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Abstract
Approximately four times more males are diagnosed with Autism Spectrum Disorder
(ASD) than females and relatively few studies to date have investigated gender
differences in the early signs and later manifestations of autism and cognitive
development in infants and young children. Of these, few studies have combined
observational measures with clinical reports to understand any gender differences in
these children, and there are few follow-up studies that have explored development
of gender differences over time. Three complementary follow-up studies were
conducted to investigate gender differences in children later diagnosed with ASD with
the aims of identifying gender differences in a) the early indicators of autism (Study
1), b) early cognitive development and autism manifestations (Study 2) and c) the
development of social attention and restricted and repetitive behaviours (RRBs) from
2- to 4-years of age of age (Study 3) in the same cohort. The current research
utilised data from the Social Attention and Communication Study (SACS; Barbaro &
Dissanayake, 2010). The combined results from all three studies indicated a similar
developmental trajectory in boys and girls in the early indicators during the first two
years of life, and from toddlerhood to pre-school age on cognitive ability, autism
manifestations and observed social attention. However, boys showed slightly more
RRBs than girls from toddlerhood to pre-school age. The results are discussed in
relation to the ‗Extreme Male Brain Theory‘ (EMB; Baron-Cohen, 2002) as well as
providing an explanation to why boys may be more likely to receive an ASD
diagnosis than girls. Further research is needed to understand similarities and
differences in the progression of ASDs in girls and boys, and to understand the
‗female‘ profile of ASD.

GENDER DIFFERENCES IN AUTISM SPECTRUM DISORDER

2

CHAPTER ONE
Introduction
Overview of Autism Spectrum Disorder
Autism Spectrum Disorder (ASD) is an umbrella term for a group of pervasive
developmental disorders that comprise Autistic Disorder (AD), Asperger Disorder
(AspD) and Pervasive Developmental Disorders-Not Otherwise Specified (PDDNOS) which are characterised by impairments in three domains: social interaction,
verbal and non-verbal communication, and restricted, repetitive behaviours (RRBs)
and interests (Diagnostic and Statistical Manual of Mental Disorders- Text Revision,
DSM-IV-TR, American Psychiatric Association, 2000). Autistic Disorder is usually
associated with co-morbid intellectual disability (ID), with almost 67% of individuals
functioning below the normal range (Chakrabarti & Fombonne, 2005). Individuals
with AD who do not have co-morbid ID are referred to as having High Functioning
Autism (HFA). A diagnosis of AspD is associated with impairments in social
interaction, communication and the display of RRBs typical to AD, but with no
associated language delay or ID. Those individuals who do not meet all of the criteria
for an AD or AspD may be diagnosed with PDD-NOS, provided they meet criteria
within the social domain. However, the recent proposed revision to the DSM-IV-TR,
the DSM-5 (American Psychiatric Association, 2010) encompasses these sub-types
within one single diagnosis of Autism Spectrum Disorder (ASD). It is proposed that
individuals with AspD, AD, PDD-NOS as well as HFA will receive a universal
diagnosis of ASD, with individual variations captured by new severity criteria
(Ozonoff, 2012). Hence for the purpose of this thesis the term ASD is used
throughout to refer to children with a diagnosis of AD, AspD and PDD-NOS.
Autism Spectrum Disorders are complex genetic conditions that are
sometimes co-morbid with known genetic disorders like Fragile X Syndrome and
Tuberous Sclerosis. Almost 60% of individuals with Fragile X have co-morbid ASD
and genetic screening for Fragile X gene (FMR1) is now recommended for
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individuals with ASD (Budimirovic & Kaufmann, 2011). In idiopathic ASDs the
underlying neuropathology and neurophysiology is still not well understood. Thus,
diagnosis is based on behavioural presentation and developmental history. As a
result children who present with less severe ASD symptoms fail to receive a formal
diagnosis in their pre-school years as their behavioural presentations are possibly not
recognised until school age, and sometimes even later.
Epidemiological studies indicate that the prevalence rate of ASD has
increased since it was first reported by Kanner (1943). Autism Spectrum Disorder is
no longer rare, with recent estimates suggesting that one in 88 children are affected
(Baio, 2012), Australian research estimates that one in 119 children, under the age of
two years has an ASD (Barbaro & Dissanayake, 2010; Barbaro, Ridgway &
Dissanayake, 2011), and this estimate is consistent with estimates from the UK
(Baird et al., 2006) and the US (Kogan et al., 2009).The male:female ratio in AD is
4:1 and in AspD is 10:1 (Fombonne, 2003), and this sex ratio is higher than in other
developmental disorders. For example, Down syndrome is found to affect males and
females equally, whereas the male:female ratio in ID varies from 1.2:1 in mildmoderate ID and 2:1 in severe ID (DSM IV, APA, 1994).
As a result of the higher male:female ratio in ASD, most studies have either
focused on males or have combined males and females in their investigations. Thus
comparatively little is understood about ASD in females. Relatively few studies have
investigated gender differences in ASD and, of these, older studies have focused
more on gender differences in intellectual impairment rather than core ASD
symptoms. Recent studies have focused on the clinical presentation of ASD, with
most reporting findings on older children or adults. Due to different methodologies
and measures utilized in previous studies, it is difficult to synthesize their findings in
terms of the current conceptualisation of ASD.
There is little knowledge of gender differences in very young children with
ASD with only four studies to date. These have provided contradictory findings, and

GENDER DIFFERENCES IN AUTISM SPECTRUM DISORDER
there have been no studies investigating gender differences in the early autism
phenotype which is characterised by a lack of reciprocal social attention and
interaction and poor pre-verbal communication development in the first two years of
life. Furthermore, there are few studies investigating the development of gender
differences over time. The focus in this thesis, therefore, was on charting gender
differences in children with ASD from birth to 4-years of age.

4
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CHAPTER TWO
Gender Differences
Gender Differences in Typical Development
Prior to reviewing the literature on gender differences in ASD, the literature on
gender differences in typical development will first be reviewed briefly. Gender
differences are a well established area of investigation with a long history. Better
visuo-spatial abilities in males and better language and social skills in females are
the most frequently cited gender differences in the typically developing (TD)
population (Baron-Cohen, 2002; Kimura, 1992; Thompson, Caruso & Ellerbeck,
2003). Research studies show that TD males are better at mathematical tasks,
computer fluency and spatial processing abilities (Benbow & Lubinski, 1993; Geary,
1995; Geary, Saults, Liu & Hoard, 2000; Kimura, 1992), while females excel in tasks
like face and emotion recognition (Baron-Cohen, 2002).
Adult females have been found to score higher than males on the Empathy
Quotient (EQ; Baron-Cohen & Wheelwright, 2004), a questionnaire measuring
empathising skills and social responsiveness. The Friendship Questionnaire (FQ;
Baron-Cohen & Wheelwright, 2003), measuring socialisation abilities, has also
indicated better social and emotional competence in adult females in comparison
with adult males. Similarly, adult females score higher on the ‗Mind in the Eyes Test‘,
another emotion recognition task, where the participant is presented with
photographs of different individuals‘ ‗eyes‘ and asked to guess their mental state
(Baron-Cohen, Wheelwright, Hill, Raste & Plumb, 2001a). Adult males, on the other
hand, score significantly higher than females on the Systemising Quotient (SQ;
Baron-Cohen, Richler, Bisarya, Gurunathan & Wheelwright, 2003; Caroll & Chiew,
2006), a questionnaire measuring systemising skills, indicating stronger ability with
operating systems and mechanical objects.
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Similarly, gender differences are also found in early development in TD
samples. Studies have found that newborn females attend more to human faces than
to objects, whereas newborn males show the opposite preference (Connellan, BaronCohen, Wheelwright, Batki & Ahluwalia, 2000). Female infants are also found to give
more eye contact than males at 12-months (Lutchmaya, Baron-Cohen & Raggatt,
2002). Pro-social behaviours and empathic concern develop in the first two years of
life in typical development and studies examining these behaviours have found that
toddler girls express more empathic concern, and show and imitate more affective
reactions than toddler boys in their second year of life (Zahn-Waxler, Radke-Yarrow
& Wagner, 1994; Zahn-Waxler, Robinson & Emde, 1991). Further, at 2-years of age,
toddler females are reported to be more sensitive to their caregivers‘ distress and
more socially responsive than their male counterparts (Robinson, Zahn-Waxler &
Emde, 1994). The development of pro-social behaviours in female toddlers is found
to be dependent on the family environment, social interactions, as well as maternal
warmth, while this is not the case in toddler boys (Robinsonet al., 1994). At 4-years,
TD girls are reported to have better social relationships (Knickmeyer, Baron-Cohen,
Raggatt & Taylor, 2005), and are also found to be better than boys at recognising the
expressed emotions, feelings and intentions of characters in a story and in
distinguishing between the appearance and reality of emotions (Banerjee, 1997;
Bosacki & Astington,1999). Pre-school age boys are found to show more physical
and verbal aggression than pre-school aged girls and pre-school aged girls show
less aggression and use more social coping skills in structured as well as free-play
environments (Ostrov & Keating, 2004). It is suggested that this underlying tendency
towards greater social emotional understanding and expressiveness in females is
responsible for the gender differences seen in the development of empathy (Brody,
1985).
