Picture Vocabulary Scale, Second Edition (BPVS; Dunn, Dunn,
Whetton, & Burley, 1997). The BPVS was developed to measure vocabulary
comprehension. It provides an estimated Verbal IQ (VIQ), based on normally
distributed standardized norms (M = 100, SD = 15) and VMA based on the raw scores.
It consists of 14 sets of images formed by 12 plates each set and ordered in increasing
difficulty. Each plate has four black and white line drawn pictures in a 2x2 grid on a
23 cm x 17 cm paper sheet. The assessment begins with four additional training plates to
make sure the participant understands the test requirements. The BPVS is a good tool to
assess vocabulary comprehension in those children with speech difficulties as the answer
can be given by touching or just pointing at the selected picture.
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The only materials required for the PHG was a penny. However, in two instances,
another small motivating item was used as a substitute when the individual was not
interested in the penny and therefore found it difficult to engage in the game. By
changing the penny for another object, these participants focused well on the task,
making their inclusion possible.
2.6.3

Procedure

Following the standard procedures of the local Ethics Committee (ethical approval
reference 05/Q0706/235 (204/05)) for participants who lack the ability to consent,
letters of consent were sent to the families of participants to be signed by the main
parent or carer. Participants with confirmed consent were tested in a quiet room or area
in the school. On three occasions, the testing was supervised by a familiar member of
staff to increase the participant’s comfort and increase cooperation throughout the
sessions. Participants were told that they were going to perform special work similar to
what they do in their class. More elaborate explanation of the tasks was not possible due
to the poor verbal comprehension of most participants. However, they were encouraged
and praised for attempting each task.
Regarding the BPVS, the examiner, sitting next to the child, presented the child with the
first two training plates, one at a time. The examiner then asked, “where is (e.g.) ‘baby’?”.
If after repeating the question three times the child failed to indicate an answer by
touching, pointing or saying the number of the image, the assessment would finish. Only
the first two training plates were used, as the last two training plates involved a high level
of understanding and were disregarded to avoid frustration.
In contrast to the recommended starting point for different ages as described in the
manual, all participants started the assessment at Set 1. This was considered more
suitable due to the ID of all participants. The task was discontinued when a participant
failed eight or more plates in one set. No corrective feedback was given, only
encouraging statements (e.g. “You are doing well”). Since this task was one of the most
straightforward of the whole battery of tests used in this thesis, if the child was not able
to perform this task, the rest of the assessment was aborted. For those participants that
completed this task, the PHG followed, allowing a few minutes break if the child needed
it.
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The PHG, which lasted no more than 5 minutes (average time was 2 mins 15 secs), was
video-recorded with a digital camcorder (model Sony DCR-SR55E), for later review and
coding. The task started by showing the penny to the child. If the child was verbal, he or
she was asked, “What is this?” to make sure that the child was paying attention to the
object. If the child was non-verbal, he could play with it for a few seconds before it was
taken away. The experimenter then put both hands behind her back and hid the penny
in one of them. Then, presenting both hands forward, the participant was asked to
choose the hand where the penny was hidden. The experimenter hid the penny for six
consecutive trials, which followed a regular hand pattern: right, left, right, left, left, right
(except for 10 cases, where a different irregular sequence was used inadvertently). If after
three trials the child did not understand the game and was not participating in guessing,
the assessment was finished. If the child understood the guessing part of the game, then
he/she was asked to hide the object from the experimenter for a further six trials. Five
types of errors that could be committed by the participant were noted:
Error 1

not keeping both hands out of sight when hiding the penny

Error 2

only one hand used (hiding or presenting)

Error 3

hand(s) open

Error 4

says where the penny is

Error 5

display error (penny is hidden but you can tell where it is: e.g. brings arm forward
or he moves fingers)

Three types of tricks were also coded:
Trick 1

emphasises the wrong hand

Trick 2

presents two empty hands (but hands folded)

Trick 3

post decision trick (e.g. saying experimenter is wrong or transferring the penny to
the other hand)

Following the naturalistic context of the task, the experimenter gave feedback to the
child if errors or tricks were noticed (e.g. “I can see the penny!” or “Are you tricking
me?”).
Key variables were the total number of errors and total number of tricks. The
computation of errors and tricks was made by adding the number of errors or tricks
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displayed in a single trial. The total was created from the addition of all six trials (or
pro-rated if participants had completed only three (n = 6), four (n = 7) or five (n = 11)
trials). Although there were five possible types of errors, the maximum number of errors
possible per trial was four (observed in only one case) as some error types excluded
others (e.g. display error cannot happen with presenting only one hand). For tricks, the
maximum number of possible tricks displayed in a single trial was two (e.g. emphasizing
the wrong hand cannot happen with empty hands). In addition, the hand pattern of
guesses and of hiding of the penny was noted for later analysis.
As the author was not blind to the children’s diagnoses, a blind rater coded 30% of the
videos. Inter-rater agreement was high for number of errors (rs = .88, p < .001) and
tricks (rs = .81, p < .001). Therefore, the author’s judgement was considered sufficient to
code the remaining videos.
2.6.4

Statistical analyses

Analyses in this thesis were undertaken using IBM SPSS Statistic 19 (® IBM). When
parametric analyses were not possible, non-parametric analyses were used where
adequate transformation of variables did not normalize them. Hochberg method of
correction for multiple testing (Benjamini & Hochberg, 1995) was preferred due to the
greater power the statistic yields in comparison with Bonferroni or Tukey tests. To study
effect sizes, Pearson’s r was chosen over Cohen’s d due the ease of calculating the
amount of variance explained by the effect (r2). Therefore, r = .10 would be a small
effect (1% of the variance is explained by the effect), r = .30 would be a medium effect
(9% of the variance is explained by the effect) and r = .50 would be a large effect (25%
of the variance is explained by the effect).

2.7 Results
Description of CA and VMA of the 132 participants approached to complete the task is
shown in Table 2-6. The data are presented separately for those participants who were
able to complete the task and for those who were not.
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Table 2-6 Mean (SD) and [range] for CA and VMA (in years), by group, by performance
in the PHG
n

ASD

n

ID

z

p

r

0.12

.91

.01

0.43

.67

.04

0.48

.63

.12

0.64

.52

.16

0.62

.54

.05

2.03

.04

.18

Completed PHG
CA

42

VMA

41

12.60 (3.05)
[6.84 – 17.80]
4.49 (2.40)
[2.25 – 11.33]

74
73

12.72 (3.32)
[6.00 – 19.53]
4.34 (1.67)
[2.25 – 8.00]

Unable
CA

14

VMA

13

CA

56

VMA

54

11.30 (4.22)
[5.36 – 17.80]
2.46 (0.30)
[2.25 – 3.08]

2
2

12.72 (4.99)
[9.19 – 16.25]
2.84 (0.83)
[2.25 – 3.42]

All
12.22 (3.40)
[5.36 – 17.80]
4.00 (2.27)
[2.25-11.33]

76
75

12.72 (3.32)
[6.00-19.53]
4.30 (1.67)
[2.25-8.00]

When dividing participants according to PHG performance (able/unable), ASD and ID
groups were matched in both CA and VMA. However, when all participants were
considered as a group VMA was significantly lower in the ASD group than in the ID
group.
2.7.1

Penny Hiding Game performance: frequency analyses

After exploring the number of errors committed by the 116 participants who completed
the PHG, only 19 did not commit any error during the hiding: ASD = 3 (3%), ID = 16
(14%). Those participants were labelled “passers”. Additionally, eight participants
(ASD = 2, ID = 6) committed only one error through the whole task. The majority of
their errors (4 out of 8) were classified as display errors and therefore deemed as mild in
contrast with the other types of possible errors (as supported by other authors, e.g.
Charman, Jones, et al., 2011; White, et al., 2009). Considering this and the elevated
number of errors in the majority of the remaining participants (e.g. up to 18 errors
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recorded in one child), those participants with only one error throughout the whole task
were also classified as passers. The final number of ID passers (22 of 74; 30%) was
significantly higher than the number of ASD passers (5 of 42; 12%, χ2(1) = 4.77, p = .03).
Since the PHG was one of the simplest tasks in the battery, all participants were
encouraged to complete this task. Those participants who in the first stage of the PHG
did not engage with the examiner, but were able to complete at least one of the other
simple tasks (BPVS standard or photo), were considered to have failed the PHG. Since
these individuals could follow very simple instructions, as demonstrated in the other
tasks, individuals who were incapable of understanding the basics of the PHG were
judged to have failed to engage with the PHG because of the social/deception demands
of the task. The understanding of the PHG requires not mirroring the other person
(which was a very common mistake) but understanding that the other person wants you
to infer where the penny is. Including children who failed to get the point of the PHG,
the number of failers changed from 42 to 51 (91%) for the ASD group, and from 52 to
54 (71%) in the ID group. Table 2-7 summarizes the number and percentage of
participants that passed or failed the PHG in each group. In this analysis, the proportion
of ID passers (29%) remained significantly higher than the proportion of ASD passers
(9%, χ2(1) = 7.49, p = .005). Based on the odds ratio, the chance of an individual in the
ID group passing the PHG was 2.4 times greater than that for the ASD participants.
Table 2-7 Number (%) of participants that passed or failed the PHG, by group
ASD

ID

5 (9%)

22 (29%)

0 errors

3

16

1 error

2

6

51 (91%)

54 (71%)

More than one error

37

52

Completed less than 3 trials or did not engage

14

2

56 (100%)

76 (100%)

Passers

Failers

Total

Overall, ASD participants committed more errors (M = 6.98, SD = 4.12) than ID
participants (M = 5.36, SD = 5.18), which was significant (z = 2.15, p = .03, r = .20).
Additionally, ASD participants used significantly fewer tricks (M = 0.20, SD = 0.12)
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than ID participants (M = 0.68, SD = 0.16; z = 2.84, p = .004, r = .26). Surprisingly, 2
ASD (4%) participants that exhibited tricks also displayed errors. This seemed to be
more common in the ID group, where 13 participants (18%) that committed errors also
attempted to trick the experimenter.
2.7.2

Penny Hiding Game and its relation to verbal ability

As the data were not normally distributed, in order to study the differences in VMA
between groups, the dependent variable was transformed using a logarithmic
transformation. Data on VMA were not available for three of the participants (2 ASD
and 1 ID) and therefore analyses were conducted on data from the remaining 129
participants. The mean VMA for ASD passers (n = 5) was 7.86 years (SD = 3.32), and
for ID passers (n = 22) was 5.80 (SD = 1.29). For the failers, the mean VMA in the ASD
group was 3.60 (SD = 1.74) in contrast to 3.71 years (SD = 1.43) for the ID group.
Figure 2-4 shows a graphic representation of the mean VMA for each group. Factorial
ANOVA analyses showed that, despite not showing main differences in VMA between
ASD and ID groups (F(1,125) = 1.47, p = .23, r = .11), there were significant main
differences on VMA between passers and failers (F(1,125) = 46.19, p < .001, r = .52), with
passers displaying a higher VMA. This difference between passers and failers was also
found within each group (post-hoc analyses; ASD p < .001; ID p < .001). There was no
significant interaction between groups (ASD vs. ID) and PHG performance group
(passers vs. failers); F(1,125) = 2.89, p = .09, r = .15. However, as significant differences
between passers in the ASD and passers in the ID groups were hypothesised a priori,
follow-up analyses were undertaken. Results reaffirmed no significant differences in
VMA between ASD and ID groups for passers (p = .12) or failers (p = .51).
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Figure 2-4 Mean VMA for participants that passed or failed the PHG, by group. Error
bars represent 95% CI

Logistic regression analyses using PHG passing or failing as outcome variable and VMA
as predictor, showed 96% of predictor accuracy (χ2(1) = 33.76, p < .001). When group
was also introduced as predictor, the model remained significant (χ2(2) = 43.21, p < .001)
although slightly decreased its accuracy to 86%. VMA and group together account for
between 28% and 45% of the variability of passing or failing the PHG. CA was entered,
but it did not add significantly to the model. Figure 2-5 presents a graphical
representation of the mean predicted probability of passing the PHG according to VMA
in each group, and Table 2-8 shows the logistic regression model for passing or failing
the PHG.
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Table 2-8 Logistic regression model for predictors of performance on the PHG
95% CI for Odds Ratio
β

SE

Lower

Odds Ratio

Upper

Constant

-4.51

0.83

VMA

0.76

0.15

1.58

2.14

2.89

Group

-2.02

0.76

0.03

0.11

0.59

R2 = 0.28 (Cox & Snell); R2 = 0.45 (Nagelkerke), Model χ2(2) = 43.21, p < .001

Figure 2-5 Mean predicted probability to pass the PHG according to VMA, by group

Regarding VIQ, normality tests showed that the variable was not normally distributed
across groups, and therefore non-parametric analyses were used. VIQ was not available
for 18 older participants that had an estimated VMA, as the BPVS manual only covers
up to 15.8 years of age. VIQ was therefore available for 111 participants (from 129).
Mean (SD) for each group is presented in Table 2-9.
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Table 2-9 Mean (SD) VIQ for ASD and ID participants according to PHG performance
n

ASD

n

ID

Passers

5

71.80 (10.85)

20

55.90 (15.27)

Failers

36

47.14 (12.92)

50

45.28 (11.99)

Kruskal-Wallis revealed significant group differences (χ2(3) = 21.22, p < .001). Post-hoc
analyses showed that the differences were due to significant differences between passers
and failers in each group, with passers showing higher VIQ than failers. (ASD passers
vs. ASD failers, z = 3.17, p = .001, r = .42; ID passers vs. ID failers, z = 3.23, p = .001,
r = .37) but not between passers or failers across groups (both p > .11). Differences
remained significant after Hochberg correction for multiple testing.
2.7.3

Learning curve

The possible effects of learning across the PHG were explored. For this purpose, only
participants who completed six trials were taken into account (ASD = 32, ID = 60).
Number of errors and tricks were not normally distributed, and therefore
non-parametric analyses were used. In terms of errors, there were no significant
differences in hiding errors between Trial 1 and Trial 6 in the ASD group (z = 0.83,
p = .40, r = .15) or the ID group (z = 0.38, p = .70, r = .05), although somewhat fewer
errors were committed in the later trial (mean errors for ASD participants during
Trial 1 = 0.97, SD = 0.82; and for Trial 6 = 0.88, SD = 0.75; mean errors for ID
participants during Trial 1 = 0.72, SD = 0.96; and for Trial 6 = 0.68, SD = 0.87). For
graphic detail of the percentage of errors by group in each trial, see Figure 2-6.
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Figure 2-6 Percentage of participants committing errors in each trial by group

The number of tricks was also examined across trials. For the ASD participants, the
mean number of tricks increased from zero in Trial 1, to mean = 0.06 (SD = 0.25)
during Trial 6. For ID participants, the mean number of tricks for Trial 1 was 0.07
(SD = 0.25), and 0.20 (SD = 0.40) for Trial 6. Wilcoxon non-parametric test for
repeated measures showed that this change across trials was non-significant for the ASD
group (z = 1.14, p = .16, r = .20) but significant for the ID group (z = 2.31, p = .02,
r = .30). Figure 2-7 shows the percentage of participants in each group using tricks in
each trial.
The ASD group committed significantly more errors in relation to the ID group in
Trial 1 (z = 2.17, p = .03, r = .20) and Trial 5 (z = 2.30, p = .02, r = .22). In terms of
tricks, there were no significant differences between groups in any trial (all p > .07),
although ID superiority approached significance in Trial 1 (p = .06).
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Figure 2-7 Percentage of participants using tricks in each trial by group

2.7.4

Type of errors and tricks committed

In order to examine if the ASD individuals presented more Object Occlusion errors
than Information Occlusion errors, as reported in Baron-Cohen’s study (1992), the types
of errors were clustered. Hence, Error 3 (hand(s) open), was considered as Object
Occlusion error, and the four remaining error types (1, 2, 4 and 5) were added and
divided by four, forming the Information Occlusion error. As data were non-normally
distributed, Mann-Whitney was used to explore the differences between groups. Both
groups committed more Object Occlusion errors (for the ASD group, M = 1.93,
SD = 1.81, and for the ID group M = 1.07, SD = 1.73) than Information Occlusion
errors (for the ASD group, M = 1.02, SD = 0.71, and for the ID group M = 0.88,
SD = 0.89). This difference was significant in the ASD group (Wilcoxon signed ranks
test; z = 2.59, p = .01) and was of moderate effect size (r = .40), but was not significant
in the ID group (z = 0.10, p = .91, r = .01). Comparing groups, the ASD group
committed significantly more Object Occlusions errors than did the ID group (z = 2.83,
p = .005, r = .26), but the groups did not differ significantly on Information Occlusion
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errors (z = 1.51, p = .13, r = .14). Of the four errors types combined to give the
Information Occlusion error score, analyses revealed that the ASD group more often
made Error 1 (visible hands) mistakes compared to the ID group (z = 2.17, p = .03,
r = .20).
For a graphical representation of the percentage of individuals committing Object or
Information Occlusion errors, by group, see Figure 2-8. In terms of proportion of
individuals that did not commit any Object or Information Occlusion errors, the ID
individuals significantly outnumbered the ASD individuals for error-free Object
Occlusion (ASD 36%, ID 64%; χ2(1) = 8.33, p = .004), but not for Information
Occlusion (ASD 17%, ID 26%; χ2(1) = 1.25, p = .26).

Figure 2-8 Percentage of individuals committing Object or Information Occlusion errors,
by group

Baron-Cohen described Object Occlusion errors as less developmentally mature errors
than Information Occlusion errors. He found that participants who did not commit
Information Occlusion errors, also did not committed Object Occlusion errors.
Contrary to Baron-Cohen’s study, 4 ASD and 3 ID individuals in the current study
presented Object Occlusion errors but not Information Occlusion errors.
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Regarding the number of tricks, ID participants showed a greater number overall than
the ASD group, with a significant difference in Trick 1, or emphasizing the wrong hand
(z = 2.05, p = .04, r = .20) and Tricks 3, or post-decision tricks (z = 2.12, p = .03,
r = .20). Tricks 2, or presenting empty hands, almost reached significance (p = .053,
r = .18). Figure 2-9 shows the percentage of individuals comitting each error and each
trick, by group.

Figure 2-9 Percentage of participants committing each type of errors and tricks by group

2.7.5

Hand patterns

Digital video data were lost for three participants (1 ASD, 2 ID) and the sequence of
hand selection was therefore only available for the remaining 113 valid participants (i.e.
participants that completed at least three hiding trials). During the guessing part, four
pattern types were considered:
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Repeated:

RRRRRR or LLLLLL

Switched:

RLRLRL or LRLRLR

Irregular:

For example RLLRLR

Last place seen:

This pattern happens when the child chooses the hand where the penny
was last hidden. As the first trial could not be taken into account, the
pattern would follow 0RLRRL. The 10 cases where the examiner deviated
from the standardized order of hiding, were studied individually to check
this possible strategy of guessing.

The number of ASD and ID participants using each type of pattern during hiding and
guessing are presented in Table 2-10.
Table 2-10 Number (%) of guessing and hiding strategies, by group

Guessing

Hiding

ASD

ID

52

76

Repeated

3 (6%)

6 (8%)

Switched

0 (0%)

8 (11%)

Irregular

46 (88%)

55 (72%)

Last seen

3 (6%)

7 (9%)

41

73

Repeated

15 (37%)

21 (29%)

Switched

7 (17%)

11 (15%)

Irregular

19 (46%)

41 (56%)

n

n

The proportion of individuals using different types of hiding and guessing strategies did
not differ significantly between groups (Guessing, χ2(3) = 5.49, p = .14; Hiding,
χ2(2) = 1.43, p = .47).
Following Devries’ model, stating that complex hiding patterns are thought to occur
before sophisticated guessing patterns, and Baron-Cohen’s study where no individual
with ASD or ID presented irregular patterns for hiding or guessing, the relation between
hiding and guessing strategies were studied. As shown by Table 2-11, there were a high
number of ASD (n = 18) and ID (n = 21) participants who showed repeated and
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switched patterns during hiding in conjunction with a sophisticated irregular pattern at
guessing.
Table 2-11 Cross-tabulation of guessing and hiding patterns, by groups in the PHG
Guessing pattern
ASD

ID

Repeated Switched Irregular Last seen

Repeated Switched Irregular Last seen

Repeated

Hiding
Switched
pattern
Irregular

2

0

11

2

4

1

12

3

0

0

7

0

0

2

9

0

0

0

18

1

2

4

32

4

In order to eliminate possible random effects from those participants who did not
understand the PHG, the patterns were also studied for those participants who
successfully passed the task and who were developmentally more able (as shown by a
significant higher VMA than failers). Although repeated and switched patterns were
almost non-existent for hiding, 4 participants (1 ASD, 3 ID; 15% of 26 passers)
continued to display these in conjunction with irregular patterns at guessing.
According to Baron-Cohen (1992), tricks are reserved for those children with mature
strategies and with an advanced ability to deceive. For that reason, hand patterns for
participants who used tricks were studied separately. Contrary to what it was expected, 5
participants (5 ID; 23% of 22 participants using tricks) used a regular pattern to hide the
penny but an irregular pattern to guess its location.
Finally, extra information on hand patterns and type of errors and tricks according to
VMA by group is presented in Appendix A.3.

2.8 Discussion
Previous studies have shown that both ASD and ID individuals often fail traditional
ToM tasks such as the False Belief test. While ToM deficits have been proposed as the
reason for the poor performance in ASD individuals, it has been suggested that ID
individuals fail for other reasons, such as verbal and executive demands of the task. The
PHG circumvents at least some of these extraneous task demands, allowing, perhaps, a
fairer test of ToM in intellectually disabled groups. It was hypothesized that ASD
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individuals would perform less well than VMA-matched individuals with ID on the
PHG. Additionally, it was hypothesized that individuals with ID would perform more
tricks, as an indication of genuine ability to deceive. Supporting these hypotheses, results
showed that, overall, ASD participants committed significantly more errors and
performed fewer tricks than ID participants. This was reflected in the higher number of
ID versus ASD PHG passers, despite the groups being matched in VMA. Although the
number of errors decreased over the course of the task for both groups, these changes
were not significant in the ASD group, suggesting that feedback during the task was not
a major influence on performance. Instead, regression and analyses of variance
suggested that VMA was a major factor: significant within-group differences were found
for VMA between passers and failers. Although differences in VMA were not significant
between ASD passers and ID passers, the former had a VMA two years ahead on
average – supporting the notion that participants with ASD require higher verbal ability
than those with ID in order to work out a solution in ToM tasks. This is in line with
results reported by Happé (1995), as are the results of the logistic regression presented
above, which suggest that young people with ASD require a VMA around 9 years to
have a 50% probability of passing ToM tasks, compared to around 6 years VMA in the
ID group. The lack of significance of these differences may reflect reduced power due to
the small number of ASD participants who passed the PHG.
Standard tests of ToM have been criticized in many instances for being far from natural
conditions, where many external variables are relevant. The PHG’s strength lies in its
naturalistic form, as a simple game between the child and the experimenter. In such
naturalistic conditions, individuals with ID were shown, overall, to be more socially
active and insightful than the ASD group. For instance, the number of ID individuals
who could comprehend the point of the task and contribute valid data was higher than
the ASD group, and the number of tricks displayed across the course of the trials
increased significantly in just the ID group. Interestingly, 2 ASD and 13 ID participants
committed mistakes (such as not putting their hands behind their back to hide the
penny) and still tried to trick the examiner. This type of behaviour has been described in
Devries’ model of normal development, suggesting that the failure seen in the ID
individuals could perhaps be more related to general delay in the acquisition of the ToM
mechanism, rather than permanent cognitive damage. On the other hand, it could be
explained in terms of sabotage, where individuals are just trying to impede access to the
penny. Although this behaviour has been shown in previous studies not to be impaired
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in individuals with ASD (e.g. Sodian & Frith, 1992), in the study presented here the
presence of this sabotaging act was almost non-existent in ASD individuals, suggesting
that individuals with ID, but not those with ASD, understand the objective of beating
the opponent. Lastly, perhaps the problem simply comes from the definition of tricks.
Tricks per se may need a more conservative and restrictive way to define them in order
to distinguish early tricks (or those described by Devries, i.e. “I’m going to trick you”)
and mature tricks (or those with complex strategies which successfully deceive the
opponent).
Regarding the last two hypotheses, Baron-Cohen proposed the development of
Information Occlusion strategies at a more mature stage, after Object Occlusion has
been achieved. The number of Object Occlusion errors was greater in the ASD group
than in the ID group, in support of the hypothesis. Additionally, individuals with ASD
presented significantly more Object Occlusion errors than Information Occlusion
errors, suggesting again, a developmental failure in the ability to understand other
people’s perspectives.
The use of tricks, according to Baron-Cohen, indicates advanced ToM skills. The finding
that none of the ASD participants who passed the PHG attempted to trick the
experimenter suggests that the game for those participants is something almost
mechanical, involving only a basic understanding of the other person as another player.
In other words, it may suggest that the ASD participants understood the other person’s
visual perspective but not thoughts or emotions. Despite a reasonable VMA among the
passers, there was a lack of competitive attitude in the ASD participants compared to the
ID participants, who were motivated to trick in order to win, as indicated by the
significantly higher number of post-decision tricks. The present ASD passers may be
part of that group of ASD children who, despite passing first order ToM tasks, fail to
understand second order or complex social events and are therefore able to play without
understanding the social compound of the competition. Alternatively, from a
behavioural point of view, this could just be a reflection of the characteristic autistic
inflexibility where games must be played by the rules and where there is no room for
alteration. If children do not have insight into the social point of the game, they may
simply copy the experimenter’s performance. Since the experimenter did not attempt to
trick the children, the ASD participants did not introduce this behaviour into their
repertoire when completing the game. Whether compensatory mechanisms or
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behavioural causations are used to explain this phenomenon, the performance of the
ASD participants showed a qualitative difference with respect to the ID participants,
who seem to fit better the model described by Devries for TD children.
In conclusion, the PHG appears to be a good naturalistic way to tap ToM ability,
particularly in low-functioning individuals. ASD participants performed worse on this
task than VMA-matched ID participants, and there were qualitative differences that may
help to distinguish groups (i.e. the types of tricks and errors committed). Future research
assessing performance across a range of more naturalistic ToM tasks would be valuable;
while PHG covers an important milestone in the development of ToM, it is only a small
part, and a larger battery remains necessary to tap further abilities in everyday life
situations, where low-functioning individuals may reveal their true abilities. Finally, the
present data on PHG performance provides a good base for the exploration of other
cognitive abilities in low-functioning individuals, with and without ASD, such as
functioning in everyday life, the understanding of symbols, intelligence and learning
capacity, in the chapters that follow.
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Chapter 3. Theory of Mind and Social Functioning in
Everyday Life
3.1 Introduction
In the literature review of Chapter 2, the difficulties in assessing Theory of Mind (ToM)
in individuals with developmental and/or intellectual disability in a reliable and
naturalistic manner were discussed. Low-functioning individuals are well known to be
difficult to test and reliability of their assessment depends, in many instances, on factors
outside of cognitive ability (such as cooperation, motivation, or simply understanding
task requirements). The Penny Hiding Game was used to assess the ability to deceive
(and hence ToM) in this population as it overcomes some of the impediments that other
tests may present. However, it is imperative to check whether similar ToM skills are seen
in everyday life or whether the results of experimental tasks reflect an isolated (dis)ability
that is not generalized in other everyday behaviours. In light of this, the current chapter
aims to replicate the study by Frith, Happé, and Siddons (1994) where a selection of
items directly related to the ability to mentalize in everyday life were extracted from a
well-known scale of adaptive behaviour and correlated to experimental measures of
ToM. Taking a similar approach to Frith et al., the aim of the current study was to
compare results from the Penny Hiding Game with questionnaire data obtained from
teachers and caregivers that describe ToM behaviour in everyday life.

3.2 The Interactive and Active Sociability Scales
Sociability will vary from individual to individual depending on their social
understanding. While individuals with ASD will present social difficulties, not all will
present the same level of sociability (Wing & Gould, 1979). The degree in which this is
linked to mental state understanding is a question to answer. With that in mind, in 1994
Frith, Happé, and Siddons created a scale to measure social behaviours requiring ToM in
everyday life. This scale was intended to explore the relationship between ToM in
laboratory tasks and real life social adaptation. The authors extracted a set of items from
the Vineland Adaptive Behaviour Scales (VABS; Sparrow, Balla, & Cicchetti, 1984)
describing social behaviours that might involve the ability to mentalize, and distributed

76

them to an unselected sample of undergraduate students who categorized the items into
those requiring versus those not requiring ToM. Those items obtaining a 75% or above
agreement were sent to a group of five experts in the field of ToM, who repeated the
process. Those items receiving at least 75% agreement from this panel of experts
formed the final two scales, with nine items each: 1) Interactive Sociability scale, for
social behaviours that require the ability to mentalize, and 2) Active Sociability scale, for
social behaviours that are possible without ToM. An additional list of behaviours was
generated to complement those taken from the VABS. This new list was again rated by
the experts but this time full agreement in all items was required. The resultant items
were labelled as “strict items”. This process concluded in the addition of seven new
items in each scale, forming a total of 16 items per scale. The final sets of behaviours are
presented in Table 3-1. Items were scored in line with the general VABS scoring: 0 (if
the behaviour never occurs), 1 (if the behaviour occurs partially or sometimes; e.g. with
prompts), or 2 (if the behaviour usually occurs; e.g. without prompts). Therefore, the
maximum possible score in each scale was 32. 1

An extra set of items describing bizarre and antisocial behaviours were also extracted from the
Maladaptive Behaviour domain of the VABS. As this domain was not available in the version employed
for the present study, analysis of these items is not included in the current review.

1
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Table 3-1 Final items of the Interactive and Active Sociability scales designed by Frith,
Happé and Siddons (1994)
Interactive Sociability (requiring ToM)

Active Sociability (not requiring ToM)

Strict items
Chooses appropriate presents

Shows a desire to please

Responds to hints and indirect cues in conversation

Takes turns in conversation

Makes confidences

Shares toys when asked

Recognises surprise and embarrassment in others

Recognises happiness and sadness in others

Initiates conversation of interest to others

Initiated social contacts

Initiates flexible small talk

Initiates fixed small talk

Supplies important missing information

Uses appropriate table manners

Regular items
Expresses ideas in more than one way

Delivers simple messages

Refrains from statements that might embarrass

Says please when asking for something

Engages in elaborate make-believe activities

Names favourite TV programmes and times

Knows behaviour appropriate for different people

Asks permission to play with a toy

Plays hide and seek or cheat appropriately

Plays board games

Has realistic long-range goals and plans

Follows time limits set by care-giver

Keeps secrets for as long as appropriate

Responds appropriately when introduced

Apologises for hurting other’s feelings

Apologises for errors

Weights consequences of actions

Returns borrowed items

Frith et al administered two False Belief (FB) tasks to 24 ASD children (VMA = 6.7;
VIQ = 51.63), 11 ID children (VMA = 4.6; VIQ = 92.93) and 15 TD children
(VMA = 4.2; VIQ = 60.00). The first task was the “Smarties” task (Perner, Frith, Leslie,
& Leekam, 1989), while the second task was an adaptation of the classic Sally-Ann
scenario described in section 2.2.2. The whole VABS questionnaire, with the new added
items, was completed by an adult familiar with the child.
Results showed that differences in the Active Sociability scale between FB passers and
failers were only found in the TD group, indicating a greater predisposition to comply
with social rules and behaviours for those children that passed the FB tasks. However in
the Interactive Sociability scales, with items thought to require ToM, significant
differences were found according to FB performance in the ASD group; FB passers
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(n = 8, M = 8.8) scored better than failers (n = 16, M = 3.8). Non-significant differences
were found between ASD passers and failers in the Active Sociability scale. The ID
group showed no effect of FB performance on either scale.
After relating the performance on the FB tasks with the scores on the Interactive and
Active Sociability scales, Frith et al. concluded that ASD participants could be classified
in three main groups. The first fitted with the “hacking” theory; that is, passing FB tasks
without being able to represent mental states in real life behaviours. Five out of their
eight ASD FB passers with low Interactive Sociability scores formed such a group. The
second group was composed of those individuals who both failed the FB task and
showed low Interactive Sociability scores (16 participants). Finally, the third group
passed the FB tasks and presented relatively high social insight by scoring well on the
Interactive Sociability items. This last group, the so-called “talented minority”, could be
said to understand, to some degree, mental states. However, it is important to note that,
despite such classification, all ASD participants showed poor overall social adaptation in
comparison to the ID and TD groups.
In terms of performance on the FB tasks in relation to the original VABS, the authors
found significantly higher scores in the ASD FB passers than failers in the
Communication domain and the Play and Leisure sub-domain, but not in the
Socialization domain as a whole. The lack of relation between the Socialization domain
and performance on FB tasks has also been highlighted in other studies (e.g.
Dissanayake & Macintosh, 2003; Hughes, et al., 1997). On the contrary, a relation
between the Communication domain and FB task performance has not been found in
other studies (e.g. Hughes, et al., 1997) which could suggest that, although
communicative ability is necessary to pass FB tasks, real life adaptation may be the result
of communicative means that are not employed during FB tasks. Differences in
performance on the VABS between passers and failers were not found in either the ID
or the TD groups in the Frith et al. (1994) study, suggesting that ID children fail FB
tasks for difficulties other than ToM, but that this is not generalised to real life, where
they seem to be more socially able. This has been more recently supported in the study
by Charman and Campbell (2002), who found near zero correlation between two FB
tasks and the measures from the Interactive and Active Sociability scales in a sample of
34 individuals with ID with a chronological age between 7 and 20 years (VMA from 4 to
6 years; non-verbal MA, 3.6 – 8.9 years).
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Contrary to the expectation that those participants passing ToM tasks would show more
social insight in real life, Frith et al. found this was the case in only 3 of the 8 ASD
passers, which supports the “hacking” theory of an isolated ability to pass ToM tasks
that is not generalizable to everyday behaviours. Equally, none of the ASD participants
who failed the ToM tasks showed an indication of having acquired any of the behaviours
described in the strict items list of the Interactive Scale. This supports two different
conceptions: the good validity of the strict items to measure ToM in real life, and the
generalizability of FB results to real life for the majority of those ASD participants who
fail such ToM tasks.
Overall, the use of the Interactive and Active Sociability scales appears to be a useful
measure of ToM performance in everyday life, and several studies have included them as
part of a comprehensive ToM task battery (e.g. Fisher & Happé, 2005; Campbell et al.,
2009). Attempts to correlate FB task performance with real life behaviour has been a
common focus of study and the Interactive and Active Sociability scales have been
widely used. Thus, Fombonne, Siddons, Achard, Frith, and Happé (1994) and Hughes,
Soares-Coubard, Hochman, and Frith (1997) have used them in French populations,
where similar conclusions were reached. Both studies found those individuals with ASD
who passed FB tasks also presented higher social insight into everyday behaviours, but
similar understanding in relation to simple, perhaps more mechanical, social everyday
acts, in comparison with those individuals with ASD who failed FB tasks. However,
when VMA was controlled for, significant differences disappeared, suggesting that
individuals may show better social insight not because of a good grasp of ToM
mechanisms but because of good linguistic ability. However, partialling out verbal ability
may partial out much of the variable of interest, given the likely bi-directional causal
links between good ToM and good verbal skills. Tager-Flusberg (2003) found
performance on ToM tasks in individuals with ASD predicted social behaviours such as
hiding games, moral judgement, and pretend play, regardless of verbal ability,
highlighting the necessity of ToM understanding for socially complex performance.

3.3 False Belief performance and real life social adaptation
In line with Frith et al., most studies seem to point towards the lack of relation between
FB task performance and the Socialization domain of the Vineland Adaptive Behaviour
Scales (VABS). For instance, Dissanayake and MacIntosh (2003), Oswald and Ollendick
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(1989) and Prior, Dahlstrom, and Squires (1990) did not find relation between the two,
suggesting that the Socialization domain of the VABS may not be the best predictor of
ToM performance in individuals with ASD. On the other hand, the lack of relation
between FB and the Socialization domain could also indicate that the skills that FB tests
assess are not sufficient to display social skills at age-appropriate levels (Astington,
2003).
Variations to the scales developed by Frith et al. (1994) have also been used to study
everyday socialization. For example, Peterson, Slaughter, and Paynter (2007) created a
similar scale intended to measure not only social understanding, but Social Maturity. The
authors found that individuals with Asperger Syndrome performed very similar to TD
individuals; that is, good performance on ToM tasks was associated with more
socially-mature behaviour in real life. However, this association was not found in
individuals with typical Autism. These results suggest that, perhaps, the superior verbal
ability of the Asperger sample could account for the better performance in comparison
to individuals with typical Autism. Peterson, Garnett, Kelly, and Attwood (2009) created
two new scales to measure social and conversational abilities in everyday life. In this case,
individuals with Autism showed overall fewer mindreading problems than individuals
with Asperger Syndrome, and those with Autism who passed the FB tasks demonstrated
better everyday skills in mentalizing and fewer problems in social-conversational abilities.
Additionally, individuals with Autism who passed the FB tasks, still showed poorer social
ability, as measured with the new scales, than TD controls who failed the FB task,
suggesting that FB proficiency is not sufficient for individuals with Autism to show full
social insight. Results also showed that autistic symptomatology alone, above ToM
ability, highly contributed to everyday social performance, although ability to pass ToM
experimental tasks related positively to performance in everyday life.
Travis, Sigman, and Ruskin (2001) tried to established the relation between FB
performance and social everyday behaviour not by creating a set of rateable items, but
by directly observing individuals. The authors found that ASD individuals showed less
joint attention, less concern for distress and were more impaired in social interaction
than an ID group matched in VMA. However, contrary to the study by Frith et al., the
authors failed to find a relation between FB performance and behaviour in everyday life,
concluding that observational methods may be more restricted than rating scales.
Furthermore, rating scales may be more useful to capture a range of behaviours in
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different contexts and situations, where generalisation of skills may be observed. Other
authors have used social verbal ability to explore the relation between everyday ToM and
FB performance. For example, Leekam, and Prior (1994) explored the use and quality of
jokes and lies in high-functioning children with Autism and Asperger Syndrome using
parental reports. They found that, despite passing second order FB tasks, children’s
ability to joke or lie in real life remained impaired.
The importance of the informant has also been highlighted in a few studies. For
instance, Hughes et al. (1997) compared ratings made by teachers, therapists and parents
of children with Autism and PDD-NOS. Overall, there were no differences in reporting
communicative and living skills between informants. However, parents of children with
ASD tended to overestimate their children’s performance in contrast to professionals,
when describing behaviours that required social insight. In contrast, during pre-school
years, parents are thought to be more accurate than professionals (Szatmari, Archer,
Fisman, & Streiner, 1994) perhaps due to the importance of different behaviours
displayed at different moments in life (e.g. social behaviours may be more important
when the child begins school life).
It has been argued that the reason why individuals with ASD display less social insight in
comparison to other populations is the low motivation or lack of reward from the
situation, which may affect the desire to participate in such situations. To test this idea,
Begeer, Rieffe, Terwogt, and Stockmann (2003) created a FB situation with two different
conditions: with and without reward. The authors found that individuals with Autism
were equally impaired at performing socially as individuals with PDD-NOS when the
situation was not rewarded. However when introducing a reward the performance of the
Autism participants remained impaired, in contrast to individuals with PDD-NOS
whose performance improved in line with TD individuals.
In terms of individuals with ID alone, ToM performance may be influenced by many
different factors other than ToM ability, as described in section 2.3. Therefore, it is not
surprising that results obtained in FB tasks do not correlate to real life performance
(Frith, et al., 1994). Two studies to date have tried to replicate Frith et al.’s study with
individuals with ID. First, Charman and Campbell (2002) found no significant
differences between FB passers and failers in the Socialization domain of the VABS.
Additionally, in line with the original study, performance on the FB tasks did not
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correlate with real life behaviours as measured by the Interactive and Active Sociability
scales. A second study by Jervis and Baker (2004), in contrast, found a significant
correlation between the Interactive Sociability scale and performance in four ToM tasks
in individuals with ID. Also, they found significant differences in performance between
individuals passing and failing ToM tasks in relation to an array of sociability scores,
including the Interactive and Active Sociability scales. However, this was only the case
with younger (ages 9 to 13, with VMA = 6.79) individuals (as found in Happé, 1995, and
Yirmiya et al. 1998), as those older (ages 28 to 45 with VMA = 6.79) matched in VMA
did not show significant correlations or differences between those passing and failing
ToM tasks. Discrepancies between age groups highlight the importance of restricted life
experiences, among other factors, that may contribute to more discrepant performance
at later ages in individuals with ID.
As discussed earlier, Oswald and Ollendick (1989) did not find an association between
FB task performance and the Socialization domain of the VABS. However, these
authors found a significant relation between the Penny Hiding Game (PHG) and the
Socialization domain, in particular with the Interpersonal Relationship sub-domain and
other socially mediated behaviours such as the time spent with peers. Additionally,
Hughes et al. (1997) found individuals with ASD and PDD-NOS as a group tended to
pass PHG at an earlier age than FB tasks. Both findings suggest that the PHG is a more
suitable task for lower-functioning individuals and a more reliable measure of social
behaviour than other FB tasks where other cognitive skills may be required.