These established gender differences are also supported by studies
examining play preferences in TD children (Baron-Cohen, 2002; Baron-Cohen,
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Knickmeyer & Belmonte, 2005). Although these findings are not an indication
of sociability per se, they still provide an understanding of play preferences in
boys vs. girls. Studies have shown that boys prefer toys like trains, cars and
have more solitary play interests that are mechanical or based on operating
systems, whereas girls prefer playing with dolls, and their play interests are
more social than boys. These gender differences in play were also found in
monkeys, where male monkeys showed a preference to play with more
mechanical toys whereas female monkeys preferred playing with dolls
(Alexander & Hines, 2002; Hines & Alexander, 2008). These findings appear
to indicate an innate ability in females to be more social than males.
Baron-Cohen et al. (2005) suggest that gender differences in play
preferences are based on differences in innate biological functioning and this
is further supported by findings from neurobiological studies reviewed here.
Neuroimaging studies have found more activation in female brains than in
male brains when participants were asked to describe emotional memories
(Canli, Desmond, Zhao & Gabrieli, 2002), and more bilateral activation in the
typical language areas was found in female vs. male brains (Kansaku &
Kitazawa, 2001; Pugh et al., 1996; Shaywitz et al., 1995). Studies in
neuroendocrinology suggest the influence of sex hormones in the
development of sex-typical neural pathways in the brain (Thompson, Caruso
& Ellerbeck, 2003). The presence of male and female hormones in the prenatal period influences the neuronal connections as well as the formations of
synaptic inputs in males and females respectively. These differences in the
neuronal connectivity as well as brain structures are reflected in different
behavioural responses that are typical in males and females.
Baron-Cohen et al. (2005) suggest that soon after conception, male fetuses
produce androgens that influence the development and connections of neural cells in
the typical male brain. The androgen receptors (AR), when present in high
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concentrations, in fetal male brains slow down the process of apoptosis (cell death)
in the brain regions where they are present. High concentrations of ARs are found in
the left temporal cortex as well as in the right frontal lobe in males. As a result, male
brains show a cortical asymmetry characterised by a much higher number of neural
cells in these two AR rich regions while this asymmetry is not found in female brains.
Thus female brains have smaller cortices than male brains and as a result, female
brains have better neuronal connectivity and more activation in these two areas that
are important for social functioning, language processing and face processing
abilities. Carter (2007) explains that ARs are also found in paraventricular nucleus
and the amygdala, two regions greatly affected in ASD, and that ARs are present in
high concentrations in these regions in typical male than in typical female brains
making male brains more prone to develop atypical neural connections. Lutchmaya
et al. (2002) explain that higher concentrations of fetal testosterone levels result in
poor development of behaviours such as eye contact, socialisation and language
development, that are typical in ASD. Based on this, Baron-Cohen, Lutchmaya and
Knickmeyer (2004) have proposed a ‗fetal androgen theory‘, focusing on the role of
prenatal androgens in the development of the ‗male‘ brain structure and functioning
style. This theory discusses the influence of androgens in the development of the
systemising processing style typical to males. Support for this theory comes from
studies of females with Congenital Adrenal Hyperplasia, a condition associated with
higher fetal testosterone levels, who show severe autism symptoms (Berenbaum,
2001; Knickmeyer & Baron-Cohen, 2006).
The development of the female brain, on the other hand, is protected by
oxytocin (Carter, 2007). Oxytocin in females is synthesised in the paraventricular and
supratopic nuclei of the hypothalamus which projects into the hippocampus,
amygdala, hypothalamus and temporal regions. Oxytocin plays the same role in
neural development in female brains, which AR receptors play in male brain
development, making the development of the female brain less AR dependent.
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Cortical asymmetries as well as formation of neural connections typical in
males are less likely to develop in female brains as a result of this lesser
dependence on androgens (Baron-Cohen et al., 2005). Studies on oxytocin
have also shown that oxytocin plays a role in the development of more
nurturing and social characteristics, as well as attachment and affiliation
behaviours typical in females (Campbell, 2008, 2010). Campbell (2008)
further explains that during stress, androgen in males make them more prone
to aggression whereas females, because they lack androgen, are less likely
to display physical aggression during a stressful event. Instead, the oxytocin
pacifies females in any stressful event and makes them more prone to seek
affiliation during distress. The studies reviewed here provide a neurobiological
explanation to the gender differences found in TD population.
The Extreme Male Brain Theory
Baron-Cohen (2002) has explained gender differences in thinking and
cognitive processing styles through his ‗Empathising–Systemising model‘ (ES
model). Baron-Cohen suggests that males and females are different in their cognitive
styles, with males being ‗Systemisers‘ such that they are system-oriented-attuned to
operating systems, good at piecemeal processing (rather than imagining and noticing
the ‗whole‘ or ‗gestalt‘), and thus more operative in their thinking styles. Females, on
the other hand, are natural ‗Empathisers‘, such that they are more socially attuned,
understand emotions easily, and are weaker at operating systems and piecemeal
processing than males. Goldenfeld, Baron-Cohen and Wheelwright (2005) and
Lawson, Baron-Cohen & Wheelwright (2004) have further proposed a categorical
classification of ‗Extreme Empathisers‘ (Extreme Type E: individuals who are
extremely good at empathising and very poor in operative systems), ‗EmpathiserSystemisers‘ (Type E: individuals who have more empathising than systemising
abilities), ‗Systemiser-Empathisers‘ (Type S: individuals who are better at
systemising than empathising), ‗Extreme Systemisers‘ (Extreme Type S: individuals
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who are predominantly good at systemising) and ‗Balanced‘ type (Type B: individuals
that are equal at both empathising and systemising).
In developing their ‗Extreme Male Brain Theory‘ (EMB), Baron-Cohen and
Hammer (1997a) proposed that gender differences in thinking and cognitive styles
might explain the development of the extreme ‗systemising‘ symptoms found in ASD
(Baron-Cohen, 2003; Baron-Cohen & Hammer, 1997b; Lawson, Baron-Cohen &
Wheelwright, 2004). They argued that individuals with ASD have an extreme form of
the ‗male‘ processing style (or the Extreme Type S), so that they are extremely
system focused, oblivious to emotions, and experts at piecemeal processing. BaronCohen (2002) discusses that ASD is the extreme form of the ‗male‘ brain in terms of
its structure and functioning.
The EMB theory has received support from neurobiological studies in
individuals with ASD (Baron-Cohen & Belmonte, 2006) and studies highlighting the
differences in the brain structure and functioning between typically developing males
and females (Baron-Cohen, 2002). As reviewed in the previous section, typical male
brains have larger cortices than female brains and, similarly, larger cortices are found
in brains of individuals with ASD (Baron-Cohen et al., 2005). Temporal lobe
structures and, more specifically, the amygdala and the hippocampus are associated
with social functioning, emotional processing, language and processing of facial
expressions. Studies have found that individuals with temporal lobe damage show
behaviours that are typical to ASD (DeLong & Heinz, 1997; Gillberg, 1986), and
abnormalities in temporal lobe functioning, more specifically the amygdala and the
fusiform area, have been reported in individuals with ASD (Gillberg, 1999; Schultz,
2005; Schultz et al., 2000). Baron-Cohen, Ring, Wheelwright, Bullmore and Brammer
(1999) found further evidence of abnormality in the functioning of temporal lobe
regions in individuals with ASD in their neuroimaging study. The individuals with ASD
had lower activation in the amygdala in comparison with age and IQ matched TD
controls when presented with the ‗Mind in the Eyes Task‘, (which typical males are
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found to perform more poorly than typical females). Structural abnormalities in the
temporal lobe, with more densely packed neurons and larger sized amygdala, have
also been identified in individuals with ASD (Kemper & Bauman, 1998), and these
abnormalities are found to be similar to the cortical asymmetry found in the TD ‗male‘
brain structure (Baron-Cohen et al., 2005). Anatomical studies have found reduced
grey matter in the occipital and temporal cortices and the cingulate gyrus,
abnormalities in white matter in the brain-stem and temporal lobe regions in males
with HFA (Abell et al., 1999; Aylward et al., 1999) and similar abnormalities in
temporal lobe regions are reported in high functioning females with ASD (Craig et al.,
2007). These findings indicate a similar neuroanatomy in both genders, which is
characterised by abnormalities in temporal regions responsible for the development
of social cognition, language and empathy.
In summary, the studies reviewed here suggest that gender differences found
in the structure of TD male and female brains may not exist in males and females
with ASD. However, there are some similarities in the structures of typical male
brains and brains of individuals with ASD and these are a result of higher androgens
in TD males and individuals with ASD. Furthermore, the EMB theory highlights that
processing styles and abilities found in males are similar to the processing styles
typical in individuals with ASD except that these styles take on an extreme form in
the population with ASD. The EMB theory has received some support through
findings from cognitive, neurobiological and neuroimaging studies. However, it is
unclear whether typical gender differences in cognitive processing, as suggested by
the EMB theory and the ES-model, do exist in individuals with ASD or whether males
and females with ASD have similar processing styles due to their underlying autism
diagnosis and similar neuroanatomy.
The literature reviewed above on the neurobiology responsible for typical
gender differences is of interest in terms of the neurobiology of ASD. It is unclear
whether gender differences found in typical neurobiology are reflected in ASD. From
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the available literature it appears that, due to their ASD, affected individuals have a
similar underlying neurobiology regardless of their gender. If so, it is of interest to
examine how this similar underlying neurobiology is reflected in their behavioural
functioning, especially from a young age?
Gender Differences in ASD
It was Wing (1981) who first proposed that gender differences found in the TD
population should also exist in the population with ASD, such that males with ASD
would show much stronger visual perception abilities and much weaker language
and social skills than females with ASD. Furthermore, she suggested that females
with ASD would be less vulnerable to the development of typical symptoms
associated with autism in comparison to their male counterparts, as they would have
more ability to overcome social deficits than males as a result of their better social
skills. She argues that this may explain the lower prevalence of ASD in females.
Wing‘s (1981) hypothesis has only received partial support. In a study
designed to test this hypothesis, Lord, Schopler and Revicki (1982) compared a
clinic-based population of 384 male (Mage = 5.29 years) and 91 female (Mage = 5.31
years) children (age range: 3-8 years) with ASD on autism symptoms and adaptive
functioning using the Childhood Autism Rating Scale (CARS; Schopler, Reichler, De
Vellis & Daly, 1980), and the Vineland Social Maturity Scale (Doll, 1965),
respectively. Visual perception and eye–hand integration was tested using the
perception scales of the Psycho-Educational Profile (PEP; Schopler & Reichler,
1979) and language was tested using the Peabody Picture Vocabulary Test (PPVT;
Dunn, 1965). Overall, Lord et al. found that females in their sample had significantly
lower intelligence levels and more impaired adaptive functioning, language and
communication, and they were also poorer in their visuo-spatial abilities than males.
The males also showed a greater interest in play and other objects than their female
counterparts. However, these gender differences in visual perception and language
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were non-significant when intellectual functioning (as assessed by IQ) was
controlled, failing to support Wing‘s theory.
Taylor and Ounsted (1972) proposed a greater genetic variability in
males as responsible for an overall higher frequency in the expression of
autism symptoms amongst them. As a result, males are more ‗autistic‘ in their
behaviour than females, more vulnerable to the development of autism and
thus diagnosed at a higher rate than females. However this assumption has
not been supported by any genetic studies. Another genetic theory that
received more attention was the multifactorial inheritance model, which
suggested that autism genes are more severely expressed in the less
affected gender, i.e., females. Based on this model, Tsai, Stewart and August
(1981) proposed their Differential Genetic Loading Hypothesis suggesting that
females with ASD would be much more severely impaired than males. In
favour of this hypothesis, the results from Tsai et al. found that in their sample
of individuals with ASD (age range: 3 years, 3 months-20 years, 4 months);
24 female participants (Mage = 6.5 years) had a lower mean IQ of 45.54, in
comparison with 78 male participants (Mage = 6.8 years) whose mean IQ
was 50.47. A higher percentage of these females (38%) showed neurological
impairment than males (17%), and a higher percentage of the females (42%)
than males (17%) developed epilepsy. Moreover, more abnormal body
movements were found in females (67%) compared with males (53%). They
also found that more females in their sample had first-degree relatives with
ASD than males. However, the study failed to provide any systematic family
data about ASD manifestations within the family members, and while Tsai et
al. suggested that first-degree relatives of females with ASD would have a
higher ‗dose‘ of autism genes, they did not provide any explanation for this
pattern of inheritance. Importantly, the authors did not examine gender
differences in core autism symptoms, and the relationship between the higher
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incidence of neurological impairment and/or epilepsy in females and the severity of
autism was not investigated further. Based on Taylor and Ounsted (1972) and Tsai et
al.‘s (1981) findings, Eme (1992) proposed the ―Gender Paradox‖ hypothesis that
also suggested more severe autism symptoms in the less affected gender, i.e., in
females.
Tsai and Beisler (1983) conducted a follow-up study on a clinic-based sample
of 52 males (Mage = 6.0years) and 23 females (Mage = 6.3 years) over a period of
three years to measure gender differences in the occurrence and severity of autism
symptoms. They also assessed the development of language, social skills and the
symbolic play of participants, using the Sequenced Inventory of Communication
Development (SICD, Hedrick, Prather & Tobin, 1975) and the Developmental Profile
(Alpern & Boll, 1972). Males were found to have better receptive and expressive
language, while females, despite being older (as a group), showed worse social
functioning than males. These findings supported the differential genetic loading
hypothesis as females were found to be more severely affected in the areas of social
functioning. Interestingly, a strong relationship between IQ levels and the
male:female ratio in autism was evidenced, so that a higher male:female gender ratio
(4.43:1) was found in those with IQs greater than 50, and a lower ratio (1.31:1) for
IQs lower than 50. Wing (1981) reported a similar finding with her epidemiological
sample that was broadly classified as having ASD based on the diagnostic criteria.
However, Lord et al. (1982) did not find this relationship between IQ levels and
gender ratios in their clinic–based sample that was diagnosed with ASD using the
CARS.
Wing (1984) has argued that findings in gender studies depend largely on the
nature of the study populations. Unlike community-based samples (predominantly
found in epidemiological studies), clinic-based populations, like those used by Lord et
al.(1982), carry a risk of not including profoundly intellectually disabled participants,
and are therefore not representative of the wider autistic population. Lord and
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Schopler (1985) investigated the relationship between gender ratios and IQs
in a large non-autistic sample of 374 males and 132 females with
communication and behaviour disorders and compared their ratios with their
sample with ASD from their earlier study (Lord et al., 1982). They reported a
linear relationship between gender ratios and IQ levels in their non-autistic
sample but not in their sample with ASD, and on the basis of this, argued that
the nature of the newly recruited non-autistic sample was similar to the
community-based sample reported by Wing (1981). Lord and Schopler argue
that if their non-autistic sample would have been mixed with the sample
diagnosed with ASD from their previous study, (Lord et al., 1982), a similar
linear relationship between gender ratios and IQ would have been
established, hence confirming Wing‘s (1981) findings.
As is apparent, the findings from the gender studies in ASD up to the
mid 1980s are somewhat inconclusive with regards to differences in the core
autism symptoms. The studies reviewed so far have indicated more
intellectual impairments in females with ASD in comparison with their male
counterparts, but none focused on the severity of autism symptoms in males
and females while controlling for IQ.
Volkmar, Satzmari and Sparrow (1993) employed the Autism
Behaviour Checklist (ABC; Krug, Krick & Almond, 1980), the Vineland
Adaptive Behaviour Scales (VABS; Sparrow, Balla & Cichetti, 1984) and the
International Classification of Diseases-Tenth Revision (ICD-10; World Health
Organization,1992) criteria for autism diagnosis to investigate gender
differences in 156 males and 43 females with ASD (Mage = 13.29 years). No
significant gender differences in autism severity were found after IQ was
controlled. However, once again, intellectual disability was found in a higher
percentage of females than males. Interestingly, the male:female ratios in
lower IQ groups were similar in the autistic and PDD-NOS populations.
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In keeping with the ratios found by Wing (1981) and Tsai and Beisler (1983), Volkmar
et al. (1993) also found a linear relationship between gender ratio and IQ. To further
understand gender differences in core autism symptoms (while controlling for IQ),
Mclennan, Lord and Schopler (1993) interviewed the parents of 21 males (Mage =
14.7 years) and 21 females (Mage = 14.0 years) with HFA using the Autism
Diagnostic Interview (ADI; Le Couteur et al., 1989). They hypothesized that females
with HFA would show fewer social and communication impairments than males,
while males would show more unusual visual interests and repetitive behaviours. In
the early retrospective accounts by parents, prior to six years of age, females were
reported to have significantly better intellectual functioning and had better social and
communication skills in comparison with their male counterparts. However,
concurrently at 14-years of age, no significant gender differences were reported in
these areas on the ADI. Although not significant, it is noteworthy that females at an
older age were reported by their parents to have more social attention problems than
males. However, as these findings were based on parental reports, a parental bias in
reporting cannot be ruled out. Furthermore, the ADI did not have identical questions
for each time period which was later corrected in the Autism Diagnostic InterviewRevised (ADI-R; Lord, Rutter & Le Couture 1994). Nevertheless, the findings did not
support those of Tsai and Beisler (1981) who found females with ASD were more
severe in their autism manifestations than males, at least as measured with the ADI.
Pilowsky, Yirmiya, Shulman and Dover (1998) conducted a similar study to
Mclennan et al. (1993) to investigate gender differences on the core autism
symptoms in a sample of 18 males (Mage = 10.56 years) and 18 females
(Mage = 10.63 years) matched on chronological and mental ages
(age range: 20 months-34 years). They used the CARS and the ADI-R to compare
gender differences in autism symptoms. No significant gender differences were found
on the 15 CARS items or the four ADI-R domains in these closely matched pairs.
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However, once again, females, as a group, were found to have lower mental ages
than males.
Holtmann, Bolte and Poutska (2007) examined 23 pairs of males and
females (Mage =11.4 years) with HFA, matched on age and IQ, to investigate
gender differences in their core clinical autism symptoms. They employed
both the ADI-R and the Autism Diagnostic Observation Schedule (ADOS;
Lord, Rutter, Dilavore & Risi, 1999) to measure clinical symptoms, and the
Child Behaviour Checklist (CBCL; Achenbach, 1991) to measure social and
behavioural development. No significant gender differences were found in the
three core clinical symptoms of autism. However, in comparison with males,
females with HFA had significantly more social attention problems at an older
age on the basis of parent report on the CBCL. Unfortunately, no direct
behavioural observations were undertaken to substantiate these parent
reports regarding social attention in females.