3.4 Aims and hypotheses
The present study examined the relationship between ToM task performance and
socially insightful behaviour in everyday life. The Vineland Adaptive Behaviour Scales,
Teacher Rating Form (VABS-T; Sparrow, et al., 2006), was used and items from this
measure were extracted to create new Interactive and Active Sociability scales suitable
for participants with ID with or without ASD.
The Interactive and Active Sociability scales created by Frith et al. (1994) were based in
the first version of the VABS, which has since been updated (Sparrow, Balla, &
Cicchetti, 1984, 1985). The present study aimed to create a new and context-appropriate
set of Interactive and Active Sociability scales based on the latest (second) version of the
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VABS-T. The Teacher Rating Form was thought more suitable than the standard
version due to the low intellectual and adaptive level of the children in the present study.
Also, it was intended that this new form should be appropriate to use in educational
settings where teachers are more likely to report on children’s performance than parents
(e.g. residential schools, parents with little English or their own learning disabilities). At
least some authors have suggested teacher report may be more reliable than parent
report for school age children (Hughes, et al., 1997).
All items forming the new Interactive and Active Sociability scales were extracted from
the VABS-T, without adding extra questions, making the administration and completion
of the questionnaires shorter and easier. The primary aim in using these new scales was
to study the validity of experimental tests to assess ToM abilities in low-functioning
ASD individuals. Ratings on the new scales were intended to be related to PHG
performance (described in Chapter 2), in both individuals with ID with and without
ASD. In sum, the present study aimed to test the following hypotheses:
1) That ToM ability, as measured by the PHG, will significantly correlate with a set
of items extracted from the VABS-T referring to ToM in everyday life
(Interactive Sociability) in ASD and ID individuals.
2) That ASD individuals will perform less well than ID individuals on the
Interactive Sociability scale, but not on the Active Sociability scale (which
assesses behaviours that do not require ToM).
3) That ASD individuals who pass the PHG will score significantly higher on
Interactive Sociability than ASD individuals who fail it, but not in Active
Sociability, where they will score on a similar level.
4) That ASD individuals who pass the PHG will score significantly lower on the
Interactive Sociability scale than individuals with ID who pass the PHG.
5) That ID individuals will score similarly on both scales (Interactive and Active
Sociability) regardless of performance in the PHG.
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3.5 Method
3.5.1

Participants

The recruitment of participants followed procedures described in section 2.6.1. As
described, teachers completed the Vineland Adaptive Behaviour Scales, 2nd Edition,
Teacher Rating Form (VABS-T; Sparrow, et al., 2006). These data were available for 49
ASD and 55 ID participants who participated in the Penny Hiding Game (PHG). Main
descriptors of the sample are summarized in Table 3-2.
Table 3-2 Descriptors for participants that completed the Penny Hiding Game and had
VABS-T reports: Mean (SD) and [range]
n
CA

49

(years)
PHG n

49

(pass:fail)
BPVS
Raw Scores
BPVS

47
47

VMA
BPVS

47

VIQ

ASD
12.39 (3.37)
[5.36 – 17.80]
3:46
33.51 (22.69)
[4 – 93]
3.77 (1.86)
[2.25 – 9.33]
46.36 (12.24)
[39 – 87]

n
55
55
54
54
52

ID
12.64 (3.36)
[6.00 – 18.74]
10:45
40.33 (20.87)
[9 – 82]
4.23 (1.73)
[ 2.25 – 8.00]
48.17 (14.20)
[39 – 92]

statistic

p

r

0.37

.71

.04

8.10a

.004

.29b

1.90

.06

.19

1.94

.06

.19

0.46

.65

.05

a: Chi Square; b: Odds ratio

3.5.2
3.5.2.1

Materials
Vineland Adaptive Behaviour Scales

As participants were recruited through schools, the Teacher Rating Form was
considered most suitable to gather information about participants’ adaptive skills. The
VABS-T Second Edition was developed by Sparrow, Cicchetti, and Balla in 2006, to
complement the standard VABS-II Survey form (Sparrow, Cicchetti, & Balla, 2005) and
following its predecessor the Vineland Adaptive Behaviour Scales, Classroom Edition
(Sparrow, et al., 1985). The VABS-T is designed to assess social adaptation and ability in
3- to 21-year-olds in their educational setting. The scales are divided in the same manner
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as the standard survey form: Communication, Daily Living, Socialization and Motor
Skills. However, as the Motor Skills domain only covers up to 6 years of age, its analysis
was not considered suitable for the present study.
The Communication domain is formed by the Receptive, Expressive and Written
sub-domains with 14, 29 and 24 items respectively. The Daily Living skills domain is
divided into Personal, Academic and School Community sub-domains with 15, 24 and
18 items. Finally, the Socialization domain is composed of the Interpersonal
Relationships, Play and Leisure Time and Coping Skills sub-domains, with 23, 18, and 19
items respectively. Items are rated by the teacher, or a familiar caregiver, using 0 (if the
behaviour never happens), 1 (if the behaviour occurs sometimes or partially) or 2 (if the
behaviour happens usually). The guidelines to score the scales state starting points for
different ages. However, as all our participants had been diagnosed with different
degrees of ID, teachers were asked to fill in the whole questionnaire starting at the
youngest age.
The scales provide standard scores (M = 100, SD = 15) for each main domain
(Communication, Living Skills, Socialization and Motor skills) as well for the overall
Adaptive Behaviour Composite. The sub-domains are described with standardized
v-scale scores (M = 15, SD = 3), which represented the functioning level of adaptation in
each domain in relation to same age individuals.
3.5.2.2

Theory of Mind assessment

As a Theory of Mind measure, the Penny Hiding Game (PHG) described in section 2.4
was used for this study. Therefore, the main PHG index was calculated by adding the
number of errors displayed by the participants along the six trials (or pro-rated when less
than six, but more than two trials). Passers were those participants committing zero or
one errors, whereas failers were those committing two or more errors during the game.
3.5.2.3

Development of the new Interactive and Active Sociability scales

Initial procedure involved extracting all the items in the VABS-T scales that were related
to social behaviours or that required social understanding as decided by the present
author. Most of the 61 selected items came from the Socialization domain of the scales
(all 23 items corresponding to the Interpersonal Relationships sub-domain, all 18 items
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from the Play and Leisure sub-domain, and 10 items from Coping Skills sub-domain).
The remaining items were taken from the Receptive Communication sub-domain (1
item), the Expressive Communication sub-domain (6 items), the Personal sub-domain (2
items) and the School Community sub-domain (1 item).
All 61 items were placed into a questionnaire and given to 23 adults aged between 25
and 33 years (16 females, 7 males), all educated to university degree level. The
questionnaire was distributed and returned via email. Instructions to complete the
questionnaire followed the script from the original Frith et al. study (see Appendix B.1).
Items were classified as “definitely requiring Theory of Mind” or items “definitely not
requiring Theory of Mind”. Following the procedures undertaken in the original
experiment, items reaching at least 75% agreement among raters were gathered and
passed on to a group of 10 experts from the ToM field, where the process was repeated.
The selection of items sent to the experts is shown in Appendix B.2. The final selection
of items, which was formed of items reaching again at least 75% agreement among
experts, was composed of six behaviours classified as requiring ToM and nine
behaviours that did not require ToM (see Table 3-3 and Table 3-4). These items formed
the Interactive Sociability and Active Sociability scales respectively, following the
definition by Frith et al. (1994).
Table 3-3 Interactive Sociability scale: final items extracted from the VABS-T that require
ToM according to expert agreement, and level of agreement
Experts’
Agreement

Domain

Sub-domain

Skill

Socialization

Interpersonal
Relationships

Uses words to express happiness or concern for others
(for example, says, “Yeah! You won!”; “are you alright?”)

100%

Socialization

Interpersonal
Relationships

Recognizes the likes and dislikes of others

100%

Socialization

Interpersonal
Relationships

Understands that others do not know what he or she is
thinking unless he or she tells them.

100%

Socialization

Interpersonal
Relationships

Initiates conversations on topics of particular interest to
others

100%

Socialization

Play and
Leisure

Engages with others in elaborate make-believe activities
(e.g. plays “school” or “dress up”)

89%

Socialization

Play and
Leisure

Refrains from entering group when nonverbal cues
indicate that he or she is not welcome

100%
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Table 3-4 Active Sociability scale: final items extracted from the VABS-T that do not
require ToM according to expert agreement, and level of agreement
Domain

Sub-domain

Skill

Experts’
Agreement

Daily Living
Skills

Personal

Covers mouth and nose when coughing and sneezing.

89%

Socialization

Interpersonal
Relationships

Answers when familiar adults make small talk (e.g. if asked
“How are you?”, says, “Fine”)

78%

Socialization

Play And
Leisure

Shares toys or possessions when asked

90%

Socialization

Play And
Leisure

Seeks out others for play or companionship at school (e.g.
asks someone to be his or her partner for an activity)

78%

Socialization

Play And
Leisure

Follows rules in simple games

100%

Socialization

Play And
Leisure

Plays simple games that require keeping score
(tick-tack-toe, kickball, card games, etc.)

100%

Socialization

Coping Skills

Says “thank you” when given something

90%

Socialization

Coping Skills

Says “please” when asking for something

90%

According to the manual, all items were expected to be developed around 3 years of age,
except for “Covers mouth when coughing and sneezing”, which is expected to be
developed at around 8 years of age.
As described in section 3.5.2.1, the items in the VABS-T are rated as 0 (never), 1
(occasionally), and 2 (almost always). Therefore, the maximum rating possible for the
Interactive Sociability scale was 12, and for the Active Sociability scale, 18. In order to
ease comparison, the Interactive Sociability scale was pro-rated to have equivalent scores
to the Active scale. Therefore, both scales had a maximum score = 18.
In order to check the comparability of the current scales in relation to the original Frith
et al. (1994) scales, both item sets were examined. Although it was not expected to find
direct comparisons due to the differences of versions of the Vineland Scales, the
purpose of this exploration was to ensure that the items here classified for the
Interactive scale were not part of the items forming the Active scale in the original study
or vice versa. Detailed exploration of all items revealed that was not the case.
88

Furthermore, some of the items obtained in the current study closely matched those
described as “strict” in Frith et al.’s study in each respective category, suggesting that the
new scales are equivalent to the original scales. For comparison of the items, refer to
Appendix B.3. Internal consistency was studied for each scale in all 123 individuals with
valid data in the current study. Cronbach’s Alpha for the Interactive Sociability scale was
.87, and .90 for the Active Sociability scale, suggesting good internal consistency for
both scales.
3.5.3

Procedures

Teachers or teaching assistants who knew the children well were approached to fill in
the VABS-T. They were asked to fill in the whole questionnaire, irrespective of the
chronological age of the child. Special effort was made to ensure that teachers completed
all questions. The experimenter was available to help complete the form with the teacher
if required. On a few occasions where items were left blank and the experimenter could
not contact the informant, the instructions from the manual were followed. Therefore,
according to the chronological age of the child, the manual states how many items can
be left blank without compromising its validity. In the case where the number of blank
questions in a specific domain exceeded the number allowed, the subtotal score could
not be computed to obtain a v-score nor could the Adaptive Behaviour Composite score
be calculated. This occurred for 1 ASD and 4 ID participants. In these cases, the
Interactive and Active Sociability scales could still be scored as they do not rely on the
total scores of each domain.

3.6 Results
3.6.1

VABS-T performance

Means, standard deviations and ranges for the composite and three main domains of the
VABS-T are presented in Table 3-5. As data were not normally distributed,
non-parametric tests were used to study the differences between groups on this measure.
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Table 3-5 Mean (SD) and [range] standard scores for the composite and main domains of
the VABS-T, by group

VABS-T
Composite
VABS-T
Communication
VABS-T
Living Skills
VABS-T
Socialization

ASD

ID

n = 49

n = 55

59.27 (12.61)

64.44 (10.64)

[33 – 94]

[35 – 84]

60.04 (13.76)

62.05 (11.90)

[33 – 100]

[36 – 88]

60.55 (12.07)

62.20 (10.70)

[38 – 93]

[38 – 80]

64.71 (11.51)

76.13 (9.87)

[44 – 97]

[49 – 94]

z

p

r

2.65

.008

.26

1.02

.31

.10

0.95

.34

.09

5.06

< .001

.50

The overall profile for the ASD group was characterized by a flat performance across
domains in contrast with the ID group, where the Socialization domain presented a clear
peak. All mean scores were in the ranges from mild to severe impairment (according to
criteria in the manual), showing the low adaptive ability of both groups.
There were non-significant differences between ASD and ID in Communication and
Living Skills domains but significant differences were found in the Socialization domain,
with the ID group showing higher adaptive scores for socialization than the ASD group.
The overall Composite standard score also showed significant differences between
groups, likely due the highly significant difference in the Socialization domain.
Differences between each sub-domain were analyzed using the v-scale scores as standard
scores are not provided by the manual. Significant differences were found in the
Expressive Communication sub-domain (z = 3.21, p = .001, r = .31), and all
sub-domains of the Socialization domain (Interpersonal Relations z = 5.61, p < .001,
r = .55; Play and Leisure, z = 4.29, p < .001, r = .42; Coping Skills z = 4.16, p < .001,
r = .41) with the ASD group showing lower adaptive levels than the ID group. Figure
3-1 shows a graphical representation of each sub-domain, by group.
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Figure 3-1 v-scale scores in the Vineland Adaptive Behaviour Scales sub-domains, by
group. Error bars represent 95% CI (**p < .001)

3.6.2

VABS-T and verbal ability in relation to Penny Hiding Game performance

According to their performance on the PHG, participants were initially classified as
passers or failers (see section 2.7.1 for description). However, due to the low number of
ASD passers (n = 5), it was considered more appropriate to analyse the data in terms of
number of errors committed in the PHG. Three groups were thus created: those
committing from 0 to 5 errors were classified as “low-errors”; those committing
between 6 and 10 errors were classified as “medium-errors”; and those with more than
11 errors as “high-errors”. Only those participants who managed to complete at least
three hiding trials were included in the “number of errors” index. Thus, the total number
of participants was 35 for the ASD group and for 53 for the ID group (see Table 3-6 for
the main descriptors of these participants). Groups were matched in CA (χ2(5) = 3.18,
p = .67, and pair-wise analyses between the same degree of error-rate groups, all p > .26).
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Table 3-6 Descriptors for participants that completed the PHG and had data from the
VABS-T and BPVS, by group and PHG error-rate group: Mean (SD)
ASD

ID

Low

Medium

High

Low

Medium

High

errors

errors

errors

errors

errors

errors

12

13

10

29

10

14

CA

12.62

12.56

13.80

12.79

12.65

11.75

(years)

(2.77)

(2.80)

(3.19)

(3.05)

(2.98)

(4.00)

BPVS

53.58

35.33a

30.70

51.48b

33.80

26.57

Raw Scores

(23.07)

(19.66)

(20.80)

(18.16)

(23.65)

(12.58)

BPVS

5.40

3.74 a

3.55

5.12b

3.83

3.05

VMA

(2.01)

(1.81)

(1.60)

(1.66)

(1.86)

(0.84)

BPVS

51.92

46.75 a

44.60

50.96 c

48.00

44.07

VIQ

(13.31)

(14.49)

(13.76)

(14.82)

(19.34)

(8.71)

VABS-T

69.08

59.54

57.80

70.41

58.70

57.43

Composite

(11.97)

(6.83)

(11.62)

(7.02)

(9.17)

(8.45)

VABS-T

70.83

60.00

58.90

68.52

55.60

54.14

Communication

(11.76)

(8.15)

(16.01)

(9.68)

(8.96)

(8.41)

VABS-T

68.25

61.54

59.40

67.98

57.00

55.14

Living skills

(11.81)

(8.71)

(9.95)

(9.10)

(8.73)

(9.26)

VABS-T

73.92

65.46

62.60

80.93

71.00

71.07

Socialization

(12.25)

(8.04)

(9.84)

(7.94)

(9.34)

(6.85)

n

a: n = 12; b: n = 28; c: n = 26

All data obtained from the BPVS were not normally distributed when divided into
subgroups. Therefore, non-parametric tests were undertaken to study the differences
between groups. Kruskal-Wallis showed significant differences between groups in the
raw scores (χ2(5) = 22.06, p < .001) and VMA (χ2(5) = 22.19, p < .001) but not on VIQ
(χ2(5) = 7.95, p = .16).
Within group comparisons showed that the low-error groups had higher receptive
language ability as measured by the BPVS (raw scores and VMA) than both the mediumand high-error groups (p values ranged from < .001 to .055), which did not differ from
each other (all p > .33). After Hochberg adjustment for multiple comparisons, only the
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differences between low- and high-error groups in the ID group remained significant
(BPVS raw scores p = .001; VMA p = .01).
Regarding the VABS standard scores, ANOVA revealed significant main effects
between ASD and ID in the Socialization domain (F(1,82) = 12.15, p = .001, r = .36), and
among error-rate groups in all three main domains and Composite scores (all p < .001).
However, the interaction between group (ASD and ID) and error-rate group (low-,
medium-, high-errors) showed non-significant differences (all p > .63). Again, post-hoc
analyses to study differences among all three error-rate groups showed that differences
in all main domains of the VABS-T were due to the differences between the low- and
the two higher error-rate groups (medium- and igh-error; all p < .001, adjusted).
Non-significant differences were found in all domains between the medium- and
high-error groups (all p > .46, adjusted), similarly to the scores in the BPVS, suggesting
that these two groups could be collapsed.
3.6.3

Penny Hiding Game and Interactive and Active Sociability scales

Teachers for 2 ASD participants and 5 ID participants failed to complete all the
questions in the VABS-T resulting on those participants only having ratings for 5 out of
6 items in the Interactive Sociability scale. The total score for the Interactive Sociability
scale was therefore pro-rated for these participants. In the Active Sociability scale, all
questions had been completed for every participant. The mean (and SD) for each group
in the final Interactive and Active Sociability scales are presented in Table 3-7. Active
Sociability scale scores were significantly higher than Interactive Sociability scale scores
in the ASD and ID groups, and within each PHG error-rate group (all p < .006, all
r > .61).
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Table 3-7 Mean (SD) scores in the Interactive and Active Sociability scales (max 18), by
group
ASD
Low-

ID

Medium- High-

Total

Low-

Medium-

High-

errors

errors

errors

Total

errors

errors

errors

12

13

10

33

29

10

14

53

Interactive

4.92

2.34

1.40

1.50

7.91

3.13

3.57

3.83

Sociability

(0.92)

(0.69)

(0.78)

(1.90)

(0.39)

(0.63)

(0.69)

(2.11)

Active

11.92

7.77

8.00

7.53

14.33

10.64

10.00

12.29

Sociability

(1.06)

(0.98)

(1.26)

(4.77)

(0.41)

(1.15)

(1.03)

(3.87)

n

Regarding the Interactive Sociability scale, ANOVA showed a significant main effect of
group (F(1,82) = 12.63, p < .001, r = .37) and PHG error-rate groups (F(2,82) = 22.54,
p < .001, r = .60), but no significant interaction between the group and PHG error
group (F(2,82) = 1.11, p = .33, r = .17). These results were maintained when VMA was
controlled for. Post-hoc analyses among the error-rate groups showed significant
differences between low- and medium- and low- and high-error groups (both p < .001,
adjusted). Within both the ASD and the ID groups, the low-error group had significantly
higher Interactive Sociability scale scores than the high- and medium-errors groups (all
p < .01). Despite the lack of significant differences in the interaction between group and
error-rate group, follow-up analyses were undertaken to explore a priori predictions.
low-error ID participants scored significantly higher than low-error ASD individuals
(p = .001), and this pattern was repeated between the high-error groups (p = .04).
However, there was no significant difference between medium-error ASD and ID
participants (p = .39).
The same pattern was found in the Active Sociability scale. Significant main effects were
found between ASD and ID groups (F(1,82) = 10.30, p = .002, r = .33) and between
error-rate groups (F(2,82) = 13.49, p < .001, r = .50), but no significant interaction
(F(2,82) = 0.15, p = .87, r = .06). These results were maintained when controlling for
VMA. Post hoc analyses to study the differences between error-rate groups showed
significant differences between low- and medium-error rate subgroups and between lowand high-error rate subgroups (all p < .009). Within groups, low-error individuals scored
significantly higher than Medium- and high-error groups (all p < .008). Between groups
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ID individuals scored significantly higher than ASD individuals in the low-error
subgroups (p = .05) and medium-error subgroups (p = .03). See Figure 3-2 for a
graphical representation of the mean scores in Interactive and Active Sociability scales in
each group, by PHG error-rate.

Figure 3-2 Mean scores in the Interactive and Active Sociability scales, by group and by
error-rate. Error bars represent 95% CI (* p < .05, ** p < .01)

3.6.4

Examination of individual items for the Interactive and Active Sociability
scales

Items in the Interactive Sociability and Active Sociability scales were examined
individually and by group. Data were not normally distributed and Mann-Whitney
analyses were used. Results showed highly significant differences between ASD and ID
in all questions for both scales, where ID scored higher in all items (all p < .004, all
r = .27, except for “follows rules in simple games”, where p = .04, r = .20). Figure 3-3
and Figure 3-4 show a graphical representation of the mean score on each item for the
Interactive and Active Sociability scales respectively, in each group.
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Figure 3-3 Mean scores of items from the Interactive Sociability scale, by group. Error
bars represent 95% CI

Figure 3-4 Mean score of items from the Active Sociability scale, by group. Error bars
represent 95% CI
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3.6.5

Correlations

The number of errors committed during the PHG was correlated with the total scores
from the Interactive and Active Sociability scales. As data were non-normally
distributed, Spearman’s Rho was used.
A strong correlation was found between performance on the PHG and the Interactive
and Active Sociability scales in both groups: An increased number of errors committed
on the PHG was associated with poorer sociability in the ASD group (Interactive
Sociability, rs = -.54, p = .001; Active Sociability, rs = -.42, p = .01) and in the ID group
(Interactive Sociability, rs = -.65, p < .001; Active Sociability, rs = -.54, p < .001). These
correlations were generally withheld after controlling for VMA, with the except of the
Active Sociability and PHG errors in the ASD group (rs = -.29, p = .10). Although the
magnitude of the correlations were consistently higher in the ID group, Fisher’s z
transformations found no significant difference between the strengths of the
correlations between the groups. Furthermore, there were no significant differences
within each group between the correlations between the Interactive Sociability and
Active Sociability scales (all p > .37, after controlling for VMA p > .52).
Finally, the number of errors committed in the PHG was correlated with the different
domains of the VABS-T and with VMA. Adaptive behaviour was strongly correlated
with fewer errors on the PHG showing rs values ranging from -.44 to -.51 in the ASD
group, and from -.57 to -.70 in the ID group (all p < .008). Although correlations were
higher in the ID group, Fisher’s z transformations did not show significant differences
between the correlations in both groups (all p > .15). VMA itself showed a high negative
and significant correlation with the number of errors in the PHG in both groups (ASD,
rs = -.53 and ID, rs = -.59, both p < .001). After controlling for VMA, all significant
correlations remained, except for the correlations between the number of errors in the
PHG and the Communication and Living domains in the ASD group (both p > .06).
3.6.6

ASD subgroups: Frith et al.’s classification

According to Frith et al., ASD participants could be classified in terms of performance
on a ToM experimental task and its relation to real life adaptation. Three possible
outcomes were possible: true ToM passers, true ToM failers and hackers. Therefore, in
relation to the current study, true passers would be those who committed few errors on
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the PHG and scored high in the Interactive Sociability scales. True failers would be those
who committed a considerable number of errors on the PHG and scored very low in
the Interactive Sociability scale. Finally, hackers would be those who committed very few
errors in the PHG but scored low in the Interactive Sociability scale.
While 12 ASD and 30 ID individuals fell in the low-error group in the PHG, Interactive
Sociability scores were generally very low in all groups, with ranges from 0 to 7.33 (with
a maximum of 18) for the ASD and 2.67 to 7.33 in the ID group. Only 1 ASD
individual and 5 ID individuals from the low-error PHG groups scored above 7 on the
Interactive Sociability scale, and were placed in the low-error rate on the PHG. From
this finding, it was considered that no ASD or ID individuals were true ToM passers and
that all 12 ASD and 30 ID individuals who committed low-error rate in the PHG can be
considered as hackers.

3.7 Discussion
This chapter examined the relationship between ToM task performance and social skills
in everyday life in individuals with ID with or without ASD. It was hypothesized that
performance in the Penny Hiding Game (PHG) would relate to real life social skills
more strongly in the ASD group, where ToM task failure is thought to reflect real
difficulties representing mental states. By contrast, in ID alone, ToM task failure may be
due to extraneous test factors. This hypothesis was partially supported. While results
showed that poorer performance in the PHG related to fewer real life behaviours
requiring social insight, this was true for both ASD and ID participants. However,
significant differences were found between the ASD and ID groups for behaviours that
require, and do not require ToM. In both cases, ID individuals outperformed ASD
participants. The reason for this may fall in the naturalistic characteristics of the task
chosen to measure ToM. ASD is characterized by a trough in social skills in comparison
to neurotypicals and individuals with other disabilities. The obvious social impairment of
the ASD group is shown in different occasions in the consistent and significantly lower
scores found in all social sub-domains. It is not surprising therefore, that measuring
social ability in a naturalistic manner may bring obvious characteristics of the condition
itself, and a consequent notorious social outperformance by the ID group, shown by
overall higher correlations with both scales, but also in the verbal and adaptive
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behaviour measures. Despite the lower overall performance of the ASD group, ASD
participants scored higher on the Active Sociability scale than in the Interactive scale,
which highlights the good discriminant validity between both scales for behaviours that
require and do not require mentalizing ability. Not surprising, ToM seemed to modulate
performance in both scales as individuals committing fewer errors in the PHG,
performed better at everyday social behaviours, whether they required ToM or not.
However, it would be too simplistic to state that ToM aids social functioning as
additional factors, such as IQ, may also mediate this better performance. This issue will
be explored in depth during the following chapters of this thesis.
Results in this study differ from previous studies (e.g. Frith, et al., 1994; Fombonne, et
al., 1994; Hughes, et al., 1997) as in the significant differences found between ASD and
ID in both scales (and not only in the Interactive Sociability scales) and in the significant
differences between performance in the Interactive and Active scales of the ID group.
However, the differences between studies may be explained by the task used to test
ToM. A standard FB task was not chosen for this study, but instead the PHG was
selected, which potentially avoided the limitations that FB tasks carry, but may have
tapped a wider set of social processes (perhaps including social interests). Furthermore,
questions forming both scales can be interpreted as requiring verbal reasoning, and the
current sample had much lower verbal ability than participants from Frith et al.’s study,
which may explain differences between the two studies. For example, the fact that most
ASD participants scored low on the Interactive Sociability scale despite committing very
few errors on the PHG may be explained by the low verbal ability of the sample.
Verbal ability seemed to play an important role in the performance of the ASD group.
The significant negative correlation between the number of errors committed during the
PHG and the Active Sociability scale, disappeared in the ASD group once VMA was
partialled out. It seems that the Interactive Sociability scale is formed of behaviours than
are more complex, but also more socially intuitive, where behaviours from the Active
Sociability scales may require only understanding of simple social contingencies (e.g. “if I
cover my mouth when I sneeze, I won’t be told off”). This, in turn, would make
individuals with ASD rely more on verbal ability while individuals with ID may employ
other strategies (e.g. peer observation) in acquiring skills tapped by the Active items.
The strong correlation between performance on the PHG and VMA and all domains of
the VABS-T in both groups highlights the naturalistic basis of the PHG. In a broad
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sense the PHG measures social adaptability in a continuous qualitative manner. In a
narrower sense, it may capture specific individual elements necessary for ToM ability.
This may be why a relatively large number of ASD individuals (12 individuals) with very
few errors on the PHG still scored low in everyday behaviours that require ToM.
Therefore, more than one task may be required to measure ToM reliably. Alternatively,
since the experimenter hid the penny first, it could be argued that the PHG is not
tapping social ability, but just purely imitative skills. However, this is not likely due to the
high correlation found between PHG performance and all social measures. If the
imitation argument was true, it would suggest that all social measures used in this study
depend mostly on imitation skills, which is unlikely considering the very low social
scores across domains. A more plausible explanation would be that individuals with
ASD experience problems in generalising and those behaviours in other social and more
complex contexts have not yet developed. It is worth noting however, that the
Interactive Sociability scale was composed of only six items and these behaviours may
not be representative of the true social ability of the participants in different scenarios
and with different people.
Beyond the PHG task performance, it was hypothesized that ASD individuals would do
as well as ID individuals at those behaviours not requiring social insight, and that ID
individuals would perform similarly in both the Interactive and Active Sociability scales.
This was not found in the current study. ID individuals scored higher than ASD
participants on both scales and significantly higher on the Active Sociability scale
compared to the Interactive Sociability scale. These results suggest that ToM ability in
ASD may not be limited to ToM behaviours but perhaps to downstream developmental
effects. However, the narrow range of scores shown by all participants (regardless of
group) in the Interactive Sociability scale, and the small number of items forming the
scale, may limit its power to detect subtle individual differences. Further research in this
area is required to clarify whether ToM task difficulties in ID groups are due to a true
failure in the ToM mechanism or due to other factors.
In sum, the PHG involves a wide range of social behaviours. At a lower level, it involves
body positioning in relation to another person, social timing, turn-taking and joint
attention, passing to higher-level abilities such as imitation skills, interpreting another
person’s point of view, goals and desires, finishing with the highest level, or ability to
deceive. In other words, the PHG taps many abilities that are captured in both the
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Interactive and Active Sociability scales. This makes it an exceptionally good test to use
in low-functioning populations where behaviours may be difficult to interpret or
evaluate, but may have led to less selective relationships to everyday behaviours
requiring ToM.
This study showed the good validity of the new Active and Interactive Sociability scales,
and validated the PHG as a parallel task to measure social competence. Both the PHG
and the newly created scales are recommended ways of assessing children with
low-functioning Autism due to the ease of administration, and the lack of other reliable
tools to measure ToM. The new versions of the Interactive and Active Sociability scales
created for this study are appropriate to use for children who have been recruited
through schools. They are brief, simple and accessible to all professionals.
After exploring participants performance in ToM ability in everyday performance, the
following chapter will focus on studying the effect of the deficit of ToM ability in
individuals with ID with and without ASD when interpreting pictures which may be
biased by author’s interpretation (i.e. line-drawings), versus more realistic representations
of realities (i.e. colour photographs).
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Chapter 4. Symbolic Understanding in ASD
4.1 Introduction
In the assessment and education of young people with ASD, it is common to use visual
stimuli such as line drawings, to ease problems of communication and “mind-reading”
involved in spoken language. However, even line drawings used to convey meaning
require some important socio-cognitive skills. To understand everyday signs, we have to
make implicit attributions of the intention behind the sign. The sign was created with the
intention of referring to something, communicating something. Thus, even
understanding simple line drawings may be more difficult for individuals with ToM
deficits than for other individuals.
The study reported in this chapter aims to explore whether standard verbal IQ tests that
rely on interpreting line drawings underestimate the true potential of individuals who
lack the ability to infer other people’s intentions. By reducing or eliminating these
interpretative demands, it is predicted that people on the lower end of the autistic
spectrum would perform better with a photographic format compared to standard line
drawings. For that purpose, a parallel format of a standardized comprehensive verbal
assessment, the British Picture Vocabulary Scales-Second Edition (BPVS-II; Dunn, et
al., 1997), was created. Below a brief review of relevant literature is presented, before
reporting the methods and results of this novel task.

4.2 Definition of symbolic understanding
According to the Oxford English Dictionary (Oxford Dictionaries, 2010) a symbol is “a
thing that represents or stands for something else, especially a material object representing something
abstract”. It is worth noting that the definition could be divided into two. While the first
part refers to a generic conception of the term, the second part directly refers to the
physical quality of the objects. In everyday life we are surrounded by symbolic material
in the form of sculptures, traffic signs, religious tokens, and others. Symbols include not
only three-dimensional representations, but also two-dimensional (2D) representations
covering a wide range of materials and formats, such as maps, videos, photos and
cartoons, among others. Furthermore, not only tangible objects may be defined as
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symbols. Gestures (e.g. pointing or nodding the head), behaviour (e.g. pretend play),
and, of course, language, are symbolic. Overall, their common point is the referential
meaning that has been attributed to them, whether it has been socially agreed, or
subjectively created. The present study will be focused on exploring the differences
between two apparently interchangeable 2D formats (i.e. photographs and line
drawings), and how the intrinsic characteristics of these formats may involve different
demands on social cognition.
Photographs and line drawings are both 2D representations of objects or situations.
Colour and size may vary in photographs, but the representational meaning is always
static. Line drawings, on the contrary, may be perceived very differently in the human
mind. Their representational meaning depends mainly on two main factors: (i) the ability
of the artist to draw accurately and (ii) iconicity, or the degree of accuracy or similarity
between the object represented and the depiction. The second factor depends likewise
on the artist’s point of view to represent an object or situation, or communicative intention.
Hence, surrealist artists may require a high degree of interpretation, and even previous
knowledge (e.g. Dalí and his representation of life in the form of an egg), while other
artists may not (e.g. Velázquez and his painting of an old woman frying an egg). Not
only the artist’s intention but the level of abstraction, or realism used may alter the
interpretation of the drawing. Therefore, distinctive and salient features may
complicate/facilitate the interpretation of the picture. In terms of iconicity, the type and
amount of detail intentionally included or omitted in the drawing may also vary the load of
interpretation. Some artists may add an overwhelming amount of detail, minimizing the
load of subjective interpretation, while others will show minimal features and
characteristics, often increasing the possibility for different interpretations. Lastly, not
only from the point of view of the artist, but life experiences may affect the way in which a
picture is perceived. Considering these factors together, photographs (static momentary
realities) eliminate some of these interpretational constrains, whereas line drawings (with
perhaps greater number of factors to consider) may require a more complex process to
interpret. However, the way in which human beings learn to process their referential
meaning requires further exploration.
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4.3 Early cognitive development of symbolic understanding
The development of symbol understanding has been extensively studied. Early work on
cognitive development highlighted symbol understanding as crucial in the development
of language and pretend play (Piaget, 1962). Vygotsky (1978b) also described the
important and major role of the symbolic systems in cognitive development.
From as early as the age of 9 months old, babies already understand the differences
between photographs and objects, photographs and line drawings, and even colour and
black and white photographs (Pierroutsakos & DeLoache, 2003). Despite this ability,
infants at this age are not able yet to understand the referential meaning of such
materials. Hence, they will commit common mistakes such as trying to drink from the
photograph of a milk bottle or trying to fit their foot on a photograph of a shoe
(DeLoache, Pierroutsakos, Uttal, Rosengren, & Gottlieb, 1998). Older children may also
attribute properties to photographic pictures, such as saying that a photo of an ice cream
is cold (Beilin & Pearlman, 1991). This lack of referential understanding is also
transmitted into other highly realistic formats, such as televised images (e.g. Claxton,
2011; Flavell, Flavell, Green, & Korfmacher, 1990). Between 9 and 15 months of age,
children’s referential ability starts to develop with behaviours such as pointing and
labelling, and the manual exploration of pictures begins to decrease. This has been
thought to be the beginning of the appreciation of the referential meaning of the
pictures (DeLoache, Uttal, & Pierroutsakos, 1998). By the age of 19 months, children
begin to understand symbols as communicative tools (DeLoache, Pierroutsakos, &
Uttal, 2003). Overall, the appreciation of symbols follows a gradual development (e.g.
DeLoache, 2004; Flavell, et al., 1990; Pierroutsakos & DeLoache, 2003), where
communication seems to boost the understanding of pictures (Callaghan, 2000).
TD children may learn new words in naturalistic contexts such as early-years books or
televised cartoons, but how they learn to map these concepts to their referents remains
unknown. Social interaction has been shown in a few studies to be an important
contributor to the understanding of referential meaning of both realistic materials (e.g.
photos and televised images) and drawings (Callaghan, 1999; Callaghan & Rankin, 2002;
DeLoache, De Mendoza, & Anderson, 1999; Troseth, 2003). In particular,
understanding intentions have been seen as a critical ability for the development of
symbolic competence, an ability that seems to develop between 12 and 24 months of age
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(e.g. Baldwin, 1993). Callaghan, Rochat, MacGillivray, and MacLellan (2004) refer to
pictorial “proto-symbols” in an analogy to linguistic proto-symbols. Thus, while babies
babble before talking, infants scribble (and give meaning to their scribbles) before
drawing, or “read” books before recognising words. Hence, very young children learn to
attribute intended meaning to drawings, even when pictures are purposely not accurate.
Additionally, infants will increase details on their own drawings in order to increase the
viewer’s understanding (Bloom & Markson, 1998; Callaghan, 1999; Preissler & Bloom,
2008).
Symbolic understanding has been highlighted in the literature as one weakness in ASD,
even in the mildest forms of the condition, affecting areas such as non-verbal
communication, language and numerous aspects of cognitive and social ability (Ricks &
Wing, 1975). For instance, lack of pretend play (or symbolic play) has been defined as
one of the main features to diagnose ASD (Wing & Gould, 1979). Atlas (1987)
suggested that the inability to understand and/or interpret symbols in children with
Autism is demonstrated in a variety of symptoms including abnormal gestures
(stereotypies), language (echolalia), play (repetitive and with lack of pretence) and
drawings

(undifferentiated

scribbles).

Maljaars,

Noens,

Scholte,

and

van

Berckelaer-Onnes (2011) suggest that the problems that individuals with ASD face with
symbol understanding contribute to the deficit in both expressive and communicative
language in low-functioning individuals with ASD.
The interpretation of symbols can be processed either semantically (as a representation
of the referent) or visually (the referent) using different cognitive processes accordingly
(Schwartz, 1995; Casasanto, 2003). Despite the trend to report visual superiority in
processing information in ASD (e.g. Kamio & Toichi, 2000; Koshino et al., 2005), most
studies addressing symbol understanding in ASD have used visual-semantic paradigms.
For example, Kamio and Toichi (2000) concluded that, in the learning of new words,
individuals with ASD perform better when the word is associated with a picture rather
than another word. Preissler (2008) found that children with ASD, contrary to TD
children (Preissler & Carey, 2004), do not generalize new words learnt from images to
real objects, but do extend the word meanings to other similar images, highlighting the
difficulties that ASD individuals experience in acquiring reference-referent associations.
Where does the autistic mind differ from the TD mind? In Chapter 1, the deficit on
ToM, Weak Central Coherence, and Executive Dysfunction theories were described as
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possible explanations for the autistic condition. All theories could explain the difficulty
that children with Autism encounter in interpreting symbols. From the ToM
perspective, a person who lacks the intuitive ability to understand other people’s
intentions may not be able to understand what the artist tried to transmit through the
picture. From a Weak Central Coherence perspective, a person who fails to see the
whole picture, and just focuses on small parts, may miss important information. For
example, Worth (2003) evaluating speech ability in a group of high-functioning
individuals with ASD using photographic cards, found that individuals with ASD
committed up to three times more errors (such as attending to minor or irrelevant
aspects or interpreting information literally without considering the context) than TD
individuals matched in gender and verbal ability. Lastly, in terms of Executive
Dysfunction, the difficulty to inhibit one interpretation or shift to another, may impede
the individual to attribute to the symbol a meaning other than its own physical
characteristics. ASD has been defined as a disorder with problems in flexibility, both
behaviourally and mentally. Lack of mental flexibility can affect the interpretation of
symbolic material, including highly iconic pictures. For instance, a simple symbol, such
the one for ladies’ toilets (i.e. a girl wearing a dress), can be difficult to interpret from a
rigid way of thinking (e.g. “if I am not wearing a dress, I am not allowed to go in”).

4.4 Effect of the iconicity of the symbols
Many of the efforts to study the development of symbolic understanding have focused
on the importance of the level of iconicity and/or similarity in facilitating the learning of
the relation between the symbol and its referent.
It has been reported that TD children can learn novel actions from picture books, but
that learning will be facilitated by high iconicity (Simcock & Deloache, 2006). Preissler
and Carey (2004) studied a group of 18- and 24-month-old children learning new words
from low iconic black and white pictures. Results showed that children were capable of
learning the new words and that, when children were shown a real object and a
photograph, most children chose the object, or the object and the photograph together,
showing a clear understanding of the referential meaning of the newly learnt word. This
process, however, was facilitated in younger children (15- and 18-month-olds) if the
pictures used were highly iconic, highlighting the importance of physical similarity or the
understanding of the symbol-referent relation at this young age. This effect seems to
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increase with age (Callaghan, 2000; Ganea, Pickard, & DeLoache, 2008; Simcock &
Deloache, 2006). However, highly iconic materials could, in some cases, restrict the
generalisation of new words since specific characteristics within the photographs can
divert young children from inferring the true characteristics of the reference (Ganea,
Allen, Butler, Carey, & DeLoache, 2009). This is in line with the finding that 4-year-olds
may find it difficult to understand that highly realistic materials (i.e. photographs or
televised images) do not change even though one of the physical features of the referent
(e.g. colour) does (Robinson, Nye, & Thomas, 1994).
Studies of the effect of iconicity have shown different results in individuals with ASD.
For example, Handleman, Powers, and Harris (1984) assessed three boys (aged 7, 8 and
9 years, no mental ages given) with ASD and additional severe to moderate ID, to find
the relative differences in vocabulary generalization in using photographs versus real
objects. They found no significant functional relationship between conditions, but a
greater difficulty when the participants had to generalise the meaning from pictures than
real objects, concluding that generalization of words when using pictures may be
hampered by the lack of concrete functional value of the picture. Studies with bigger
samples found similar conclusions. Preissler (2008) tested 22 ASD individuals
(non-verbal IQ = 62), following methodology from previous studies (Preissler & Carey,
2004), to explore the attribution of referential meaning to new words. After a training
period, participants were presented with black and white drawings corresponding to
words recently acquired. Children were then asked to choose whether the word
corresponded to the object or to the picture. Whereas TD children tended to choose
either the object or both the object and the picture, individuals with ASD mostly chose
only the picture, which was consistent in three different experiments. The author
concluded that, in line with previous suggestions (e.g. Frith & Happé, 1994b) children
with ASD, contrary to TD, learn new words through associative mapping rather than
understanding the referential meaning of pictures. Children with ASD demonstrated an
ability to learn new words by pairing the new name with the picture, photo or object
without attributing to them any referential meaning. Thus, they showed problems
generalizing the new words to other objects of the same type.
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4.5 Theories of the development of symbolic understanding
One of the field leaders in the study of the human development of symbols is
DeLoache. After a series of experiments with neurotypicals (e.g. DeLoache, 1987; 1989;
1991), DeLoache and Marzolf (1992) created a model of the development of symbols in
infancy. The authors reported that the ability to understand symbols develops between 2
and 3 years of age and becomes refined through a series of stages or sub-abilities. The
first one, called symbolic sensitivity, refers to the readiness to understand that a symbol
stands for or represents something else. At this stage, there is not conscious awareness
of the symbol itself, but only the realisation that one thing corresponds or relates to
another. Studies have reported that the sensitivity to the role of symbols may be boosted
if the child is exposed at an early age to simple symbols (e.g. Troseth, Pickard, &
DeLoache, 2007). Similarly, direct exposure to the connection between symbol and
referent plays a main role in the development of symbol sensitivity (DeLoache, 1991),
although some authors consider that this is only effective after the third year of life
(Callaghan & Rankin, 2002). This stage is followed by representational specificity. At this
stage, the child learns that a symbol corresponds to a unique entity or referent. Generic
representations (e.g. a picture of a dog in a baby book) are easier to understand and
therefore develop at an earlier age than specific representations (e.g. a specific dog). The
type of symbol and the context play a major role in helping the child understand and
associate a symbol with its referent. For example, a circle can represent a ball or the sun,
but will mean one or the other depending, for example, on where it is presented in the
global picture. Third, to develop the understanding that something can be an entity in
itself and simultaneously represent something else is referred to as the dual representation
of symbols. This is quite a complex concept as the salient characteristics of the entity
may obstruct its relation with the referent. 2D materials (e.g. a piece of paper) possess
fewer salient characteristics than 3D representations, and are therefore somewhat easier
to understand. Thus young children achieve representational insight at an earlier age
when using photographs than when using models. For instance, numerous studies have
shown than children will retrieve a toy hidden in a room more easily at a younger age
when they are given information about location in the form of a photograph rather than
a scaled-down replica model (e.g. DeLoache, 1991; DeLoache, Miller, & Rosengren,
1997). Finally, representational insight refers to the “realization that some entity stands for
something other than itself” (DeLoache & Marzolf, 1992, p. 318). This ability would
enable children to be ready to transfer the use of symbols to different symbolic
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materials, as symbolic understanding has been fully achieved. Numerous studies have
found that this ability shifts dramatically between 2 ½ to 3 years when using scale
models, but between 2 and 2 ½ when using colour photographs.
According to DeLoache and Marzolf’s model, understanding the dual representation of
models is a more complex process than understanding the dual representation of
photographs, therefore achieved at a later age. Following this idea, Charman and
Baron-Cohen (1995) tested a group of 19 ASD (MA = 7.9, VMA = 4.8) and 19 ID
individuals (MA = 4.6, VMA = 4.7). The authors found good and similar performance
in ASD and ID individuals on both the model and the photographic tasks, despite the
ID group outperforming the ASD group in a FB task. These findings led the authors to
conclude that individuals with ASD were able to understand the dual characteristics of
representational objects (photos, models) but not of mental states. In support of
DeLoache and Marzolf’s model, they found significantly more failures when using
models as opposed to photographs across both groups. Furthermore, the fact that most
of the participants passed the model but not the FB task suggests dichotomy between
mental and non-mental symbolic understanding.
From a different perspective, Leslie (1987) believed that pretend play, a
meta-representational ability developing during late infancy, is the precursor for more
complex ToM mechanisms. Leslie borrows the definition of meta-representation from
Pylyshyn (1978): to represent a representation. Pretence, or the ability to attribute
non-existent characteristics to an object or situation, would therefore correspond to the
dual representation stage in DeLoache’s model. This meta-representational ability is
reported to develop between 3 and 4 years of age and is necessary to understand the
referential meaning of pictures (Leslie, 1987; Perner, 1991). Leslie (Leslie, 1987; Leslie &
Thaiss, 1992) proposed that individuals with ASD lack the ability to meta-represent
mental states (e.g. in FB tasks) but not other type of non-mental symbols (e.g. drawings
or pictures).
The False Photograph Task (FPT; Zaitchik, 1990) was created to explore the
development of representations in TD children. In this task, an instantaneous (Polaroid)
photo of a pretend scenario is taken. While the photo is developing, one of the objects
in the scenario is removed. Children were then asked whether the photo would show the
object that has just been removed. Zaitchik found that TD 3-year-olds failed to answer
this question correctly. Following this and Leslie’s idea of an intact non-mental
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referential understanding in ASD, Leekam and Perner (1991) tested 16 individuals with
ASD (MA = 9.7, VMA = 6.5), and 16 TD 3- and 19 4-year-olds in the FPT in addition
to a FB task. The authors replicated Zaitchik’s findings with TD children, but found that
ASD children performed almost perfectly in the FPT despite poor performance in the
FB task. The authors suggested that individuals with ASD had not yet acquired the
ability to understand symbols and that therefore, they do not have to “fight” to
understand present against past reality. As an alternative interpretation of their findings,
the authors proposed that ASD individuals, being chronologically older than the
comparison TD children, may have been exposed to a greater range of photographic
experiences and were more capable of understanding the rigid reality of the photos (that
photos will not change even if reality does). With no clear explanation reached yet of
whether individuals with ASD understand symbols or not, Charman and Baron-Cohen
(1992) created a parallel task: the False Drawing Task (FDT). The authors tested a
sample of 17 ASD children (MA = 7.9, VMA = 5.3) against a group of 14 individuals
with ID (MA = 4.9, VMA = 4.2) and 20 TD children (between 3 and 4 years of age).
The authors aimed to replicate the results found in previous studies using different
symbolic materials, hoping to corroborate the validity of the meta-representational
deficit as proposed by Leslie. Results showed that individuals with ASD performed at
the same level as ID and 4-year-old TD children in the FDT, but not in the FB task.
This suggests that individuals with ASD were able to understand different forms of
non-mental representational material, such as line drawings, but failed to understand
symbolic mental representations (i.e. False Beliefs). Following procedures similar to
DeLoache’s model tasks, Leslie, and Thaiss (1992) created a False Map Task (FMT). In a
sample of 18 ASD individuals (CA = 11.5, VMA = 6.8) and 21 TD children between 3
and 4 years of age, results showed that individuals with ASD outperformed TD
individuals at the FMT but not at the FB task. The authors concluded that only the FB
task requires ToM but not the FPT, FDT or the FMT, strengthening Leslie’s theory of a
specific meta-representational deficit concerning mental states in ASD.
The interpretation of a drawing is often determined by the ability or desire of the author
to transmit that information, therefore affecting the degree of iconicity of the drawing.
High iconic pictures will be easier to understand while low iconic pictures will be more
difficult to interpret, particularly in individuals who lack the ability to understand and
interpret another person’s intentions. The following sections describe the materials,
procedures and results found in young children when assessed by a well-established
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verbal test using line drawings in comparison with a novel parallel photographic form of
the same test.

4.6 Aims and hypotheses
Considering that most verbal assessment tools are based on line drawn pictures, this
study hypothesises that standard comprehensive verbal IQ tests that use impressionistic
pictures may not access the full potential of a population that finds it difficult to
interpret symbolic material. Therefore, by creating a measure using more realistic
representations (i.e. photographs) it was predicted that children with ASD will show
better measured ability than when less iconic symbolic material is used. For this purpose,
the British Picture Vocabulary Scale - Second Edition (BPVS) was adapted to create a
parallel test using photographs, for assessment of children with ID with and without
ASD and TD children. BPVS is one of the tools most commonly used in the evaluation
of individuals with ASD (Mottron, 2004) and it is therefore important to study its
reliability with low-functioning ASD individuals, who may experience difficulties
accessing meaning from symbolic line drawings. Additionally, the minimal number of
socially related images (e.g. emotions or socially agreed symbols) that form the BPVS
made this assessment a perfect tool to study the true effect of different types of formats
on the performance of individuals suffering from impaired social understanding.
Two studies are presented in this chapter: the first study aimed to explore any
discrepancy between standard (drawn) and photo versions of the BPVS in relation to
Theory of Mind (ToM) task performance in young TD children from 3 to 7 years of age.
The second study tested the predicted discrepancy in a sample of children and
adolescents with ASD in comparison with a sample of children and adolescents to
Intellectual Disability (ID). Overall, both studies aimed to test the following hypotheses:
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1) That participants with poor ToM will perform better on the photo than the
standard version of the BPVS;
a) TD children who fail to pass ToM tasks will score significantly lower in the
BPVS-Standard than in the BPVS-Photo.
b) Children with ASD who fail the ToM tasks will score significantly lower in
the BPVS-Standard than in the BPVS-Photo.
c) Children with ID, who do not find it difficult to understand other people’s
intentions, will perform similarly at both versions of the BPVS.
2) That children with ASD, who find it difficult to understand other people’s
intentions will score significantly lower in the BPVS-Standard than children with
ID.

4.7 Method
4.7.1

Developing and piloting of the new BPVS-Photo

The photographic version of the BPVS (BPVS-Ph) was created by the author using
coloured photographs, keeping as much similarity as possible to the original images of
the standard BPVS. It was piloted on a group of five TD adults, resulting in three images
being modified due to participant feedback (poor clarity). After these changes, the task
was piloted with three more adults, and no further changes were required.
The task, which was digitalized, was initially presented on a laptop computer, along with
a computerized version of a FB task using pre-recorded audio and pictures. This was
piloted with four TD children between 4 and 5 years of age. Although the BPVS
computerized version worked well, the administration of the FB task proved to be
problematic due to the poor audio quality when the task was played in noisy
environments. Also, children found it difficult to understand that they had to answer the
questions asked on the computer, and so adult prompting was required, which
complicated the understanding of the story line. Therefore, the original BPVS book,
colour-printed hard copies of the BPVS-Ph, and live acting out of the FB story with two
teddies were used instead.
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4.7.2

Materials

As previously described, the Second Edition of the British Picture Vocabulary Scales
(BPVS-II, Dunn, et al., 1997) was used. Only the first six sets were converted to the
photographic version. It was expected that the first six sets would cover the
developmental range at which ToM develops, and be sufficient for most of the
participants with ID with or without ASD. The photographic version consisted of
colour photographs replicating, as accurately as possible, the original BPVS-II images.
The original format and proportions were kept the same as in the standard form (for an
example, see Figure 4-1). Pictures were found in several search engines on the Internet
and those that could not be found were created by the experimenter. Some photos were
scanned from printed photographs. The photos were ordered in the exact same way as
in the standard version and printed in high quality colour. They were presented in a
landscape A4 booklet. Answers for both versions were noted on different answer sheets
provided for the standard version of the test. For a visual depiction of the whole test,
see Appendix C.1.

Figure 4-1 Examples from the photographic and the original line drawings version of the
BPVS

Additionally to the short administration time required (varying from 5 to 15 mins), only
two items were socially loaded (i.e. item 54, “delighted”, and item 56, “furious”), which
makes this a good tool to assess individuals with ID and ASD. After administration of
both versions, the reliability of the scale and an item analysis was conducted. Cronbach’s
Alpha to study internal consistency was very high for TD children in the standard
(α = .98) and in the photo version (α = .98). None of the items increased reliability if
deleted. For the ASD and ID groups combined Alpha values were low: α = .33 in the
standard version, and α = .35, for the photo version. No individual items substantially
improved these indexes if deleted. The reason for this coefficient being so low in the
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ASD and ID samples may be due to the variability of wrong answers. While TD children
generally committed fewer errors, errors tended to be more concentrated in one of the
answers. That is, errors tended to cluster on a distractor item with a certain similarity to
the given word (e.g. for “arrow” errors tended to be committed by choosing the picture
of a bow). However, for the ASD and ID groups, wrong answers were more scattered
across the different possible responses increasing the variance of each item and
therefore the overall inter-correlation among the items (see Appendix C.2 for a detailed
analysis of the items in each version and in each group).
Individual item analyses were then conducted. The mean number of errors in each item
was noted and taken into consideration in relation to the mean number of errors on the
other items in the same set. Therefore, those items with mean errors more than one
standard deviation from the mean for its set were studied further. For the TD children
nine such items were gathered from the standard version and nine items from the photo
version, having five overlapping items. For the ASD and ID samples, 11 items were
gathered from the standard version and 12 items from the photo version, with seven
overlapping items. For an item to be classified as answered by chance, the right answer
should have been chosen 25%, or less, of the time (one out of four possible responses).
None of these high errors items in the TD or ASD and ID samples fell under such
category, and therefore no item was removed from the analyses.
4.7.3

Procedure

The presentation of both BPVS versions was counterbalanced and interspersed
depending on the child’s availability and the schools’ schedules (Mean = 7 days). As
feedback was not given during the assessment (only generally encouraging statements)
recall was not expected to be a contaminant2. Therefore, some children were tested the
same day where necessary (60 children out of 203 tested: 24% of TD, 34% of ASD, and
30% of ID).
The starting point for TD participants differed according to their age, as instructed by
the manual, but all ASD and ID participants, due to the severity of their impairment,
started at Set 1. Stopping procedure followed the manual guidelines after eight or more

2 Analyses of the interval between administrations showed no effects in any age group (see Appendix 0,
Table A for analyses in TD participants and Table B for ASD and ID participants).
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failures in a single set. However, possible chance performance was explored. Since there
was a forced choice between four images on each page, and twelve pages per set, it was
expected that by chance alone an individual could correctly answer at least three
questions in each set (i.e. 1/4 correct by chance x 12). Therefore, participants answering
correctly four or more questions in a set would be performing above chance. However,
as the test is structured to stop assessment if a child has only four or fewer questions
right in a set, additional analyses to estimate if an individual was performing at chance
level were not considered necessary.
Information regarding participants’ ToM ability was gathered with the Penny Hiding
Game, a naturalistic deception task described in section 2.4. For a detailed description of
scoring procedures, see section 2.6.3. Additionally, and only for the younger 3- and
4-year-old TD children, a classic FB task (the Sally-Ann task; Wimmer & Perner, 1983)
was used. It follows a very simple script performed by two doll protagonists. In order to
increase the understanding and tracking of the two roles, two teddies were used, with
names to fit their physical characteristics (“Pink Doggy” and “Cheeky Snowman”). After
watching the acting out of the script with the teddies, children were asked three
questions. The first one referred to the False Belief (“where would Doggy look for the
ball?”), while the other two were control questions to check whether the child
remembered where the ball had been initially placed (memory control), and where the
ball has actually been placed (reality control).

4.8 Study A: TD children
4.8.1

Participants

After ethical approval (05/Q0706/235 (204/05)), the recruitment of participants for this
study followed the same procedure as that for the ASD and ID children described in
section 2.6.1. Thirty-five nurseries and 120 early-years schools were contacted in person,
by letter or via email. Seven schools and one nursery agreed to participate in the project.
Seventy-eight children from ages 3.2 to 7.8 years of age were recruited, including the
four children that completed the piloting. One child refused to do the tasks and two
other children were not present at school during the testing. Therefore, a final 71
children completed both BPVS and at least one of the tasks aimed to measure ToM.
Ratios of males to females by age are shown in Table 4-1.
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Table 4-1 Male:Female ratio in TD children
3-year-olds

4-year-olds

5-year-olds

6-year-olds

7-year-olds

Total

Male

6

11

7

0

10

33

Female

5

6

10

7

9

37

Total

11

17

17

7

19

71

4.8.2
4.8.2.1

Results
BPVS-Standard vs BPVS-Photo

Based on the standard BPVS-II, raw scores (for all sets completed), VMA and VIQ for
each age group, and for the group as a whole, are presented in Table 4-2.
Table 4-2 Mean (SD) and [range] for BPVS VMA and VIQ for participants, by age group
3-year-olds

4-year-olds

5-year-olds

6-year-olds

7-year-olds

All ages

11

17

17

7

19

71

BPVS

45.82

51.06

55.53

66.29

94.16

64.35

Raw

(8.18)

(11.19)

(13.06)

(8.98)

(11.85)

(21.35)

[31 – 56]

[26-71]

[30-76]

[54-81]

[73-118]

[26-118]

BPVS

4.47

5.00

5.51

6.52

9.54

6.40

VMA

(0.08)

(1.00)

(1.30)

(0.85)

(1.61)

(2.31)

[3.17-5.50]

[3.50-7.00]

[3.17-7.42]

[5.33-7.92]

[7.17-13.08]

[3.17-13.08]

BPVS

113.27

106.00

102.30

103.00

116.74

108.82

VIQ

(10.82)

(10.40)

(13.03)

(8.81)

(9.76)

(12.13)

[91-134]

[90-127]

[76-124]

[93-119]

[100-136]

[76-136]

n

Although the presentation of the tasks was counterbalanced, the possible effects of the
order between presentation of the standard and the photo versions were studied.
Analyses revealed no significant differences between raw scores by order of presentation
in either the standard (F(1,62) = 0.76, p = .39, r = .11) or photo version (F(1,62) = 1.56,
p = .22, r = .16).
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In order to examine differences between the two versions, raw scores were thought to be
the most suitable index as they are more precise than mental ages and indicate the actual
level of achievement (regardless of CA). Since the main purpose of this study was to
contrast and compare the results from both BPVS versions, only raw scores up to Set 6
of the standard version (where the photo version finishes) were taken into consideration
for comparative analyses (see Table 4-3 for descriptors of each task, by CA). The
maximum raw score possible was 72 (maximum 6 sets with 12 items each set). Mixed
ANOVA revealed significant differences between versions (F(1,66) = 10.17, p = .002,
r = .37) and age groups (F(4,66) = 35.60, p < .001, r = .82) but no significant interaction
(F(4,66) = 0.52, p = .72, r = .17). That is, overall individuals scored significantly higher in
the standard version than the photo version, and performed better with increasing age in
both tasks.
Table 4-3 Mean (SD) and range [min, max] for raw scores in the standard and photo
versions of the BPVS, and differences (standard minus photo), by age group
3-year-olds

4-year-olds

5-year-olds

6-year-olds

7-year-olds

All

11

17

17

7

19

71

BPVS-St

45.18

49.12

51.82

59.29

68.11

55.24

Raw Scores

(7.59)

(8.80)

(9.46)

(3.15)

(2.26)

(11.09)

[31, 53]

[26, 58]

[30, 63]

[54, 64]

[62, 71]

[26, 71]

BPVS-Ph

40.55

47.00

50.35

57.00

66.32

52.96

Raw Scores

(7.29)

(6.77)

(9.17)

(4.76)

(3.40)

(11.26)

[29, 55]

[33, 56]

[29, 62]

[50, 62]

[58, 71]

[29, 71]

Differences

4.63

2.11

1.47

2.28

1.79

2.28

(St – Ph)

(9.83)

(7.25)

(5.31)

(3.73)

(2.17)

(5.98)

[-17, 14]

[-11, 12]

[-13, 10]

[-3, 9]

[-1, 6]

[-17, 14]

n

Post-hoc analyses (using Hochberg’s correction for multiple comparisons) to study the
effects of chronological age revealed that, despite mean raw scores being generally lower
for the photo than for the standard version, this was significant only in the oldest group
of individuals (p = .002). The superiority of standard raw scores over photo raw scores is
also shown by the greater number of individuals scoring higher in the BPVS-Standard
(see Table 4-4). In terms of the raw differences, differences appeared to be significantly
greater in the youngest age groups (3-year-olds) in comparison with the older groups (all
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p < .008, adjusted) and in the 4-year-olds compared with the 7-year-olds (p = .005,
adjusted).
As one of the hypotheses of the study was to explore if the photograph version could
facilitate the interpretation of images in contrast to line drawings, the degree of benefit
of photo format over line drawings was calculated. For this purpose, participants scoring
the same in both versions were clustered with those participants who performed better
at the standard version. The degree of benefit was calculated by subtracting the raw
scores in the standard version from the photo version raw scores and dividing this by
the raw scores from the standard version, creating a index than could vary from -1 to 1,
where 1 would represent the most benefit from the photographic version (or 100%
improvement from line drawings) and -1 would represent the least benefit from the
photographs. This difference score was therefore expressed as a proportion of the
participant’s performance, reflecting the fact that a difference of 2 between scores of 4
and 6 has a different meaning from a difference of 2 between scores of 42 and 44. Table
4-4 presents the mean degree of benefit of photo version over standard version by age
group.
Table 4-4 Mean (SD) degree of benefit of photo over standard version (proportional
difference score), by age group

Better at

n

3-yearolds

n

4-yearolds

n

5-yearolds

n

6-yearolds

n

7-yearolds

n

All

8

-0.20
(0.10)

10

-0.14
(0.07)

12

-0.07
(0.06)

6

-0.05
(0.05)

15

-0.04
(0.03)

51

-0.09
(0.08)

3

0.24
(0.27)

7

0.14
(0.10)

5

0.10
(0.12)

1

0.05
( -- )

4

0.01
(0.00)

20

0.11
(0.14)

Standard
Better at
Photo

Although the degree of benefit of photos appears to be greater in the younger groups in
comparison with the degree of benefit from line drawings, this was not found to be
significant for any of the groups (all p > .12).
4.8.2.2

Theory of Mind assessment

The youngest children were tested on False Belief understanding by using the version of
the Sally-Ann task described above (3-year-olds n = 12, 4-year-olds n = 8). However,
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only four participants failed to pass the task (ages 3.13, 3.59, 3.72 and 4.45, mean
CA = 3.72). Additionally, those four participants also failed the Penny Hiding Game
(PHG) by committing a substantial number of errors (8, 5, 8 and 4 errors respectively)
with no indication of attempts to trick the examiner. Therefore, since the Sally-Ann FB
task did not add variance to the sample, the PHG was taken as the sole measure of
ToM.
A second coder, blind to participants’ age, double-coded 30% of the videos of the
sample in order to check the reliability of the scoring from the main investigator.
Correlation between raters showed a highly significant correlation for number of errors
(r = .75, p = .005) and tricks committed (r = .85, p < 001) and therefore the main
investigator’s ratings were considered suitable to provide data from the remaining videos.
After careful analysis of the number and type of errors committed, children who did not
commit any errors were classified as passers (n = 17). Analyses of the errors revealed
that 18 out the 22 participants who committed only one error committed Error 5, or
“display error”. Since display error is the mildest error of all five types of errors, those
22 participants were also classified as passers. Children committing two or more errors
were classified as failers. Table 4-5 presents the number of participants in each category,
by age group. One male (aged 3.07) engaged and participated in guessing the location of
the penny but did not attempt to hide the penny and therefore he was considered as a
PHG failer. For the remaining participants, the mean number of errors (and SD) by age
group are presented in Table 4-6.
Table 4-5 Number (%) of participants passing or failing the PHG, by age
3-year-olds

4-year-olds

5-year-olds

6-year-olds

7-year-olds

All

Passers

2 (11%)

8 (47%)

12 (71%)

4 (57%)

13 (68%)

39 (55%)

Failers

9 (89%)

9 (53%)

5 (29%)

3 (43%)

6 (32%)

32 (45%)
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Table 4-6 Mean (SD) and [range] number of errors and tricks in the PHG, by age

Errors
Tricks

3-year-olds

4-year-olds

5-year-olds

6-year-olds

7-year-olds

All

4.99 (3.05)

2.44 (2.76)

1.12 (1.22)

1.00 (0.81)

1.12 (1.11)

1.98 (2.36)

[1 – 10]

[0 – 10]

[0 – 4]

[0 – 2]

[0 – 4]

[0 -10]

0.30 (0.67)

1.06 (2.10)

0.18 (0.73)

0.43 (0.79)

0.24 (0.84)

0.45 (1.25)

[0 – 2]

[0 – 8]

[0 – 3]

[0 – 2]

[0 – 4]

[0 – 8]

As the number of errors and tricks were non-normally distributed, non-parametric
Kruskal-Wallis analysis was used. As shown in Table 4-6, the number of errors
committed by the children significantly decreased with age (χ2(4) = 15.59, p = .004) but
tricks fluctuated (χ2(4) = 5.06, p = .19). Post-hoc analyses showed that the significant
differences in errors were due to highly significant differences between the 3-year-olds
and the older groups (all p < .03). While the youngest children committed all types of
errors, all errors seemed to decrease with age, except for Error 5, which almost uniquely
remained in the oldest group (see Appendix C.4 for further detail of mean scores for
each error and trick type, by age group).
4.8.2.3

BPVS and its relation to the Penny Hiding Game

Participants were classified according to performance in the PHG to study further the
degree of benefit of photo over line drawings. Non-significant differences (t(69) = 0.41,
p = .69, r = .05) were found between mean scores in degree of benefit of photo over line
drawing for both the passers (n = 39, M = -0.04, SD = 0.10) and the failers (n = 32,
M = -0.03, SD = 0.17); both groups tended to show better performance on the line
drawing than the photo version of the BPVS. Raw differences between standard and
photo versions similarly showed no difference between passers (M = 2.44, SD = 5.27)
and failers (M = 2.09, SD = 6.84; t(69) = 0.24, p = .81, r = .03).
In terms of errors, those that performed better at the photo version committed more
errors (n = 20, M = 2.65, SD = 3.06) than those that performed better at the standard
version (n = 50, M = 1.71, SD = 1.99). However, this was not significantly different
(t(25.66) = 1.26, p = .21, r = .24). There were not significant differences either for the
number of tricks, comparing those better at the photo version (M = 0.73, SD = 1.32)
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and those better at the standard version (M = 0.34, SD = 0.12; t(68) = 1.17, p = .24,
r = .14).
Additionally, Pearson correlation coefficient, controlling for CA, showed a
non-significant correlation between the number of PHG errors and the raw scores in
both the standard (r = -.13, p = .29), and the photo version (r = .07, p = .56).
Finally, the relation between VMA and VIQ in relation to the PHG was examined.
Regarding the number of errors committed in the PHG, correlation analyses showed
that VMA was highly inversely correlated with the number of errors (r = -.43, p < .001)
but not with the number of tricks (r = -.09, p = .46). However, the strong relation
between errors and VMA disappeared when controlling for CA (r = -.11, p = .38). In
terms of VIQ, there were no significant correlation between VIQ and number of errors
(r = -.16, p = .19) or tricks (r = .06, p = .61). In relation to passing or failing the PHG,
the VMA of the passers was significantly higher (M = 7.00, SD = 2.52) than the failers
(M = 5.67, SD = 1.83; t(69) = 2.48, p = .01, r = .29). Significant differences were not
found in VIQ between passers (M = 110.26, SD = 13.98) and failers (M = 107.06,
SD = 9.32; t(69) = 1.10, p = .27, r = .13). One of the assumptions to undertake
subsequent logistic regression analyses is the independence of variables. Since VMA and
CA were moderately correlated (r = -.43, p < .001), multicollinearity analyses were
undertaken. Tolerance values were above 0.1 (CA = 0.30; VMA = .033) and Variance
Inflation Factor values well below 10 (CA = 3.11; VMA = 3.07). Therefore, regression
analyses continued. Results showed that both CA (p = .04) and VMA (p = .02) but not
gender (p = .08) predicted the ability to pass or fail the PHG. Table 4-7 presents the
logistic regression model, and Figure 4-2 shows a graphic representation of the
probability of passing the PHG in relation to VMA.
Table 4-7 Logistic regression model for predictors of performance in the PHG for TD
children
95% CI for Odds Ratio
β

SE

Lower

Odds Ratio

Upper

Constant

-2.13

1.01

CA

0.14

0.30

0.64

1.15

2.08

VMA

0.20

0.20

0.82

1.22

1.81

R2 = 0.10 (Cox & Snell); R2 = 0.14 (Nagelkerke), Model χ2(3) = 7.86, p = .04

121

Figure 4-2 Predicted probability of passing the PHG in relation to VMA in TD sample

4.8.3

Discussion

This study examined the discrepancy between two parallel measures of the BPVS
presented in different formats (line drawings versus photographic pictures) and how the
ability to mentalize contributes to performance on the tasks. Results showed that, against
predictions, children tended to perform more poorly on the photo version than on the
standard version regardless of age. Two plausible explanations may be relevant. First,
this could be a reflection of the better ability of TD children to abstract information
from line drawings, where interpretation can be more flexible, in contrast with
photographic information, where interpretation is more rigid and may be seen as
referring to an individual item rather than to a general concept. Secondly, despite efforts
to keep photographs as similar as possible to the original line drawings, the amount of
information displayed in the photos, in contrast with the black and white line drawings,
may act as a distracter from the main foci of information. While the line drawings can
focus specifically on what the main source of information is meant to be (by reducing
backgrounds, eliminating irrelevant colour information, etc), photographs carry a greater
load of information that may complicate the interpretation of the key concept presented
(by for example, including colour, or by making it difficult to distinguish between main
and secondary details).
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The differences between the two versions seem to lessen at the youngest ages. Hence,
7-year-olds performed significantly better at the Standard version as, perhaps, the full
understanding of symbols has been developed and they understand better the referential
meaning of a line drawing picture as more generic than a photograph, and therefore able
to map better the word to a more generic symbol (line drawing) than to a more concrete
symbol (photograph). However, although not significantly, those that benefited more
from the photographic version showed a larger effect of version (proportional
difference) than those that benefited more from the standard version. Again, looking at
age, this seems to be more common in the younger ages. It could therefore be that some
of the younger individuals have not yet acquired full symbolic understanding and that
the amount of details involved in the photographs actually helps them to establish the
symbol-reference relation.
When contrasting these results with the performance in the Penny Hiding Game (PHG),
there were no differences in performance in either version from those passing or failing
the PHG. In fact, both, passers and failers, performed better at the standard line drawn
version of the test. This would seem to support the model proposed by Leslie (1987):
different cognitive mechanisms are involved in the understanding of mental and
non-mental representations. While deception requires understanding another person’s
perspective, interpreting line drawing pictures may be possible without this ability.
Interpreting line drawings may be possible just by putting small pieces of information
together to make sense of the whole idea, whether drawings are biased by author’s
expression or not. If that is the case, to achieve such skill may be hard for people who
find it difficult to see “the whole picture” or, in other words, have Weak Central
Coherence, as in the case of individuals with ASD.
Devries (1970), in her very comprehensive study of the development of hiding and
guessing strategies in young children, found that the number of errors in the PHG was
strongly related to CA and psychometric ability. The results here presented support this.
The number of errors committed was found to be strongly related to CA, although not
to VMA or VIQ. The present study shows a strong relation between passing the PHG
and VMA. In comparison with the study by Happé (1995), who related VMA to the
ability to pass False Belief (FB) tasks in TD children, the speed at which the ability to
pass the PHG develops in TD children seems to be slower than the speed to pass FB
tasks. While Happé found that children start passing FB tasks at 2.5 years of age, in this
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study, the youngest child who passed the PHG was 4.3 years old, suggesting an extra
factor or skill, other than understanding another person’s point of view (e.g. life
experiences) as in the case of FB tasks, which modulates the ability to deceive.
Unfortunately, the data in this study are limited and it is not possible to study other
factors, such as number of siblings or other socially related variables, that could work as
a mediator of the ability to deceive.

4.9 Study B: ASD vs ID
4.9.1

Participants

Recruitment of participants followed procedures described in section 2.6.1. Of the 211
participants recruited for the studies reported in this thesis, 53 ASD and 78 ID
participants completed both the BPVS-Standard and BPVS-Photo versions. However, 2
ASD and 3 ID individuals did not complete the PHG, resulting in 51 ASD and 75 ID
participants with full data available for the current study. The descriptors for the sample
are presented in Table 4-8.
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Table 4-8 Descriptors for participants completing the PHG and both versions of the BPVS:
Mean (SD) and [range]
n
CA

51

PHG
Total Errors
VABS-T
Composite
VABS-T
Communication
VABS-T
Living Skills
VABS-T
Socialization
Interactive
Sociability (max 18)
Active
Sociability (max 18)

39
46
46
46
46
46
46

ASD
12.18 (3.42)
[5.36 - 17.80]
7.15 (4.10)
[0.00 - 15.00]
60.52 (11.87)
[33 - 94]
61.24 (13.23)
[33 - 100]
61.76 (11.35)
[40 - 93]
65.63 (11.14)
[44 - 97]
1.56 (0.28)
[0.00 - 7.33]
7.87 (0.68)
[0 - 17]

n
75
73
54
54
54
54
56
56

ID
12.75 (3.35)
[6.00 - 19.57]
5.43 (5.18)
[0.00 - 18.00]
64.11 (10.46)
[35 - 84]
61.57 (11.46)
[36 - 88]
61.94 (10.62)
[38 - 80]
75.94 (9.86)
[49 - 94]
3.81 (2.15)
[0.00 - 7.33]
12.25 (3.88)
[1 - 18]

statistic

p

r

0.77

.44

.07

2.20

.03

.21

2.14

.03

.21

0.45

.66

.04

0.38

.70

.04

4.67

< .001

.47

4.92

< .001

.49

4.59

< .001

.45

Despite both groups being similar in age and in communicative competence (VABS-T
Communication domain), significant differences between groups were found in all social
measures, such as the Socialization domain of the Vineland scales and the degree of
Interactive and Active Sociability displayed.
4.9.2
4.9.2.1

Results
BPVS Standard vs BPVS Photo

Presentation of both versions was counterbalanced, and no order effects were found in
the standard version (t(124) = 0.68, p = .50, r = .06) or the photo versions of the BPVS
(t(124) = 0.51, p = .61, r = .04). In terms of performance in the standard version, while the
ID group presented a slightly higher VIQ (M = 48.25, SD = 13.63) than the ASD group
(M = 47.53, SD = 13.12), this was not significant (z = 0.22, p = .83, r = .02). However,
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there were significant differences in VMA between ASD (M = 3.91, SD = 2.08) and ID
(M = 4.30, SD = 1.67; z = 2.04, p = .04, r = .18). As in study A, for comparison
purposes, raw scores were taken from Set 1 to 6 only, where the photo version finished.
Table 4-9 presents the main descriptors for raw scores, the raw differences between the
two versions, and the proportional degree of benefit of photo over line drawings (as
described in Study A, section 4.8.2.1).
Table 4-9 Mean (SD) and range [min, max] of BPVS-Standard, BPVS-Photo raw scores,
difference scores (standard minus photo) and degree of benefit from photo version, by
group
ASD

ID

n = 51

n = 75

32.65 (19.15)

39.24 (17.53)

Raw Score

[4, 70]

[9, 66]

BPVS-Ph

32.37 (16.86)

39.27 (15.63)

Raw Score

[8, 68]

[10, 66]

Differences

0.27 (6.22)

0.02 (7.81)

(St – Ph)

[-12, 17]

[-21, 23]

Degree of

-0.09 (0.38)

0.08 (0.35)

benefit

[-0.40, 1.67]

[-0.52, 1.56]

BPVS-St

statistic

p

r

2.00

.05

.18

2.35

.02

.21

0.23

.82

.02

0.34

.73

.03

ANOVA for repeated measures showed a significant effect of group (F(1,124) = 4.88,
p = .02; r = .19), where the ID group showed overall higher raw scores than the ASD
group, but not main effect of version (F(1,124) = 0.04, p = .85, r = .02), and no interaction
between these variables (F(1,124) = 0.05, p = .82, r = .02). Table 4-10 presents the number
and percentage of participants according to directionality of the differences between
both versions. In order to study the differences between groups in the degree of benefit
of photo over line drawing, the negative values from those better at the standard version
were cancelled out by transforming them into absolute values. ANOVA showed that
ASD and ID performed similarly in both versions (F(1,122) = 0.35, p = .55, r = .05).
However, the degree to which participants benefited more from the photo version was
significantly greater than those that benefited more from the standard version
(F(1,122) = 22.23, p < .001, r = .39). No interaction between group and group by degree of
benefit were found (F(1,122) = 0.70, p = .40, r = .07). There were no significant differences

126

between the number of ASD and ID individuals better at the photo or at the standard
versions (χ2(1) = 0.37, p = .54).
Table 4-10 Number (%) of participants and mean scores (SD) for degree of benefit of
photo over line drawings of participants by group
n (%)

ASD

n (%)

ID

Better at standard a

30 (59%)

-0.12 (0.11)

40 (53%)

-0.13 (0.13)

Better at photo

21 (41%)

0.40 (0.41)

35 (47%)

0.33 (0.37)

a = individuals better at the Standard plus those who performed equally at both versions.