Lai et al. (2011) found no gender differences in their sample of 33 males
(Mage = 27 years) and 29 females (Mage = 26.9 years) with HFA matched on age
and IQ, on core autism symptoms in childhood and current self-reported measures of
empathy, anxiety, depression, systemising and empathising. They used the ADI-R,
completed retrospectively by the participants caregivers, to compare childhood
autism symptoms and assessed all participants on Module-4 (self report) of the
ADOS to measure current behaviours. The participants were also asked to complete
the Autism Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin & Clubley,
2001b), the Empathy Quotient (EQ; Baron-Cohen & Wheelwright, 2004) and the
Systemising Quotient (SQ; Baron-Cohen et al., 2003) to measure their autistic traits,
empathising and systemising abilities, respectively. In addition, all participants
completed the Beck Anxiety Inventory (BAI; Beck, Epstein, Brown & Steer, 1988), the
Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock & Erbaugh, 1961),
and the Obsessive-Compulsive Inventory-Revised (OCI-R; Foa et al., 2002) to
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measure psychiatric symptoms. The findings from this study suggested that both
genders showed similar behavioural and co-morbid psychiatric symptoms. However,
the authors discussed some interesting findings regarding ASD manifestations over a
period of time. No significant gender differences were found in childhood ASD
presentation in this age and IQ- matched sample as measured by the ADI-R, but
there were significant gender differences on the ‗current‘ ASD presentation as
measured by the ADOS-Module 4. Females reported themselves as having less
severe behavioural deficits related to ASD in both social communication as well as in
repetitive and sensory behaviours than males. Females also reported themselves to
have a greater ability to effectively and appropriately participate in social
conversations and interactions than their age and IQ-matched male counterparts.
Lai et al. (2012) further investigated gender differences in mentalizing,
emotion perception, executive functioning, attention to detail and motor functioning in
TD males (Mage = 28.7 years), TD females (Mage = 27.6 years), ASD males (Mage
= 27.0 years) and ASD females (Mage = 28.1 years), with 32 participants per group.
No gender differences were found in the ASD group in mentalizing and emotion
perception as assessed by the ‗Mind in the Eyes‘ test (Baron-Cohen et.al., 2001a)
and the Karolinska Directed Emotional Faces test (KDEF; Lundqvist, Flykt & Ohman,
1998), in executive functioning as measured by the Non-Word Repetition task
(Gathercole, Willis, Baddeley & Emslie, 1994) and in attention to detail as assessed
by the Embedded Figures Test (EFT; Witkin, Otman, Raskin & Karp, 1971).
Significant gender differences were reported in motor functioning in the ASD group,
with males showing poor motor co-ordination, planning and inhibition as measured by
the ‗assembly‘ subtest of the Purdue Pegboard Test (Tiffin & Asher, 1918). As
expected, gender differences were reported in the TD group on emotion perception,
executive functioning and attention to detail tasks, with TD females showing better
emotion and language abilities and poorer attention to detail.
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According to Lai et al. (2011), the finding suggests that females with ASD
have a superior ability to ‗camouflage‘ their autistic behaviours while males lack this
natural ability to do so. In addition, females with ASD also have an advantage over
their male counterparts in non-social domains. The authors also found that both
males and females with ASD showed the same ‗Empathising- Systemising‘ profile
that was characterised by low empathy and higher systemising abilities, rendering
them as the ‗Type S‘ or the ‗Extreme Type S‘ style of cognitive functioning and they
also showed similar emotion perception and language abilities. Hence, the typical
gender differences of females being more empathising and males being more
systemising were not confirmed in either of their sample of HFA adults.
Mandy, Chilvers, Chowdhury, Salter, Seigal and Skuse (2011) used
parental reports, school reports and direct observation to identify gender
differences in a large sample of 52 females (Mage = 10.2 years) and 273
males (Mage = 9.7 years) with ASD. They employed the Developmental,
Dimensional and Diagnostic Interview (3Di, Skuse et al., 2004), a
computerised parent-report measure that incorporates the ADI-R algorithms
and associated features of autism. The 3Di also measures impairment in fine
motor, gross motor and visuo-spatial abilities and in auditory sensitivity. In
addition to the 3Di, Mandy et al. used the ADOS, the teacher and parent
reports from the Strengths and Difficulties Questionnaire (SDQ; Goodman,
1997), The British Picture Vocabulary Scale (BPVS; Dunn et al., 1982) and
the Wechsler Intelligence Scale for Children - Third and Fourth editions
(WISC-III; Wechsler, Golombok & Rust, 1991; WISC-IV; Wechsler, 2003).
Based on parental reports and direct observation, Mandy et al. found no
gender differences in the reciprocal social interaction and communication
domains. In addition, the males and females in their study were reported to
have similar associated difficulties in their sleep patterns, eating disorders,
gross motor impairments and sensory issues.
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However, in this sample matched on IQ and age, females showed
significantly lower Repetitive Stereotyped Behaviours (RSBs) and superior fine motor
skills than their male counterparts. Parental reports in this matched sample also
suggested that females showed more emotional difficulties than males, and males
were reported to have more externalising issues according to their teacher reports.
Unfortunately, the findings from this study are not conclusive of gender differences
found in the ASD population as a whole as it was a clinic-based sample, and only
10% of their sample comprised low-functioning individuals. Nevertheless, the study
findings suggest a female profile of autism, with fewer RSBs and less impairment in
social functioning as compared to males.
A recent study was conducted by Solomon, Miller, Taylor, Hinshaw and
Carter (2012) to investigate gender differences in ASD symptoms and internalising
psychopathology in a clinic based sample of 20 girls (Mage = 12.0 years) and 20
boys (Mage = 12.4 years) with ASD. In addition, this study also recruited a control
group of 19 TD girls (Mage = 12.4 years) and 17 TD boys (Mage = 11.5 years)
matched on age and IQ. The main aims in this study were to investigate, within the
ASD group, whether girls would show better social communication than boys and
boys would show more severe RRBs than girls. A secondary aim was to investigate
whether girls with ASD were more socially impaired than their typically developing
counterparts, and if they would show more internalising behaviours than boys with
ASD and typical girls. To understand gender differences and group differences in
autism symptoms, Solomon et al. utilised the Social Responsiveness Scale (SRS;
Constantino, 2002), the Children‘s Communication Checklist- Second Edition (CCC2; Bishop, 2003) and the Repetitive Behavioural Scale- Revised (RBS-R; Bodfish et
al.,1999). To assess differences in internalising psychopathology, they utilised the
Behavioural Assessment System for Children- Second Edition (BASC-2; Reynolds &
Kamphaus, 2004) and the Children‘s Depression Inventory (CDI; Kovaacs, 1992).
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No significant gender differences were found in social communication
within the ASD group, although boys showed slightly higher RRB presentation
than girls, as measured using the RBS-R. In comparison to their typically
developing female counterparts, girls with ASD were poorer in their social and
communication abilities. As expected, girls in the ASD group had more
internalising psychopathology than boys with ASD and typically developing
girls, and these findings were similar to those reported by Mandy et al. (2011).
Dworzynski, Ronald, Bolton and Happé (2012) compared 189 children
(29 girls, 160 boys) diagnosed with ASD with high Childhood Asperger
Syndrome Test (CAST; Williams et al., 2004) scores with 174 children (55
girls, 119 boys) matched on CAST scores but with no ASD diagnosis, to
examine gender differences and group differences in ASD symptoms and
behavioural manifestations (age range: 10–12 years). Their results revealed
that girls with an ASD diagnosis scored significantly higher on the SDQ
(Goodman, 1997) than the other three groups, indicating more behavioural
problems than in their male counterparts and their non-diagnosed female
counterparts matched on the CAST scores. Based on the CAST scores,
marginally significant gender differences were found in the Restricted and
Repetitive Behaviours and Interests (RRBI) scores, with boys showing higher
RRBI presentation than girls. Within the female group, girls with an ASD
diagnosis had more social difficulties than girls from the high CAST (nondiagnosed) group. Boys with high-CAST scores were also more likely to
receive a formal ASD diagnosis than girls showing similar ASD traits (CAST
scores), indicating a possibility of gender bias in ASD diagnosis. With better
social skills found in the non-diagnosed high-CAST girls, Dworzynski et al.
suggest a better adaptation in girls resulting in ‗missed‘ ASD diagnosis in girls
despite their high ASD traits.
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Mandy et al. (2011) also discuss the possibility of females being ‗missed
diagnosed‘ as a result of their profile which is different to the known profile of ASD.
They suggest that social behaviour deficits are more likely to be reported in males
and are often overlooked in females, making affected females less likely to be
identified earlier. Dworzynski et al. (2012) suggests an inherent protective
mechanism in girls, which prevents them from receiving a clinical diagnosis,
warranting further examination of the female phenotype in ASD. Kopp and Gillberg
(1992) suggest a more in-depth assessment of females with ASD is needed due to
their altered profile. Thus, Kopp and Gillberg (2011) developed an extension to their
Autism Spectrum Screening Questionnaire (ASSQ- REV) and compared their clinical
sample of affected girls and boys with a community based sample. The ASSQ-REV
discriminated well between the clinical and non-clinical samples but did not show
significant gender differences within the affected cohort. Solomon et al. (2012)
discuss that emotion socialisation results in girls/females being encouraged more to
express their feelings and emotions than boys/males. Thus, a socialisation bias in
reporting may affect the findings of many such studies.