4.9.2.2

BPVS and Penny Hiding Game

Participants were divided according to PHG performance according to the criteria used
previously (see section 3.6.2). Those committing between 0 and 5 errors were placed in
the low-errors group, those with between 6 and 10 errors were the medium-errors
group, and those above 10 errors were named high-errors individuals. However, since
previous analyses in section 3.6.2 did not reveal significant differences between
participants in the medium-errors and high-errors groups, these two groups were
collapsed into a single high-errors group. Raw scores in both versions were not normally
distributed, and therefore Mann-Whitney analyses were used to study the differences
between raw scores in each version by error-rate group. Results showed that, despite
generally lower scores in the photo version in all groups, no significant differences were
found between versions in any of the groups (see Table 4-11).
Table 4-11 Mean (SD) scores for standard and photo versions, by group, by PHG
error-rate group
ASD

ID

n

Standard

Photo

n

Standard

Photo

Low-errors

13

50.54 (18.03)

49.15 (15.67)

44

47.39 (13.43)

46.73 (11.33)

High-errors

16

32.00 (15.47)

31.00 (13.17)

29

28.03 (16.41)

29.03 (15.21)

Repeated measures Wilcoxon test revealed non-significant differences between the
standard and the photo version in any of the groups, although differences between
versions in the ASD low-error group yielded a moderate effect size (p = .30, r = .28). All
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the remaining p > .31 (all r < .13). Mann-Whitney analyses to study the differences
between low-errors ASD and ID groups in the standard or photo versions were not
significant (both p > .29, r < .15). Finally, there were no significant differences between
high-errors ASD and ID participants in either of the versions of the BPVS (both
p > .39, r < .18).
The differences between the degree of benefit of those performing better on the photo
against those performing better on the standard version by error-rate in each group were
studied (see Table 4-12 for means and standard deviations in each group).
Table 4-12 Mean (SD) scores of degree of benefit of photo over line drawing by group,
by PHG error-rate, and by directionality of performance on the BPVS
ASD

ID

n

Better at
Standard

n

Better at
Photo

n

Better at
Standard

n

Better at
Photo

Low-errors

10

-0.06 (0.04)

3

0.26 (0.31)

25

-0.10 (0.11)

19

0.18 (0.19)

High-errors

15

-0.16 (0.13)

11

0.36 (0.47)

14

-0.19 (0.16)

15

0.49 (0.46)

As the degree of benefit of photo over line drawing was non-normally distributed,
Mann-Whitney analyses were used to study the differences between the groups, with p
values adjusted for multiple comparisons. Despite the initial higher overall scores for
those individuals in the high-error group, no significant differences were found between
ASD and ID in any of the possible groups combining both, group by error-rate and
group by directionality of scores in the BPVS (all p > .38). Within groups, significant
differences were only found between low and high error-rate ID individuals better at the
photo version, with significant higher of degree of benefit of over line drawings from
those in the high-error group (z = 2.51, p = .04 adjusted, r = .43).
The number of participants better at the standard version were proportionally
distributed among all sub-categories (ASD/ID, low/high PHG errors; χ2(1) = 3.57,
p = .06), but not among those better at the photo version (χ2(1) = 4.74, p = .03). There
were not significant differences between the number of individuals in the ASD or ID
better at the standard or photo versions within the low-errors (χ2(1) = 1.71, p = .19) or
high-errors participants (χ2(1) = 0.49, p = .48).
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4.9.2.3

Correlations between BPVS measures and social ability

Correlations with other social measures were also studied. As variables were
non-normally distributed, non-parametric Spearman’s Rho partial correlations
(controlling for CA) were used. See Table 4-13, for a detailed analysis of the correlations.
Table 4-13 Partial correlations (controlling for CA) of raw scores in standard and photo
versions and degree of benefit of photo over line drawings with main social measures, by
group
ASD

ID

n

BPVS
Standard

BPVS
Photo

Degree
Benefit

n

BPVS
Standard

BPVS
Photo

Degree
Benefit

36

-.53**

-.53**

.05

70

-.57***

-.58***

.19

VABS-T Composite 31

.57***

.62***

-.13

49

.61***

.65***

-.18

VABS-T Commun

31

.80***

.76***

-.34

49

.69***

.69***

-.25

VABS-T Living

31

.46**

.50**

-.17

49

.53***

.61***

-.08

VABS-T Socializ

31

.18

.29

.18

49

.50***

.54***

-.19

Interactive Sociab

31

.35*

.44*

.00

51

.52***

.55***

-.18

Active Sociab

31

.45

.25

.12

51

.43**

.45**

-.18

PHG Total Errors

*p < .05; **p < .01; ***p < .001

Overall, the degree of benefit of photo over line drawings did not correlate significantly
with any of the social variables. By contrast, both the standard and the photo versions of
the BPVS correlated moderately to highly with all variables in the ID group. However,
this was not the case for the ASD group, where neither the Socialization domain of the
Vineland scales nor Active Sociability scales correlated with either measure of the BPVS.
However, the photo version seemed to correlate more highly with almost all the
variables, in both groups, than the standard version, although Fisher’s z test did not
reveal significant differences between correlations with the photo against the standard
version in each group (all p > .39 for the ASD group and all p > .57 for the ID group).
Additionally, correlations were slightly higher in the ID group than in the ASD group,
even though this was not significant (all p > .12).
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4.9.3

Discussion

A motivating hypothesis for this study was that ASD participants, who experience social
insight difficulties as part of their condition, would find the interpretation of line
drawings more difficult than interpreting photographs, and that this would be more
pronounced in the case of those individuals who failed to pass tasks tapping Theory of
Mind (ToM). It was also hypothesised that individuals with ID, being more socially able,
would not show significant differences between these two formats. Results did not
support these hypotheses strongly. In support of the hypotheses, there were no
differences in performance between photo and line drawing versions in the ID group,
however differences were also not found in the ASD group. Although the ID group
scored significantly higher in both tasks than the ASD individuals, at a first glance, there
were no significant differences between performance in the two groups. Despite a
greater percentage of individuals in both groups scoring higher in the standard version,
directionality of scores showed, nevertheless, a greater benefit (proportional difference
score) in those benefiting more from the photographic version than in those benefiting
from the standard version. Furthermore, those benefiting more from the photographic
version also committed a higher number of errors in the Penny Hiding Game (PHG).
This is in line with Leslie’s theory of meta-representation (1987), suggesting that
individuals with ASD find mental representations difficult, but not non-mental ones.
However, in the present result this pattern was also extended to individuals with ID, and
in line with results found in Study A with TD children. Therefore, characteristics other
than the high realism and accuracy in details of the photographs may not be helping
individuals with difficulty to mentalize, but it may be helping with other intrinsic
characteristics of the format as, for example, in this study, the colour of the
photographs, which may be helping to distinguish features to those individuals with
low-functioning cognitive skills. The fact that those individuals with high error-rate in
the PHG may be the result of overall lower functioning skills leading to the participant
to perform more at chance perhaps more frequently during the testing, which could
increase the opportunities for scores between versions to discern and therefore pointing
more towards one version or the other. This issue will be addressed in the following
chapters, where non-verbal intelligence measures are presented.
Correlations between the photographic version of the BPVS with other measures of
social ability were higher than, but did not differ significantly from, those correlations
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with the standard version of the BPVS. It is perhaps worth noting the lack of correlation
between the raw scores in either version, with the Socialization domain of the Vineland
scales or the Active Sociability scales, only in the case of individuals with ASD. While
verbal ability may be a mediator of success in individuals with ID, it seems not to be the
case for individuals with ASD. This stands in contrast to the strong relationship between
verbal ability and success on ToM tasks in ASD groups.
Another possible explanation to the lack of significant differences between versions may
lie in the fact that the BPVS is inherently measuring symbol understanding because it
measures comprehension of language. It is important to note that most of the studies
reported with individuals with ASD on the understanding of symbols used tasks based
on language acquisition, or at least depending on language understanding. The sample in
the present study, however, suffers from an important linguistic impairment and many
of them are not verbal. Therefore, further studies should focus on the exploration of
symbolic understanding with verbal-free materials.
The Peabody Picture Vocabulary Test, the American predecessor to the BPVS, has been
criticized by authors who claim lack of validity in lower functioning populations
(Burland & Carroll, 1971; Wheldall & Jeffree, 1974). These critics have suggested that
partial knowledge is enough to select the correct answer; for example, if participants
know separately either the meaning of the picture or the meaning of the word, this may
be sufficient for a correct choice without understanding of the referential meaning
between word and pictures. Perhaps the fact that this study found no significant
differences between versions (across ID and ASD groups, and subgroups based on
PHG performance), could be taken as evidence that the BPVS can be a reliable tool to
measure verbal comprehension in low-functioning individuals.
To finish, it is important to highlight a few more considerations. Some individuals did
benefit from the photographic version and educational consideration should be given to
individual differences in this respect. The lack of difference between formats of the
BPVS perhaps reflects the efforts of the test developer to create line drawings to suit
different people from different cultures, and to eliminate potential social and cultural
biases by using simple and highly realistic images. It may well be relevant, then, in future
studies to consider the burden on ToM of interpreting less highly constrained images,
such as signs used in everyday contexts. Future study should focus on the interpretation
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of different types of materials by individuals with ASD and ID, varying their degree of
realism.
The following chapter will further explore the effects of deficits in ToM, this time,
focusing

in

the

assessment

of

general

intelligence,

and

how,

sometimes,

socially-mediated traditional psychometric tools may be underestimating the cognitive
potential of individuals with ASD.
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Chapter 5. Intelligence and Inspection Time in
Low-Functioning ASD
5.1 Introduction
To introduce the rationale for the study, the chapter begins with a brief review of studies
and theories of human intelligence in relation to the assessment of intelligence in
individuals with ASD. Assessing intelligent behaviour in individuals with ASD is a dually
hard task. First, current manifestations of the condition (social impairment,
communication problems, rigid behaviour) can make assessment challenging. Secondly,
taking a developmental perspective, past manifestation of ASD impairments may have
limited learning opportunities, thus obscuring the true potential of these individuals.
Besides the traditional psychometric techniques, the information processing approach is
therefore considered in this chapter as a complementary tool to assess intelligence in
individuals with ASD and ID, with the aim of obtaining a more accurate picture of
intellectual potential in ASD unhampered by socio-communicative difficulties.

5.2 Origins of the study of the intelligence and IQ testing: the
psychometric approach
5.2.1

Theoretical origins

As early as the nineteenth century, scientists were already interested in the study of
intelligence. Galton and Binet started a debate that, in a sense, remains to the present
day, and is relevant to the study of intelligence in individuals with ASD. Both scientists
believed in the need to assess intelligence in order to distinguish those individuals who
were able but were falling behind academically for external reasons (e.g., lack of
opportunities), from those who were truly intellectually impaired. However, striking
differences defined each approach. While for Galton (1892) intelligence was a general
genetic component with a biological substrate (therefore tested by cognitive measures
such as Reaction Time), for Binet (1903) intelligence was composed of multiple
components (which could be educated) tested in a cultural context where real abilities
are better exhibited. This early debate brought two main approaches to the study of

133

intelligence: the psychometric approach, based on the analysis of abilities that contribute
to intelligence (Binet’s approach), and the cognitive approach, mainly based on the
underlying components (Galton’s approach).
However, to complicate matters further, followers of the psychometric approach
themselves took different paths. As Mayr classified them (1982), psychometricians and
theorists of human intelligence could be divided into “splitters”, those that believed that
intelligence was formed by multiple factors, and “lumpers”, those that believed in a
general common factor underlying all abilities. Ahead of the lumpers was Spearman
(1923). In order to study the relationship that underlies all correlations among different
subtests of intelligence, Spearman created the factorial analysis. He concluded that in
every measure of intelligence, there is a main factor, called g or “general intelligence”,
dependent of the addition of small factors, s or “components”, which together compose
overall intelligence. He also believed that g was a heritable capacity, which determined
the rest of the cognitive aptitudes, but which components would vary within an
individual and across tasks. Meanwhile, the American school of thought lead by
Thurstone (1938) did not believe in a general factor of intelligence but instead, by using
differential techniques, Thurstone proposed a simple structure composed by eight
independent Primary Mental Abilities (PMA): verbal, word fluency, number, spatial
visualization, rote memory, inductive reasoning, deductive reasoning, and perceptual
speed. Thurstone attempted to demonstrate the non-existence of g by analysing
independently each PMA. However, this approach soon lost its credibility as when these
PMA were analysed with factorial techniques, that each of these abilities was shown to
carry a big load of a general factor. Additionally, by testing intelligence as part of
multiple abilities, individuals’ profiles become more erratic, making them more
dependent on education, social values, contextual living experiences, and so forth. In
measuring socially acquired constructs people from different societies and cultures may
obtain a score reflecting their background, rather than cognitive ability. In other words,
these tests were not “culture-fair”. In order to avoid such problem, Cattell (1963)
formulated his hierarchical theory of intelligence. Cattell thought that intelligence was
composed by two main first order factors, which are independent but complementary of
each other: fluid intelligence (the processes used to solve novel problems, Gf) and
crystallized intelligence (factual knowledge and verbal and numerical abilities, Gc). While
Gf would correspond to the classical definition of g made by Spearman (culture-fair,
highly heritable and where inductive capabilities would play a main role), Gc would refer
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to the individual’s ability to learn. Cattell also defined a set of second order factors:
general visualization, general fluidity and general speed.
Nowadays, fluid intelligence, as in Cattell’s definition, is thought to be one of the major
factors responsible for individual differences (Cattell, 1963; Gray & Thompson, 2004).
Fluid intelligence, mainly in charge of abstract reasoning, is known to be associated with
frontal executive function, working memory and attentional control (Conway, Cowan,
Bunting, Therriault, & Minkoff, 2002; Duncan, Burgess, & Emslie, 1995; Gray, Chabris,
& Braver, 2003; Kane & Engle, 2002), being the core of many modern theories, whereas
crystallized intelligence refers to learned skills and static knowledge (such as vocabulary)
and making use of different neurological substrates (Duncan, et al., 1995).
5.2.2

Testing intelligence

The psychometric approach started in 1904, when Binet was assigned to construct the
first test of intelligence, a tool to be able to distinguish children who were intellectually
impaired from those academically behind for different (more extrinsic) reasons. Binet
aimed to create a test that could minimize the effect of education on deprived children
to demonstrate that such children may be performing poorly due to the lack of
opportunities rather than the lack of ability. For Binet, intelligence was a complex
construct built up of many different abilities, and therefore his test (Binet & Simon,
1905) consisted of over ten domains based on what were thought at the time to be
necessary abilities for intelligence (e.g. mental images, imagination, attention,
comprehension, suggestibility, moral feelings). Binet’s test established a strong
psychometric tradition and it was soon developed for use with adults. It was in fact
Binet who founded one of the most important concepts of human intelligence: the
concept of Mental Age (MA). In order to create a standardized tool, Binet screened large
groups of children of different ages. He aimed to create a tool to compare individual
scores with the average performance of same age individuals. Individuals performing
above average would be very intelligent, whether those well below average would be
deemed as intellectually disabled. Or, in other words, a 10-year-old with a MA of 6
would be performing like a 6-year-old, being therefore below the mean for his/her age.
However, although useful, MAs are good to compare individuals of same chronological
ages, but less useful with individuals at different chronological ages. Stern (1912) came
up with a solution to this problem. He created the Intelligence Quotient (IQ) based on
dividing the mental age by the chronological age and multiplying the result by 100. An
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IQ around 100 would express normality (since chronological and mental age would be
equivalent), making it easier to compare individuals across ages. Considering that the
normal population is distributed in a bell shape curve, or normal distribution, 95% of
the normal population would be ranging between an IQ of 70 to 130.
Terman followed Binet’s work and developed it into a new scale, called the
Stanford-Binet (1937), to be used with adults. Terman’s idea, however, was very
different to Binet’s original purpose. Terman was trying to classify the adult population
in order to create a more efficient and layered social structure, which, of course, would
discriminate people with different socio-economic status. It seemed therefore, that the
construction of intelligence tests was arguably based more on socio-economic status
than on true cognitive potential.
After Binet’s first psychometric test, World War I served as a framework to create tests
to assess adults at low cost and rapidly. Alpha and Beta tests were developed to classify
soldiers according to their abilities, opening a line of work developing tests measuring a
great variety of constructs and abilities. Reviewing all tests created since then is not the
purpose of this section (see Wasserman and Tulsky, 2005, Kaufman and Lichtenberger
2006, or Kamphaus, Reynolds and Vogel, 2009, for recent reviews of intelligence
testing), but it is worth mentioning nevertheless, some of the early tests that are still in
common use today. For instance, the Raven’s Progressive Matrices (Raven, 1938) is a
classic tool to measure non-verbal reasoning skills, or Performance IQ (PIQ),while the
Peabody Picture Vocabulary Test (1959) was developed to measure verbal IQ (VIQ).
The Wechsler-Bellevue Intelligence Scale (Wechsler, 1946), followed by versions for
different age ranges, was an example of a complex intelligence test formed by an array of
subtests sub-classified as measuring either PIQ or VIQ. Different subtests aim to assess
different constructs relevant to intelligence. For instance, the Block Design and Object
Assembly subtests assess fluid intelligence, while Vocabulary and Comprehension better
assess crystallized intelligence. The Block Design subtest has been defined as the best
estimate of g within the Performance subtests and the fourth best within the whole test
(Cohen, 1959; Maxwell, 1959). The Raven Progressive Matrices assessment is regarded
as one of the best measures of fluid intelligence due to its relevance to novel
problem-solving, working memory, management of a hierarchy of goals, and high-level
abstractions (Carpenter, Just, & Shell, 1990; Duncan et al., 2000; Gray & Thompson,
2004; Gray, et al., 2003).
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5.3 A modern theory: the theory of Minimal Cognitive Architecture
Anderson (1988; 1992) proposed his theory of Minimal Cognitive Architecture to join
intelligence and cognitive development, or in other words, g and changes of measured
IQ. His model of intelligence states that knowledge, as measured by classic IQ tests, is
achieved by either thoughts or modular processing systems. Thoughts, the first route to
knowledge acquisition, are the source of differences in measured IQ, and are constrained
by speed of processing. Thoughtful problem solving is done via two acquisition routines
with independent specific processors: visual (SP1) or verbal processing (SP2). The
complexity of such routines is however, restricted by the speed of the Basic Processing
Mechanism (BPM). Furthermore, the BPM is hypothesised to be the root for individual
differences in genetic, highly heritable and unchangeable general intelligence or g.
Anderson holds that BPM can be measured with simple elementary cognitive tasks such
as Inspection Time (reviewed in detail in the following section). The second route to
acquire knowledge is through dedicated modules, which influence test performance, and
are directly related to cognitive development. Anderson distinguishes three types of
modules: Mark I, providing information about the environment which cannot be
provided by route 1 means (e.g. language acquisition devices, or face recognition
systems); Mark II, searching and executing mechanisms (e.g. computational procedures
to acquire ToM, or certain attentional and inhibitory processes); and Mark III modules,
acquired through practice (e.g. reading). According to Anderson, developmental change
would be reflected in Mark II modules. After studying cases of individuals with ASD
and individuals with dyslexia, the author defined four modules to complete his model:
perception of three-dimensional space, phonological encoding, syntactic parsing and
ToM. For a visual representation of the model, see Figure 5-1. According to this model,
global intellectual impairment would imply an impaired BPM, while other specific
learning disabilities and disorders would be the consequence of a failure in one of the
modules. For instance, a damaged phonological encoding module would explain the
deficit of individuals with dyslexia, who show problems with phonological awareness
and auditory decoding among other difficulties, alongside intact overall intelligence.
Similarly, a failure in the ToM module could account for ASD, in which intact general
intellectual ability is possible alongside severe socio-communicative impairments.
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Figure 5-1 Anderson’s model of Minimal Cognitive Architecture (from Anderson, 1992)

5.4 Underlying mechanisms of

intelligence: the information

processing approach
5.4.1

Inspection Time

During the 1980’s there was a resurgence of interest in theories of intelligence. Cognitive
theorists started focusing on the underlying biological mechanisms of intelligence, using
electrophysiological measures among others. The information processing approach gets
divided between those theorists who believe in an array of complex processes underlying
intelligence (e.g., Sternberg, 1985), and those theorists believing that IQ differences have
their roots in one underlying factor, be it speed of processing (Salthouse, 2000), working
memory (Colom, Rebollo, Palacios, Juan-Espinosa, & Kyllonen, 2004), or executive
functioning (Duncan, Emslie, Williams, Johnson, & Freer, 1996). Finally those who
believe in a general factor of intelligence influenced by developmental change
(Anderson, 1992).
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Reaction Time (RT) studies initially led the information processing approach. RT
studies, based on how fast the individual can give an answer after the presentation of a
stimulus, have been proven to relate to measured IQ by standard psychometric tools.
(Jensen, 1980; Jensen, 1982), with correlations around -.26 (Sheppard & Vernon, 2008).
Intra-individual variability of RT responses has also proven to be a good indicator of
intelligence and can discriminate individuals with ID (Jensen, 1982, Nettelbeck & Kirby,
1983; Vernon, 1983). Although RT tasks seemed to relate well to intelligence, these tasks
have been criticized based on the trade off between speed and accuracy. Additionally,
the speed at which an individual answers may be constrained by other factors, such a
motor ability, and not just by cognitive ability per se (e.g. Detterman, 1987). Inspection
Time (IT) tasks, first created by Vickers, Nettelbeck, and Wilson (1972), seem to avoid
some of these problems associated with RT tasks, since they are purely based on the
speed of presentation at which an individual is able to accurately detect a signal, and do
not require speeded response.
While IT tasks have been created across different sensory modalities (e.g. tactile,
Nettelbeck & Kirby, 1983; auditory, Nettelbeck & Kirby, 1983), the visual IT task has
shown the highest correlation with IQ and been most widely used in this field. As the
visual form of IT is used in the experiment to follow, this review will focus on visual
inspection time and refer to it as “IT” for simplicity. The classic version of this task, first
devised by Vickers, Nettelbeck, and Wilson (1972), also commonly known as the
“Pi-figure”, is based on a computerized presentation of two vertical lines of different
lengths joined on the top by a horizontal one. After a very brief presentation, these lines
get masked. The individual has then to decide which vertical line was longer. Since there
are no time constraints, this task eliminates false positives found in classic RT tasks. The
stimulus onset asynchrony (SOA) between the stimulus and the mask is increased or
decreased in a gradual manner according to a Parameter Estimation by Sequential
Testing procedure (PEST) to estimate accuracy in responses, usually set between 70% to
85% accuracy. The participant’s IT is the SOA at which the individual is, for example,
70% accurate in making the simple line judgment.
5.4.2

Inspection Time and IQ

The first study by Nettelbeck and Lally (1976) showed an extremely high (negative)
correlation (faster processing and lower IT, higher IQ) of -.72 to -.92 between IT and
PIQ of the Wechsler scales, and that practice did not improve performance. Correlation
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with VIQ was lower (r = -.41) in this and subsequent studies (Deary, 1993; Deary &
Stough, 1996). Although numerous studies have replicated the significant negative
correlation with PIQ, the magnitude of the correlation varies from -.20 to -.90. Some of
this variability is due to the type of IQ assessment selected and the type of population
targeted in the studies. Although, following Grudnik and Kranzler’s meta-analysis
(2001), it is commonly said that the correlation between IT and IQ is around -.50 for
visual IT (-.58 for auditory IT), a more recent meta-analysis places the correlation at a
more modest -.36 (Sheppard & Vernon, 2008). However, the number of studies using IT
tasks with individuals with ID is low and correlations have been said to be inflated with
the inclusion of such individuals (Nettelbeck & Kirby, 1983), as with the inclusion of
children (Nettelbeck & Young, 1989).
Since PIQ is often regarded as a measure of fluid intelligence and VIQ as crystallized
intelligence (Deary, 1993; Horn & Cattell, 1966; Kline, 1991), it is logical to conclude
that IT would be more strongly related to fluid than crystallized intelligence. Following
this idea, the latest meta-analysis has highlighted the improvement of IT during
childhood and throughout teenage years and decline at older age, following the normal
development of fluid intelligence (Sheppard & Vernon, 2008). Although there is a strong
relationship between fluid factors and IT (e.g. Crawford, Deary, Allan, & Gustafsson,
1998), some authors proposed that IT is more related to general speed of processing and
general visual ability than to fluid ability (e.g. Burns, Nettelbeck, & Cooper, 1999; Burns
& Nettelbeck, 2003; Nettelbeck, 2001). This could be one of possible explanations why,
despite a rise of IQ over the last centuries, IT has been reported stable (Nettelbeck &
Wilson, 2004). However, some authors report that the proportion of shared variance
between IT and cognitive measures of processing speed is not sufficient to explain the
relationship between IT and fluid measures of intelligence (Vigil-Colet & CodorniuRaga, 2002).
5.4.3

Inspection Time in children

Early measured IT seems to predict later IQ, but IQ does not predict later IT, leading to
the argument than individual differences in IT cause individual differences in IQ (Deary,
1995). Additionally, IT has been shown to change with age. In a longitudinal twin study
with individuals between 7 to 16 years of age, IT improved with age (Edmonds et al.,
2008). Overall, IT decreases over childhood, as an indicator of more efficient
information processing with brain maturation (e.g., Anderson, 1986, 1992, and 2001;
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Nettelbeck & Wilson, 1985; Nettelbeck & Wilson, 2004; Wilson, Nettelbeck, Turnbull,
& Young, 1992). CA plays an important role in the expression of IT and some studies
have reported lower correlation between IT and IQ after controlling for the effects of
CA (e.g., from -.43 to -.19 in Nettelbeck & Wilson, 1994). In TD samples, of course, CA
and MA are highly correlated, and some authors have found MA rather than CA to be
the mediator of IT-IQ relationships in young children (Anderson, 1986). Wilson,
Nettelbeck, Turnbull, and Young (1992) reported IT to be more related to MA than
standard IQ measures. Despite reported changes with age, Anderson argues that changes
in IT are not due to changes in the speed of processing, hypothesised to remain stable
through life, but to task demands. Anderson (1986, 1992) showed that manipulating
attention and motivation led to changes in IT performance in young children, suggesting
that it is the strategy used during the task, rather than older age per se, that leads to
faster IT with development (Anderson, Reid, & Nelson, 2001). The use of more
sophisticated strategies may be the consequence of more developed cognitive abilities
such as executive functions, which are known to improve with development (Korkman,
Kirk, & Kemp, 1998).
With the notable exception of studies by Anderson, exploring IT in children aged 8 to
12, relatively little research has investigated IT during childhood. Only a third of IT
studies have targeted children up to 12 years of age (see the most recent meta-analysis by
Grudnik and Kranzler, 2001). The cognitive demands of the tasks, albeit simple, have
pushed researchers to find alternative stimuli to keep the youngest children motivated,
minimise fatigue and avoid familiarity with concepts (such as understanding “left” and
“right”, or “same” and “different”). A few examples of adaptations include using
coloured lines (Nettelbeck & Young, 1989), embedding the lines in a more engaging
context (e.g. as an alien’s antennae; Anderson, 1988), or even substituting the lines for
object-based pictures (e.g. bees “flying to get the honey”; Williams, Turley, Nettelbeck,
& Burns, 2009). IT from these tasks has proven to be as stable and reliable as from
standard IT tasks used in adults (Williams, et al., 2009). Although results vary greatly
between studies, correlations of IT and IQ in young children have been reported to be
similar to those in adults (Fry & Hale, 2000). Grudnik and Kranzler meta-analysis (2001)
reports a correlation of -.44, including both visual and auditory tasks. Appendix D.1
presents, to the author’s knowledge, a review of all the studies conducted with children
under the age of 13.

141

5.5 Psychometric intelligence in ASD
Assessing intellectual ability in ASD is not an easy task due to the characteristic profile
of the autistic condition. For instance, communicative impairments may hamper
interpretation of instructions. It is not surprising therefore that in a recent meta-analysis
of IQ-matching strategies in research, Mottron (2004) highlighted the overall reduced
validity of studies due to the scarcity of work including individuals with ASD and ID.
Some authors suggest in order to be able to assess reliably the most severely impaired
ASD individuals, the clinician needs to increase their motivation, perhaps through
contingent rewards, and create more appealing materials to increase sustain attention
(Bello, Goharpey, Crewther, & Crewther, 2008; Koegel, Koegel, & Smith, 1997).
Traditionally, it has been thought that individuals with ASD possess superior PIQ
relative to VIQ. Although this discrepancy varies in degree, discrepancy between PIQ
and VIQ has been shown in numerous studies and using different tools (e.g. Charman,
Pickles, et al., 2011; Coolican, Bryson, & Zwaigenbaum, 2008; Lincoln, Allen, & Kilman,
1995; Mayes & Calhoun, 2003a; Siegel, Minshew, & Goldstein, 1996). However, this is
not universal in ASD and some individuals display the opposite profile with superior
VIQ versus PIQ (e.g. Charman, Pickles, et al., 2011; Goldstein, Kojkowski, Minshew, &
Williams, 2008). Only a few studies have reported no discrepancy at all, and these may
be hampered by artefacts (e.g. Mayes & Calhoun, 2003b). A recent study using the
Stanford-Binet, (Lennen, Lamb, Dunagan, & Hall, 2010) the authors did not find the
typical PIQ superiority over VIQ, but results changed drastically after controlling for
VIQ, suggesting the importance of verbal ability, even in non-verbal tests, which may
lead to underestimating IQ in ASD individuals who are linguistically impaired.
Additionally, low correlations between factors of the WISC have been reported
(Goldstein et al. 2008). On the contrary, Dyck, Piek, Hay, Smith, and Hallmayer’s study
(2006) found that, contrary to the cases of TD and ID individuals, abilities in the ASD
group were strongly interdependent. Additionally, social cognitive abilities comprise a
range of skills, as shown by the great proportion of variance, which can only be
explained by different factors. The authors suggest that social cognition plays a greater
role in the general intelligence of ASD individuals than in TD and this is due to a
non-typical information processing system.
The typical IQ profile in ASD has been consistently defined as “spiky” since numerous
studies have shown peaks and troughs of abilities in different subtests, which does not
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correspond with the profiles observed with TD individuals. This seems to occur across a
variety of tools and assessments and in both children (e.g. Freeman, Lucas, Forness, &
Ritvo, 1985) and adults (e.g. Rumsey & Hamburger, 1988). Peaks have classically been
found in subtests such as Block Design of the Wechsler scales (e.g. Happé, 1994b;
Rumsey, 1992; Shah & Frith, 1983), and the Embedded Figures test (Happé, 1994b;
Mottron, et al., 2006; Shah & Frith, 1983), although other studies have found peaks,
sometime coexisting, in Similarities and Matrix Reasoning (Oliveras-Rentas, Kenworthy,
Roberson, Martin, & Wallace, in press; Mayes & Calhoun, 2008), and Object Assembly
(Happé, 1994b; Lincoln, et al., 1995; Mayes & Calhoun, 2003b). Lincoln et al. (1988b),
analyzing data obtained from a sample of ASD children assessed with the Wechsler
Scales, concluded that the factor underlying the peak on Block Design and Object
Assembly was the consequence of a factor responsible for fluid intelligence but also,
well-preserved visual-spatial and visual-motor skills. Freeman, Lucas, Forness and Ritvo
(1985) and Allen, Lincoln and Kaufman (1991) report a similar peak in the Triangles
subtest of the Kaufman-Assessment Battery for Children (K-ABC; Kaufman &
Kaufman, 1983). Furthermore, using the Stanford-Binet Scales (Thorndike, Hagen, &
Sattler, 1986), Harris, Handleman and Burton (1990) found peak performance on the
Pattern Analysis subtest in ASD individuals. All these subtests seem to be closely
associated to fluid rather than crystallized intelligence.
By contrast, troughs have been found in Comprehension (e.g. Charman, Pickles, et al.,
2011; Happé, 1994b; Lincoln, Courchesne, Kilman, Elmasian, & Allen, 1988a; OliverasRentas, et al., in press; Rumsey, 1992; Williams, Goldstein, & Minshew, 2006) and
Vocabulary subtests (Charman, Pickles, et al., 2011) of the Wechsler scales, and in the
Knowledge, Working Memory and Absurdities subtests of the Stanford-Binet scales
(Coolican, et al., 2008; Harris, Handleman, Gordon, Kristoff, & et al., 1991).
Oliveras-Rentas et al. (in press) described the Processing Speed Index (Coding and
Symbol Search) of the Wechsler scales as the greatest weakness in their sample of ASD
children, with over half scoring at least one standard deviation below the normative
score. However, the authors argue that this may be the result of poor motor ability
rather than processing speed itself.
PIQ superiority over VIQ has been repeatedly found across ASD, but tends to be more
marked in low-functioning ASD (LFA) (e.g. Mayes & Calhoun, 2003b; Siegel et al. 2006).
However, a large discrepancy has been found in those classified as high-functioning
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ASD (HFA), where both superior PIQ or superior VIQ have been found (e.g., De Jonge,
Kemner, Naber, & van Engeland, 2009; Joseph, Tager-Flusberg, & Lord, 2002; Siegel, et
al., 1996). HFA have been reported to be better than LFA on verbal and perceptual
ability, but worse on working memory and processing speed (Mayes & Calhoun, 2008) or
grapho-motor abilities as measured by the Coding subtest of the Wechsler scales (Mayes
& Calhoun, 2003a). HFA individuals with high VIQ have been reported to perform
better than LFA on tasks requiring executive function (Kalbfleisch & Loughan, In
press). On the contrary, LFA have been said to perform better than HFA on
visuo-motor subtests of the Wechsler scales, such as Object Assembly or Block Design
(Mayes & Calhoun, 2003a).
As in TD, IQ has shown to be stable through development in individuals with ASD, and
assessment at the age of 5 seems to be a good predictor of cognitive development at
later age whether IQ was low or not. Specifically, stability of measures have been
reported after 2 (Stone & Yoder, 2001), 6 (Lord & Schopler, 1989a; 1989b), 9 (Sigman &
Ruskin, 1999), 10 (Lincoln, et al., 1988a) and 12 years (Freeman et al., 1991). Also, this
seems to happen for both VIQ and PIQ (e.g. Freeman, et al., 1985; Lord & Schopler,
1989a; Turner, Stone, Pozdol, & Coonrod, 2006).
Although consistency between versions of the same tool have been found in several
studies (e.g., Mayes & Calhoun, 2008; Siegel, et al., 1996), there is evidence showing the
disparity of IQ when using different measures in individuals with ASD, with some
studies reporting up to 23 point difference between measures (e.g. Grondhuis, 2010;
Hayashi, Kato, Igarashi, & Kashima, 2008; Magiati & Howlin, 2001; Mayes & Calhoun,
2008; Mottron, 2004). This raises the important question to whether the tests are
assessing the same or different constructs in ASD or simply whether some tests may be
underestimating IQ because of the high loading on developmental or online demands
for ToM. For instance, despite studies describing difficulty of HFA to perform on fluid
intelligence tests (Blair, 2006; Pennington & Ozonoff, 1996), and Mottron’s (2004)
suggestion of an over estimation of potential when using the Wechsler scales, current
research has pointed to the opposite direction. Dawson, Soulières, Gernsbacher, and
Mottron (2007) found up to 30 percentile points between Raven Progressive Matrices
(RPM) and the Wechsler Intelligence Scales for Children Third Edition (WISC-III
full-scale mean percentile = 26 versus RPM mean percentile = 56). Dawson et al.
hypothesized that this could be due to the high verbal and social load that the Wechsler
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scales bring to the testing and that therefore, the RPM would be more appropriate to
assess individuals that do not suffer from impairments in those areas, due to the reduced
minimal social and communicational demands of the test. Although the high degree of
discrepancy between measures has not been replicated, other studies have encountered 9
and 20 point difference between tools (i.e., Bölte, Dziobek, & Poustka, 2009 and
Charman, Jones, et al., 2011 respectively). However, according to Bölte and colleagues,
this discrepancy happened only in LFA individuals. Although some authors have
suggested that discrepancy between tools may be due to differences in the constructs
that are assessed, Bölte et al. (2009) found a high correlation between the Wechsler
scales and the RPM in all groups (ASD, clinical non-ASD and TD), concluding that
perhaps RPM was more appropriate for low-functioning individuals because of the low
social and communicative demands, but that Wechsler scales would be more adequate to
get a broader picture in HFA.
The presence of splinter or savant skills in low-IQ individuals with ASD together with
the generally uneven IQ profile, and the doubtful reliability of some assessment tools,
raises the question to whether traditional psychometric tools are appropriate to measure
real cognitive potential in ASD. Overall, LFA individuals seem to perform better at tests
where low social and verbal load is involved, such as the RPM or the non-verbal subtests
of the Wechsler scales. Complex tests, involving socially mediated knowledge, may
underestimate the true cognitive potential of ASD individuals who otherwise posses
good cognitive abilities. If so, the information processing approach, based on the
assessment of elementary cognitive tasks free from social, and sometimes, linguistic
demands may help reveal a clearer picture of autistic capabilities.

5.6 The Information Processing approach to measure intelligence in
ASD
Hermelin and O’Connor (1970) first explored the cognitive potential of individuals with
ASD after noticing that individuals with ASD performed very poorly in standard IQ
tests, and displayed a different profile from those individuals with ID but not ASD.
More recent work came from Zelazo (1984; 1997a; 1997b) who summarized findings
from a series of experiments where young infants below the age of 3, classified as
delayed by psychometric tools, were found to perform at age appropriate levels after
training on various measures of information processing known to correlate with speed
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of processing. The author argued that underlying biological mechanisms are needed to
study whether the lack of cognitive potential is due to the intrinsic lack of stimulation or
to a real biological origin. Furthermore, he emphasized the need to study mental
processes, or those measuring pure g, as in the case of elementary cognitive tasks,
separate from confounding elements of psychometric tools, such as language, executive
function and so forth. He added that low measured IQ may be the result of poor
sensory and cognitive stimulation of those ASD individuals deemed as severely impaired
when this may not be the case.
Discrepancies from psychometric tools in comparison with elementary cognitive tasks
have been reported. For instance, processing speed, as measured by the Wechsler scales,
has been shown to be impaired in individuals with ASD (e.g. Oliveras-Rentas, et al., in
press) but studies using the information processing approach have reported differently.
Two studies to date have studied processing speed in ASD by using an IT task. The first
study, by Scheuffgen, Happé, Anderson, and Frith (2000), explored a group of 18 ASD
individuals (IQ = 82.8) against 21 ID (IQ = 62.4) and 29 TD individuals (IQ = 118.1),
all with a mean CA of 11 years. Results showed that ASD individuals were significantly
faster at the IT task (IT = 40.3 ms) than ID individuals (IT = 59.4 ms) but similar to TD
individuals with much higher IQ (IT = 43.8 ms). After matching participants in IQ, the
differences remained significant. IT and IQ did not correlate significantly for the ASD
group (r = -.35) but it did for the ID and TD individuals (ID r = -.52; TD r = -.69;
Scheuffgen, 1998). Recalling Anderson’s model of Minimal Cognitive Architecture
(1992), Scheuffgen et al. proposed that the Basic Processing Mechanism (BPM) may be
intact in ASD, as reflected in good performance in the IT task, and that the low
measured psychometric IQ could be a result of deficits in ToM that may impede
socially-mediated learning and test performance. Individuals with ID alone, by contrast,
were hypothesised to perform less well on IT as a reflection of a truly damaged BPM.
Following these findings, Wallace, Anderson, and Happé (2009) studied a group of 23
ASD individuals (CA = 14.2, IQ = 96.4) in comparison with a group of 25 TD
individuals (CA = 13.8, IQ = 98.3) matched in chronological age and IQ. When the
sample was split by ability, they found that performance on the IT task in the
high-functioning ASD group (IT = 41.4 ms) was comparable to the high-functioning
TD control group (IT = 42.6 ms). Lower-functioning ASD children in this sample
(n = 12, IQ = 78.8, IT = 43.2 ms) however were (non-significantly) faster in IT than
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matched low IQ TD individuals (n = 11, IQ = 82.6, IT = 48.5 ms). In line with
Scheuffgen et al.’s study, Wallace et al. found a lack of correlation between IT and IQ in
the whole ASD group (r = -.08), but a significant relation in the controls (ID and TD)
matched by CA, sex and IQ (r = -.59), supporting the notion of a distinct intellectual
processing style in ASD and that extra factors contribute to the low measured IQ of the
low-functioning ASD individuals.
Lack of correlation between measures has also been found in case studies of individuals
with savant skills. One case, a musical savant, was studied by Young and Nettelbeck
(Young, 1995). Despite low VIQ, his IT index was faster than a CA-matched control
group. A savant prime calculator studied by Anderson, O’Connor, and Hermelin (1998)
was considered to have low intelligence (not able to complete the Peabody, and which
non-verbal Columbia Mental Maturity Scale IQ = 74, although Raven’s IQ = 140), but
showed an IT (30 ms) consistent with a TD peer group of university undergraduates.
To conclude, in ASD, measures of intelligence obtained by traditional psychometric
assessments seem to give different results from elementary cognitive tasks (e.g. IT)
known to correlate highly with measured intelligence in the neurotypical population.
This dissociation seems to be more marked in so-called low-functioning ASD groups.
Additionally, low reliability between IQ tests raises the question of the validity of
psychometric tools to assess intelligence in these individuals. Furthermore, no study has
tried to relate both IQ (PIQ and VIQ) measures and information processing measures
with the true learning potential of individuals with ASD and ID.

5.7 Aims and hypotheses
The present study aimed to replicate the Scheuffgen et al. study in a sample of young
people with ID with and without ASD. Additionally, IT and IQ was studied in relation
to measures of ToM (Penny Hiding Game, Interactive and Active Sociability scales, and
Vineland Scales of Adaptive Behaviour) described in Chapters 2 and 3, to address the
hypothesis that IT-IQ discrepancies reflect the impact of impaired social insight and
limitations in socially-mediated learning (see Chapter 6).
The present study aims to test the following hypotheses:
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1) That individuals with ASD, despite low measured IQ, will show faster speed of
processing, as measured by an Inspection Time (IT) task, than ID participants of
similar measured IQ.
2) That ToM impairments will predict the degree of IT-IQ discrepancy in ASD
individuals.
3) That there will not be discrepancy of scores between IT and IQ in the ID group.

5.8 Method
5.8.1
5.8.1.1

Adapting tasks to low-functioning individuals
Intelligence testing

The Wechsler Preschool and Primary Scale of Intelligence, Revised Edition (Wechsler,
1989) was initially used to assess IQ in the pilot sample. This test is suitable for children
between the ages of 2 years 6 months and 7 years 3 months. However, the level of
verbal comprehension required to complete this measure was too high for the
participants with more severe ID in the present sample and it was replaced by the
Raven’s Coloured Progressive Matrices (CPM; Raven, 2008). The CPM has minimal
verbal demands and a shorter administration time (approximately 10 minutes).
The CPM consists of a jigsaw type task where participants must choose one of six
alternatives that best fits in the missing gap of a simple shape or sequence. As
participants found it difficult to understand that they needed to point at one of the six
choices, a Velcro® version of the test was created by the author. It consisted of the
same stimuli, but the possible responses could be detached from the sheet and placed on
the empty gap of the given shape or sequence. Velcro-type tasks are used in many
schools that cater for children with ASD and hence the choice of this material was
deemed suitable. Since the principles were the same, the instructions were taken from
the original Raven’s Progressive Matrices Board Form (Raven & Court, 1998), an
alternative parallel form of the standard test constructed of wooden pieces and which
uses the CPM norms.
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5.8.1.2

Inspection Time task

Anderson’s (1986) version of the classic visual Inspection Time (IT) task consists of a
black screen decorated with a simple yellow landscape, and an alien with two-antennae
placed in the middle of the bottom section. After a very brief presentation of the alien, a
mask is presented. The participants are then asked to press one button if the antennae
were the same length or a second button if they were different lengths. However, this
task requires the participants to focus on a specific spot on a computer screen, to
understand the instructions, and to remember the correct response key throughout the
task duration (up to 10 minutes). Also, the very small size of the stimuli made the main
focus of information difficult to find. In addition to these cognitive demands, the fast
initial presentation of the stimuli made understanding the task aims extremely difficult
for participants who do not get the opportunity to see the stimulus before it
disappeared, decreasing their motivation to complete the task. Hence, two participants
were approached but were unable to complete the task. In order to reduce the cognitive
demands and maximize the number of participants able to complete it, the IT task was
adapted for the current study. The initial exposure was reduced, and the alien was
replaced by two single white lines on a black background (see Figure 5-2). The length of
the task, which in TD children is typically 10 minutes, was also a problem due to the
short attention span of participants with ID. To decrease tiredness, and maximize
attention span, the number of trials was reduced from 125 to 72 (six blocks of 12
exposures each). Lastly, the original sounds used for the feedback were replaced by two
very distinct non-social sounds. The reason to not choose social sounds (e.g. clapping
for positive feedback) was to reduce possible social demands of the task.
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Figure 5-2 Original (left) and adapted stimuli (right) screens of the IT task

5.8.2
5.8.2.1

Materials
Measuring IQ

The Coloured Progressive Matrices (CPM; Raven, 2008) were used as a measure of IQ.
This test is a measure of general ability free of verbal content. It consists of three sets
increasing in difficulty of 12 plates each, formed by a rectangular shape at the top of the
page where a piece is missing. Below this rectangular shape six options are given and the
participant has to choose the option that better fits in the missing gap. Figure 5-3 shows
a visual representation of plates from each set. In order to help the participants through
the test, the first few matrices in sets two and three are easier than the last one of the
previous set. All sets are completed in one session, with administration time ranging
from 10 to 15 minutes. The author created a Velcro® version for this experiment,
presented in three booklets of 12 A4 laminated pages. Figures were colour-photocopied
keeping the original dimensions of the standard form. The six possible options in each
page were also laminated and attached to the A4 sheet with Velcro®. The participant
could then choose an answer and correct it if needed. Answers were collected in the
official answer sheet provided with the test, and instructions strictly followed the manual
guidelines for the Form Board version. The Coloured Matrices Form Board version has
been defined by the authors as comparable to the Standard Coloured Matrices, and
therefore the changes made for the present study were not expected to alter the test
significantly. At the time of material preparation, no study had reported the use of such
adjustment. However, a recent study (Bello, et al., 2008) reported very high correlations
between a Velcro form and the standard CPM book form in TD children (r = .85,
p < .01), and has also suggested this format as a better tool to increase motivation and
sustain attention in individuals with severe ID with and without ASD, significantly
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increasing completion rates from the standard CPM form. While Bello et al did not
allow answering by trial and error; the present study followed the guidelines for the
original Board Form and allowed the participants to correct responses if needed.

Figure 5-3 Examples of plates from each set from the Raven’s Coloured Progressive
Matrices

Of the 79 participants that completed the IT task (ASD = 33, ID = 46) most (23 and 28
respectively) fell outside the CA range covered by the CPM norms, which cover from 4
years to 11 years 11 months. Of those 10 ASD and 18 ID participants within the age
range, 1 ASD and 9 ID participants scored at the IQ floor of 60 on the CPM, leaving
only 9 ASD and 9 ID participants with valid IQ. IQs were therefore extrapolated from
raw scores and CA, in order to provide the greatest number possible of participants with
an IQ estimate. The extrapolation was undertaken using Excel for Microsoft Office
2007© software. A table was created having the raw scores in the horizontal axis
(varying from 1 to 36), and CA in the vertical axis (covering from 4 years to 19 years 11
months of age). Following the CPM manual, ages varied in intervals of 6 months from 4
to 7 years of age, and in intervals of one year from 7 years upwards. Data provided by
the manual were inserted in the corresponding cells, and the data outside this area were
forecasted by using the maximum data possible given by the manual. Therefore, data
were forecasted vertically or horizontally depending on the position of the cell to
forecast. The Forecast function in Excel predicts a value in the dependent variable (in
this case, the IQ scores) for a specific value of the independent variable (in this case,
CA) using a best fit (least squares) linear regression. By doing this, each cell was
calculated individually maintaining the extrapolation as close as possible to the original
data given with the manual. A lower limit was set at IQ < 20.
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5.8.2.2

Measuring IT

The task was presented on a 15’’ screen HP laptop (HP 6720s Notebook PC) with a
60Hz LCD screen with a refresh rate of 16.67 ms and running MATLAB R2007a
Student© software (The MathWorks, Inc.). The screen brightness was kept the same for
all participants although volume was adjusted according to the room noise. Participants
were seated in a chair within a comfortable distance to be able to use the keyboard by
themselves.
The IT task consisted of the brief presentation on the laptop screen of two parallel lines.
Immediately after presentation, the lines were obscured by a mask (a randomly patterned
white square big enough to cover completely both lines) awaiting the participant’s
response (see Figure 5-4). The two lines, positioned in the centre of the screen, were
randomized to be of same or different length. There were four possible permutations:
short-short, long-long, short-long, and long-short. When the lines were the same length,
participants were asked to press the blue key (“Z” on the keyboard, but covered with a
blue sticker), and the red key if they were of different lengths (“/” key on the keyboard,
covered with a red sticker). After selecting the answer, two distinctive feedback sounds
signalled whether the participant’s response had been correct or incorrect. Participants
pressed the “space bar” (marked in yellow) when they were ready for the next stimulus
presentation. The time between the stimulus presentation and the mask, or stimulus
onset asynchrony (SOA), varied according to the participant’s performance. For that
purpose, a Parameter Estimation by Sequential Testing procedure (PEST, Findlay, 1978;
Taylor & Creelman, 1967) was set to calculate 70% of accuracy of response, increasing
or decreasing the SOA accordingly. Therefore, the SOA will decrease by one step
(14.2 ms) every correct answer, making the stimuli presentation faster. If a wrong answer
is given, the SOA will increase (which will produce a longer stimulus presentation) by
half a step. By shortening the step to halves, it is possible to get a more accurate and
finer approximation to the participant’s threshold. This is repeated until the participant
reaches the minimum stimulus exposure or finishes the task.
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Figure 5-4 Mask used in the IT task

The task was divided into six sets of 12 presentations each. The first set, starting with an
initial exposure of 200 ms, served as a practice staircase and looks for PEST equal to
70% to be carried over for the next set, which will be the first real set. Therefore, every
child started the procedure with an individualized SOA. After the practice set, a small
pause was placed to avoid tiredness, which was repeated at the end of the following sets.
Each of the five remaining sets began with two dummy presentations (set at initial
exposure of 200ms) continued by 10 presentations, which were based on the individual
70% accuracy PEST. Therefore, each individual responded to 50 real presentations,
which were divided into two staircases. The mean of the last five SOA in each staircase
were averaged to become the final IT.
To ease understanding of the procedure, prior to computer administration participants
were presented with four A4 pages representing each of the four possible stimuli
permutations. Stimuli of same length were printed on blue paper, while the stimuli of
different lengths were printed on red paper (following the rationale for the stickers
placed on the keyboard). During the practice staircase, and to make sure participants
understood the procedures, participants were asked to point to which one of the four
pictures they had seen on the screen. If after that they pressed the wrong key, they were
corrected. In order to help them to remember which button to press during the real task,
the four A4 sheets were left on the table where the participants could clearly see them.
The concept of “sameness” was not acquired by all the children who were, nevertheless,
able to complete the task. By keeping the A4 sheets on the table, participants who did
not understand “same” and “different” had only to remember the figure they saw on the
screen and check with the coloured A4 sheets. All participants were able to do this.
Additionally, to help them to understand when the task would finish, a simple white A4
sheet was presented with six numbered boxes. The first box corresponded to the
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practice set and the remaining five boxes corresponded to each set of real stimulus
presentations. Every time they finished a set, a box was covered with a red cross. This
procedure appeared to reduce performance anxiety, as participants could clearly see how
many sets were remaining, which helped them to focus on the task. The task took
between 4 and 16 minutes to be completed (M = 8.53 min, SD = 3.23 min).
5.8.3

Testing procedure

Since the IT and IQ tasks here presented were the most demanding tasks of the whole
battery of tests reported in this thesis (in terms of cognitive demands, attention and time
length), testing took place in two separate sessions. Overall, sessions lasted between 10
and 30 minutes depending on the number of other tasks that the child was able to
complete. Participants were given short breaks between tasks.
5.8.4

Participants

Participants were recruited following procedures described in section 2.6.1. Of the 117
participants (ASD = 54, ID = 63) that completed the Coloured Progressive Matrices
(CPM) only 79 participants also completed the IT task (ASD = 33, ID = 46). However,
after exploring the distribution of the IT scores (measured in milliseconds, where lower
times reflect faster processing speed), the standard deviation was greater than the mean
in each group and the reason for such variability was studied. Individual analyses of the
IT scores revealed four distinct patterns of performance in the task. Some participants
understood the task quickly and maintained an IT speed below 200 ms (the initial
exposure) throughout the task. However, initial exposure was too fast for some
participants, who expended a few trials adjusting the initial exposure to their individual
needs and who, after that, performed well, by showing a constant decrease in IT. Thirdly,
some participants hovered around the initial exposure throughout the task. Lastly, some
participants’ IT speeds increased until the end of task, perhaps indicating a lack of
understanding or insufficient number of trials to stabilize their true IT. Participants in
the latter category were excluded from the following analyses. Table 5-1 presents the
number of participants from each group according to these criteria.
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Table 5-1 Number (%) of participants according to pattern of performance in the IT
task, by group
ASD

ID

(1) Maintained IT below initial exposure (200 ms)

15 (47%)

18 (39%)

(2) IT increased to get adjusted, then decreased.

8 (24%)

16 (35%)

(3) Fluctuating around initial exposure (200 ms)

2 (6%)

1 (2%)

(4) IT speed increased constantly

8 (24%)

11 (24%)

After eliminating participants in category 4, the main descriptors of the participants are
presented in Table 5-2.
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Table 5-2 Descriptors of participants completing both the IT and IQ tasks: Mean (SD)
and [range]
n
CA
(years)
BPVS
MA
BPVS
IQ
VABS-T
Composite
VABS-T
Communication
VABS-T
Living Skills
VABS-T
Socialization
PHG n
(pass:fail)
PHG
Errors
Interactive
Sociability (max 18)
Active
Sociability (max 18)

25
25
25
20
20
20
20
25
25
20
20

ASD
12.63 (2.57)
[8.18 – 17.37]
5.21 (2.46)
[2.67 – 11.33]
51.56 (14.27)
[39 – 81]
66.20 (10.85)
[51 – 94]
67.55 (10.60)
[49 – 93]
67.40 (10.44)
[57 – 93]
70.40 (12.03)
[55 – 97]
5:20
5.06 (3.66)
[0.00 – 13.50]
2.53 (2.18)
[0.00 – 7.33]
10.10 (4.56)
[3 – 17]

n
35
34
31
23
23
23
23
35
34
24
24

ID
13.31 (3.11)
[9.18 – 19.05]
5.29 (1.47)
[2.92 – 8.00]
52.32 (14.48)
[39 – 82]
71.96 (7.01)
[57 – 84]
70.61 (10.15)
[53 – 88]
69.48 (7.34)
[55 – 80]
81.83 (7.89)
[66 – 94]
21:14
1.54 (2.11)
[0.00 – 10.00]
5.45 (1.44)
[2.67 – 7.33]
14.71 (1.94)
[10 – 18]

statistic

p

r

0.52

.60

.07

1.10

.27

.14

0.26

.79

.03

2.09

.04

.31

0.97

.34

.15

0.76

.45

.12

3.73

.001

.50

9.50a

.002

.17b

3.93

< .001

.51

4.02

< .001

.61

3.27

.001

.49

a: Chi Square; b: Odds ratio

ASD and ID participants presented no significant differences in terms of CA and verbal
ability, despite the poor performance in the PHG seen in the ASD group. However, the
groups significantly differed in their social abilities, as measured by the Vineland
Adaptive Behaviour Scales (Socialization domain) and the Interactive and Active Scales.
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5.9 Results
5.9.1

IT and IQ performance

Descriptors of the results on the IT and CPM tasks, by group, are shown in Table 5-3.
An extra variable, directionality of IQs, has also been added. This variable is the result of
the subtraction of the VIQ (BPVS IQ) from the PIQ (CPM IQ). Therefore, a positive
value would indicate a relative strength in PIQ, whereas a negative value would indicate
a stronger VIQ.
Table 5-3 Descriptors for ASD and ID participants: Mean (SD) and range [min, max]
n
IT
(ms)
CPM
MA
CPM
PIQ
Directionality
of IQs

25
25
25
25

ASD
75.06 (73.59)
[16.66, 310.00]
7.84 (2.27)
[3.92, 11.08]
73.64 (23.90)
[19, 115]
22.08 (22.70)
[-20, 76]

n
35
35
35
31

ID
109.05 (95.51)
[26.66, 306.67]
5.36 (1.52)
[3.92, 11.00]
44.43 (23.20)
[19, 115]
-5.81 (16.22)
[-30, 43]

statistic

p

r

2.17

.03

.28

4.43

< .001

.57

4.75

< .001

.53

2.52

.01

.85

Results showed significant differences in IT speed, with ASD participants performing
better than those in the ID group. Analyses showed significant differences in PIQ and
MA from the CPM, with ASD again being superior to ID group performance.
Directionality of IQs showed a very significant difference between both groups; where
ASD individuals clearly showed advantage in PIQ in contrast to the VIQ, this was not
the case for ID individuals, where there was little difference between verbal and
non-verbal estimates of IQ.
In order to check whether faster performance in the ASD group was really attributable
to group differences and not to superior IQ, individuals were matched in RPM IQ and,
when possible, in gender. This resulted in 14 ASD and 14 ID participants selected for
analyses (ASD IQ = 64, ID IQ = 64.3; t(26)= 0.03, p = .98, r = .01). Since IT was not
normally distributed, non-parametric tests were used. Mann-Whitney analyses reaffirmed
previous conclusions. That is, ASD participants showed a significantly lower rank
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(denoting faster performance) than the ID participants (z = 2.09, p = .04, r = .04)
despite matched IQ. However, due to the small number of participants, future replication
with larger samples is needed.

5.9.2

IT-IQ correlations

As described previously, the correlation between IT and IQ in the TD population has
been estimated around -.50 (Grudnik & Kranzler, 2001). Scheuffgen (1998) and Wallace
et al. (2009) however, found a moderate to low non-significant correlation between IT
and IQ in ASD individuals. In order to explore this further, correlation analyses between
the measures of psychometric ability and IT were undertaken. As some of the variables
were

non-normally

distributed,

correlation

analyses

were

performed

using

non-parametric statistics. The results are presented in Table 5-4. Data showed low and
non-significant correlations between CA and both IQ measures (CPM IQ, or PIQ, and
BPVS IQ, or VIQ) in the ASD group, but very strong correlations in the ID group.
Group differences in the strength of the correlations between CA-PIQ and CA-VIQ
were highly significant (zr1r2 = 2.32, p = .02 and zr1r2 = 2.83, p = .005, respectively).
Found in both groups, however, is the lack of relationship between both psychometric
IQ measures and IT, which are near to zero in the ID group and negative but slightly
more elevated in the ASD group. Correlations between both psychometric measures of
IQ showed a strong and positive correlation in the ID group, but not in the ASD group,
although not significantly (zr1r2 = 1.80, p = .07). However, CA seems to account for the
strong correlation found in the ID group, which is reduced when controlling for CA
(rs = .32, p = .08), but not in the ASD group, where correlations remain non-significant
(all p > .68). IT correlations with both IQs did not change strength or significance after
controlling for CA.
Table 5-4 Spearman’s Rho correlations between IT, IQs and CA, by group

ASD

IT

CPM PIQ

BPVS IQ

CA

-.08

-.30

-.03

.37

-.25

CPM PIQ
BPVS VIQ
ID

IT

-.32
-.09

.00

-.01
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CPM PIQ

.72**

-.72**

BPVS VIQ

-.81**

**p < .001

5.9.3

IT and IQ in relation to social measures

IT, PIQ and VIQ correlations with social measures are shown in Table 5-5. Results
indicated a non-significant moderate correlation between IT and the number of errors in
the PHG in the ASD group, but not in the ID group, which was not significant
(zr1r2 = 1.18, p = .24). That is, the number of errors in the PHG seemed to be moderately
related to longer ITs in ASD individuals. Also, the number of errors in the PHG was
also highly correlated to VIQ in the ASD group, but not in the ID group (zr1r2 = 1.77
p = .08). While VIQ was highly correlated to all measures of the VABS and in the
Interactive Sociability scales in the ASD group, it was not in the ID group (except for
the Socialization domain, which was more highly correlated in the ID than in the ASD
group, although not significantly; zr1r2 = 0.63, p = .53). Active Sociability did not
correlate significantly to any IQ measure in either group. Overall, the only significant
group difference was found in the correlation between VIQ and Interactive Sociability
(zr1r2 = 2.56, p = .01), where higher VIQ related to better Interactive Sociability in the
ASD group only.
Table 5-5 Spearman’s Rho correlations of IT and IQ measures with social measures from
the VABS-T and PHG, by group

ASD

ID

PHG
Errors

Interact
Soc

Active
Soc

VABS
Comp

VABS
Comm

VABS
Living

VABS
Social

n

24

19

19

19

19

19

19

IT

.40

-.40

-.34

-.34

-.17

-.41

-.35

PIQ (CPM)

-.25

.04

-.07

.14

.39

.22

-.01

VIQ (BPVS)

-.70**

.65**

.45

.60**

.80**

.55*

.50*

n

34

24

24

23

23

23

23

IT

-.09

-.19

-.23

-.13

-.11

-.26

.02

PIQ (CPM)

-.23

-.32

-.02

.29

.26

-.17

.58**

VIQ (BPVS)

-.35

.05

.01

.31

.43

-.02

.60**

*p < .05; **p < .01
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The high correlation between mean IT and the number of errors in the PHG changed to
significant after controlling for PIQ (rs = .46, p = .02) and for VIQ (rs = .40, p = .05) in
the ASD group. For the ID group, differences remained non-significant after controlling
for PIQ (rs = -.12, p = .51) and VIQ (rs = -.10, p = .60).
However, one hypothesis tested here was that the discrepancy between measured IQ
and IT might reflect problems learning through social interaction, due to ToM deficits in
ASD since IQ measures may be socially loaded, but not IT. Therefore, two variables to
explore this further were created. IT, CPM VIQ and BPVS PIQ were transformed into
z-scores and a discrepancy score was calculated by subtracting both IQs (separately)
from IT, creating two new variables (Performance Discrepancy and Verbal Discrepancy)
where negative scores would reflect relatively better performance on the IQ measures
than IT. Mean Performance Discrepancy in the ASD group was significantly greater
(M = -1.47; SD = 0.97) than in the ID group (M = -0.24; SD = 1.02; t(55) = 4.60,
p < .001, r = .53). However, there were no significant differences between groups on the
Verbal Discrepancy measure (ASD, M = -0.47, SD = 1.05; ID, M = -0.42, SD = 1.11,
z = 0.42, p = .68, r = .06). Correlations between discrepancy scores and social measures
are presented in Table 5-6.
Table 5-6 Pearson correlations between the discrepancy IT-PIQ/VIQ with the social
measures, by group

Errors

Interact
Soc

Active
Soc

VABS
Comp

VABS
Comm

VABS
Living

VABS
Social

n

24

20

20

20

20

20

20

Performance Discrepancy

.31

-.14

.05

-.31

-.43

-.34

-.12

.59**

-.68**

-.44*

-.60**

-.71**

-.63**

-.48*

n

33

22

22

21

21

21

21

Performance Discrepancy

.10

.15

-.02

-.24

-.13

.02

-.47*

Verbal Discrepancy

.27

-.07

-.10

-.42

-.45

-.12

-.66**

PHG

ASD

Verbal Discrepancy
ID

*p < .05, **p < .01

Similar to the previous correlations, the Verbal Discrepancy score correlated very highly
with all social measures in the ASD group but not in the ID group (with the exception
of the correlation with the Socialization domain of the Vineland scales, where ID also
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correlated highly, and across both discrepancy measures). However, only the correlation
between Verbal Discrepancy and Interactive Sociability was significantly higher in the
ASD group than in the ID group (zr1r2 = 2.27, p = .02, r = .35). This association was
significantly stronger than the correlation between Interactive Sociability and
Performance Discrepancy in the ASD group (zr1r2 = 2.01, p = .04, r = .32).

5.10 Discussion
Three main hypotheses were tested in this study. The first was that ASD children would
outperform IQ-matched ID children in a visual information processing task, the
Inspection Time task (IT). Previous studies (Scheuffgen et al, 2000; Wallace, et al., 2009)
have shown the superiority of low-functioning individuals with ASD in IT, despite low
measured IQ, in contrast to IQ-matched ID children. However, these authors used the
Wechsler Scales of Intelligence to measure PIQ. As the Wechsler scales are primarily a
measure of crystallized intelligence, they are exposed to the effects of mediators of
intelligence, such as verbal and social ability. To use this tool to assess IQ in our
participants was not possible due to the low-functioning intellectual skills of the
participants, and PIQ was assessed with a measure of pure fluid intelligence (the Raven’s
Colour Progressive Matrices, CPM), free of social and verbal content. In order to
compare our results to previous findings, VIQ (as assessed by the BPVS) was thought
more suitable to match individuals in IQ, since vocabulary tests tap crystallized
intelligence. Results in the present study corroborated this hypothesis: when matched on
VIQ, ASD participants were superior in IT performance to ID participants. These
results support the idea of possibly intact processing speed and potential intelligence in
ASD, which is not tapped by socially mediated tools, or measures of crystallized
intelligence, such as the Wechsler scales, or, in this case, the BPVS. Not only that, but a
strong effect in directionality of IQs (where ASD individuals were superior at PIQ than
VIQ and this effect was significantly different to ID individuals) supports the strong
differences between groups in terms of IQ profiles.
The second proposed hypothesis was of a discrepancy between IT and IQ in children
with ASD but not those with ID. IT and psychometric intelligence has been reported to
correlate around -.50 in the general population (Grudnik & Kranzler, 2001). However, it
has also been reported that this is not the case for low-functioning individuals, where a
discrepancy between IT and IQ has been found (Scheuffgen et al, 2000; Wallace et al.
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2009). The strong relationship between IT and IQ in neurotypicals is thought to have its
roots in g, or fluid intelligence. The present study therefore used a measure of fluid
intelligence, the CPM, in contrast to previous studies using crystallised intelligence
measures such as those included in the Wechsler scales. Results corroborated the lack of
relation between crystallised intelligence (BPVS VIQ) and IT in ASD. However, and
surprisingly, a non-significant (moderate to low) correlation between IT and CPM PIQ
was found in both the ASD and ID groups. This may be due to several plausible
explanations. On one hand, it could be the case that CPM does not measure fluid
intelligence in individuals with ASD. However, this is not likely as some authors have
reported good correlations between the standard version of the matrices (SPM) and the
Wechsler scales in individuals with ASD (Bölte, et al., 2009). Perhaps Raven’s matrices
measure additionally a purely visual processing component that gives an advantage to
ASD individuals in comparison to ID individuals. In fact, a recent study has suggested
that neurotypicals can bypass the Standard Progressive Matrices by using visual strategies
(Kunda, McGreggor, & Goel, 2010). This could explain the enhanced performance on
the matrices in individuals that have been defined as showing an “islet of ability”, or
good ability to find parts in the whole (Shah & Frith, 1983). However, no measures of
processing style were included in this study, and whether superior performance on the
CPM is due to an enhanced perceptual functioning or to superior general intelligence,
remains an open question.
On the other hand, IT has been said to account for a large shared variance with IQ in
TD. However, there is still much IQ unexplained which could be the puzzle to explain
ASD intelligence. It could be that the part that IT is not accounting for, which may be
driving ASD intelligence and the reason for the low correlation between IT and IQ (e.g.
cognitive differences in perceptive styles). Future work should, perhaps look into other
elementary cognitive tasks to explore this possibility.
A third explanation for the lack of correlation between IT and CPM PIQ could be
explained in terms of executive function, which is known to be impaired in ASD.
Raven’s matrices are known to be solved on the basis of abstraction, and goal
management processes by inducing rules extracted within the matrices, and to generate
and maintain goals in working memory. Hence, it could be that individuals with ASD are
in fact quicker at the IT task than ID individuals because they are actually faster at
processing but that they fail to order the information to use it effectively during more
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complex tasks. The lack of correlation in the ID group could be due to different reasons.
Since the IT task is a very mechanical task with little reward other than a sound
feedback, it is ideal for individuals with ASD but not for individuals with ID who are
more socially oriented. Motivation could have been playing an important role in this
group who may have found the task perhaps boring and tiring, leading them to perform
below their potential. Alternatively, and despite simplicity and low social demands of the
CPM, it could be that the matrices are not appropriate to catch the full potential of
low-functioning individuals due its increasing executive function demands.
Finally, the third hypothesis postulated that the IT-IQ discrepancy would be determined
by the impairment in the ToM mechanism. It was expected that an IT-IQ discrepancy
would be associated with crystallized intelligence (or VIQ measured by the BPVS),
where ToM skills may have a greater impact, than to an IT-IQ discrepancy using CPM
PIQ, both being measures of fluid intelligence. Results confirmed that the discrepancy
between IT and VIQ was highly correlated with all social measures in the ASD group
alone. In particular, significant differences between groups were found in the relation
with the Interactive Sociability scale, a measure of ToM in everyday life. The hypothesis
was additionally supported by the low correlations found between Performance
Discrepancy and the social measures in both groups. Together these results seem to
confirm the impact of the ToM impairment in the ASD group, where traditional
psychometric measures, confounded by crystallized components of intelligence, may be
depicting an unrealistic picture of true cognitive potential in individuals with ASD, but
not in individuals with ID.
A similar pattern was found when exploring the correlation between IT, PIQ and VIQ
with the social measures. Although there was not a significant relationship between IT
with any of the psychometric measures in any of the groups, ASD and ID individuals
showed very distinct patterns of psychometric performance in relation to social
measures. While VIQ in the ASD group seemed to correlate highly with all social
measures from the Vineland Adaptive Behaviour Scales (including Interactive Sociability,
but not Active Sociability) and with the number of errors committed in the Penny
Hiding Game, this did not occur in the ID group, where VIQ highly correlated with
PIQ, CA and the Socialization domain of the Vineland scales. An explanation for this
effect could be that the ASD individuals rely more on their verbal ability to overcome
social difficulties, where ID individuals, who are more socially adapted, rely more on
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their general cognitive capacity to function socially. This idea seems to be supported by
the high relationship found between IQ and the Socialization domain in the ID group,
but not in the ASD group.
Overall, the fact that there were differences in both the CPM and the IT tasks between
groups show very different manifestations of two disabilities. While one is enhanced by
social ability, the other one is not. The social difficulty of the ASD group seems to
stigmatize that group as very severe, when in reality they outperform the other
disabilities.
A limitation of the study is, perhaps, the short number of trials in the IT task. Due to the
low ability level of the participants, the task had to be shortened. While the task was
shortened to decrease tiredness and maximize attention span among other reasons, a
small percentage of participants were discarded on the basis of increasing IT through the
task, suggesting lack of understanding. However, it could be the case that these
participants were engaged but that the number of trials was too short to allow them to
find the length of SOA at which they could reach the 70% correct target. Therefore, the
sample of individuals chosen for this study could be biased by individuals with faster
speeds, who are not representative of the whole population, and which could also have
been responsible for the lack of correlation of IT with IQ.
Since only this and two other studies have addressed the speed of processing capacity of
individuals with ASD, further study remains needed to explore the new hypotheses here
presented. Summarizing, these results bring the idea of the autistic intelligence, as an
altogether different concept to neurotypical intelligence, and will allow us to improve
our understanding of ASD. Additionally, it is very important to understand the real
cognitive potential of individuals with ASD in order to accommodate proper educational
tools to their needs. It is very important therefore, to decide whether psychometric or
cognitive tools reflect better their true intellectual potential. In the following chapter,
two learning tasks will be presented in relation to both IQ and IT, in order to explore
which of the indexes is more reliable to account for the learning potential of ASD
individuals. Additionally, the role of ToM will be examined in relation to each of the
learning tasks.
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Chapter 6. Social Influences on Learning in ASD
6.1 Introduction
One of the main characteristics of ASD is an impaired connection with the surrounding
social world. From the moment of birth, babies are exposed to a huge amount of social
stimuli that will model the way in which they learn and process new information. In the
case of ASD, despite preserved intellectual ability, a failure from an early age to process
social information may seriously hamper the ability to learn through social means (e.g.
peer to peer interactions, by observing others, etc). This chapter aims to study how a
deficit in ToM may affect the way in which individuals with ASD learn, both socially and
non-socially, and how this relates to measures of intelligence presented in the previous
chapter.

6.2 Learning deficits and skills in ASD
Experts in the field have not yet reached agreement on the true learning capacity of
those with ASD (Dawson & Gernsbacher, 2008). Learning in ASD has been described
as “distinctive” (Volkmar, Lord, Bailey, Schultz, & Klin, 2004). Repetitive interests,
obsession for parts over wholes, stereotypies and self-stimulatory behaviours have been
said to interfere with the learning of explicitly taught new behaviours (e.g. Koegel &
Covert, 1972; Lovaas, 1987; Volkmar & Klin, 2000). In some cases, however,
spontaneous learning has been reported from repetitive behaviours (Lovaas, Newsom, &
Hickman, 1987). Stimulus over-selectivity has been well documented in ASD, ultimately
leading to a narrow focus of attention that impedes the ability to attend to more than
one stimulus cue at a time (e.g. Lovaas, Koegel, & Schreibman, 1979; Rincover &
Ducharme, 1987; Varni, Lovaas, Koegel, & Everett, 1979). Schreibman and Lovaas
(1973) suggest that problems in stimulus over-selectivity may impede social
development. In support of this, studies have reported that stimulus over-selectivity may
hinder generalization of skills and the acquisition of speech (e.g. Lovaas, Schreibman,
Koegel, & Rehm, 1971; Koegel & Rincover, 1977; Rincover & Koegel, 1975).
Furthermore, a difficulty in distinguishing main from background information may lead
individuals with ASD to focus on obsessive rituals (e.g. spinning a coin) in order to stop
the bombardment of sensory stimulation (Grandin, 2006). However, the over-selectivity
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hypothesis has caused much debate and current trends tend to focus on the so-called
“monotropic” attention, or a narrowed attention focused on the individual’s preferences
(e.g. Murray, Lesser, & Lawson, 2005).
Although in some instances learning in ASD may have different neurological roots to
that in TD (e.g. implicit learning, Scott-Van Zeeland, Dapretto, Ghahremani, Poldrack,
& Bookheimer, 2010; or statistical learning of new words, Scott-Van Zeeland et al.,
2010), under the right circumstances, learning occurs, and sometimes faster than in TD
(e.g. during classical conditioning, Sears, Finn, & Steinmetz, 1994). Particularly, implicit
learning has been said to remain intact in ASD (Brown, Aczel, Jiménez, Kaufman, &
Grant, 2010) and is sometimes superior to that in TD individuals (Smith, 2003). Miller
(1999), for example, explains savant skills in terms of enhanced perception and superior
implicit learning. On the contrary, the presence of social content has been said to
interfere with the processing of non-social material (i.e. a sequence of geometric figures
versus a sequence of emotional faces) during implicit learning (Smith, 2003). Associative
learning has also been reported to be intact (e.g. Boucher & Warrington, 1976; Williams,
et al., 2006) or even superior in ASD, leading to hyper-systemizing abilities (BaronCohen, 2003). Studies exploring procedural memory and perception have shown that
individuals with ASD seem to benefit more from passive learning (e.g. repetition) in
contrast to neurotypicals (e.g. Mottron, Belleville, & Ménard, 1999; Plaisted, O'Riordan,
& Baron-Cohen, 1998). Perhaps one of the greater challenges that professionals face is
the often reported problem with generalization of newly acquired skills in ASD (e.g.
Hwang & Hughes, 2000; Ozonoff & Miller, 1995).
Numerous interventions have been developed to improve academic and self-help skills
in people with ASD. There is no consensus on which techniques are better (perhaps due
to the difficulty in separating progress from external variables). Some studies report that
structure, routines and Applied Behaviour Analysis (ABA) techniques seem to help to
improve the way in which children with ASD learn new skills (e.g. Heflin & Alberto,
2001). Breaking new behaviours into small steps has been found to be successful in
teaching new skills to individuals with ASD (e.g. Lovaas, 2003; Maurice, Green, & Luce,
1996). Heterogeneity considered, it seems that, under the right conditions, individuals
with ASD do respond to the teaching of skills. Is it the same case when the teaching is
socially oriented?
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6.3 Social learning
6.3.1

Social learning in Typical Development

Even the most basic living organisms learn. However, the way human beings learn
differs due to the complexity of the environment human beings are constantly exposed
to. In particular, social learning requires further attention due to its complexity and
importance for human development. The term social learning refers to the process of
learning by observing others, imitating or mimicking them in order to acquire new
knowledge. Social learning, which begins as soon as a few weeks after birth, plays a
major role in play skills, language, moral judgement and behaviour, and, of course,
academic and real life adaptive skills. Although motivational and neurological
components are considered in modern theories, the major theories of learning are
divided into three strands: behaviourism, constructivism and cognitivism.
Behaviourist approaches have been interested not only in the processes involved in
social learning, but also in how social factors can contribute to the persistence or
elimination of behaviours (e.g. Gewirtz, 1978). Behaviourists consider learning as the
changes in the individual’s behaviour. However, the pace at which individuals learn
socially will be determined by cognitive factors (such as attention, memory or the ability
to perform), but also by external factors (for example, the frequency of exposure, the
range or variety of behaviours exposed to, or motivation).
From a constructivist point of view, learning is an objective and subjective process
where social and cultural values play a major role: it is a dynamic interaction between the
task, the learner and the mediator or instructor (Holt & Willard-Holt, 2000). In order to
learn the truth, learners match their truth with the instructor’s truth, developing this way
a method to test their own beliefs in contrast to someone else’s (Kukla, 2000). Vygostky
(1978a) believed that culturally created symbolic tools acted as the mediators of the
learning experience. Knowledge would, therefore, be built in the social context and then
acquired by individuals. Similarly, Feuerstein (1970) argued that intelligence is closely
related to the child’s experiences, which are directly influenced by cultural and social
components. He also suggested that not only biological bases but also socio-cultural
values intervene in learning. For Feuerstein, the adult mediator has a major role, and
without him/her the child would not develop the requirements for effective learning.
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While Vygotsky mainly focused on typical development, Feuerstein believed that the
mediated relationship with the adult would be key to the difference between normal and
abnormal development in children.
By contrast, cognitivist approaches suggest that learning is based on changes in
cognition as a consequence of experience. These changes may be inferred from
behaviour. Learning, therefore, would imply changes in the content, organization and
storage of information in the brain, via processes such as assimilation and
accommodation. According to this approach, the learner controls the learning process
and, to a lesser extent, the environment, and the mediator. In particular, social
cognitivists argue that an individual’s knowledge acquisition is partly related to the ability
to observe other individuals within a social context. By observing, individuals add
information to the repertoire of possible responses during different situations. Bandura
(1977) is one of the main defenders of this approach. _ENREF_1He suggested that
individuals learn from interacting with the environment, but also from purely observing,
imitating and modelling others. Bridging the constructivist and the cognitivist
approaches, Piaget (1952) believed that experimentation with the external world, both
social and physical, was central to learning: the child as a mediator. By experiencing by
him/herself, the child will use problem-solving skills, which will turn into complex
logical and abstract thinking.
6.3.2

Social learning in ASD

Social learning begins at a very young age in TD babies, demonstrated by their
preference for human faces and voices (Johnson & Morton, 1991). Acts such as
following eye gaze, the ability to infer emotions from just the shape of the eyes or to
understand body language among others, have been said to be part of the human “social
brain”, an integrated social perception system (Brothers, 2002). However, this is not the
case for individuals with ASD, whose social disconnection from the moment of birth
has been said to materialize in lack of shared intentionality with others (Tomasello,
Carpenter, Call, Behne, & Moll, 2005). Contrary to the intuitive natural tendency in TD,
studies have shown that individuals with ASD do not tend to attribute social meaning
(e.g. Abell, Happé, & Frith, 2000; Klin, 2000; Rutherford, Pennington, & Rogers, 2006).
It is this intuitive tendency that individuals with ASD seem to lack, since they are
capable of looking for social information if explicitly instructed to do so (e.g. New et al.,
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2010). The lack of social understanding is crucial to learning, and to individuals with
ASD who may have to use their general cognitive ability to bypass the difficulties in
social understanding that is achieved intuitively in TD via specialized systems (Schultz et
al., 2003).
In TD there is a strong association between academic achievement and social
functioning from childhood to adolescence (DiPerna & Elliott, 1999; Welsh, Parke,
Widaman, & O'Neil, 2001), particularly with peer acceptance and sociability with peers
(see review by Wentzel, 2005). The opposite qualities have been related to lower levels
of academic achievement (Wentzel, Barry, & Caldwell, 2004). Pro-social behaviour
towards peers is related to academic achievement from young ages to adolescence (Buhs
& Ladd, 2001; Wentzel & Caldwell, 1997). Since Autism, according to the DSM-IV-TR
(American Psychiatric Association, 2000), is characterized by a “failure to develop peer
relationships appropriate at developmental levels”, an impact of social difficulties on
academic and general learning might be expected. Although it has been suggested that
teaching “social cueing” at an early age may help individuals with ASD to achieve better
academic and social adjustment (Odom & Strain, 1986), even in those cases where
individuals are more socially able, oddity of behaviours and social relations remain (Shea
& Mesibov, 2009). The lack of desire for social acceptance, and the decreased
motivation to achieve their best if the teaching is not focused on their specific personal
interests and obsessions may also affect the way in which people with ASD learn from
others. This is supported by neuroimaging studies that have shown less cortical
activation during social reward in contrast to tangible reward in persons with ASD
(Scott-Van Zeeland, Dapretto, et al., 2010).
6.3.3

Specific social-attentional problems of relevance for learning

Individuals with ASD have shown to be impaired in many social-attentional components
that are likely to impact learning. For example, studies show that individuals with ASD
find it difficult to understand faces and to use eye gaze effectively during social
interactions (e.g. Klin et al., 1999; Chawarska, Klin, & Volkmar, 2008). It is also known
that individuals with ASD tend to focus more on mouths than the eye region, losing
important information during social interaction (e.g. Happé, 1994a; Hobson, 1986; Klin,
Jones, Schultz, Volkmar, & Cohen, 2002a). Individuals with ASD also use less frequent
and abnormally-timed eye contact (Dawson, Osterling, Meltzoff, & Kuhl, 2000; Sigman,
Mundy, Sherman, & Ungerer, 1986). Some authors have suggested that, from an early
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age, children with ASD are inattentive to faces (Osterling & Dawson, 1994) and spend
less time looking at people than TD toddlers (Swettenham et al., 1998). Furthermore,
neurological evidence suggests that faces are processed in the same manner as objects in
ASD (Schultz et al., 2000).
Joint attention has been studied widely in ASD since impairment in joint attention
capabilities may be an early marker of ASD (e.g. Osterling & Dawson, 1994). This
characteristic deficit in joint attention in ASD has been referred to as one of the main
features of the condition and defined as a precursor to symbolic understanding (e.g.
Hobson, 1993), general socio-cognitive processes (e.g. Baron-Cohen, 1995) and language
capabilities (e.g. Baldwin, Moore, & Dunham, 1995); all social components involved in
learning. It may also reflect poor social initiation, lack of positive affect, poor imitation
and play, and lack of spontaneous speech (Whalen, Schreibman, & Ingersoll, 2006).
Deficits in joint attention may also account for difficulties in general learning, where
individuals with ASD may get distracted by irrelevant aspects which they perceive as
salient (Klin, et al., 2002a; Klin, Jones, Schultz, Volkmar, & Cohen, 2002b). Decreased
joint attention, but over-attention to inanimate objects, sometimes characterized by lack
of attention for human voices and faces, have been reported in several studies (e.g.
Chawarska, et al., 2008; Klin, 1991; Osterling & Dawson, 1994). Retrospective video
reports of 1-year-old babies later diagnosed with ASD show both failure to orient to
their names and problems in joint attention (Osterling & Dawson, 1994; Osterling,
Dawson, & Munson, 2002; Werner, Dawson, Osterling, & Dinno, 2000), and a marked
failure to orient to social stimuli (i.e. clapping) in contrast to non-social stimuli (i.e. a
rattle and a musical toy; Dawson, Meltzoff, Osterling, Rinaldi, & Brown, 1998). While
individuals with ASD may respond to joint attention (Charman, 1998; Isaksen & Holth,
2009; Mundy, Sigman, & Kasari, 1990), they are severely impaired at initiating joint
attention (Isaksen & Holth, 2009; Leekam, López, & Moore, 2000; Sigman, et al., 1986).
Joint attention and imitation have been found to correlate with the degree of
cooperation with peers in TD (Colombi et al., 2009). An impairment in imitation in ASD
has been documented from the early years (e.g. Charman et al., 1997; Rogers, Hepburn,
Stackhouse, & Wehner, 2003; Stone, Ousley, & Littleford, 1997) and continues into
adulthood (e.g. Bernier, Dawson, Webb, & Murias, 2007; Rogers, Bennetto, McEvoy, &
Pennington, 1996). Consequently, observational learning (believed to be a form of
imitation) which seems to increase steadily during the early years in TD, appears to be
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delayed or impaired in ASD (e.g. Varni, et al., 1979). This is in line with other studies
which state that children with ASD do not learn from observation unless they are
exposed to specific training that teaches this method (e.g. Hewett, 1965; Lovaas,
Berberich, Perloff, & Schaeffer, 1966; Metz, 1965). Some authors believe that failure to
learn through observation may be the consequence of stimulus over-selectivity (Varni, et
al., 1979), while others believe it may reflect motivational factors (e.g. Hewett, 1965;
Metz, 1965).
6.3.4

Learning from others in ASD

Efforts have been put into teaching individuals with ASD to learn from the behaviour of
other people. Early studies of the enhancement of skills through modelling did not show
promising results when using adults as models (e.g. Hewett, 1965; Metz, 1966; Varni, et
al., 1979). However, more recent studies employing peers as models have been more
positive. For instance, peer-mediated social skills training, combined with other
techniques of associative and conditioning learning, has been successful with both high
and low-functioning individuals with ASD, although with mixed results in the
generalization of skills (e.g. Charlop, Schreibman, & Tryon, 1983; Chung et al., 2007;
Egel, Richman, & Koegel, 1981; Garfinkle & Schwartz, 2002). Although no
improvement for some individuals has also been reported, video modelling (i.e. peers
acting out) and video self-modelling (i.e. participants filmed performing activities) seems
to be a good and valid method of teaching new social, play, self-help and verbal skills
combined with different types of reinforcements and contingencies to individuals with
ASD of different levels of ability (see Bellini & Akullian, 2007 for a meta-analysis). One
study reported faster and more generalized learning of curriculum activities from video
modelling than in-vivo teaching, perhaps due to the elimination of distracter variables in
the video in comparison to real life scenarios (Charlop-Christy, Le, & Freeman, 2000).
Similar procedures to video modelling have been created using a computer program,
bringing positive results and short-term maintenance of self-help skills (Ayres, Maguire,
& McClimon, 2009).
Explicit teaching to learn from observation in ASD has been reported, although studies
are mostly supported by strong reward systems and non-naturalistic scenarios where
variables are under strict control. Different studies report, nevertheless, mixed results.
For example, Kamps, Walker, Locke, and Delquadri (1990) studied the effect of
observational learning during word reading in three individuals with ASD. The authors
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found very variable results since one of the participants did not learn at all, the second
only learnt 13% of the taught words, and the latter learnt 100%. More recent studies
however, show more positive results with rates varying from 89-96% of correct
responses while learning words in Ledford, Gast, Luscre, and Ayres (2008). Other
studies have reported good generalization of skills in small groups of individuals with
ASD after a chained observational learning procedure (e.g. Brim, Townsend,
DeQuinzio, & Poulson, 2009; Tekin-Iftar & Birkan, 2010). Nadel, et al. (2011) found
that 24 to 36-months babies with ASD were able to learn partially or fully how to open a
box from video-observation. However, all studies were conducted under tightly
controlled conditions using classical conditioning techniques that have little resemblance
to the spontaneity of learning through observation in real life, where behaviours are not
so clearly defined and ASD individuals may become distracted or attend to irrelevant
details. On the contrary, some studies have been focused on teaching successfully early
skills (e.g. the PACT Institute© in UK or the Early Start Denver Model Lab, at the UC
Davis MIND Institute, in USA). Nevertheless, further exploration of more naturalistic
ways of teaching, in contrast with strictly controlled conditions, remains needed.
For that purpose, this thesis will study social learning from a cognitivist point of view. In
particular, this thesis will explore how socially-mediated presentation of materials may
impact on the learning of a categorical non-social task. In other words, how the
naturalistic social presentation of a task may affect learning, in comparison to, in
particular, computer-administered teaching (a more behaviourist, mechanical and
predictable way to teach). In a typical school setting, materials and activities are
presented in a naturalistic manner, that is, by an adult. If individuals find it difficult to
read other people’s minds but also have linguistic problems (linguistic demands may be
intrinsic to human-lead presentation), then, the presentation of material by human
teachers may lead to misunderstanding of instructions, feedback or intentions and
expectations. Although the material may not be social per se, the presentation of the
materials and the learning situation are highly social.
The tasks were created in an increasing difficulty rational so that, as the tasks get harder,
individuals could modulate performance after receiving feedback. Furthermore, it was
expected that not only the type of feedback provided (positive or negative) but also the
quality of the feedback (human versus machine) would affect participants’ performance.
Computer feedback was expected to be more meaningful for children with ASD, leading
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to better performance relative to the human-lead presentation of the task, since
computer feedback may be less confusing and more structured and consistent that
human feedback. This was not expected in the ID group, where participants may find
the social and naturalistic feedback more accessible.