The findings of Holtmann et al. (2007), that females with HFA have more
social attention problems, are consistent with those reported by Mclennan et al.
(1993), and Solomon et al. (2012) discuss a higher internalising psychopathology in
girls with ASD in comparison with boys with ASD and typical girls. These findings are
consistent with clinical accounts of females diagnosed with AspD and/or HFA later in
life (Attwood, 2006), who are reported having socio-emotional problems and
relationship issues, perhaps as a result of these problems. These latter anecdotal
accounts may provide an explanation for the reports from recent studies on females
with ASD as developing eating disorders and personality disorders (Kalyva, 2009)
and self injurious behaviours in their later life (Cohen et al., 2009). It may be inferred
from these accounts that social-attention problems are common in females with ASD
and manifest later in marked relationship and behavioural problems. This may partly
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explain why females with ASD are diagnosed at a much later age than males
(Giarelli et al., 2010). Little is known about whether the social attention and
behavioural problems is characteristic of girls with ASD from a very young
age. Having reviewed studies on gender differences in older children/adults
with ASD, the next section reviews studies on gender differences in younger
children.
Gender Differences in Very Young Children with ASD.
To date, little is known about gender differences in very young children with
ASD, with most studies either recruiting older children and adults or mixed samples
of children and adults. Carter, Black, Tewani, Connolly, Kadlee and Tager-Flusberg
(2007) assessed the cognitive abilities and autism manifestations in toddlers with
ASD to investigate gender differences in their early developmental years. Based on
the findings from earlier gender studies, Carter et al. expected to find poorer
developmental functioning in toddler females. They compared scores of 68 toddler
males (Mage = 28.4 months) and 22 toddler females (Mage = 28.1 months) with ASD
(age range: 18-33 months) on the Mullen Scales of Early Learning
(MSEL; Mullen, 1996), the VABS and the Infant-Toddler Social and Emotional
Assessment (ITSEA; Carter, Briggs-Brown, Jones & Little, 2003), as well as on the
ADOS and the ADI-R. Female toddlers with ASD had lower scores than males in
their motor development, adaptive behaviour and emotional development, assessed
using the motor subscales of the MSEL, the VABS and the ITSEA, respectively.
Toddler females were reported to have better visual perception abilities than males
as assessed on the visual reception scale of the MSEL, contrary to the findings from
previous gender studies in TD and also contrary to Wing‘s (1981) hypothesis that
females with autism should have poorer visual perception abilities than males. Trend
level gender effects in autism severity were found on the ADOS but not on the ADI-R.
Toddler females showed slightly greater (but non-significant) impairment in the
language and communication domain than toddler males, and no significant gender
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differences were found in the socialisation and repetitive behaviour domains.
Although Carter et al. suggested a different cognitive and behavioural profile in
toddler females and males, a close examination of their analyses revealed that the
mean differences on the MSEL visual reception and language scores for both
genders were minimal and that no gender differences were found when the receptive
and expressive language scores were analysed separately. Carter et al. only found a
gender effect after converting the two languages scores into a composite score.
Furthermore, from their regression analysis, gender was found to be a significant
predictor of language abilities, although it accounted for only 3% of the variance in
the language level.
Hartley and Sikora (2009) also examined gender differences in their clinicbased sample of 157 toddler males (Mage = 35.51 months) and 42 toddler females
(Mage = 35.98 months) with a diagnosis of AD or PDD-NOS. They also used the
MSEL, the ADOS-G (Lord et al., 2000), and, the new version of the CBCL,
Achenbach System of Empirically Based Assessment (ASEBA; Achenbach &
Rescorla, 2000) to measure the overall development, autism manifestations and coexisting behavioural problems in their cohort. Their results indicated a similar
developmental profile in both genders as measured by the four MSEL domains,
contrary to the findings of Carter et al. (2007) who reported that toddler females had
slightly superior visual perception abilities. Males also showed significantly higher
RRBs than females, consistent with Solomon et al. (2012), and females showed
better social communication than males as measured by the ADOS-G, again contrary
to Carter et al. (2007). The females were found to have greater co-existing anxiety,
depression, sleep and behavioural problems than males as measured on the
ASEBA, although these differences were only marginally significant. This latter
finding is in keeping with studies that have found co-existing behavioural
psychopathology in older females with ASD (Cohen et al., 2009; Holtmann et al.,
2007; Mclennan et al., 1993).

GENDER DIFFERENCES IN AUTISM SPECTRUM DISORDER

25

Sipes, Matson, Worley and Kozlowski (2011) investigated gender differences
in the core ASD symptoms in a sample of 390 toddlers (age range: 17-36 months)
with a diagnosis of ASD enrolled in an early intervention program. Their sample was
divided into four groups based on gender (male/female) and level of developmental
functioning (average/low DQs) as measured using the Battelle Developmental
Inventory- Second edition (BDI- 2nd ed; Newborg, 2005). They used the Baby and
Infant Screen for Children with aUtIsm Traits- Part 1 (BISCUIT - Part 1; Matson,
Boisjoli, & Wilkins, 2007) to assess gender differences in core ASD symptoms of 221
males (Mage = 25.88 months) and 70 females (Mage = 26.60 months) with low mean
DQ and 73 males (Mage = 26.33 months) and 26 females (Mage = 25.88 months)
with average mean DQ. Their results showed no gender differences in the overall
developmental profile within the high functioning and low functioning groups.
Furthermore, a less severe presentation of ASD symptoms was found in the
high functioning (average DQ) group compared to the low functioning (low DQ)
group. No significant gender differences were found in the Socialisation and
Communication domain scores of the BISCUIT-1 within either group. However,
significant gender differences were found in the RRB domain score, with the high
functioning (average DQ) female group showing significantly less severe RRB
presentation than the other three groups. No gender differences were found in the
RRB presentation within the low functioning group. The finding of less RRB
presentation in high functioning toddler girls with ASD than boys was in line with
Hartley and Sikora (2009), and other gender studies that have also reported more
RRB presentation in older boys/males than girls/females (Mclennan et al., 1993;
Solomon et al., 2012).
A recent study by Westman-Andersson, Gillberg and Miniscalco (2012)
investigated gender differences in a community based sample of 20 girls and 20 boys
(age range: 21.6-46.8 months) matched on age and DQ, who were diagnosed
through the AUDIE project (AUtism Detection and Intervention in Early life) project.
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The Griffiths Developmental Scales (GDS; Griffiths, 1970), the ADOS-G and the
VABS were used to assess gender differences in overall developmental profiles,
autism manifestations and adaptive behaviour respectively. No significant gender
differences were found on the three measures, indicating a similar profile in preschool aged children with ASD. Westman-Andersson et al. also discussed the
possibility of current diagnostic and screening tools being less capable of diagnosing
females with ASD at a very young age.
Zwaigenbaum et al. (2012) conducted a recent follow-up study from birth to 3years of age in high-risk infant siblings (n=319) and low-risk siblings (n=129) to
compare rates of ASD diagnosis in this group, and also to understand gender
differences in ASD symptoms, cognitive and adaptive functioning in children
diagnosed at 3-years of age (using the ADOS, the ADI-R, the MSEL and the VABS
respectively). Eighty-five (57 males; 28 females) out of 319 high-risk siblings received
an ASD diagnosis by the age of three years while one child in 129 low-risk siblings
was diagnosed with ASD. The male:female ratio (1.9:1 ) in the high risk sample was
higher than most reported samples to date. The researchers found significant gender
differences on overall cognitive and adaptive functioning. Post-hoc analysis revealed
significant gender differences with small effect sizes on the fine motor subscale of the
MSEL (T-scores) and the socialization and daily living skills‘ subscales in the VABS,
with females scoring higher than males on these three subscales. Analyses also
revealed significant gender differences on the ADOS severity scores and the ADI-R
Communication and Social Interaction subscales with girls showing less severity than
boys. No gender differences were found on the ADI-R repetitive behaviours‘
subscale. These findings are in contrast with Hartley and Sikora (2009) and
Westmann et al. (2012) who did not find significant gender differences in overall
cognition and adaptive behaviour and with Carter et al. (2007) who found better
visual perception and poor language abilities in toddler girls than boys on the MSEL
but not in fine motor skills.
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These findings from the studies on toddlers are not directly comparable due to the
nature of their samples. While Carter et al. excluded children with co-existing genetic
disorders and/or other disabilities, Hartley and Sikora included children with other comorbid conditions in their sample, and Westman-Andersson et al.‘s findings were
from a community–based sample. Sipes et al. recruited a clinic-based cohort and
Zwiagenbaum et al.‘s findings are based on high-risk infant sibling groups.
Furthermore, the different methodologies, diagnostic instruments and developmental
assessments used, make it difficult to compare and neatly summarise the findings
across these four studies. Moreover, due to the lack of follow-up and/or longitudinal
studies, it remains unknown whether the cognitive profiles seen in toddler females
from these studies remain stable as they get older.
Gender Bias in ASD Diagnosis.