6.4 Computer-based learning in ASD
6.4.1

Benefits of computer-based interventions in ASD

The benefit of the computer to teach various skills to individuals with ASD of all levels
of ability is well documented. The success of computer interventions in ASD is such that
at least three review papers have been published within the last two years on this topic
(e.g. Pennington, 2010; Ramdoss et al., 2011; Wainer & Ingersoll, 2011). Studies report
the apparent intuitive ability that individuals with ASD possess to use computers,
seeming to need less instruction and training to become competent users than
individuals with other intellectual disabilities (e.g. Tjus, Heimann, & Nelson, 2001).
Some authors suggest that computers may help ameliorate the social impairment
characteristic of ASD through teaching the salience of social stimuli that may otherwise
be difficult to distinguish in real life scenarios (Moore, McGrath, & Thorpe, 2000).
Overall, computers are thought to be useful tools to overcome the complexity of the
social environment which interferes with teaching (Higgins & Boone, 1996).
Extensive research has been undertaken in order to prove the validity of
computer-based instruction in the autistic population. In an early study, Colby (1973)
found non-verbal children with ASD had greater interest in initiating basic speech
utterances after simple computer-based therapy. Plienis and Romanczyk (1985) later
discovered that the computer could not only help to improve communication, but also
to reduce undesirable behaviours in comparison with human-based instruction in a
group of severely disturbed children, including individuals with ASD. Nowadays, a wide
range of computerized devices (e.g. PDAs, small computers, robots) are used to teach
various skills and behaviours and to facilitate communication (e.g. Francois, Powell, &
Dautenhahn, 2009; Mechling, Gast, & Seid, 2009; Welch, Lahiri, Warren, & Sarkar,
2010), or even to support employment for low-functioning ASD individuals (see
Wehmeyer et al., 2006 for a meta-analysis). Technologies such as the computer and
other electronic devices have proved to be beneficial in educational settings, particularly
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for individuals who find it difficult to learn through more traditional methods. In the
case of ASD, studies have shown increased attention and motivation to learn through
computerized means, which have also reduced resistance to learning and other
inappropriate behaviours in comparison to teacher-led instruction (Bernard-Opitz, Ross,
& Tuttas, 1990; Chen & Bernard-Opitz, 1993; Moore & Calvert, 2000). Those
individuals able to express themselves have reported enjoyment and exhibited more
appropriate behaviours during the interaction with the computer than in interpersonal
contexts (Bosseler & Massaro, 2003; Heimann, Nelson, Tjus, & Gillberg, 1995). Despite
warnings of problems generalizing computer-learnt behaviours to real-life settings (e.g.
Powell, 1996), and the generic problem of generalisation to new contexts in traditional
learning (as described in section 6.2), recent meta-analyses report good generalization of
skills acquired via the computer to different contexts (e.g. Pennington, 2010).
Many theorists have postulated the possible reasons why computers are beneficial to
individuals with ASD. Some authors state that individuals with ASD may prefer the
computer due to reduced affective and prosodic signals, which helps them understand
communication that is more or less free of pragmatic and social components (Schlosser
& Blischak, 2001). Other reasons have also been proposed that relate to the ability to
accommodate the individual’s own learning pace: for example, the capacity to repeat
segments of information, to reduce the speed of information, to highlight important
features, to control the level of difficulty and its increment, to include preferred stimuli,
to control the level of predictability, to narrow the focus of attention, to present
information non-verbally, and setup clear routines and expectations (e.g. CharlopChristy, et al., 2000; Golan & Baron-Cohen, 2006; Moore, et al., 2000; Panyan, 1984;
Pennington, 2010; Powell, 1996; Shane & Albert, 2008; Silver & Oakes, 2001; Williams,
Wright, Callaghan, & Coughlan, 2002). Swettenham (1996) has summarized three main
reasons for the benefits of computers for individuals with ASD: the lack of social
involvement; consistency and predictability; and the possibility to control the learning to
each individual’s own pace. Additionally, computer-based teaching allows flexibility and
more intensive interventions, where responses are collected automatically when teachers
have limited time to spend with each student (Higgins & Boone, 1996). Finally, some
authors believe the use of computers may also help to overcome creativity and
spontaneity problems (Moore, et al., 2000).
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At the same time, it could be argued that the use of computers may increase isolation
and reduce the opportunities to engage socially (e.g. Bernard-Opitz, et al., 1990; Moore,
et al., 2000; Powell, 1996). Powell (1996) adds that interaction with computers may also
lead to increased rigidity of behaviours, while in live interactions unexpected events
occur. Additionally, obsessive and even challenging behaviour may occur in order to
access the computer, and direct social contact may be perceived as “boring” in
comparison to the computer. However, other authors believe the opposite, seeing the
computer as a tool to encourage other children to play alongside a young person with
ASD (e.g. Bell & Potter, 2001).
One advanced use of the computer is for Virtual Reality programs, where individuals
need to adapt and respond to a virtual environment. Virtual Reality software has been
used with ASD individuals to teach social skills within different social scenarios.
Findings show good acquisition of skills but generalization for only some participants
(Bauminger et al., 2007; Herrera et al., 2008; Mitchell, Parsons, & Leonard, 2007). The
topics targeted by Virtual Reality include self-help skills, such as crossing the road
(Josman, Ben-Chaim, Friedrich, & Weiss, 2008) and symbolic play skills (Herrera, et al.,
2008). The success of collaborative virtual environments has also been reported in
teaching empathy to individuals with ASD (Cheng, Chiang, Ye, & Cheng, 2010).
6.4.2

Computerized interventions targeting the triad of impairments in ASD

Computer technology has been used in high-functioning individuals with ASD as an aid
to self-monitor behaviour (e.g. Soares, Vannest, & Harrison, 2009) and enhance problem
solving skills (Bernard-Opitz, Sriram, & Nakhoda-Sapuan, 2001). Good generalization of
results in natural settings has been reported after computerized interventions to teach
play, food and hygiene behaviours in individuals with ASD (Hetzroni & Tannous, 2004).
Given that computers may enable the teaching of social behaviours while avoiding social
constraints, it is not surprising that most of the published information concerning
individuals with ASD refers to the development and improvement of communication
and social skills.
In terms of communication interventions, computer programs have been successful at
teaching both expressive and receptive language in individuals with ASD (e.g. Heimann,
et al., 1995; Williams, et al., 2002; Yaw et al., 2011). Computer interventions have shown
to reduce echolalia and irrelevant speech, while increasing the amount of communicative
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intentions (Hetzroni & Tannous, 2004). Increased expressive language has also been
reported after computer intervention (e.g. Heimann, et al., 1995; Hetzroni & Tannous,
2004; Whalen, et al., 2006). Tjus et al. (2001) found all participants increased their
language after a computer-based therapy to teach new words, but individuals with low
verbal skills (both ASD and ID) benefited the most. However, these studies fail to
report baseline and post-treatment assessment with standardized tools, which would
help establish that improvements were due to the intervention. Following this premise,
Whalen et al. (2010) found that despite the increment of expressive language during the
intervention final session in comparison to baseline (in Whalen, et al., 2006), there was
no increment of expressive language measured by the Expressive Vocabulary Test
(Williams, 1997) in individuals with ASD, and one third of the participants showed no
benefit from the intervention, highlighting that computer interventions may not be
appropriate for all individuals.
Numerous computer programs have been created to address social skills, although most
studies include individuals with high-functioning Autism or Asperger Syndrome only.
For instance, specific computer software has been used within a multi-component social
skills intervention for individuals with Asperger Syndrome showing positive results
(Beaumont & Sofronoff, 2008a). Computer programs have also been combined with
videos to teach acceptable behaviours (Simpson, Langone, & Ayres, 2004). Sansoti and
Powell-Smith (2008) combined computer and paper-based social stories to teach
appropriate social skills to high-functioning ASD and Asperger Syndrome individuals.
Although results were positive and maintained after two weeks, the authors found that
skills did not generalize to other settings. Face and emotion recognition has also been
taught via computerized intervention with good overall results but poor generalization
(e.g. Bölte et al., 2002; Golan & Baron-Cohen, 2006; Grynszpan, Martin, & Nadel, 2008;
Lacava, Golan, Baron-Cohen, & Smith Myles, 2007; Tanaka et al., 2010; Weinger &
Depue, 2011).
Computer programs have also been used to teach and assess ToM skills to individuals
with ASD of different abilities. For instance, Beaumont and Sofronoff (2008b) used this
method to assess individuals with Asperger Syndrome, finding positive correlations with
other well known measures of ToM. Swettenham (1996) showed that low-functioning
ASD individuals could be trained to pass ToM by using a computerized program,
although learning did not transfer to similar tasks using different materials, leading to
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conclude that the use of computerized devices may not be appropriate to teach ToM or
emotions (Baron-Cohen & Swettenham, 1997). However, other authors suggest that the
problem in generalization may not be due to the computer instructions per se, but the
complexity of the constructs, making it necessary to combine diverse intervention
techniques (Wainer & Ingersoll, 2011).
It appears that computer-based interventions can produce positive outcomes, with only
some individuals showing no benefit from this technique (e.g. Whalen, et al., 2010), and
no studies reporting negative results. However, it remains to be seen if the computer is
more effective than human-led instruction or whether the latter carries greater benefit, in
which case, a combination of methods may be preferable (Wainer & Ingersoll, 2011).
The study reported in this chapter attempted to compare directly the ability of ASD and
ID groups to learn a novel task presented non-socially on computer versus socially by an
experimenter.

6.5 Computer-based versus human-led learning in ASD
Only a handful of studies have compared computer- versus human-based learning in
ASD. To the author’s knowledge, Table 6-1 summarizes the only studies that have
examined computer vs. human-led instruction in ASD, and the following paragraphs aim
to describe the studies in further detail.
An early study exploring the use of computers in ASD was undertaken by Russo,
Koegel, and Lovaas (1978). The authors tested four low-functioning ASD individuals in
the profound range of ID (defined as “untestable”) between the ages of 9 and 13 years.
They studied the effects of computer alone, teacher alone and combined instruction in a
simultaneous matching-to-sample task using simple coloured geometric forms. Results
showed no achievement gains when using the computer alone, but learning occurred
during the teacher alone and combined conditions. The authors suggested that using the
computer alone did not provide enough information for the participants to learn and the
presence of a teacher was the key for success. However, despite the rigour in carrying
out this experiment (i.e. maintaining the consistency of presentation order, feedback
contingencies and correction procedures), the apparatus used has little resemblance to
current technology, which may be more motivating and appealing to low-functioning
individuals. In addition, later studies have not replicated this finding; most studies
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demonstrate either no difference between teacher- and computer-based instruction, or
greater benefit from computer-based in comparison to teacher-led intervention for
participants with ASD.
Among the studies showing greater benefit from computerized teaching are the studies
by Ozonoff (1995) comparing the performance of the classic (human-led) Wisconsin
Card Sorting Test of executive function (Berg, 1948) against its computerized version
(Harris, 1990). Ozonoff reported that individuals with ASD performed better at the
computer version than the human-led presentation, possibly due to the consistency of
the feedback provided by the computer (Griffith, 2003). However, these results were not
replicated in a recent PhD thesis, although details on methodology are not available to
make sound comparisons (Yerys, 2007). Greater gains from computer-based rather than
human-led instruction have also been reported by studies exploring the learning of new
words in children with ASD. For instance, Bernard-Opitz, Ross, and Tuttas (1990)
found greater improvement in the percentages of vocal imitation after computer
instruction in contrast to teacher-led instruction, and Moore and Calvert (2000) reported
not only more newly acquired words, but also a greater desire by the individuals to
continue working on the computer task, in contrast to the teacher-led condition. Similar
results were obtained by Williams, Wright, Callaghan, and Coughlan (2002), where
children were taught new words through a book presented on computer or read by a
teacher.
The majority of studies, however, have found no significant difference between learning
in computer-based and human-led conditions. For instance, in Chen and
Bernard-Opitz’s study (1993) academic skills (addition, labelling and concept learning)
were taught to four individuals with ASD (4 to 7 years). Computerized and teacher-led
conditions were used randomly over a period of 3 to 4 days. The authors found no
greater benefit from either approach, although there was greater compliance and
increased motivation to use the computer than to work with the teacher. However, it is
unclear whether the tasks used in each condition were identical, how much time the
participants spent on each condition, or the type of reinforcement used in each
condition. Greater detail is presented in a study by Coleman-Martin, Heller, Cihak and
Irvine (2005) to teach new words via phonological coding. In this study, the authors
used the same task and kept feedback consistent across conditions, as well as including a
combined computer and teacher condition. Results showed improvement in all three

178

participants (although included only one ASD participant aged 12) in all three
conditions, but learning was most effective in the combined condition. However, with
such a small sample, generalization of findings cannot be made. A similar study was
conducted by Kodak, Fisher, Clements, and Bouxsein (2011). The authors taught a
7-year-old girl with ASD to learn new words from either a pack of cards administered by
the teacher or via a computer. Although results showed no differences between
conditions, this study failed to show the real effect of the computer administration since
feedback and rewards were administered by an additional adult, who verbally praised and
rewarded her with a token for each correct response.
One of the very few studies using a larger number of ASD individuals (n = 6, CA = 7.3,
VMA = 3.1, plus 11 individuals with other diverse diagnoses such as ID) was
undertaken by Plienis and Romanczyk (1985). They used a classical fade discrimination
task which increased in difficulty (S+/S- task; Rincover, 1978) across human and
computer conditions. The authors found that, overall, all participants performed equally
well in both conditions and that performance was correlated with verbal ability.
However, the authors highlighted the variability in individual scores, suggesting two
distinct subgroups according to directionality of scores. They suggested that better
performance on the teacher-led task may be due to a greater desire to comply with the
adult, who is seen as in control of the stimuli presentation during the teacher-led
condition but not during computer-based teaching. On the other hand, those with
higher performance on the computer condition may perceive a weak connection
between the adult and stimuli, and therefore not present a desire to comply. The latter
group also tended to create more attempts to leave the task in the teacher condition.
This hypothesis was supported by the high correlation found between measures of
compliance during everyday life and the difference in performance between conditions
(r = -.47); that is, individuals demonstrating greater compliance during the normal school
day performed better on the teacher-led versus computer-based presentation. Also,
more escaping behaviour was observed in the teacher condition from individuals who
showed more disruptive behaviour during the school day. However, this study does not
report separate data for individuals with ASD (versus non-ASD), and order effects are
not reported; performance in the second condition may have been influenced by the
expertise acquired during the first condition.
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To summarize, just over a dozen studies have explored the influence of computer versus
human-led instructions in individuals with ASD (see Table 6-1 for details of all studies),
and none has examined performance in relation to ToM. A deficit in the ability to
mentalize may enhance performance on computer-led compared to teacher-led
instruction, as social demands are reduced. Work to date has been limited in a number
of ways. It can be argued that several studies outlined in Table 6-1 include a social
element in the computer condition; for example, using socially mediated feedback (e.g.
smiley faces for correct answers and sad faces for incorrect answers; Bosseler &
Massaro, 2003) or direct feedback provided by an adult (e.g. Kodak, et al., 2011). In
some studies participants completed only one condition (e.g. Moore & Calvert, 2000)
making it difficult to compare differences in conditions, over individual differences in
performance. In addition, in studies where participants completed both conditions of an
identical task, order effects were not always accounted for and the second condition may
have been influenced by exposure to the first condition. The majority of the studies
included a small number of participants (the largest study for individuals completing
both conditions included 14 individuals; i.e. Moore & Calvert, 2000) and lacked control
cases (only Ozonoff, 1995, described a matched group in detail), with important
implications for interpreting findings (estimated effect sizes rarely being reported;
Pennington, 2010).
The current study aimed to explore, in an AB design with parallel tasks, the influence of
computer versus human-led intervention in a novel non-verbal learning task (based on a
classic Odd-One-Out format). In addition, learning in the different conditions was
examined in relation to the measures of intelligence and ToM performance reported in
the previous chapters. If individuals with ASD (and a lack of ToM) are found to
perform better on computer compared to human-led instruction, this will have
important consequences for the selection of optimal teaching methods for these
individuals and also our understanding of the effect of ToM impairments on learning in
individuals with ASD.
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Table 6-1 Summary of studies conducted to explore the effect of computer- (C) versus human-led (H) instructions in individuals with ASD
Study
Russo, et al.,
1978

Participants

Descriptors

Task

Design

Feedback

Results

Comments

4 LFA

CA [9 - 13]

matching-to-sample
geometric shapes

C/H/ C+H
Counterbalanced

Food + bell (C)

better at teacher

DTT/ABA,
old apparatus

Food +appraisal (H)
Food + appraisal+ bell
(C+H)

Plienis &
Romanczyk,
1985

6 ASD

Bernard-Opitz,
et al., 1990

CA = 7.3

fading stimuli

C/H

Food + appraisal (H)

VMA =3.1

(S+ S-)

alternating

Food + written
appraisal (C)

12 LFA

not available

not available

not available

Chen &
Bernard-Opitz,
1993

4 ASD

CA [4 – 7]

academic skills

Ozonoff, 1995

10 HFA

T1:CA[8-15]

11 TD

T2: CA[9-17]

study 2

same at both
conditions

compliance correlated
positively with
performance in teacher
condition

not available

better at
computer

more vocal imitation.
Unpublished Thesis

C/H randomly
assigned for 3 to
4 days

not reported

same at both
conditions

more compliance during
computer

Wisconsin Card
Sorting Test

H. One year
later, C

intrinsic to the task

better at
computer (also
TD)

lack of group differences
in T2 may be a
confound. Therefore,
study 3

Wisconsin Card
Sorting Test

C or H

intrinsic to the task

trend children at
computer better

IQ=101
Ozonoff, 1995
study 3

24 HFA

CA [7 - 15]

24 TD

IQ = 97
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Study

Participants

Descriptors

Task

Design

Feedback

Results

Comments

Moore &
Calvert, 2000

14 ASD

CA [3 – 6]

reading words

C or H

verbal appraisal (H)

children at
computer better

> motivation, more
words, > time on task

Williams, et al.,
2002

8 ASD

better at
computer

greater concentration if
computer first.

sounds and images (C)
CA [3 - 5.9]
different
abilities

word recognition
after training in
book reading

C/H

not reported

counterbalanced

Order effect?

(10 weeks each)

ColemanMartin, et al.,
2005

1 ASD

CA = 12

reading words after
phonological
training

C/C+H/H

corrective + additional
instruction (C, H)

better at
combined

Non Verbal Reading
Approach (NRA) used

Yerys, 2007

__

__

Wisconsin Card
Sorting Task

__

__

same at both
conditions

Unpublished Thesis

5 HFA

__

word recognition
after training in
book reading

__

__

same at both
conditions

Unpublished Thesis

Travers, 2011

__

__

learning alphabet

__

__

same at both
conditions

Unpublished Thesis

Kodak, et al.,
2011

1 ASD

CA = 7

reading words

C/H

rewarded by adult in
both conditions

same at both
conditions

Early Intensive
Behavioural
Intervention (EIBI)

Armstrong, 2010
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6.6 Aims and hypotheses
The aims of this study were twofold. First, no study has examined performance on
contrasting computer-based and human-led learning conditions in relation to
performance on ToM tasks. It has been suggested that individuals who lack the ability to
mentalize will find it difficult to acquire knowledge from social means. Therefore, this
study aims to explore how individuals with ID, with and without ASD, perform on two
novel Odd-One-Out tasks created to study learning over a single session. Learning
performance was examined in relation to measures of ToM, including the Penny Hiding
Game (PHG), and measures of everyday social competence (Interactive and Active
Sociability scales and VABS-T). It is expected that individuals who find it difficult to
understand other people’s minds will perform better at the computer condition than the
teacher-led condition, where feedback and instructions are socially mediated.
The second aim of this study was to explore the relationship between performance on
the Odd-One-Out tasks and intelligence, as measured by the Raven Colour Progressive
Matrices (CPM) and the Inspection Time (IT) task. Since both IT and the
computer-based intervention are free of social content, a strong relationship was
predicted between performance on these measures, especially in individuals with
difficulty understanding other people’s minds. In sum, this study aims to test the
following hypotheses:
1) That

individuals

with

ASD

will

perform

significantly

better

during

computer-based than human-led teaching, but not ID individuals.
2) That discrepancy between performance in computer and human-led tasks in ASD
individuals will be predicted by ToM ability.
3) That speed of processing, as tested by the IT task, will predict individual
differences in learning ability better than standard intelligence tests in ASD but
not in ID participants.
4) That IT will predict rate of learning on non-social (computer task), but not social
tasks (human-led) in ASD but not in ID participants.
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5) That social understanding/impairment, as measured by the PHG, will predict
learning ability on social tasks, over and above IT or IQ both in ASD and ID.

6.7 Method
6.7.1

Initial task development

An initial attempt to measure participants’ learning ability was made by creating two
novel computer tasks to be presented to participants over a period of a term and twice a
week in the course of their normal schooling. One task was free of social content
(Non-Social Task) while the other was formed of social material (Social Task). These are
briefly described below, in order to give the background for the development of the final
experimental tasks, which consisted of two parallel versions of a novel task (with
non-social content), presented in a social or non-social manner.
6.7.1.1

Kon-Zen Non-Social Task

This task was an adapted version of an established piece of software called Kon-Zen
(Life Tool ®, Computer aided Communication). Three games of increasing difficulty
were created: i) Quick Fit, requiring matching a given figure; ii) Matching Pairs, a simple
matching pairs game; and iii) Flash Figures, the presentation of a figure that quickly
disappears after which the participant has to choose the figure that he/she saw. The
difficulty of the games could be manipulated by introducing a greater number of
comparison figures (from 3 to 12), as well as more complex stimuli (from simple 2D
geometric shapes, to numbers, letters or up to 16-piece circles; using black and white
and/or colour stimuli). Each game consisted of 10 trials, with visual feedback
represented by a vertical bar filled with green portions each time a correct answer was
given. Participants used the screen pointer, controlled by a wireless mouse, to complete
the task. The answers and progress were recorded by the computer. As the software did
not allow automatic increment of levels, the researcher reprogrammed the task to allow
the participants to progress from level 1 (easiest) to level 93 (most difficult)
automatically according to performance. The task progressed according to the following
rationale:
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a) Quick Fit: simple match to target game (levels 1 to 21).

Levels increased in difficulty by first increasing the number of cards (from 3 to
12) and then, by making the stimulus more complex (from the combination of
two simple symbols, to the combination of four symbols).
b) Matching Pairs: finding pairs within a set of symbols (levels 22 to 45).

The difficulty of the levels increased by augmenting the number of pairs from 1
to 4 pairs (choosing from 3 to 12 cards) and then, making the stimulus to match
more complex (by combining symbols).
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c) Flash Figures: memory game (levels 46 to 93).

Levels increased in difficulty by shortening the stimulus presentation (from 5secs
to 2.5secs and to 0.5secs), but also increasing the number of choices (from 3 to
12 cards), and finally, creating more complex stimuli (by combining symbols).
Each game consisted of 10 trials with the original visual feedback. If the participant
passed 9 out of 10, then he/she was moved into a superior level; if the participant
passed three or less, then he/she was moved down one level. Additionally, at the
beginning of each game, a video was presented to explain the mechanisms of the task.
Sessions lasted for approximately 10 minutes but occasionally, participants could remain
on task longer if they wished to and the class timetable allowed it. Audio feedback was
added to emphasize the visual feedback.
Seven children with ASD were given the task, which was administered twice a week
under the class teacher’s supervision, for one academic term. Table 6-2 presents the level
reached by each participant and the time spent on the task. Note that four of the
children did not progress beyond level 1.
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Table 6-2 Results for seven participants performing the adapted Kon-Zen Non-Social
task
Number of sessions

Total time spent on task (hh:mm:ss)

Level reached

Participant 1

3

00:41:21

10

Participant 2

2

00:12:54

1

Participant 3

3

00:04:44

6

Participant 4

2

00:18:46

1

Participant 5

2

00:06:36

1

Participant 6

3

00:10:02

1

Participant 7

6

01:43:04

23

6.7.1.2

Kon-Zen Social task

The Social task was exactly the same adaptation from the original software, but the
symbols and figures were substituted by schematic faces designed and created by the
experimenter. By doing so, it was expected that children with ASD would find this
version more difficult due to the high load of social content. However, this task was
never fully implemented as it was still in development when piloting of the Non-Social
task suggested this type of task was too difficult for over half of the children.
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Figure 6-1 Faces used in the Kon-Zen Social Task and example of appearance of the task

The Kon-Zen Social and Non-Social tasks were dropped from the study for several
reasons: it was difficult to get the commitment from teachers to administer the tasks
across different days; the software was incompatible with school computer systems; and
the high rate of participants (4/7) unable to complete the lowest level on the Kon-Zen
Non-Social task. The task also proved impractical to administer to a larger sample (i.e.
participant refusal or limitations of school timetables). In order to overcome these
obstacles, a new task was created. This task was designed to be administered in a single
session on the experimenter’s laptop, and therefore did not rely on the presence of the
teacher and avoided technical problems.
6.7.2

Development of the final experimental tasks

To obtain a measure of the participants’ learning ability, two parallel tasks were created:
one administered by the experimenter (Social Learning Task, SLT), the other presented
on a laptop computer with no human/social feedback (Computer Learning Task, CLT).
The tasks followed the format of a classic Odd-One-Out task where the participant was
asked to choose which image did not belong to the group. Both tasks were designed by
the author and programmed by Delosis Research Technology©.
Each task consisted of four blocks of eight trials each, with each block of eight trials
increasing in difficulty. The difficulty was set by increasing the number of items per
page. Each block began with three images which increased by one every other page,
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ending with a 6-image page at the end of each block (i.e. 3, 3, 4, 4, 5, 5, 6, 6 items over
the 8 trials of one block). 150 coloured images, selected by the researcher from the
Internet using Google and Bing images, and 110 images scanned and digitalized from a
set of flash cards (ColorCards®, by Speechmark Publishing Ltd.) were used to create the
tasks. Images were placed on a white background with the correct answer being
randomly positioned. In order to equate difficulty across versions, the task was piloted
with three adults, which resulted in the modification of five of the images.
The four blocks comprising the task were as follows (see Figure 6-2 for examples):
Block 1: all distracters are identical and the target is completely different.
Block 2: all distracters belong to the same category and the target is from a
different category.
Block 3: all distracters belong to the same category and the target is from a
similar category.
Block 4: all distracters and target belong to the same category but the target has
different features.

Figure 6-2 Examples of blocks difficulty for the Learning Tasks

The SLT was colour-printed on white A4 sheets while the CLT was presented on the
same laptop used to administer the IT task (see section 5.8.2.2). Additionally, to avoid
memorization of the answers, two parallel forms, A and B, were created (for detailed
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illustration of the tasks, see Appendix E.1 for version A, and Appendix E.2 for
version B).
There were four possible combinations of task presentation: CLT-A + SLT-B;
CLT-B + SLT-A; SLT-A + CLT-B; SLT-B + CLT-A. Presentation order was therefore
counterbalanced (across computer and human-led instruction, and forms A and B) and
participants randomly assigned to each condition.
6.7.3

Testing procedure

The Learning Tasks were presented in two different sessions with a mean interval of 6
days (range 4 hours to 30 days). Recall was not expected to be a contaminant since
parallel versions were administered. However, possible memory effects were examined.
No effects of delay between testing sessions were found among those that performed
the task the same day, those that completed it within one week, those that completed it
within two weeks, or those that completed the task within a month in any of the groups,
for either the CLT and the SLT (see Appendix E.3 for results of the analyses).
There were no discontinuation rules and therefore all participants completed the tasks in
their entirety.
6.7.4

Participants

Recruitment of participants followed procedures described in section 2.6.1. If
participants were unable to complete either the Inspection Time (IT) task or the Raven’s
Coloured Progressive Matrices (CPM), the Learning Tasks were not administered. This
resulted in 89 participants (38 ASD and 51 ID), of the 211 recruited, approached to
complete the Learning Tasks. Additionally, a few participants were able to complete the
computer version but not the social version (2 ASD and 1 ID participants), or vice versa
(1 ASD and 4 ID participants). This was due to absence for the second session (2 ASD
and 2 ID individuals), refusal to cooperate (1 ASD individual), or difficulties using the
computer (2 ID individuals). Table 6-3 presents the descriptors for participants
completing both tasks.
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Table 6-3 Descriptive statistics of participants performing both Learning Tasks, by group:
Mean (SD) and [range]
n
CA
(years)
BPVS
VIQ
BVPS
VMA
IT
(ms)
CPM
PIQ
CPM
MA

35
35
35
24
35
35

ASD
12.10 (3.05)
[5.36 - 17.37]
51.17 (15.60)
[39 – 87]
4.66 (2.49)
[2.25 – 11.33]
70.14 (70.83)
[16.66 - 310.00]
66.91 (28.11)
[19 - 115]
6.97 (2.45)
[3.92 – 11.08]

n
46
42
45
35
46
46

ID
13.14 (3.03)
[8.15 – 19.01]
51.12 (15.03)
[39 – 82]
5.11 (1.52)
[2.92 – 8.00]
109.05 (92.51)
[26.66 – 306.66]
41.63 (21.81)
[19 – 115]
5.08 (1.42)
[3.92 – 11.00]

z

p

r

1.22

.22

.13

.35

.73

.04

2.13

.03

.24

2.38

.02

.31

3.95

< .001

.44

3.68

< .001

.41

As the table above shows, ASD and ID individuals were matched in CA, and VIQ.
However, there were significant differences in IT and PIQ, with ASD individuals
scoring higher in both variables.

6.8 Results
6.8.1

Order and form effects

As described in Section 6.7.2, two parallel forms were created (A and B). Analyses to
study possible effects of either form (A versus B) or order of presentation (first or
second) between conditions (computer versus social) were undertaken, using the overall
number of passes in each task as the key variable. For the CLT, results showed no
significant main effects of order (F(1,73) = 1.10, p = .30, r = .12), form (F(1,73) = 0.16,
p = .69, r = .05) or interaction between both variables (F(1,73) = 0.34, p = .56, r = .07). No
effects were found in the SLT for order (F(1,73) = 0.60, p = .44, r = .09), version
(F(1,73) = 2.45, p = .12, r = .18) or their interaction (F(1,73) = 1.39, p = .24, r = .14). The
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data were therefore collapsed across versions and orders (i.e. across A and B, and first
and second presentations).
6.8.2

Overall performance

In order to examine if random answering occurred during the testing, one-sample t-tests
were used to compare the group means against chance performance. Chance was
defined by the addition of chance performance in each trial (defined by the number of
images in each trial). Chance therefore, followed the formula:
Chance = (chance 1st trial + chance 2nd trial + .......+ chance 8th trial)
or
Chance = 1/3 + 1/3 + 1/4 + 1/4 + 1/5 + 1/5 + 1/6 + 1/6 = 1.88
All means (one for each block for each condition) were significantly above chance (all
p < .001) for ASD and ID groups separately. Additionally, individual comparisons were
carried out to compare individuals’ performance against chance in each block following
the same formula and principle. Results showed that only one individual performed at
chance during the CLT. However, that participant did not perform below chance during
the SLT and therefore chance performance was attributed to difficulties with the
computer condition rather than a general problem in following task instructions.
Consequently, this participant was not removed from the sample. Mean number of
correct responses by block and by task in each group is presented in Table 6-4.
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Table 6-4 Mean (SD) performance on the Learning Tasks, by group (maximum score in
each block = 8)
Learning Task
Computer

Social

Block

ASD

ID

z

p

r

1

5.63 (2.68)

6.39 (2.09)

1.17

.24

.13

2

5.29 (3.02)

5.59 (2.60)

0.06

.95

.01

3

4.20 (2.08)

4.59 (2.03)

0.89

.37

.10

4

3.74 (2.28)

3.87 (1.95)

0.28

.78

.03

Total

20.09 (9.50)

21.80 (8.22)

0.63

.53

.07

1

7.17 (1.32)

7.37 (1.27)

0.65

.51

.07

2

6.14 (2.45)

6.78 (1.66)

0.80

.42

.09

3

4.54 (1.72)

4.80 (1.51)

0.74

.46

.08

4

3.83 (2.32)

3.87 (1.81)

0.03

.97

.00

Total

21.69 (6.37)

22.83 (5.03)

0.49

.62

.05

As data were not normally distributed, non-parametric analyses were used to study the
differences between conditions, blocks and groups. As Table 6-4 shows, there were no
significant differences between groups in any of the blocks or in the total sum of scores.
However, as expected due to the increasing difficulty of the blocks, Friedman analyses
revealed significant differences among blocks in the CLT for the ASD (χ2(3) = 27.86,
p < .001) and the ID participants (χ2(3) = 66.58, p < .001) and in the SLT for the ASD
(χ2(3) = 64.66, p < .001) and ID groups (χ2(3) = 104.96, p < .001). Post-hoc analyses
(presented in Appendix E.4) showed significant differences between most blocks in both
groups and both tasks, indicating the increasing degree of difficulty of the task.
In terms of differences between versions (Computer vs Social), there was no main effect
of condition on total scores in either group (ASD, χ2(1) = 0.12, p = .73; ID, χ2(1) < 0.00,
p = 1.00). However, since one aim of the current study was to study the differences in
performance between social versus non-social format, post-hoc analyses were carried
out. Analyses revealed significant differences in both groups when comparing conditions
across blocks; performance on the SLT was superior to that on the CLT for Block 1
(ASD, z = 3.64, p < .001, r = .62; ID, z = 3.43, p = .001, r = .51) and Block 2 (ASD,
z = 2.66, p = .008, r = .45; ID, z = 4.06, p < .001, r = .60). Blocks 3 and 4 did not show
significant differences between conditions in either group (all p > .26).
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For a graphical representation of mean performance in each trial, by group and by type
of task, see Appendix E.5.
6.8.3
6.8.3.1

Learning effects
Learning Index (Even-Odd trials)

An index of learning was determined by comparing individual performance on even
versus odd trials (i.e. trials 1-3-5-7 against trials 2-4-6-8 within each block). In doing so,
the number of images presented in each comparison was constant, controlling for the
increase in difficulty within each block. If participants learnt during the task, then higher
scores were expected on the even number trials as a reflection of the feedback given
during the prior (odd numbered) trial. Learning was measured by subtracting the odd
scores from the even scores. Therefore, negative scores would show deteriorating
performance, while positive scores will mean improvement across pairs of trials of equal
difficulty (i.e. item set size). Mean learning (and SD) for each group by block is
presented in Table 6-5.
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Table 6-5 Mean (SD) scores and range [min, max] for the Learning Index (even minus
odd scores), by group
Learning Task
Computer

Block
1
2
3
4
Total

Social

1
2
3
4
Total

ASD

ID

-0.03 (0.86)

0.09 (0.94)

[-3, 1]

[-3, 2]

-0.14 (0.84)

-0.15 (1.05)

[-3, 2]

[-3, 2]

-0.03 (1.29)

0.15 (1.33)

[-2, 3]

[-3, 3]

0.09 (1.12)

-0.04 (1.36)

[-2, 2]

[-3, 2]

-0.11 (1.71)

0.04 (2.28)

[-4, 3]

[-5, 5]

0.29 (0.62)

0.13 (0.75)

[-1, 2]

[-1, 2]

0.00 (0.80)

0.02 (1.06)

[-3, 2]

[-3, 4]

0.49 (1.17)

-0.21 (1.40)

[-2, 2 ]

[-3, 3]

0.11 (1.34)

0.35 (1.16)

[-3, 3]

[-3, 3]

0.88 (1.69)

0.28 (2.22)

[-3, 4]

[-5, 5]

z

p

r

0.23

.81

.02

0.39

.70

.04

0.48

.63

.05

0.51

.61

.06

0.44

.66

.05

1.47

.14

.16

0.03

.97

.00

2.48

.01

.28

0.84

.40

.09

1.14

.26

.17

Further analyses to study the differences between CLT and SLT showed non-significant
differences in all blocks in the ASD (all p > .07) and ID groups (all p > .15) separately.
However, when considering the total scores, there were significant differences between
CLT and SLT in the ASD group, with greater gain in the SLT (z = 2.11, p = .03,
r = .36), but no differences between versions in the ID group (z = 0.21, p = .83, r = .03).
Figure 6-3 and Figure 6-4 represent the comparison between mean scores in odd and
even trials in each version of the task for the ASD and the ID group respectively. It can
be seen in the ASD participants that in the CLT, even trials tend to score at a similar
level to odd trials. However, in the SLT even trials appear to score more highly. This is
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significant in Block 1 (z = 2.50, p = .01, r = .37) and Block 3 (z = 2.26, p = .02, r = .33).
In contrast, in the ID group the trend is to score higher in the even subtask than in the
odd subtask across both conditions (only Block 4 in the SLT, significantly; z = 2.07,
p = .04, r = .31).

Figure 6-3 Comparison between mean scores in odd and even trials for Computer and
Social Learning tasks in the ASD group. Errors bars represent 95% CI (* p < 0.5)
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Figure 6-4 Comparison between mean scores in odd and even trials for Computer and
Social Learning tasks in the ID group. Errors bars represent 95% CI (* p < .05)

6.8.3.2

Percentage of Improvement

The difference score above does not reflect the performance of participants showing no
change due to either ceiling or floor performance and the percentage of improvement
was therefore studied. To do this, the number of improved responses in relation to the
total number of possible chances to improve (that is, when the odd answer was not
correct) was calculated, generating a percentage of improved trials over the total number
of times the participants could potentially improve, thus ignoring trials where
participants did not improve between odd and even answers, or where participants
reached ceiling. Appendix E.6 presents the number of participants in each group falling
into each of these categories. Table 6-6 shows the percentage of learning in each task by
group. Regarding the differences between type of tasks, although the total learning
percentage appears to be larger in the SLT than the CLT for both groups, there were no
significant differences between the total learning percentages between conditions in the
ASD group (z = 0.67, p = .50, r = .11) or the ID group (z = 0.72, p = .47, r = .10). No
differences between groups were found in any block and condition, although the ID
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group showed a trend (p = .06) for a higher learning percentage on the CLT than the
ASD group.
Table 6-6 Mean (SD) learning percentage in each task, by group
Learning Task

Block

ASD

ID

z

p

r

1

17.62 (28.78)

24.28 (37.47)

0.45

.66

.05

2

16.67 (33.52)

29.35 (40.70)

1.58

.11

.18

3

46.90 (40.68)

53.62 (42.04)

0.72

.47

.08

4

38.10 (42.07)

39.31 (39.82)

0.22

.83

.02

Total

50.02 (34.54)

61.53 (30.06)

1.86

.06

.21

1

28.43 (43.33)

20.11 (40.01)

0.95

.34

.11

2

30.64 (42.87)

24.64 (41.68)

0.78

.43

.09

3

42.65 (43.27)

57.07 (40.67)

1.49

.13

.17

4

43.38 (39.76)

45.83 (37.83)

0.32

.75

.04

Total

55.46 (27.13)

62.00 (30.10)

1.33

.18

.15

Computer

Social

6.8.4

Directionality of scores

The directionality of the scores was also studied. The number of participants who were
better at the CLT, better at the SLT, or obtained the same total score on both tasks, is
shown in Table 6-7.
Table 6-7 Proportion of ASD and ID participants better at the Computer or at the Social
Learning Task and Mean (SD) total scores on each task (max = 32)
ASD

ID

Better at
computer

Same

Better at
social

Better at
computer

Same

Better at
social

16

1

18

21

4

21

(46%)

(3%)

(51%)

(46%)

(8%)

(46%)

Computer
Task

26.88
(6.41)

28.00
(--)

13.61
(7.28)

27.67
(3.02)

28.75
(0.91)

14.62
(6.55)

Social
Task

23.44
(5.99)

28.00
(--)

19.78
(6.36)

25.00
(2.58)

28.75
(0.91)

19.52
(5.15)

n
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Chi square did not show significant differences between the number of participants in
each group (χ2(2) = 1.23, p = .54).
In order to study the differences between groups, those performing the same on both
tasks were excluded due to the low number of participants in the ASD group (n = 1). In
terms of the total score for the CLT, ANOVA showed no significant main effect of
group (F(1,72) = 0.43, p = .51, r = .07), but a significant effect of directionality group
(F(1,72) = 91.44, p < .001, r = .75). Significant effects were not found in the interaction of
both variables (F(1,72) = 0.01, p = .94, r = .01).The same pattern was found in the SLT: no
main effect of group (F(1,72) = 0.31, p = .58, r = .55), a significant main effect of
directionality group (F(1,72) = 14.90, p < .001, r = .41), but no interaction (F(1,72) = 0.59,
p = .44, r = .09).
Further analyses to study the differences in the main descriptors (measures of verbal
ability, performance ability, social adaptation and ToM, described in previous chapters)
between directionality groups within ASD and ID groups were performed. In this case,
those participants scoring the same in both conditions were included in the “better at
computer” group, since no differences were found between those two groups. For
further details, see Appendix E.7, Table A.
Within the ASD group, those better at the CLT committed significantly fewer errors
during the Penny Hiding Game (PHG) than those better at the SLT (p = .01, r = .46).
No other variables showed significant differences between groups. By contrast, within
the ID group participants performing better at the CLT were overall more able than
participants performing better at the SLT. That is, participants better at the computer
had higher verbal and non-verbal MA, were significantly faster on the Inspection Time
(IT) task, committed fewer errors in the PHG, showed more Active Sociability and
scored higher in the Composite score and Communication domain of the Vineland
scales (all p < .06, all r > .32).
Comparisons between ASD and ID groups were unaffected when divided by relative
performance on the SLT and CLT. That is, whether participants were better at the CLT
or the SLT, ASD individuals presented significantly higher PIQ and non-verbal MA, but
committed more errors in the PHG and scored lower in all social measures (i.e.
Interactive and Active Sociability scales and Socialization domain of the Vineland scales)

199

than ID participants (all p < .04, all r > .39). For further details, see Appendix E.7,
Table B.
6.8.5

Correlations with IQ and IT

As an aim of the study was to examine the relationship between IT and learning, IT was
correlated with performance on the CLT and SLT. It was hypothesized that IT would
correlate highly with tasks free of social content, that is, with the CLT. However, as
Table 6-8 shows, non-significant correlations were found between IT and the total
number of correct answers and the Learning Index on both Learning Tasks by group.
Correlations with PIQ (as measured with the Colour Progressive Matrices, CPM PIQ)
and VIQ (as measured with the British Picture Vocabulary Scales, BPVS VIQ) are also
presented in Table 6-8.
For the ID group, total scores seemed to yield higher correlations in both Learning
Tasks with the standard IQ measures in comparison to the Learning Index (although not
significantly different; all p > .23). However, the opposite pattern was found in the ASD
group, where the Learning Index showed higher correlation with the IQ measures than
the total score, but generally only in the CLT (although not significantly stronger,
p = .25). In the ASD group, CPM PIQ correlated with the Learning Index moderately
(r = -.42), but this relationship was not found in the ID group, where CPM PIQ was
correlated moderately with the total score (r = .40).
Table 6-8 Correlations between IT, IQ and VIQ and the total number of correct answers
and Learning Index from the Computer and Social Learning Tasks, by group
Computer Learning Task
IT

CPM IQ

BPVS IQ

IT

CPM IQ

BPVS IQ

24

24

24

24

24

24

Total Score

-.15

.09

.23

-.09

.28

.30

Learning Index

-.35

-.42*

.28

.21

.18

-.12

n

35

31

31

35

31

31

Total Score

-.26

.40**

.39*

-.27

.60**

.62**

Learning Index

-.20

.03

-.08

-.26

.09

.21

ASD n

ID

Social Learning Task

*p < .05; **p < .01
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Fisher’s z to study significant differences in the strength of the correlations revealed
non-significant differences between correlations with the CLT and SLT in the ASD (all
p > .38) and ID groups (all p > .23) No significant differences were found between ASD
and ID groups’ correlations, with either the CLT (all p > .14) or SLT (all p > .14).
6.8.6

Correlation with social measures

In order to examine the relationship between Learning Task performance and social
ability, both the total number of correct answers and the Learning Index for each task
were correlated with the social measures obtained from the Penny Hiding Game (PHG)
and the Vineland scales (VABS-T), including the Interactive and Active Sociability
scales. Table 6-9 presents the descriptors of the variables, by group. Variables were not
normally distributed and non-parametric analyses were undertaken.
Table 6-9 Descriptors of participants who completed the Social and Computer Learning
Tasks for socially related variables, by group: Mean (SD) and [range]

PHG n
(pass:fail)
PHG
Number Errors
Interactive
Sociability
Active
Sociability
VABS-T
Composite
VABS-T
Communication
VABS-T
Living Skills
VABS-T
Socialization

n

ASD

n

ID

z

p

r

35

5:30

46

22:24

10.06a

.002

.18b

4.27

< .001

.48

4.87

< .001

.62

4.26

< .001

.54

3.21

.001

.41

1.52

.13

.20

1.67

.09

.22

4.13

< .001

.53

34
30
30
30
30
30
30

6.23 (4.05)
[0 – 15]
2.04 (2.16)
[0.00 – 7.33]
9.33 (4.31)
[3 – 17]
63.93 (11.55)
[46 - 94]
65.47 (13.12)
[44 - 100]
65.00 (11.77)
[49 – 93]
68.77 (11.54)
[46 - 97]

45
31
31
30
30
30
30

2.54 (3.48)
[0 - 15]
5.13 (1.51)
[1.60 – 7.33]
14.19 (2.29)
[9 – 18]
70.77 (7.06)
[57 - 84]
69.17 (9.47)
[53 - 88]
68.17 (8.30)
[50 – 80]
80.73 (8.30)
[66 – 94]

a: Chi square; b: Odds ratio
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As the table shows, the ID group scored significantly higher on all variables except for
the Communication and Living Skills domains of the Vineland scales. Table 6-10
presents the correlation between the social variables and the total score and Learning
Index for the CLT, by group, and Table 6-11, for the SLT.
Table 6-10 Correlations of Computer Learning Task total scores and Learning Index with
social variables

ASD

ID

PHG
Errors

Interac
Sociab

Active
Sociab

VABS
Comp

VABS
Comm

VABS
Living

VABS
Social

-.56**

.09

.08

.29

.43*

.25

.07

Learning Index

-.30

.68**

.53**

.46*

.36

.44*

.54**

Total Score

-.41*

.11

.37

.38*

.48**

.26

.36

.03

.37*

.13

.06

-.20

.03

.33

Total Score

Learning Index
*p < .05, **p < .01

Table 6-11 Correlations of Social Learning Task total scores and Learning Index with
social variables

ASD

Total Score
Learning Index

ID

Total Score
Learning Index

PHG
Errors

Interac
Sociab

Active
Sociab

VABS
Comp

VABS
Comm

VABS
Living

VABS
Social

-.52**

.24

.21

.34

.47*

.33

.13

.24

-.20

-.16

-.13

-.08

-.19

-.09

-.53**

.20

.34

.46*

.58**

.28

.44*

.07

.13

.22

.12

.10

.27

.05

*p < .05, **p < .01

Moderate to high correlations were observed between the Learning Index and the social
variables in the ASD group, but not in the ID group, for the CLT only. The number of
errors in the PHG and the Communication domain of the Vineland scales correlated
moderately to highly with the total scores in both tasks and in both groups. Correlations
in both tasks seemed to follow an almost identical pattern except for the case of
individuals with ASD, for whom high and significant correlations between the Learning
Index and the social variables in the CLT do not hold in the SLT. However, only the
correlations between Learning Index and Interactive Sociability were significantly
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different in magnitude between the two learning tasks in the ASD group (zr1r2 = 2.17,
p = .03, r = .30). No significant differences were found between groups in the
correlations between the learning measures and the social measures in the CLT (all
p > .10) or in the SLT (all p > .22).

6.9 Discussion
This study had two main aims: to explore the role of ToM in learning in ASD, and to
study whether Inspection Time (IT, a social-free task) or traditional psychometric
measures of intelligence would better predict learning in ASD. It was expected that
individuals with ASD, due to their social impairment and characteristic deficit in ToM
abilities, would do better at the Computer Learning Task (CLT) than the Social Learning
Task (SLT). It was also expected that ASD performance on the CLT would correlate
more strongly with IT than IQ. By contrast, individuals with ID alone were expected to
perform equally on the SLT and CLT, and show comparable correlations with IT and
IQ. Results did not support these hypotheses. Surprisingly, overall scores showed a
higher learning effect in the SLT in comparison with the CLT, with this pattern shown
in both groups.
Against initial predictions, learning (as measured by the Learning Index and the Learning
Percentage) was greater on the SLT for both groups and significantly for the ASD
group. Further analyses revealed that participants performing relatively better on the
SLT than CLT, regardless of group, scored significantly lower on both Learning Tasks
than participants performing the same or better at the CLT. It is conceivable that
low-functioning individuals may need more overall support from adults, and therefore
show greater benefit from social teaching than computer teaching, where more
independent skills are required. This seems to be supported by significant differences
found within groups between those better at the SLT and those better at the CLT. In the
ID group, those participants performing better at the CLT yielded overall better scores
in all variables, with marked differences in social and communication mediated abilities.
The same was true for the ASD group, although only the number of errors in the Penny
Hiding Game (PHG) was markedly different between performance groups. In other
words, the PHG may be an indicator of overall performance, and learning in particular,
in all individuals, but it is especially marked in those individuals with ASD, in contrast to
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individuals with ID, who may benefit from other forms of general knowledge to learn.
Alternatively, it might be that only those with ASD rely on cognition to pass ToM tests
and that ID individuals have a more intuitive tendency to understand the social
mechanisms involved in ToM tests. Additionally, PIQ correlated moderately with
learning in the ASD group, although only on the CLT, which provides further support
of the greater ability of individuals who performed relatively better on the CLT. IT
scores, contrary to expectations, did not predict performance on either Learning Task, in
both groups. This perhaps fits with the lack of correlation between PIQ and IT reported
in Chapter 5.
The ASD group have been seen, throughout this thesis, to be more impaired in their
social ability than the ID group. It is surprising, then, that there were no differences in
performance between ASD and ID individuals on the SLT. It might be hypothesized
that the non-social content of the SLT could have helped individuals with ASD to
achieve better performance than expected due to their social impairment. Alternatively,
and from a completely contrary angle, it could be argued that school and socialisation
has taught individuals with ASD to use social feedback of the simple sort used in the
SLT.
There appears to be, however, a personal preference from ASD participants to use the
computer. While in the ID group individuals who were relatively better at the CLT had
higher mental age than those better at the SLT, this was not the case in the ASD group,
where mental age did not differ between subgroups. ID individuals seem to require
higher ability in order to engage successfully with computer tasks, while ASD individuals
of all abilities find computers accessible, perhaps because of the reduced social element,
or the predictability and lack of change which suit the ASD cognitive style.
The second aim of this study was to explore how ToM affected performance on the
learning tasks. PHG performance predicted performance in the learning tasks, but it did
so for both groups and for both the CLT and SLT. This finding did not support the
hypothesis of better performance in the CLT for individuals who find it difficult to
understand other people’s minds. Social measures however, correlated highly in the ASD
group with the Learning Index in the CLT, but not in the SLT, with this difference
being statistically significant for the correlation with Interactive Sociability. This was not
the case in the ID group, where the Learning Index did not show any significant
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correlation, except for a moderate one in the CLT with Interactive Sociability. This
makes sense in the way that, nowadays, most children have access to computers, at
home or at school. It is very common to see ASD children on the computer watching
the same videos or playing the same games in an obsessive and repetitive manner (e.g.
watching the same videos over and over again, to the point that some children know by
heart every single frame of their favourite videos). It could be that, through watching the
same videos, these individuals get to learn more about social relations, about social
contingencies happening in the real world, and are therefore more able to act socially
themselves in real life. The near lack of correlation on the SLT with measures of social
ability may have been biased by the lowest functioning individuals, who lack the ability
to operate individually, performing relatively well on tasks but not in real life, where due
to their overall cognitive abilities depend on external support (i.e. others helping them),
perhaps creating more passive and prompt-dependent personalities. Early studies to
teach new behaviours to low-functioning individuals with ASD reported successful
results when using operant conditioning techniques which incorporated social means
(i.e. smiling or clapping as rewards; Davison, 1964, 1965), supporting this idea.
However, there are a few factors in this study that may limit the interpretation of results.
Firstly, variables related to the handling of the equipment may create more errors in the
CLT than in the SLT, obscuring the real learning effects of each condition. Both
learning tasks were administered in one session. Although this may benefit the lack of
confounding variables in the learning process, it may also bring accidental errors while
participants begin to operate the computer. This could be the reason why more errors
were found on the CLT during the first two blocks. In addition, the fact that children
were left to work independently on the computer could also account for more errors,
due to distractibility, such as not paying attention to the feedback or playing with the
mouse. While human-led intervention can correct these types of mistakes, self-directed
computer intervention cannot. Perhaps future directions could be focused on the study
of human-led versus computer-based teaching using older and more able individuals,
which would eliminate some of the apparatus handling problems. Secondly, the Learning
Tasks were based on categorization skills. It has been reported that ASD individuals use
different cognitive strategies to solve categorization tasks than do TD individuals
(Bowler, 2007; Hermelin & O'Connor, 1970). Although some authors have found no
evidence suggesting impaired perceptual categorizing (e.g. Bott, Brock, Brockdorff,
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Boucher, & Lamberts, 2006, Soulières, Mottron, Saumier, & Larochelle, 2007), others
have found the opposite for conceptual categorizing (e.g. Shulman, Yirmiya, &
Greenbaum, 1995). However, a recent study has reported no impairment, but a delay in
comparison with TD individuals, with the suggestion that ASD individuals learn to
categorize in the same way, although at a slower pace (Soulières, Mottron, Giguere, &
Larochelle, 2011). Therefore, it could be that the Learning Task selected was not the
most appropriate to measure with the learning capability of ASD individuals, and future
work should study learning through a wider range of tasks in order to capture true
learning potential.
In summary, no other study has explored computer vs. socially-reinforced learning in
individuals with ASD using as large sample as the one here presented, which allowed
splitting the groups by performance pattern and exploring within group effects. By doing
this, different profiles were revealed, suggesting that computer intervention may not be
adequate for all individuals. ToM did not seem to play a direct role in performance
differences between CLT and SLT, although it may have accounted for preferred
learning style more indirectly (e.g. some children may find the colours of the screen
overwhelming and therefore prefer human-led teaching). Since the sample here was of
low-functioning individuals, future research should explore the same questions in higher
functioning individuals, as well as controlling task compliance across the two conditions.
All five experiments presented from Chapter 2 to the current chapter focused on
increasing the understanding at the low-functioning end of the Autism spectrum and the
contrasts with ID alone. The next and final chapter summarizes the findings presented,
considers limitations and implication of the work, and proposes possible future research
directions.
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Chapter 7. Final Conclusions and Considerations
7.1 Summary of main findings
One of the most influential theories used to explain ASD is the deficit in Theory of
Mind (ToM). A deficit in ToM mechanisms translates into difficulties understanding
other people’s minds, actions and intentions, therefore triggering a devastating social
deficit. However, the main aim of this thesis was not only to explore the extent to which
a deficit in ToM affects the social understanding of individuals with ASD, but to explore
the effect of such a deficit on other cognitive areas. It was hypothesized that
low-functioning individuals with ASD, or ASD individuals presenting additional
Intellectual Disability (ID), might be misclassified as such due to the use of assessment
tools that do not tap their true cognitive potential. It was suggested that traditional
assessment methods might be socially loaded and therefore not appropriate to measure
the cognitive abilities of a population that fails to understand the social world. With that
in mind, a sample of 211 individuals (108 with ASD and ID and 103 with ID alone) was
recruited to complete a battery of tasks assessing intelligence, verbal ability, learning
capacity and social abilities. Forty-seven individuals with ASD and ID and 19 with ID
alone were unable to complete any of the tasks, highlighting the difficulties experienced
in assessing low-functioning individuals.
First, as reported in Chapter 2, participants were assessed on a simple task designed to
measure ToM ability: the Penny Hiding Game (PHG). Results showed that individuals
with ASD were more impaired in their understanding of other people’s minds than ID
individuals. ID individuals were more readily and intuitively able to understand the PHG
than ASD individuals, as shown by the larger proportion of ASD individuals who failed
to engage with the task. ASD individuals committed significantly more errors and made
fewer attempts to trick the experimenter than ID participants despite matched VMA,
suggesting a failure in their ability to mentalize. ASD individuals were less able than ID
individuals to prevent the other person seeing the penny being hidden, which was a sign
of a more immature strategy. The ability to deceive was more frequently found in ID
than ASD individuals; ID individuals attempted to trick the experimenter (a mature
deceiving strategy) more often as the game progressed, as well as making post-decision
tricks. Regression analyses also showed that individuals with ASD relied more on VMA
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than ID individuals to achieve the same level of ToM understanding, highlighting the
possible importance of verbal strategies in ASD to overcome this deficit. Since it is
important for educational and clinical purposes to explore whether this deficit in ToM is
a stand-alone deficit or whether it translates into everyday life behaviour, Chapter 3
followed these findings and related them to overall performance in everyday life as
measured by teacher-rated questionnaires. For this purpose, two new scales were created
based on the original Interactive and Active Sociability scales by Frith, Happé, and
Siddons (1994). Again, a marked deficit in ASD individuals in comparison with ID
individuals was found in socially-related everyday behaviours, whether they required
ToM (Interactive scale) or not (Active scale). Performance in the PHG correlated
significantly with both scales and with general adaptive behaviour (as measured by the
Vineland Adaptive Behaviour Scales, VABS-T) in both groups. However, verbal ability
played an important role in the expression of social understanding, particularly in ASD,
where the high correlation of PHG and the Active Sociability scale (but not with the
Interactive Sociability scale) disappeared after controlling for VMA. This suggested a
picture of ID individuals where those without ASD rely on ToM understanding to act
socially and to become adapted to everyday life, while those with ASD have to rely on
alternatives such as verbal ability, which cannot compensate by itself for a full ToM
understanding.
The impact of a deficit in ToM on performance across several psychometric assessment
tools was also studied. Psychometric tools are created with neurotypicals in mind, and
social abilities are sometimes indirectly assessed. For instance, vocabulary knowledge
may be based on the recognition of words represented in picture cards, which are
normally based on line drawings. However, line drawings may be subject to the artist’s
intention and interpretation; an unintentional constraint when assessing individuals with
problems understanding other people’s minds. Hence, in Chapter 4, the British Picture
Vocabulary Scale (BPVS), a classic verbal assessment tool based on black and white line
drawings, served as frame to explore the effects of understanding other people’s minds
on the assessment of receptive vocabulary. For this purpose, a parallel photographic
form of the BPVS was created. An additional sample of 78 3- to 7-year-old children with
Typical Development (TD) was included to explore this issue in neurotypical
development. Results showed that overall, TD children performed better on the
standard line drawing version (in contrast to the photographic version). However,
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analyses of individual performance revealed that, although not significant, the degree of
benefit of photo over line drawings was greater for those children performing better at
the photographic version than for children better at the standard version. These
differences seemed to be more marked at the youngest ages. Performance on the PHG
did not contribute to these findings. These results suggest that some young TD children
may benefit more from photographic material for reasons beyond appreciating the
mental intention of the artist, such as the greater amount of detail or colour included in
the photographs. Findings from the ASD and ID samples showed a slightly different
picture. No differences were found in performance between versions for either group.
However, in those individuals who committed a high number of errors in the PHG, the
degree of benefit of the photographic over the standard version was greater than vice
versa. This finding suggests that individuals with ASD may not find the interpretation of
2D material difficult, although those individuals committing more errors in the PHG
may be influenced by other variables (such as for example MA or IQ) which has
contributed to the preference of photographic material. This finding coincides with the
results from the TD study, where younger children also benefited more from the
photographic version.
Following these results, verbal and non-verbal intelligence were explored in relation to
ToM. It was hypothesized that testing intelligence in ASD using traditional psychometric
tools (i.e. Raven’s Colour Progressive Matrices, CPM; and the BPVS) may reflect the
effects of a deficit in ToM, as a consequence of being socially administered and tapping
knowledge accrued socially, which may confound results. It was proposed that instead,
elementary cognitive tasks measuring speed of processing (i.e. the Inspection Time task;
IT) could eliminate some of these constraints. Following previous studies, it was
expected that individuals with ASD would outperform ID individuals when tested on
the IT task despite similar performance in the BPVS (assessing VIQ), a socially loaded
psychometric tool. Additionally, it was hypothesized that ToM would mediate
discrepancy of scores between intelligence measures (psychometric versus elementary
cognitive tasks) in ASD. Results supported both hypotheses: ASD individuals
outperformed ID participants in the IT task despite being matched in VIQ.
Furthermore, the discrepancy of scores between the VIQ and the IT task in individuals
with ASD was highly correlated negatively with all socially mediated variables, whether
they required ToM ability or not. In other words, those individuals with greater
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discrepancy between IT and VIQ were more socially impaired, highlighting the
important indirect social load of traditional psychometric tools in contrast to elementary
cognitive tasks. The typical peak on PIQ relative to VIQ was also found in the ASD
group but not in the ID group. Surprising results were also revealed. A moderate
correlation between IT and IQ in TD individuals has commonly been reported.
However, this does not seem to be the case in low-functioning individuals with ASD
(Scheuffgen, et al., 2000; Wallace, et al., 2009). It was hypothesized that the lack of
correlation between measures could be the consequence of socially-loaded (crystallized)
IQ tools (in their case, the Wechsler scales of intelligence), which failed to tap their pure
cognitive potential, or g. Since IT is known to correlate with fluid intelligence, by using
the CPM as a measure of fluid intelligence free of social load, a significant correlation
between IT and IQ was expected to be found. However, this was not the case,
suggesting that perhaps autistic intelligence depends mostly on higher order factors (e.g.
executive functions) to organize complex information rather than on speed of
processing. Since our sample was formed of individuals with ID, it was plausible to
consider that while IT may remain intact, PIQ may be hampered by a deficit in executive
function, which has been found in ASD (e.g. Hill, 2004). Future efforts might therefore
focus on the study of the IT-PIQ association in relation to executive functioning.
In the final empirical chapter, it was considered whether a ToM deficit would also
influence the learning rate or success of individuals with ASD. Therefore, in Chapter 6 it
was hypothesized that IT would be a better predictor than IQ of learning in individuals
with ASD in a task free of social content and demands (computer-based), but that
traditionally-measured IQ would be a better predictor than IT of performance on a task
with social demands (experimenter-administered). No differences in performance
between task formats were expected for the ID individuals. Findings did not support
these hypotheses. Overall, both participant groups performed better on the social- than
on the computer-administered task, and individuals (from both groups) with low scores
on the tasks were better at the social task. PHG performance acted as a predictor of
learning in the ASD group only, although not in the expected direction. That is, ASD
individuals with low-error rates in the PHG showed better performance in the computer
task. The remaining social measures correlated with performance in the computer task,
but not with the social task, for individuals with ASD only. PIQ was correlated with
learning in the computer task in the ASD group, suggesting that PHG performance is
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both moderated by PIQ and by the ability to learn. This could be taken in support of the
hacking theory, which suggests that able individuals with ASD may hack out strategies to
pass laboratory ToM tasks, but will show poor social insight in real life, where
conditions are less controlled and strategies likely to fail.
Lastly, referring to the study of ASD symptoms in the ASD group, it is worth noting the
lack of correlation between the domains of the Inventory of Autism Spectrum Disorder.
This supports previous studies (i.e. Happé & Ronald, 2008) and highlights the
importance of studying the different quantitative manifestations of the Autism condition
across the whole spectrum of abilities.

7.2 Theoretical relevance
Overall, ASD individuals have been shown in the present studies to be more impaired
than ID individuals on measures related to ToM. This could have implications for
differential diagnosis in severely disabled populations where severity of symptoms may
suggest ASD. Additionally, Chapter 4 and 5 of this thesis have described how verbal
ability seems to be a stronger mediator of performance in adaptive skills and tasks
tapping ToM ability in individuals with ASD than in individuals with ID alone. These
results suggest that the deficit in ToM is an extra added difficulty that individuals with
ASD and ID suffer from, not being a consequence of the ID per se. Instead, it seems
that ToM modulates the severity of the ID in individuals with ASD. In higher
functioning ASD, where individuals posses more cognitive skills, compensatory
mechanisms such as intelligence, verbal ability, and greater exposure to a wide range of
situations, may help overcome a ToM deficit in everyday situations. In lower-functioning
individuals, by contrast, such compensation may be a harder task, as a consequence of
already compromised general intelligence.
One of the more evident examples of the impact of a deficit in ToM was the strong
correlation found between the IT-VIQ discrepancy and all social measures in the ASD
group, which was not observed in the ID group. This result highlights, not only the
degree to which ToM deficits hamper the true cognitive potential of individuals with
ASD, but also the possible unreliability of traditional tests used to measure ability in
individuals with ASD. In order to provide the right level and type of support, clinicians
and educational psychologists use standard tools to estimate the degree of intellectual
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disability of individuals. While useful, these may give an incorrect picture of abilities and
result in mis-judged support, perhaps also influencing the expectations teachers and
carers have for the individual. While high-functioning individuals may be able to find
alternatives to circumvent some of the social demands embedded in tests or involved in
acquisition of the skills they measure, this may be more difficult for individuals with low
IQ. Furthermore, study findings may not be comparable if different tests, with differing
social demands, for example, have been used to select or match participants. On the
contrary, these results indicate that ASD individuals are fairly and reliably assessed by the
BPVS and that the use of line drawings per se do not impede their assessment.
Within the ASD group, those individuals presenting poorer overall performance (and
markedly poorer ability on the PHG) still performed better with human-led instructions
than computer-based teaching. Besides obvious apparatus handling problems in relation
to autonomy skills from those lower-functioning individuals, this perhaps suggests that
the fact that they may be impaired at social understanding does not imply that they
cannot benefit from simple social scaffolding of new learning tasks.
Lastly, no previous study has described and explored the discrepancy between IT and IQ
in relation to social measures. This discrepancy opens a line of research to study, for
example, the differences between knowledge acquisition and speed of information
processing in ASD individuals, highlighting the very special way that individuals with
ASD manage information effectively. While the speed of information processing may be
intact, the way in which the information is handled and processed to become sound
knowledge remains a puzzle. Social influence has been shown in this thesis to be a
moderator of knowledge acquisition in ASD, but other factors, such as memory,
attention, inhibitory process, and so forth, may also influence this discrepancy. These
aspects remain to be studied.

7.3 Limitations and future directions
Complications and limitations undoubtedly appear when testing low-functioning
individuals. Many of these limitations concern the type of materials used to test these
individuals. The nature of individuals with ASD and ID will limit the testing time to very
focused, short sessions, constraining the type of materials available for a reliable
assessment. Furthermore, because of the time limitations that a PhD carries, tasks and
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sessions were kept to the minimum possible. With this in mind, one of the biggest
limitations of this study is the number of tasks used to assess ToM. Although the PHG
was shown to be suitable for assessing ToM in low-functioning individuals, due to its
naturalistic features and low verbal load, it taps only one part of the complex ToM
construct. Future efforts, therefore, should be put into developing a comprehensive
battery of tests adapted to this population with ID. Such a battery would enable further
testing of the external validity of the newly created Interactive and Active Sociability
scales. Additionally, it could be argued that the PHG is similar to a second-order False
Belief task (i.e. “Thinking about what the other person believes that I am thinking”).
Therefore, the addition of new tasks, including simple first-order False Belief tasks,
might bring a clearer and broader picture of ToM abilities in low-functioning individuals.
Other extra tasks could have been included. Particularly, the inclusion of an extra social
content learning task, rather than only a socially-administered learning task, would have
enabled an exploration of the real influence of socially-based materials, as opposed to
socially-mediated administration.
The Wechsler Preschool and Primary Scale of Intelligence (WPPSI, Wechsler, 1989) was
initially used to measure PIQ. However, due to different factors (e.g. verbal load), it was
not possible to use this tool and the CPM was used to replace it. Since CPM measures
fluid intelligence, in order to compare the social influences when measuring intelligence
(the IT versus crystallized IQ discrepancy) the BPVS was used instead. However, by
using a measure of VIQ, verbal factors could be confounding the social aspect of the
test. Ideally, introducing a PIQ measure under comparable social influence to the BPVS
would eliminate this confound. However, to skip this important limitation may not be
possible due to the difficulty identifying crystallized IQ tools free of verbal content and
accessible to low-functioning individuals.
Regarding grouping limitations, some of the hypotheses presented in this thesis,
predicting differences between ASD and ID groups were not corroborated by the
empirical data (for example, see Chapter 3). This could have been due to the mixed
aetiology of the ID group. Some studies have pointed out different outcomes in
individuals with ID depending on the syndrome and aetiology (e.g. Yirmiya, et al., 1998);
the lack of differences between groups could therefore have been explained in terms of
the wide range of ID aetiology, creating a heterogeneous comparison group. Future
work could focus on the study of low-functioning ASD individuals in comparison to ID
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individuals with known associated aetiology, which might ultimately lead to a better
differential diagnosis between conditions.
Following the positive results found when using the IT task, the use of other elementary
cognitive tasks tapping different cognitive arenas (e.g. looking times) would be ideal to
assess different aspects of autistic intelligence. They would avoid confounds not only of
associated ToM deficits, but also perhaps of executive function or central coherence
aspects known to hamper or alter the ways in which ASD individuals process
information. This would increase the understanding of the true potential and preferred
learning styles of such individuals, helping educational providers to create and adapt
teaching materials accordingly. Also, it would be of interest to explore the possible
effects of training and education by using such tasks before and after interventions, as
well as seeing how they relate to outcome in everyday life. By using elementary cognitive
tasks, groups of different ability may be more easily compared than with traditional
psychometric tools. While different attainment tests must be used to assess individuals
with good cognitive potential and those developmentally younger, the use of elementary
cognitive tasks may avoid these barriers, making it possible to create a picture of abilities
that could be comparable throughout the spectrum.

7.4 Conclusion
Individuals with ASD and ID are still grossly under-researched and rarely included in
most studies. Some of the reasons why, in terms of difficulty assessing lower-functioning
individuals with ASD, were evident in this thesis. The testing of low-functioning ASD
individuals proved to be difficult (31% of recruited ASD individuals were unable or
refused to be assessed in contrast to only 8% of ID individuals) but not impossible. Not
only because of the lack of engagement with tasks, but because of low verbal abilities,
results may be difficult to interpret. Indeed, “reading the mind” of a young person with
ASD and ID is challenging for neurotypical teachers, parents and clinicians. For
example, a child with poor joint attention, lack of social timing, and low communicative
ability who checks in someone’s pocket when his/her favourite toy disappears could be
interpreted as showing very basic ToM, or simply memory for where the toy has
previously been hidden, or difficulty inhibiting search in an immediate location.
Nevertheless, this thesis has shown that, with the adaptation of materials, very
low-functioning ASD individuals can be successfully and informatively assessed. It is

214

hoped that this work, which represents a modest start on a vitally important topic, will
inspire more research in this neglected area.
Since any “spectrum” must have a low-functioning as well as a high-functioning end, the
reconceptualization of the term “Low-Functioning Autism” may not be possible.
However, the results reported in this thesis may give future researchers and clinicians
pause for thought regarding the true potential of and best assessment tools for
individuals with ASD and traditionally-conceptualised ID.
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Appendix A.
A.1

Chapter 2: Extra Information

Inventory of Autism Spectrum

The IAS is aims the assessment of the 12 dimensions representative of impairments
characteristic of people in the Autism Spectrum Disorder. Each one of these dimensions
is split into four levels. Each level has been assigned one even score (8, 6, 4, 2 or 0),
keeping the odd scores for those situations where abilities may fall between the even
ones. The 12 dimensions of the inventory are grouped in four main scales. These are:
1. Social Impairment (dimensions 1, 2 and 3)
2. Communication and Language Impairment (dimensions 4, 5 and 6)
3. Anticipation and Flexibility Impairment (dimensions 7, 8 and 9)
4. Symbolisation Impairment (dimensions 10, 11 and 12)

In order to use the IAS, it is necessary to have clinical, therapeutic, educational or
familiar knowledge of the person to assess. The goal of this inventory is not to help the
differential diagnosis of the Autism but to assess and value the severity and complexity
of the autistic features independently of diagnosis. The main utilities of the inventory
are:
•

To establish the severity of the autistic features (or level of Autism in each
dimension).

•

To help to create strategies to treat each dimension accordingly.

•

To assess long- and mid-term changes produced by the therapy, assessing in this way
its accuracy, but also the possibilities of change of the people with ASD.

•

Scores around 24 are characteristic of people that suffer Asperger Syndrome, while
scores near 50 will describe a person with idiopathic Autism and positive prognosis.
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Guidelines for rating:
•

Always assign the lowest score possible. For example, in dimension 8 (flexibility), if a
person presents stereotypies and ritual behaviours but also shows obsessive mental
and limited preoccupations, the score should be 2.

•

Odd scores are kept for those cases clearly placed in between two even scores. For
example, scoring 1 in dimension 10 (fiction and imagination) means that the assessed
person is able to build complex fictions with a light inflexibility and occasionally,
those will be used to avoid certain relations.

Inventory of Autism Spectrum

Social

1. Social Relations

2. Joint Attention

3. Mentalist and
Intersubjective

8. Complete isolation. No
attachment to specific
people. No attachment to
adults or children.

8. Complete lack of joint
actions or interest in other
people and their acts.

8. Lack of correlative
emotional expression Lack
of interest on people.

6. Simple joint actions
without significant
meaningful eye-contact

6. Primary intersubjectivity
responses but without sign
of understanding the other
person as a person.

6. Unable to establish
relations. Attachment to
adults. No relation to other
children.
4. Unfrequented, normally
persuaded relations with
children.
2. Motivation to relate to
other children but lack of
relations caused by the
difficulty to understand
social cues and poor
empathy. Consciousness of
loneliness.

4. Use of functional
eye-contact in directed
situations, but not in
spontaneous ones.
2. Established joint
attention and actions, but
not joint preoccupation.
0. No impairment at all.

4. Signs of secondary
intersubjectivity, without
explicit attribution of
mental states. Unable to
pass Theory of Mind tasks.
2. Attribution of mind to
other people. In real
situations, the mentalist
capacity is slow, simple
and limited.
0. No impairment at all.

0. No impairment at all.

Communication
and Language

4. Communicative

5. Expressive

6. Receptive

Functions

Language

Language

8. Lack of deliberated,
meaningful and significant
communication and
instrumental behaviours

8. Total or functional
uncommunicativeness. No
proper linguistic
verbalizations occur.

8. “Central Deafness”.
Tendency to ignore
language. There is not
response to orders, calls or
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with people.
6. Instrumental behaviours
with people to create
changes in the
environment (e.g. to
request something) but no
communicative signs.
4. Communicative
behaviours to request but
not to share experiences or
change the interpersonal
world.
2.Communicative
behaviours to declare,
comment upon, etc. with
only few “personal
qualifications of the
experience” and
declarations of the inner
self.

6. Language composed by
single words and echolalia.
There is no formal
creation of syntax and
sentences.
4. Language structured
through sentences. Some
non-echolalic sentences
but without forming
speech or conversation.
2. Speech and
conversation with
limitations in terms of
flexibility and topics
selection. Frequently,
prosodic abnormalities.
0. No impairment at all.

indications.
6. Association of verbal
statements with own
behaviours without signs
of assimilation of those to
a code.
4. Comprehension (literal
and poorly flexible) of
statements with some kind
of structural analysis. No
speech comprehension.
2. Ability to understand
speech and conversation,
but great difficulty in
differentiating literal from
intentional meaning.
0.No impairment at all.

0.No impairment at all.

Anticipation
and Flexibility

7. Anticipation

8. Flexibility

9. Activity Finality

8. Inflexible adherence to
loop-type stimuli (e.g.
audio tape). Intense
resistance to changes. Lack
of anticipatory behaviours.