The older gender studies (Wing 1981; Tsai & Beisler, 1983) suggest greater
intellectual impairment in females with ASD than in males. These studies have found
a similar male:female ratio in ASD in the lower IQ groups and a higher male:female
ratio in high functioning groups (Tsai & Bielser, 1983; Wing, 1981). Whether such a
linear relationship exists is still unclear on the basis of findings from other studies in
the same period (Lord et al., 1982). Nevertheless, some support is apparent in
current estimates, where the male:female ratio is 4:1 in ASD, and10:1 in AspD
(Attwood, 2006). Also, findings suggest that boys are diagnosed more often and at a
younger age than girls (Attwood, 2006). Some studies, after controlling for IQ, have
found no gender differences in the clinical profiles of ASD in older children (Holtmann
et al., 2007; Pilowsky et.al.,1998), and one neuroimaging study found no gender
differences in the brain structure of males and females with ASD (Craig et al., 2007).
Two studies found similar gender differences in ASD manifestation in their toddler
samples (Hartley & Sikora, 2009; Sipes et al., 2011) with boys showing more RRBs
than girls. Since, no gender differences are reported in ASD manifestations in many
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studies of older cohorts, the question of a gender bias in ASD diagnosis remains
unanswered.
Reports highlight the socialisation influences on diagnosis of ASD in females.
Basche and Kirby (2005) have discussed that differences in behavioural and
socialisation patterns of males and females can result in females with ASD being less
obvious. Kopp and Gillberg (1992) suggest that as girls with HFA show fewer
unusual restricted interests, play patterns as well as less hyperactivity and
aggression, which are more typical in boys with ASD, they are less likely to be
diagnosed. Attwood (2007) suggests that, high functioning girls, have better coping
mechanisms and they also display a better quality of social relationships than boys.
Hence, it is possible that girls with ASD become less obvious to their carers, school
teachers and peers than boys in their early years.
Attwood (2007) suggests a ‗missed-diagnoses‘ for high functioning girls in
their early years resulting in this higher male:female ratio, when they are more
cognitively able. This notion has received further support from Lai et al. (2011) who
found that adult females with ASD reported themselves as having less severe ASD
symptoms with better social interaction abilities than their age and IQ-matched male
counterparts, and from Dworzinsky et al. (2012) also found that females with high
ASD traits showed better social presentation and were less likely to receive an ASD
diagnosis than males with similar high ASD traits. Attwood (2006, 2007) notes that
girls who are ‗missed diagnosed‘ at an early age, fail, nonetheless, to cope in
complex social situations in their teenage years and are more likely to receive a misdiagnosis of personality disorder, mood disorder or eating disorder. Attwood‘s claim
has been supported by research (Cohen et al., 2009; Kalyva, 2009) as well as
personal accounts (Kearns-Miller, 2003; Lawson, 2000). A further explanation of
females being ‗missed-diagnosed‘ is that the current ASD diagnostic criteria does not
consider gender differences and is biased towards the more obvious ‗male‘
phenotype of ASD (Giarelli et al., 2010).
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Giarelli et al. (2010) analysed secondary data compiled for a
community–based study on ASD prevalence. Their sample comprised of
2,568 children (2080 males, 488 females; Mage = 8-years) who were a part of
the Autism and Developmental Disabilities Monitoring Network (ADDM).
Interestingly they found that both girls and boys were referred for their first
evaluation at 46- and 47-months respectively. Similarly, the mean age of ASD
diagnosis was 59-months for girls and 61-months for boys. However, in this
population based sample, girls were more likely to have an intellectual
impairment than boys. Boys with ASD showed more aggressive behaviours,
hyperactivity and a short attention span than girls. Interestingly this study
found that girls with an intellectual impairment were less likely to receive a
documented diagnosis of ASD whereas the opposite was true for boys with
an intellectual impairment. It was also found that more girls received a
diagnosis of general developmental delay and seizure disorder in their early
years than boys despite showing similar ASD behaviours. Giarelli et al. have
also discussed an interpretation bias where the gender of the primary
caregiver/parent, clinicians evaluating children and social expectations
influence the diagnosis of girls with ASD. The findings by Dworzinsky et al.
(2012), Giarelli et al. (2010), and Attwood‘s (2006, 2007) clinical accounts,
suggest a need to understand this gender bias in diagnosis, and to do so it is
important to first understand how ASD manifests in girls from a very early age
in comparison with boys.
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Summary of Gender Findings in ASD
The studies on gender differences in ASD reviewed above provide an
incomplete understanding of these differences. The majority of studies were
conducted over a decade ago with many having an almost 10-year time span
between them. As there has been a broadening of diagnostic criteria over time, this
has meant that the criteria used have varied from study to study. Moreover,
participants in studies conducted in the 80‘s and 90‘s were typically diagnosed at
later ages than is currently the case, and were possibly more severely affected than
participants from more recent studies who would have received an earlier diagnosis
and possibly had the benefits of early intervention. As a result, the gender findings
may reflect cohort effects. These differences make it difficult to synthesize the
findings from the previous gender studies and may account for many of the
discrepancies in findings. Thus, the changes in criteria and diagnostic practice
demand that reported gender differences are re-examined.
Most of the studies reviewed have either employed older children or adults
with ASD, or utilised samples with a wide age range. Few studies have used very
young children, and these findings are inconsistent with each other. Moreover, many
of the older studies focused on gender differences in intellectual impairment rather
than on the core autism symptoms (Lord et al., 1982; Tsai et al., 1981, 1983; Wing,
1981). The only consistent finding from these previous studies is the relationship
between the male:female ratio and IQ.
More recent studies have focused on gender differences in autism symptoms.
After controlling for differences in IQ between males and females (Holtmann et al.,
2007; Mclennan et al., 1993; Pilowsky et al., 1998; Volkmar et al., 1993), very few
gender differences have been found in core autism symptoms. In some studies,
females showed a trend towards more co-existing emotional and behavioural
problems than males (Dworzinsky et al., 2012; Hartley & Sikora, 2009; Holtmann et
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al., 2007; Mclennan et al., 1993), while one study reported no gender differences in
these co-existing psychiatric and emotional behaviours (Lai et al., 2011).
Unfortunately, many of the studies on children have utilised parent report
measures; hence a parental bias in reporting cannot be ruled out. Observational
measures are needed to validate these findings on reported gender differences and
similarities.
Carter et al. (2007), Hartley and Sikora (2009), Holtmann et al. (2007), Lai et
al. (2011), Mandy et al. (2011) and Westman-Andersson et al. (2012) used
observational data and standardised measures to study gender differences in ASD.
Carter et al. found gender differences in the areas of visual reception, language and
communication with female toddlers being better at visual reception and worse at
language and communication than males, but a close examination of their analyses
reveals that these differences are not very strong. In contrast, Mandy et al. (2011)
found no gender differences in social and communication impairment in their sample
of children with ASD. Lai et al. found no gender differences in core autism symptoms
in childhood, current behavioural presentation, cognitive style of functioning or comorbid psychiatric issues in their sample of adults with HFA. Hartley and Sikora and
Westman-Andersson et al. found gender differences in the ASD manifestation but not
in the developmental profile of toddlers with ASD.
The need for further investigation of gender differences in a study of toddlers
and very young children using observational methods as well as standardised
measures is highlighted by the findings to date. It is important to study girls and boys
with ASD by taking a developmental perspective. A longitudinal study will help to
address whether females are being ‗missed-diagnosed‘ because of a distinct female
profile that changes over time.
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CHAPTER THREE
The Early Autism Phenotype
Since ASD diagnosis is based on behavioural presentation and
developmental history, the early autism phenotype has received much attention.
Researchers have tried to understand the early social and behavioural phenotype in
children diagnosed with ASD from their infancy using both retrospective and
prospective studies, and have compared these findings with the early development of
children with and without developmental disabilities other than ASD.
Studies in early development have highlighted that TD newborns are attuned
to social stimuli in their environment, preferentially attending to face-like stimuli soon
after birth (Johnson, Dziurawiec, Ellis, & Morton, 1991). Two- to five-day old infants
are found to attend to the eyes more than other areas of the face (Haith, Bergman, &
Moore, 1977), and prefer to look at faces directly gazing at them (Farroni, Csibra,
Simion, & Johnson, 2002). It is suggested that such attention to the face and the
eyes stimulates face processing in TD infants by 4-months of age (Farroni et al.,
2002). Dawson (2008) suggests that the predisposition to attend to social stimuli from
birth is absent in infants with ASD, who spend less time attending to social stimuli
from their first year of life.
Studies on the early identification of ASD have found the early markers of
autism to include reduced eye contact, reduced social smiling, little response to
name call and low levels of social engagement in infants and toddlers (Barbaro &
Dissanayake, 2012a; Clifford & Dissanayake, 2008; Landa & Garret-Mayer , 2006;
Osterling, Dawson & Munson, 2002; Ozonoff et al., 2010; Young, Brewer & Pattison,
2003). Using retrospective parental reports and home videos, studies have
successfully identified deficits in social attention as early as 6-months of age
(Barbaro & Dissanayake, 2009; Clifford & Dissanayake, 2008; Clifford, Young &
Williamson, 2007; Osterling et al., 2002; Young et al., 2003).
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Furthermore, Dawson (2008) suggests that the reduced attention to social
stimuli and low social engagement in the first year weakens the integration of
communication, attention and language pathways in the brain. These impaired
underlying neural mechanisms make these infants more vulnerable to developing
social impairments that are characteristic of ASD.
Young et al. (2003), on the basis of parental reports, found atypical
behavioural development within the first two years of life in children later diagnosed
with ASD. Parents reported that at 9- to- 12-months of age, their children showed a
lack of interest in toys, less shared enjoyment and poor eye contact. At 18-months,
parents reported a lack of attention to caregiver/s, tantrums/excessive crying, and
delayed language development in the same children. Werner, Dawson, Munson and
Osterling (2005) also found that parents reported more social impairments by 13- to15-months, and communication impairments by 19- to- 21-months in children who
later developed ASD in comparison to those who were later diagnosed with a
developmental delay (DD).
Baranek (1999) found significant group differences between 9- to-12-month
old infants later diagnosed with ASD and infants later diagnosed with DD in
orientation to visual stimuli, social touch aversions, response to name, mouthing
objects and affect expression. Similarly, Osterling et al. (2002) found that at 12months, infants later diagnosed with ASD, were poorer at responding to name call,
looking at objects held by others, and looking at other people compared to infants
with intellectual disability of the same age. Clifford et al. (2007), using home
videotapes, found poor quality of eye contact, lower frequency of positive affect, less
interest in peers, reduced anticipatory gestures and pointing, and increased gaze
aversion in 12- to- 24-month old infants later diagnosed with ASD in comparison to a
mixed control group of infants who were either TD or had DD. Clifford and
Dissanayake (2008) confirmed these findings of poor social interaction and
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communication development, using both videotapes and parental reports to chart
development during the first two years.
Bernabei, Camaioni and Levi (1998), using retrospective video footage,
charted the development in three domains: social interaction, communication/
language and play across four time points (birth to 6-months, 6- to- 12-months, 12to- 18-months and 18-to- 24-months) within the first two years of life. They identified
that children with ASD developed at a slower rate than normal from birth to 18months of age and then regressed in their behavioural development from 18- to- 24months. Using the MSEL (Mullen, 1995), Landa and Garret-Mayer (2006) also found
that the developmental profiles of children with ASD, language delay (LD) and TD
children became progressively different from birth to 24-months of age. The
development of the ASD group was slower than the other groups, with a severe
decrease in progression from 14- to- 24-months of age. Clifford and Dissanayake
(2008) confirmed this pattern in their retrospective study charting development from
birth to 24-months of age in infants with and without ASD. Together, these findings
suggest that early behavioural markers of ASD originate in basic pre-verbal
communication and social interactive processes, and are readily identifiable during
the first two years of life. Moreover, the studies reviewed also suggest that despite
early deficits identified in ASD, some children show a further regression in social
attention and communication and interactive behaviours in the second year of life
(Clifford & Dissanayake, 2008; Landa & Garret- Mayer, 2006; Maestro, Casella,
Milone, Muratori & Palacio-Espasa, 1999; Ozonoff et al., 2010).

GENDER DIFFERENCES IN AUTISM SPECTRUM DISORDER

35

Infant siblings of children with ASD
Studies of infant siblings of children with ASD (ASD-sibs) have been helpful in
charting the early autism phenotype. ASD-sibs, due to their genetic similarities, have
an increased risk of developing ASD than children with older siblings without ASD
(Rogers, 2009). Studies have found that ASD-sibs, who were later diagnosed with
ASD at 24-months, showed poor development in their social communication
including poor understanding of spoken language, and these ASD-sibs made fewer
attempts to construct phrases and to speak in comparison with non ASD-sibs.
These ASD-sibs also showed reduced pre-verbal gestures like giving,
pointing, showing, shaking/nodding head and anticipatory gestures such as holding
up arms by 12-months of age (Mitchell et al., 2006). Similarly, in 12- to 24-month old
ASD-sibs who developed ASD, Rogers (2009) found abnormalities in motor
development, social and emotional development and communication development.
Ozonoff et al. (2010) prospectively examined the early development of social
gaze and communication in 25 ASD-sibs and compared their development with 25
low-risk sibs (siblings of children who do not have ASD diagnosis) over six monthly
intervals during the first three years of their lives. These researchers used both direct
behavioural observations as well as parent report data to understand the early
progression of ASD. They assessed all participants at each age using the ADOS, the
MSEL and then coding video data for the frequencies of gaze to face, gaze to
objects, social smiles and age appropriate verbal vocalizations (non-word
vocalizations, word vocalizations or phrase vocalizations). In addition, at 36-months,
they used the ADI-R to confirm diagnosis. Their results revealed no significant group
differences at six months but significant group differences were found by 12-months
in the frequencies of gaze to faces and social smiles and by 18-months on all other
variables, with the ASD-sibs group showing poor development in these early social
and communication behaviours. The only group difference found on the MSEL was
on the language scales with equivalent development between groups in non-verbal
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domains. Based on the ADI-R, parents did not report a regression or loss of social
and communication skills in the ASD-sibs group over time.
Rozga et al. (2011) compared the development of social gaze and joint
attention behaviours between ASD-sibs who developed ASD and ASD-sibs that did
not develop ASD and a control group of low risk siblings (children who had TD older
siblings). Similar to Ozonoff et al. (2010) they found that at six months of age, the
ASD-sibs who developed ASD did not differ from the other two groups in terms of
their social gaze and joint attention behaviours. However, at 12-months of age, the
ASD-sibs who developed ASD, showed less joint attention as well as social
behaviours like requesting.
Social Attention
The importance of the development of appropriate eye gaze has been
discussed in studies focusing on the early autism phenotype (Clifford & Dissanayake,
2009; Ozonoff et al., 2010; Trevarthen & Hubly, 1978). During the first six months of
life, dyadic gaze, defined as direct eye contact between a child and his/her social
partner, gives way to triadic gaze which involves alternating gaze between an
object/person/event of mutual interest and the social partner to engage mutually in a
joint task, or to seek assistance or more information about the object/person/event of
mutual interest. Triadic gaze behaviours like Joint Attention and Social Referencing
emerge from about eight months of age in TD children, and are well established by
12-months.
As noted earlier, Werner et al. (2005) found significant group differences
between children with ASD and DD in eye contact and social smiling as early as 3to- 6-months of age. In the same sample, at 13- to- 15-months of age, significant
group differences were found in eye gaze (dyadic and triadic eye gaze behaviours),
social interaction and play. At 19- to- 21-months of age, significant group differences
were evident between children with ASD, DD and TD in social interaction, eye gaze
behaviours and imitation. Clifford and Dissanayake (2008) also found impaired eye
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gaze behaviours, less joint attention and social referencing in children with ASD
across their first two years of life, with more abnormal eye gaze behaviours in the
second year of life.
In his study, Charman (2003) found a correlation between reduced gaze
switching at 20-months and social-communicative symptom severity at 42-months,
as measured on the ADI-R. Clifford and Dissanayake (2009) found a similar
correlation between eye gaze behaviours at 12- to- 24-months and concurrent social
responsiveness at pre-school age. These findings (Charman, 2003; Clifford and
Dissanayake, 2009; Dawson et al., 2004) suggest the importance of eye gaze as a
very early indicator of ASD, and they emphasize its role in the development of the
later social and communication impairments in ASD.
Theoretical Explanations for deficits in eye gaze in ASD.
The social emotional approach theory (Mundy, 1995) suggests that children
with ASD do not display social behaviours that yield affective rewards. For example,
despite intact care-giver attachments (Dissanayake & Sigman, 2001),children with
ASD fail to reciprocate affective gestures and facial expressions like smiling back to
the caregiver, but may show behaviours related to satisfying their basic needs, e.g.,
requesting food. Consistent with Mundy‘s (1995) view, Dawson et al. (1998, 2004)
suggest that children with ASD have a specific difficulty in orienting to social stimuli in
comparison with TD children. Further, Dawson et al. (1998) suggest that children with
ASD show less eye gaze, specifically joint attention behaviours while orienting to
social stimuli than non-social stimuli.
In contrast to the social deficit theories above, Courchesne, Chisum and
Townsend (1994) suggest that children with ASD are unable to shift attention
between stimuli, and it is this inability that leads to deficits in joint attention typical in
ASD. This theory however does not explain why children with ASD show less shared
attention to stimuli that require social interaction or have affective rewards than nonsocial stimuli.
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Restricted and Repetitive Behaviours (RRBs)
Although RRBs have been defined as a core feature of ASD, the
development of RRBs has received less attention in studies focusing on the early
autism phenotype, in comparison to the development of social attention and
communication behaviours. A systematic review of RRB studies suggests that some
subtypes of RRBs are present at every developmental stage in children with ASD
(Leekam, Prior & Uljarevic, 2011).
Restricted and Repetitive Behaviours have been subdivided into four
subtypes in the DSM-IV (APA, 1994) (a) preoccupation with restricted interests; (b)
nonfunctional routines or rituals; (c) repetitive motor mannerisms (stereotypies); and
(d) persistent preoccupation with parts of objects. Cuccaro et al., (2003) classified
RRBs into two broad categories as Repetitive Sensorimotor Behaviours (RSM) and
Insistence on Sameness Behaviours (IS). Repetitive Sensorimotor Behaviours
include sensory, stereotyped behaviours, motor behaviours and object usage
behaviours, whereas IS behaviours include routine behaviours, insistence on
sameness and restricted interests. Recent studies examining the development of
RRBs have used these two broad categories rather than the four RRB subtypes as
defined by the DSM-IV.