8. Predominance of simple
motor stereotypies.

8. Greater predominance
of goalless behaviours.
Inaccessibility to external
cues directing the activity.

6. Simple anticipatory
behaviours in daily
routines. Frequently,
opposition to changes and
worsen in situations that
involve changes.

4. Complex rituals.
Excessive attachment to
objects. Obsessive
questions.

4. Extensive temporal
structures incorporated
(e.g. school time vs.
holiday). Catastrophic
reactions may happen
before unforeseen
changes.
2. Small capacity to
regulate own environment
and handle changes. Clear
order and predictable

6. Predominance of simple
rituals. Resistance to
minimal changes.

2. Limited and obsessive
content thoughts. Poorly
functional and flexible
interests. Rigid
perfectionism.
0. No impairment at all.

6. Only brief functional
activities with external
cues. When there are no
external cues, level above.
4. Long, cyclic
autonomous activities not
experienced as part of a
coherent project and by
which motivation comes
externally.
2. Very long, cyclic,
complex activities where
goal is known and desired
but without biographic
insight to insert them.
0. No impairment at all.
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environment is preferred.
0. No impairment at all

Symbolization

10. Fiction

11. Imitative

12. Suspension

8. Complete lack of
functional or symbolic play
and other fictional
competences.

8. Complete lack of
imitative behaviour.

6. Poorly flexible games,
rarely spontaneous, and
with limited content.

4. Spontaneous and
sporadic imitation, poorly
versatile and interpersonal.

4. Generally poorly
spontaneous and obsessive
symbolic play. Difficulty in
differentiating reality from
fiction.

2. Established imitation.
Lack of “internal models”.

8. There is no suspension
of pre-actions to create
communicative signs (e.g.
a baby trying to reach and
object out of reach to call
for attention). Lack of
communication or
instrumental signs with
people.

2. Complex but rigid
fictional capacities used as
resources to withdraw.
Poorly flexible fictions.
0. No impairment at all.

6. Simple motor imitation,
incited. Not spontaneous.

0. No impairment at all.

6. There is no suspension
of instrumental actions to
create enactive symbols
(e.g. child dressing up as a
postman pretending to
deliver letters). No
functional play.
4. There is no suspension
of real quality of things or
situations to create fictions
and fictional play (e.g. a
child “riding” on a
broom).
2. There is no suspension
of representations to create
or understand metaphors,
or to understand that
mental states don’t always
correspond to situations.
0. No impairment at all.
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A.2

Participants’ performance in each sub-dimension of the

Inventory of Autism Spectrum Disorder
The table below represents the Mean score (max 24) and Standard Deviation (in
parenthesis) in each sub-dimension of the Inventory of Autism Spectrum by severity
subgroups.
Mild ASD

Typical ASD

Severe ASD

6.61 (2.50)

11.26 (3.30)

14.60 (2.99)

Social relationships

2.11 (1.08)

3.89 (1.42)

4.20 (1.03)

Joint attention

1.67 (1.24)

2.93 (1.07)

4.80 (0.92)

Mentalist and inter-subjective

2.82 (0.98)

4.44 (1.69)

5.60 (1.84)

7.00 (2.30)

12.48 (3.09)

17.80 (1.03)

Communicative functions

2.28 (0.96)

3.93 (1.17)

5.60 (0.70)

Expressive language

2.50 (1.38)

5.15 (1.81)

6.40 (1.26)

Receptive language

2.22 (0.94)

3.41 (1.53)

5.80 (0.63)

Anticipation and Flexibility

7.89 (3.05)

12.11 (3.26)

15.80 (2.74)

Anticipation

2.22 (1.11)

3.59 (1.58)

5.00 (1.41)

Flexibility

2.22 (1.18)

3.93 (2.18)

5.00 (1.94)

Activity completion

3.44 (1.79)

4.59 (1.34)

5.80 (0.63)

8.11 (3.10)

14.26 (3.03)

18.60 (2.99)

Fiction

2.78 (1.40)

5.19 (1.78)

6.60 (1.35)

Imitation

2.00 (0.97)

4.19 (1.57)

5.60 (1.58)

Suspension

3.33 (1.53)

4.89 (1.40)

6.40 (2.07)

29.61 (5.41)

50.11 (5.83)

66.80 (4.31)

Social

Communication and Language

Symbolization

Total
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A.3

Performance on the Penny Hiding Game according to VMA

Behaviours covered in the Penny Hiding Game (hiding and guessing patterns, type of
errors and tricks and Information and Object Occlusion indexes) were summarized and
clustered according to VMA. Individuals were gathered in three groups: (i) below 3 years
of age; (ii) between 4 and 6 years of age and; (iii) from 7 years above. Data for
participants completing all six trials by group is summarized in the table below.
3 and below

between 4 and 6

7 and above

statistic

ASD

ID

ASD

ID

ASD

ID

Number Participants

count

38

38

10

31

6

6

Guessing: Repeated

count

3

5

0

1

0

0

Guessing: Switched

count

0

3

0

3

0

2

Guessing: Irregular

count

30

22

10

27

6

4

Guessing: Last seen

count

1

7

0

0

0

0

Hiding: Repeated

count

12

18

0

2

1

0

Hiding: Switched

count

4

4

1

5

2

1

Hiding: Irregular

count

8

13

8

23

3

5

PHG Total Errors

mean

8.73

8.28

4.85

2.93

2.83

1.33

Errors 1 (visible hands)

mean

2.00

1.44

1.00

0.90

0.67

0.50

Errors 2 (one hand used)

mean

1.13

1.78

0.60

0.23

0.33

0.00

Errors 3 (open hands)

mean

2.13

1.92

1.60

0.32

1.17

0.00

Errors 4 (tells location)

mean

1.25

1.14

0.20

0.10

0.17

0.00

Errors 5 (display error)

mean

0.96

0.94

0.50

0.77

0.50

0.83

Tricks 1 (emphasizes wrong hand)

mean

0.00

0.17

0.40

0.29

0.00

0.00

Tricks 2 (empty hands)

mean

0.00

0.22

0.00

0.39

0.50

0.50

Tricks 3 (post decision)

mean

0.00

0.03

0.00

0.39

0.00

0.00

Errors and Tricks simultaneously

count

0

6

1

7

1

0

Object Occlusion

mean

2.13

1.92

1.60

0.32

1.17

0.00

Information Occlusion

mean

1.33

1.33

0.58

0.50

0.42

0.33

ToM Passers

count

0

1

2

16

3

4
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Appendix B.
B.1

Chapter 3: Extra Information

Items selected from the Vineland Adaptive Behaviour Scales,

and instructions for non-experts
Why do you need to reason about the social world?
People are not only physical bodies, they are psychological entities. They have minds.
You need to have a notion that mental states exist: on this bases you can develop a
“Theory of Mind”. Many social behaviours depend on recognizing and manipulating
other peoples’ mental states. Take, for example, Jane, who appears at a friend’s party in a
particular hideous dress – which she is clearly delighted with. She asks Mary, her friend,
what she thinks of the new dress. Mary, realizing how upset Jane would be if she was
told her new dress was ugly, says she thinks it’s a lovely colour. Mary’s behaviour can
best be understood by assuming that she has a “theory of mind”. However, not all social
behaviour involves a “theory of mind”. Many types of behaviour can simply be the
result of learning social rules: for example, the automatic “sorry!” that slips out when
you accidentally tread on someone’s foot – or the polite “How do you do?” on meeting
someone for the first time. Clearly these behaviours do not necessarily involve reference
to other people’s mental states and so do not require a “theory of mind”.
We are interested in which of the following behaviours you think either require a
“theory of mind” or are only learned social activities (i.e. do not require a theory of mind).
Please, put a T next to those examples you think definitely require a theory of mind, and
L next to those which definitely do not require a theory of mind:
1. Understands sayings that are not meant to be taken word for word (for example, “button
your lip”).
2. Makes sounds or gestures to gain your attention.
3. Uses own knowledge or opinions to describe or comment on things, situations, and
emotions.
4. Modulates tone of voice, volume, and rhythm appropriately.
5. Tells about experiences in detail (for example, who was involved, where activity took place,
etc).
6. Stays on topic in conversations; does not go off on tangents.
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7. Gives complex directions to others (for example, to a distant location, for a recipe with
many ingredients or steps, etc).
8. Maintains or tries to maintain a neat, age-appropriate appearance throughout the day.
9. Covers mouth and nose when coughing and sneezing.
10. Demonstrates understanding of right to personal privacy for self and others (for example,
while using the bathroom, etc).
11. Shows interest in students the same age (for example, watches them, smiles at them, etc.).
12. Makes or tries to make social contact (for example, smiles, waves, talks, etc).
13. Verbalizes relationships of familiar people to self (for example, says “That’s my teacher”).
14. Demonstrates friendship-seeking behaviour with others the same age (for example, says
“do you want to play?” or takes another student by the hand).
15. Answers when familiar adults make small talk (for example, if asked “How are you?”, says,
“Fine”).
16. Uses words to express own emotions.
17. Recognizes happiness, sadness, fear and anger in others.
18. Uses words to express happiness or concern for others (for example, says, “Yea! You
won!”; “are you alright?”).
19. Recognizes the likes and dislikes of others.
20. Has best friend or shows preference for certain friends (of either gender) over others.
21. Acts when another person needs a helping hand.
22. Talks with others about shared interests.
23. Shows the same level of emotion as other around him or her (for example, does not
downplay or overdramatize a situation).
24. Keeps comfortable distance between self and others in social situations (for example, does
not get too close to another person when talking).
25. Chooses not to say embarrassing or mean things or ask rude questions in public.
26. Identifies people by characteristics other than by name (for example, by physical
characteristics, job, location, relationship to others, etc.).
27. Participates in class discussions without monopolizing.
28. Cooperates with others to plan or be part of a group assignment or activity.
29. Starts small talk when meets people he or she knows.
30. Understands that others do not know what he or she is thinking unless he or she tells them.
31. Demonstrates understanding of hints or indirect cues in conversation (for example, knows
that yawns may mean “I’m bored”).
32. Discusses personal issues discreetly.
33. Initiates conversations on topics of particular interest to others.
34. Plays simple interaction games with others (for example, peekaboo).
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35. Shows preference for certain people and objects.
36. Plays cooperatively with one or more students for up to 5 mins.
37. Plays cooperatively with one or more students for more than 5 mins.
38. Plays with others with minimal supervision.
39. Shares toys or possessions when asked.
40. Takes turns when asked while playing games or sports.
41. Uses common household objects or other objects for make-believe activities (for example,
pretends a block is a car).
42. Protects self by moving away from those who destroy things or cause injuries.
43. Seeks out others for play or companionship at school (for example, asks someone to be his
or her partner for an activity).
44. Follows rules in simple games.
45. Shares toys or possessions without being asked.
46. Takes turns without being asked.
47. Asks permission before using objects that belong to or are being used by another.
48. Engages with others in elaborate make-believe activities involving more than one role (for
example, plays “school” or “dress up”).
49. Shows a good sportsmanship (that is, follows rules, is not very aggressive, congratulates
other team or winning, etc).
50. Refrains from entering group when nonverbal cues indicate that he or she is not welcome.
51. Plays simple games that require keeping score (tick-tack-to, kickball, card games, etc.).
52. Cooperates with request made by teacher or other school personnel.
53. Shows respect for teachers and other school staff.
54. Ends conversations appropriately (for example, says “Good-bye”, “See you later”, etc. ).
55. Says “thank you” when given something.
56. Says “please” when asking for something.
57. Says that he/she is sorry for unintended mistakes (for example, bumping into someone,
etc).
58. Copies or imitates appropriate behaviour of others when unsure of “correct” action (that is,
in a novel situation, watches others to determine appropriate behaviour).
59. Returns borrowed items.
60. Changes voice level depending on location or situation (for example, in a library, during
independent work time, during school assembly or play, etc.).
61. Talks to others without interrupting them or being rude.
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B.2

Items selected from the screening process, and instructions for

experts
Please, put a T next to those examples you think definitely require a theory of mind,
and L next to those which definitely do not require a theory of mind.
1. Covers mouth and nose when coughing and sneezing.
2. Answers when familiar adults make small talk (for example, if asked “How are you?”, says,
“Fine”).
3. Recognizes happiness, sadness, fear and anger in others.
4. Uses words to express happiness or concern for others (for example, says, “Yeah! You
won!”; “Are you alright?”).
5. Recognizes the likes and dislikes of others.
6. Shows the same level of emotion as other around him or her (for example, does not
downplay or overdramatize a situation).
7. Understands that others do not know what he or she is thinking unless he or she tells them.
8. Initiates conversations on topics of particular interest to others.
9. Shares toys or possessions when asked.
10. Seeks out others for play or companionship at school (for example, asks someone to be his
or her partner for an activity).
11. Follows rules in simple games.
12. Engages with others in elaborate make-believe activities involving more than one role (for
example, plays “school” or “dress up”).
13. Refrains from entering group when nonverbal cues indicate that he or she is not welcome.
14. Plays simple games that require keeping score (tick-tack-to, kickball, card games, etc.)

.

15. Ends conversations appropriately (for example, says “Good-bye”, “See you later”, etc.).
16. Says “thank you” when given something.
17. Says “please” when asking for something.
18. Says that he/she is sorry for unintended mistakes (for example, bumping into someone, etc.
19. Copies or imitates appropriate behaviour of others when unsure of “correct” action (that is,
in a novel situation, watches others to determine appropriate behaviour).
20. Returns borrowed items.
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B.3

Comparison between items from the original and present

studies
Interactive Sociability Scale
Frith, Happé and Siddons (1994)

Present Study (2011)

Strict Items
Chooses appropriate presents
Responds to
conversation

hints

and

Recognises likes and dislikes of others
indirect

cues

in

Refrains from entering group when non-verbal
cues indicate that he or she is not welcome

Makes confidences

--

Recognises surprise and embarrassment in others

--

Initiates conversation of interest to others

Initiates conversations on topics of particular
interest to others

Initiates flexible small talk

--

Supplies important missing information

--

Regular items
Expresses ideas in more than one way

--

Refrains from statements that might embarrass

--

Engages in elaborate make-believe activities

Engages with others in elaborate make-believe
activities involving more than one role (for
example, plays “school” or “dress up”).

Knows behaviour appropriate for different
people

--

Plays hide and seek or cheat appropriately

Understands that others do not know what he or
she is thinking unless he or she tells them.

Has realistic long-range goals and plans

--

Keeps secrets for as long as appropriate

--

Apologises for hurting other’s feelings

--

Weights consequences of actions

--

--

Uses words to express happiness or concern for
others (for example, says “Yeah! You won!” or
“are you alright?”)

284

Active Sociability Scale
Frith, Happé and Siddons (1994)

Present Study (2011)

Strict items
Shows a desire to please

--

Takes turns in conversation

--

Shares toys when asked

Shares toys or possessions when asked

Recognises happiness and sadness in others

--

Initiated social contacts

Seeks out others for play or companionship at
school (for example, asks someone to be his or
her partner for an activity).

Initiates fixed small talk

--

Uses appropriate table manners

Covers mouth and nose when coughing or
sneezing

Regular items
Delivers simple messages

--

Says please when asking for something

Says “please” when asking for something

Names favourite TV programmes and times

--

Asks permission to play with a toy

--

Plays board games

Plays simple games that require keeping score
(tick-tack-to, kickball, card games, etc.) simple
games

Follows time limits set by care-giver

Follows rules in simple games

Responds appropriately when introduced

Answers when familiar adults make small talk (for
example, if asked “How are you?”, says, “Fine”).

Apologises for errors

--

Returns borrowed items

--

--

Says “thank you” when given something
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BPVS Photo version

Training Plates

Set 1

Set 2
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Set 3

Set 4

287

Set 5

Set 6

288

C.2

BPVS Item analyses

The percentage of correct responses according to the number of participants
completing each set, which are ordered in increasing difficulty, are followed.

Percentage of correct answers

Standard Version Set 1
100%
80%
60%

TD

40%

ASD
ID

20%
0%

Percentage of correct answers

Standard Version Set 2
100%
80%
60%
40%
20%

TD
ASD
ID

0%
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Percentage of correct answers

Standard Version Set 3
100%
80%
60%

TD

40%

ASD

20%

ID

0%

Percentage of correct answers

Standard Version Set 4
100%
80%
60%
TD

40%

ASD

20%

ID

0%

Percentage of correct answers

Standard Version Set 5
100%
80%
60%
40%
20%

TD
ASD
ID

0%
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{ercentage of correct answers

Standard Version Set 6
100%
80%
60%
TD

40%

ASD

20%

ID

0%

Percentage of correct answers

Photo Version Set 1
100%
80%
60%

TD

40%

ASD

20%

ID

0%

Percentage of correct answers

Photo Version Set 2
100%
80%
60%

TD

40%

ASD

20%

ID

0%
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Percentage of correct answers

Photo Version Set 3
100%
80%
60%

TD

40%

ASD

20%

ID

0%

Percentage of correct answers

Photo Version Set 4
100%
80%
60%
TD

40%

ASD

20%

ID

0%

Percentage of correct answers

Photo Version Set 5
100%
80%
60%
40%
20%

TD
ASD
ID

0%
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Percentage of correct answers

Photo Version Set 6
100%
80%
60%
40%
20%

TD
ASD
ID

0%
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C.3

Effects of the interval between administrations

Possible recall effects between both versions were studied. The sample was divided
among those that completed both tasks the same day, those that completed them within
a week, and those that completed both tasks between more than a week. Results for TD
children are presented in Table A.
Table A. Delay effects between versions in the TD study.

Standard

Order

n

Same day

n

Within a week

n

More than a week

First

8

58.00 (5.73)

13

53.15 (8.98)

15

59.67 (11.36)

Second

7

44.17 (11.35)

9

55.11 (4.86)

19

56.16 (13.64)

p
Photo

.01

.56

.43

First

7

43.14 (10.53)

9

51.67 (6.34)

19

53.47 (13.10)

Second

8

53.63 (6.52)

13

52.00 (9.21)

15

58.13 (13.00)

p

.03

.93

.31

Only the children performing both tasks the same day showed significant differences,
although these differences were driven by the superiority of scoring in the standard
version in contrast with the photo. For the ASD and ID samples, no significant
differences were found in any of the groups (see Table B).
Table B. Delay effects between versions in the ASD and ID study.

Standard

Order

n

Same day

n

Within a week

n

More than a week

First

24

32.58 (14.71)

12

31.67 (20.41)

31

44.19 (17.36)

Second

18

30.89 (20.15)

16

36.69 (21.29)

31

36.39 (18.64)

p
Photo

.75

.53

.09

First

18

32.44 (17.48)

16

39.56 (19.05)

31

35.16 (15.29)

Second

24

32.79 (13.98)

12

32.00 (19.12)

31

42.42 (16.77)

p

.94

.31

.08
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C.4

Type of errors and tricks committed by TD participants in the

Penny Hiding Game by age
The table below presents the Mean (and SD) of number of errors and tricks and each
type of error or trick, by age group.

Error 1
visible hands

Error 2
one hand

Error 3
hand(s) open

Error 4
tells location

Error 5
display error

Trick 1
emphasizes wrong hand

Trick 2
empty hands

Trick 3
post decision

3-year-olds

4-year-olds

5-year-olds

6-year-olds

7-year-olds

0.70 (1.33)

1.24 (2.25)

0.06 (0.24)

0.14 (0.38)

0.00 (0.00)

1.00 (0.67)

0.18 (0.53)

0.06 (0.24)

0.00 (0.00)

0.00 (0.00)

0.70 (1.06)

0.29 (0.85)

0.06 (0.24)

0.00 (0.00)

0.10 (0.21)

0.90 (1.37)

0.18 (0.39)

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)

1.20 (1.32)

0.65 (0.86)

0.94 (1.03)

0.34 (0.81)

0.21 (0.83)

0.20 (0.63)

0.29 (0.69)

0.06 (0.24)

0.00 (0.00)

0.00 (0.00)

0.10 (0.10)

0.47 (1.50)

0.00 (0.00)

0.14 (0.38)

0.00 (0.00)

0.00 (0.00)

0.29 (0.98)

0.12 (0.48)

0.29 (0.76)

0.53 (0.05)
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Review of IT studies including children under 13 years of age

The following tables represent to the author’s knowledge, the IT studies undertaken
including children below the age of 13. All tables present the number of participants,
age group, tasks used, IT and IQ scores (SD) and the correlation between measures. In
particular, Table A presents correlations of IT with Full IQ, Table B with Performance
IQ and Table C with Verbal IQ measures.
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Table A. IT studies undertaken with children under 13 years of age and correlations with Full IQ measures

n

Ages

IT task

IQ test

IQ (SD)

r

Hulme & Turnbull, 1983

65

6-7

Pi figure

WISC-R

117 (17)

-.20

Anderson, 1986

17

6

Pi figure

WISC-R

111 (14)

-.25

12

8

Pi figure

WISC-R

108 (18)

-.24

13

10

Pi figure

WISC-R

104 (10)

-.28

383

8

--

WISC-R

--

-.28

384

12

--

WISC-R

--

-.42

Nettelbeck & Young, 1989

47

6-7

Pi figure

WISC-R

113 (10)

-.50

Nettelbeck & Young, 1990

30

7-8

Pi figure

WISC-R

117 (12)

-.54

Wilson, et al., 1992

75

6-8

Pi figure

WISC-R

106 (17)

-.32

80

10-12

Pi figure

WISC-R

104 (18)

-.50

17

8-10

Pi figure

WISC-R

111 (11)

-.51

17

8-10

Pi figure (re-test)

WISC-R

111 (11)

-.14

64

8-10

Pi figure

WISC-R

--

-.83

64

8-10

Pi figure (re-test)

WISC-R

--

-.66

Author

Ridgers, 19861, 2

Vickers & McDowell, 1996

297
297

Author

n

Ages

IT task

IQ test

IQ (SD)

r

Scheuffgen, 19981

13

9

Space invaders

WISC-III

127 (9)

-.69

van Leeuwen, et al., 2007

88

9

Pi figure

WISC-III

102 (14)

-.28

88

9

Pi figure (re-test)

WISC-III

102 (14)

-.36

Edmonds, et al., 2008

240

7–17

Pi figure

WISC-III

108 (16)

.26 5

Wallace, et al., 2009

25

9-14

Space invaders

WISC-III

98 (20)

-.59

1: Unpublished thesis
2: Reported in Kranzler and Jensen (1989)
3: Strategic user
4: Non-strategic user
5: Scaled by age
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Table B. IT studies undertaken with children under 13 years of age and correlations with Performance IQ measures

n

Ages

IT task

IQ test

IQ (SD)

r

Hosie, 19791,2

12

4

--

CPM

110 (9)

-.78

Hulme & Turnbull, 1983

65

6-7

Pi figure

WISC-R PIQ7

114 (18)

-.29

Sen & Goswami, 19833

48

6-11

2 vertical lines

CPM

-- (--)

-.34

48

6-11

cross

CPM

-- (--)

-.42

107

12-13

Pi figure

CCF

101 (11)

-.12

58

12

Pi figure

WISC-R PIQ8

-- (--)

+.12

48

11-13

Letters (o vs ü)

SPM

100 (14)

-.27

25

11-13

Letters (o vs ü)

SPM

97 (8)

-.06

17

6

Pi figure

WISC-R PIQ

-- (--)

-.20

12

8

Pi figure

WISC-R PIQ

-- (--)

-.15

13

10

Pi figure

WISC-R PIQ

-- (--)

-.34

385

8

--

WISC-R PIQ

-- (--)

-.46

386

12

--

WISC-R PIQ

-- (--)

-.25

43

8

Space invaders

SPM

112 (17)

-.32

18

9

Space invaders

SPM

115 (12)

-.06

Author

Smith & Stanley, 1983

Irwin, 1984

Anderson, 1986

Ridgers, 19861, 2

Anderson, 1988
299

299

n

Ages

IT task

IQ test

IQ (SD)

r

22

10

Space invaders

SPM

110 (11)

-.22

14

11

Space invaders

SPM

113 (13)

.-18

16

12

Space invaders

SPM

105 (12)

-.71

29

8

Space invaders

SPM

107 (15)

-.18

39

12

Space invaders

SPM

107 (15)

+.14

Nettelbeck & Young, 1989

47

6-7

Pi figure

WISC-R PIQ

-- (--)

-.31

Mackenzie et al, 1991

59

7

2 horizontal lines

SPM

108 (7)

-.26

59

7

AA

SPM

108 (7)

-.09

59

7

Aa

SPM

108 (7)

-.42

59

7

Lexical Access

SPM

108 (7)

-.26

11

5-6

Pi figure

CPM

114 (16)

-.39

13

11

Pi figure

CPM

109 (12)

-.27

Kranzler, 1994

25

10

2 vertical lines

CPM

> 90

-.41

Hutton, Wilding, & Hudson,
1997

49

8-11

Pi figure

CPM

27 (5)10

-.46

Scheuffgen, 19981

13

9

Space invaders

WISC-III PIQ

118 (14)

-.51

Author

Anderson, 1989

Nettelbeck & Vita, 1992

300

300

n

Ages

IT task

IQ test

IQ (SD)

r

Dandy, 20001,4

153

11

Visual

APM

-- (--)

-.18

Zajac & Burns, 2007

79

10-12

Pi figure

SPM9

14 (5)10

-.34

Edmonds, et al., 2008

240

7–17

Pi figure

WISC-III PIQ

110 (15)

.19 11

Author

1: Unpublished thesis
2: Reported in Kranzler & Jensen, 1989
3: Reported in Sen, 1986
4: Reported in Grudnik & Kranzler, 2001
5: Strategic users
6: Non-strategic users
7: Only Block Design and Object Assembly
8: Only Picture Completion, Block Desing and Mazes
9: Modified version
10: Raw scores
11: Scaled by age group
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Table C: IT studies undertaken with children under 13 years of age and correlations with Verbal IQ measures

n

Ages

IT task

IQ test

IQ (SD)

r

Hartnoll, 19781,2

18

11-12

--

Verbal Score8

-- (--)

-.17

Hulme & Turnbull, 1983

65

6-7

Pi figure

WISC-R VIQ8

116 (18)

-.08

Sen & Goswami, 19831,3

48

6-11

2 vertical lines

PPTV

-- (--)

-.55

48

6-11

Cross

PPTV

-- (--)

-.54

58

12

Pi figure

PATR-Comprehension

-- (--)

+.04

58

12

Pi figure

PATR- Vocabulary

-- (--)

+.12

Irwin, 1984

47

11-13

Letters (o vs ü)

Mill Hill

99 (11)

-.21

Nettelbeck & Wilson, 1985

70

6-13

Pi figure

PPTV

114 (17)

-.43

Anderson, 1986

17

6

Pi figure

WISC-R VIQ

-- (--)

-.37

12

8

Pi figure

WISC-R VIQ

-- (--)

-.25

13

10

Pi figure

WISC-R VIQ

-- (--)

-.54

386

8

--

WISC-R VIQ

-- (--)

-.26

387

12

--

WISC-R VIQ

-- (--)

-.32

Nettelbeck & Young, 1989

47

6-7

Pi figure

WISC-R VIQ

-- (--)

-.51

Scheuffgen, 19981

13

9

Space invaders

WISC-III VIQ

128 (8)

-.69

Author

Smith & Stanley, 1983

Ridgers, 19861, 4

302

302

n

Ages

IT task

IQ test

IQ (SD)

r

Dandy, 20001,5

151

11

--

ACER V-Q

-- (--)

-.33

Nettelbeck & Wilson, 2004

75

6-13

Pi figure

PPTV-III

114 (12)

-.31

Edmonds, et al., 2008

240

7–17

Pi figure

WISC-III VIQ

104 (17)

.27 9

Author

1: Unpublished thesis
2: Reported in Nettelbeck & Young, 1989
3: Reported in Sen, 1986
4: Reported in Kranzler & Jensen, 1989
5: Reported in Grudnik & Kranzler, 2001
6: Strategic users
7: Non-strategic users
8: Only Vocabulary and Similarities
9: Scaled by age group

303
303

Appendix E.
E.1

Chapter 6: Extra Information

Odd-One-Out Version A

Example

Set 1

Set 2

304

Set 3

Set 4

305

E.2

Odd-One-Out Version B

Example

Set 1

Set 2

306

Set 3

Set 4
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E.3

Interval effects

Groups were divided according to the time interval between the presentations of both
tasks. Means and standard deviations of the total number of correct responses by group
are presented below (maximum score = 32).
Computer Learning Task
n

ASD

n

ID

Within the same day

13

22.23 (7.55)

15

22.33 (7.55)

Within a week

15

18.07 (10.94)

16

20.81 (9.14)

Within two weeks

7

20.43 (9.88)

10

23.40 (6.83)

Within a month

0

-

5

20.20 (11.28)

There were no main effects of delay time among groups (F(3,74) = 0.62, p = .60, r = .16),
between groups (F(1,74) = 0.82, p = .37, r = .10) or the interaction of both (F(2,74) = 0.20,
p = .82, r = .05).
Social Learning Task
n

ASD

n

ID

Within the same day

13

22.92 (5.36)

16

23.27 (4.30)

Within a week

15

21.07 (6.77)

16

21.44 (5.91)

Within two weeks

7

20.71 (7.74)

10

24.10 (4.91)

Within a month

0

-

5

23.40 (4.61)

Non-significant differences were found among interval groups (F(3,74) = 0.53, p = .66,
r = .14), group (F(1,74) = 0.99, p = .32, r = .11) or their interaction (F(2,74) = 0.45, p = .64,
r = .11).
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E.4

Post-hoc analyses for differences among blocks in the Learning

Tasks
The table below shows the post-hoc analyses among block in each task, by group.
Computer Learning Task

Social Learning Task

Blocks

ASD

ID

ASD

ID

1-2

z = 0.99

z = 2.91

z = 3.27

z = 2.95

p = .32

p < .001

p < .001

p = .003

z = 3.90

z = 5.05

z = 4.95

z = 5.70

p < .001

p < .001

p < .001

p < .001

z = 4.16

z = 5.71

z = 4.70

z = 5.85

p < .001

p < .001

p < .001

p < .001

z = 2.67

z = 3.63

z = 3.89

z = 5.37

p = .008

p < .001

p < .001

p < .001

z = 3.51

z = 4.62

z = 4.05

z = 5.75

p < .001

p < .001

p < .001

p < .001

z = 1.48

z = 2.77

z = 2.38

z = 3.17

p = .14

p = .006

p = .01

p = .002

1-3
1-4
2-3
2-4
3-4

All differences remained significant (or non-significant, in the case of differences
between Blocks 1-2 and Blocks 3-4 in the CLT for the ASD group) after Hochberg’s
adjustment for multiple comparisons.
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E.5

Participants performance by trial in the Learning Tasks

Computer Learning Task

310

Social Learning Task

311

Trials across blocks, by group.

312

E.6

Classification of participants for type of performance between

odd and even subtasks in each block
Participants’ performance between subtasks was analysed for each block and in each
condition. Their performance was clustered in four possible outcomes: improvement,
deterioration, constant performance and reached ceiling. Table A shows the number of
participants falling in each category.
Table A. Number (%) of participants according to performance across blocks in the
Computer and Social Learning Tasks.
Computer Learning Task

Social Learning Task

ASD

ID

ASD

ID

8 (23%)

10 (22%)

11 (31%)

8 (17%)

Deteriorated

6 (17%)

7 (15%)

2 (6%)

6 (13%)

Unchanged

5 (14%)

5 (11%)

0 (0%)

1 (2%)

Ceiling

16 (46%)

24 (52%)

22 (63%)

31 (67%)

5 (14%)

11 (24%)

6 (17%)

9 (20%)

Deteriorated

9 (25%)

12 (26%)

5 (14%)

8 (17%)

Unchanged

7 (20%)

9 (20%)

5 (14%)

6 (13%)

Ceiling

14 (40%)

14 (30%)

19 (54%)

23 (50%)

13 (37%)

15 (33%)

20 (57%)

13 (28%)

Deteriorated

12 (34%)

15 (33%)

8 (23%)

18 (39%)

Unchanged

9 (26%)

16 (35%)

6 (17%)

15 (33%)

Ceiling

1 (3%)

0 (0%)

1 (3%)

0 (0%)

13 (37%)

15 (33%)

13 (37%)

22 (48%)

Deteriorated

9 (26%)

17 (37%)

10 (29%)

10 (22%)

Unchanged

12 (34%)

14 (30%)

11 (31%)

13 (28%)

1 (3%)

0 (0%)

1 (3%)

1 (2%)

Block 1 Improved

Block 2 Improved

Block 3 Improved

Block 4 Improved

Ceiling

Differences between groups in the type of performance was studied. Regarding the
CLT, there were no significant differences in any of the four blocks (all p > .51) among
313

the number of ASD participants in each category in contrast with ID participants. For
the SLT, there were significant differences in the type of performance between groups in
Block 3 (χ2(3) = 8.86, p = .03), but not in any of the other blocks (all p > .31). Specifically,
there were significant differences between the number of ASD and ID participants that
improved in Block 3 of the SLT (χ2(3) = 6.86, p = .009).
Additionally, individual performance was studied to study how many participants
showed no learning along the tasks or those who reached ceiling. No participants
reached ceiling in all four blocks in the SLT or the CLT. However, in the CLT 17
participants (out of 81) did not improve performance in any of the even trials (7 ASD
and 10 ID individuals, which was not significant χ2(1) = 0.04, p = .85). In the SLT there
were 15 participants (out of 81) who did not improved in the even trials (4 ASD and 11
ID individuals, which was also not significant χ2(1) = 2.05, p = .15).
Analyses between those that did improved showed that there were not significant
differences between ASD and ID participants in total number of correct answers in the
CLT (z = 0.82, p = .41) or the SLT (z = 0.26, p = .79) or in the Learning Index for the
CLT (z = 0.92, p = .35) or the SLT (z = 0.23, p = .82).
Participants were re-grouped in to those who improved (improved + ceiling
participants) and those who did not improve (deteriorated + unchanged participants).
The number of participants in each category and percentage (in parenthesis) is described
in Table B.
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Table B. Proportion of participants improving versus no improving in each task, by
group.
Computer Task

Block 1 Improved
No Improved
Block 2 Improved
No Improved
Block 3 Improved
No Improved
Block 4 Improved
No Improved

ASD

ID

24 (69%)

34 (74%)

11 (31%)

12 (26%)

19 (54%)

25 (54%)

16 (36%)

21 (46%)

14 (40%)

15 (33%)

21 (60%)

31 (67%)

14 (40%)

15 (33%)

21 (60%)

31 (67%)

Social Task
p
.60

.99

.49

.49

ASD

ID

33 (94%)

39 (85%)

2 (6%)

7 (15%)

25 (71%)

32 (70%)

10 (29%)

14 (30%)

21 (60%)

13 (28%)

14 (40%)

33 (72%)

14 (40%)

23 (50%)

21 (60%)

23 (50%)

p
.18

.86

.004

.37

Regarding the CLT, both groups performed very similarly in all blocks. However, in
Block 3 of the SLT, ID participants seemed to have significantly deteriorated more and
improved less than ASD participants. Overall, more improvement is experienced in the
first two blocks, than during Blocks 3 and 4.
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E.7

Descriptors for participants according to performance in the

Learning Tasks
Table A. Mean total scores (SD) and analyses between participants according to
directionality of scores in the Learning Tasks, and differences within groups.

ASD

ID

n

Better at computer

n

Better at social

statistic

p

r

CA (years)

18

12.56 (3.22)

17

11.67 (2.91)

0.87

.39

.15

IT (ms)

15

113.54 (161.73)

16

245.44 (247.37)

1.40

.16

.25

CPM PIQ

18

71.35 (27.73)

17

62.72 (0.86)

0.86

.39

.15

CPM PMA

18

7.45 (2.63)

17

6.52 (2.25)

1.08

.28

.18

BPVS VIQ

18

51.82 (15.82)

17

50.56 (15.83)

0.44

.66

.07

BPVS VMA

18

5.33 (2.85)

17

4.03 (1.98)

1.50

.13

.25

PHG Errors

18

4.31 (3.61)

16

7.94 (3.72)

2.66

.008

.46

Inter.Sociab.

16

1.71 (2.02)

14

2.33 (2.30)

0.78

.43

.15

Act. Sociab.

16

9.07 (4.18)

14

9.56 (4.55)

0.31

.76

.06

VABS Comp

16

64.86 (10.78)

14

63.13 (12.48)

0.40

.69

.08

VABS Comm

16

66.86 (11.07)

14

64.25 (14.93)

0.54

.60

.10

VABS Living

16

65.86 (11.57)

14

64.25 (12.27)

0.37

.72

.07

VABS Socializ

16

68.64 (11.62)

14

68.88 (11.84)

0.05

.96

.01

CA (years)

25

13.66 (3.15)

21

12.53(2.85)

1.27

.21

.19

IT (ms)

25

119.33 (123.87)

21

376.98 (298.90)

3.08

.002

.45

CPM PIQ

25

44.00 (22.27)

21

38.81 (21.45)

0.95

.34

.14

CPM PMA

25

5.36 (1.47)

21

4.75 (1.33)

2.21

.03

.33

BPVS VIQ

21

52.00 (13.08)

21

50.24 (17.03)

0.75

.45

.12

BPVS VMA

24

5.71 (1.27)

21

4.43 (1.53)

2.78

.005

.41

PHG Errors

24

1.25 (2.21)

21

4.02 (4.09)

3.39

.001

.51

Inter.Sociab.

19

5.45 (1.35)

12

4.63 (1.67)

1.50

.14

.27

Act. Sociab.

19

15.05 (1.68)

12

12.83 (2.52)

2.51

.006

.42

VABS Comp

18

72.78 (6.73)

12

67.75 (6.69)

2.01

.05

.36

VABS Comm

18

72.56 (9.68)

12

64.08 (6.67)

2.63

.01

.45

VABS Living

18

69.83 (7.32)

12

65.67 (9.47)

1.36

.18

.25

VABS Socializ

18

82.00 (7.65)

12

78.83 (7.54)

1.12

.27

.21
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Table B. Mean total scores (SD) and analyses between ASD and ID participants, within
directionality of performance in the Learning task groups, and differences between
groups.
n

ASD

n

ID

statistic

p

r

Better

CA (years)

18

11.67 (2.91)

21

12.53 (2.85)

0.93

.36

.15

at social

IT (ms)

15

245.44 (247.37)

21

376.98 (298.90)

1.65

.01

.28

CPM PIQ

18

62.72 (28.94)

21

38.81 (21.45)

2.57

.01

.41

CPM PMA

18

6.52 (2.25)

21

4.75 (1.33)

2.86

.004

.46

BPVS VIQ

18

50.56 (15.83)

21

50.24 (17.03)

0.12

.90

.02

BPVS VMA

18

4.03 (1.98)

21

4.43 (1.53)

1.44

.15

.23

PHG Errors

18

7.94 (3.72)

21

4.02 (4.09)

3.19

.001

.51

Inter.Sociab.

16

2.33 (2.30)

12

4.63 (1.67)

2.93

.007

.50

Act. Sociab.

16

9.56 (4.55)

12

12.83 (2.52)

2.24

.03

.40

VABS Comp

16

63.13 (12.48)

12

67.75 (6.69)

1.16

.26

.22

VABS Comm

16

64.25 (14.93)

12

64.08 (6.67)

0.04

.97

.01

VABS Living

16

64.25 (12.27)

12

65.67 (9.47)

0.33

.74

.06

VABS Socializ

16

68.88 (11.84)

12

78.83 (7.54)

2.55

.02

.45

Better at

CA (years)

17

12.56 (3.22)

25

13.66 (3.15)

1.10

.28

.17

computer

IT (ms)

16

113.54 (161.73)

25

119.33 (123.87)

1.46

.14

.23

CPM PIQ

17

71.35 (27.37)

25

44.00 (22.27)

3.12

.002

.48

CPM PMA

17

7.45 (2.63)

25

5.36 (1.47)

2.78

.005

.43

BPVS VIQ

17

51.82 (15.82)

21

52.00 (13.08)

0.23

.82

.04

BPVS VMA

17

5.33 (2.85)

24

5.71 (1.27)

1.63

.10

.25

PHG Errors

16

4.31 (3.61)

24

1.25 (2.21)

3.03

.002

.48

Inter.Sociab.

14

1.71 (2.02)

19

5.45 (1.35)

6.37

<.001

.75

Act. Sociab.

14

9.07 (4.18)

19

15.05 (1.68)

5.67

<.001

.71

VABS Comp

14

64.86 (10.78)

18

72.78 (6.73)

2.55

.02

.42

VABS Comm

14

66.86 (11.07)

18

72.56 (9.68)

1.55

.13

.27

VABS Living

14

65.86 (11.57)

18

69.83 (7.32)

1.19

.24

.21

VABS Socializ

14

68.64 (11.62)

18

82.00 (7.65)

3.92

<.001

.58
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