Cox et al. (1999) used the ADI-R to examine the development of RRBs in a
sample of 50 children with ASD or PDD-NOS at two time points: Time 1 (20-months)
and Time 2 (42-months). They found that at Time 1 few children had developed
RRBs but at Time 2 most children had developed complex motor stereotypic
behaviours and object usage behaviours typical to ASD. Moore and Goodson (2003),
also investigated the development of RRBs over time using the ADI-R and similar to
Cox et al. (1999) found that RRBs were less apparent in children with ASD at 2-years
than at 5-years of age. Richler, Bishop, Kleinke and Lord (2007), also using the
ADI-R domain scores found that in their sample of young children with ASD, more
RSM behaviours and comparatively fewer IS behaviours were present in pre-school
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years. These latter findings are similar to those from their recent longitudinal study in
which they investigated the development of RRBs at 2-, 3-, 5- and 9-years in the
same sample of children (Richler, Heurta, Bishop & Lord, 2010). In this study, RSM
behaviours were found to be higher and remained higher than IS behaviours from 2years to 9-years of age whereas IS behaviours were initially much lower at the
younger ages of 2- and 3-years but were reported to have developed by 9-years.
They also found relationships between the severity of RRBs, social communication
behaviours, and non-verbal IQ (NVIQ). The severity of RRBs, and more specifically
IS behaviours, were negatively correlated with the severity of social functioning in
these young children. Similar to these findings Honey, Leekam, Turner and
McConachie (2007) found that children with ASD from their sample (n = 104) showed
more RRB presentation at 4- than at 2-years and that high functioning children
showed fewer RRBs than low functioning children.
Kim and Lord (2010) compared the development of 121 children with ASD, 71
children with PDD-NOS, 90 children with a non-ASD diagnosis and 173 TD children
by using the MSEL and the ADOS modules. They divided this large sample from
each diagnostic category into six developmental age groups (less than 18-months,
19- to- 24-months; 25- to- 30-months; 31- to- 36-months; 37- to- 42-months; and 43to- 56-months). Their results showed higher prevalence of RRBs in the ASD and
PDD-NOS groups with age. Contrary to Richler et al. (2010), they did not find any
relationship between the severity of RRBs and NVIQ in their sample of children with
ASD.
Most studies have investigated early RRB presentation using criteria defined
in formal assessments (ADI-R) via parental reports, and very few studies have
investigated the development of RRBs at a young age using direct behavioural
observations. Ozonoff , Macari, Young, Goldring, Thompson and Rogers (2008)
coded structured play sessions of 1-year old infants (n = 66, of which nine infants
later received an ASD diagnosis, three received a diagnosis of DD and 47 were later
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found to be TD) for presence of ASD behaviours including RRBs. They found that the
infants from the ASD group showed significantly higher unusual play interests, object
usage behaviours and visual RRBs than DD and TD infants. Further these results
showed that infants from the ASD group showed significantly higher unusual visual
explorations between 7- and 9-months of age. These findings were similar to those of
Watt, Wetherby, Barber and Morgan (2008) who also coded behavioural assessment
videos of 50 toddlers (age range: 1.5-2.0 years) with ASD, 50 TD toddlers and 25
toddlers with DD. Watt et al. found that toddlers with ASD showed higher frequencies
of motor stereotypic behaviours as well as sensory behaviours and object usage
behaviours than their TD and DD counterparts matched on age and developmental
level.
Early Identification of ASD
The findings of early signs of ASD have led many researchers to design tools
and checklists to prospectively identify children at-risk of developing ASD.
Baron-Cohen, Allen and Gillberg (1992) developed the Checklist for Autism in
Toddlers (CHAT) for use at 18-months of age, and Baron-Cohen et al. (1996)
administered this tool to a large community based sample of 16,235 toddlers in the
south London area. However, while at-risk children were identified with high
specificity at 98%, the sensitivity of the CHAT was low at 40%. Robins, Fein, Barton
and Green (2001) developed the Modified-Checklist of Autism in Toddlers (M-CHAT)
to improve sensitivity. The M-CHAT includes 23 parent-report questions which are
based on the toddler‘s social relatedness, joint attention as well as response to name
call. This tool has since then been successfully used in the US, and also translated
for use in a Chinese population study (Wong et al., 2004).
Wetherby, Brosnan-Maddox, Peace and Newton (2008) developed the Infant
Toddler Checklist (ITC; Wetherby & Prizant, 2002) to prospectively identify toddlers
at-risk of developing ASD by charting their development in early social
communication behaviours. The ITC items focus on five core social attention
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behaviours, which include gaze shifting, following points, communication frequency,
joint attention and use of conventional gestures. The ITC showed high sensitivity
(93%) in distinguishing toddlers with ASD and toddlers with DD or LD. However, it
failed to prospectively identify at-risk toddlers from a community based sample. The
Autism Observation Scale for Infants (AOSI; Bryson et al., 2008) is another tool that
has been used to in prospectively identifying infants with ASD by 12-months of age
who received an ASD diagnosis later in life.
Despite considerable progress in understanding the early autism phenotypes
and in using these signs to prospectively identify ASDs, there have been no studies
to date that have investigated gender differences if any, in early autism
manifestations. It is therefore unknown if there exist any gender differences in the
development of social attention and pre-verbal communication behaviours and in
restricted and repetitive behaviours, in very young children with ASD.
Summary
Studies on the early ASD phenotype have found that infants and toddlers
show early signs of ASD, characterised by a lack of attention to social stimuli, which
are evident in the first year of life, and manifest into clearer ASD symptoms through
toddlerhood and the pre-school years (Clifford & Dissanayake, 2008; Dawson et al.,
1998). Similarly, studies investigating the early development of RRBs in children with
ASD have highlighted that certain RRBs are present in toddlerhood, with others
becoming more evident over time (Leekam et al., 2011). Despite these findings, and
their use in the prospective identification of infants and toddlers with ASD, it remains
unknown if there are any gender differences in the development of social attention
and communication and in the development of different categories of RRBs in the
early years. Studying gender differences in very young children with ASD from birth
to pre-school age is required to understand the female profile of ASD and to also
identify whether very young females with ASD are developing differently to their male
counterparts. Of the studies on the early autism phenotype and the early
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identification of ASD reviewed here, the Social Attention and Communication Study
(SACS; Barbaro & Dissnayake, 2010) is of most relevance to the current research
which was conducted on the basis of the SACS. Hence, before describing the current
research, an overview of the SACS is presented in the next chapter.
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CHAPTER FOUR
Study Overview
Overview of the Social Attention and Communication Study (SACS)
The SACS (Barbaro & Dissanayake, 2010) was Australia‘s first large
scale, prospective, longitudinal study designed to identify infants and toddlers
who were at risk of developing ASD within a large community-based sample.
The SACS research team utilised the universal Victorian Maternal and Child
Health (MCH) Service within which to monitor young children for ASD at their
routine developmental check-ups. Two hundred and forty one MCH nurses
from 17 different local government areas in metropolitan Melbourne were
trained on the early autism phenotype and the key signs of ASD during the
first two years of life. These MCH nurses monitored the early development of
20,770 children from infancy to 24-months of age during the period of the
study (2006-2008).
The nurses assessed children‘s health and wellbeing during their
periodic visits at 2-, 4- and 8-weeks and 6-, 8-, 12-, 18- and 24-months, by
using the ‗Key Ages and Stages Checklist‘ (A sample checklist is presented in
Appendix A). The SACS research team highlighted ‗Key Items‘ indicative of
ASD, and the nurses monitored these signs at the 12-, 18- and 24- months‘
visits (Barbaro, Ridgeway & Dissanayake, 2011). These ‗Key Items‘ included
age specific social interaction as well as vocal communication items
(presented in Chapter 5, Table 5.1). Failure to respond to a defined set of
these ‗Key Items‘ was used to refer the children to the SACS team at La
Trobe University for a thorough developmental and behavioural assessment.
Referrals were made at 12-, 18- and 24-months. All the referred children were
followed up at six monthly intervals until they were 24-months. Following
referral, the SACS research team utilised the MSEL at each age to determine
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the children‘s overall developmental functioning. They also administered Module 1
(non-verbal) of the ADOS and the ADI-R at the 24-month visit.
A total of 110 children (83 boys; 26 girls) were referred by the MCH nurses
and they were assessed by the SACS team at 12-, and/or 18- and 24-months of age.
Of these, 20 children (14 boys; six girls) did not meet criteria for AD/ASD, 19 were
diagnosed with DD /LD and one child was diagnosed as TD. The remaining 89
children (69 boys; 20 girls) met criteria for ASD at their 24- month assessment. The
male:female ratio was 3.5:1, which was consistent with the relevant literature (e.g.,
Kogan et al., 2009).
The SACS Follow-up (SACS-fu) extended the findings of the SACS into the
pre-school years. All the children who were referred to the SACS and met ASD
criteria at 24-months were invited by the SACS research team for a follow-up study at
48-months. The aim in the SACS-fu was to investigate the behavioural and cognitive
changes over time from toddlerhood to pre-school age by using the same
standardised measures administered at the 24-month SACS assessment. Seventyseven children returned for the SACS-fu assessment. The MSEL and the ADOS
were again used to assess overall developmental and the autism diagnostic status
respectively. Of these 77 children, 51 children (39 boys, 12 girls) continued to meet
criteria for ASD at follow-up. The developmental as well as ASD diagnostic
assessments conducted for the SACS and SACS-fu were videotaped for each child
by the SACS research team. These data, in addition to the data collected by the
MCH nurses, provided the basis upon which to undertake a comprehensive study of
gender differences in the early phenotype and later manifestations of ASD, as well as
in cognitive development, from birth to 4-years of age.
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The Current Research
The current research comprised three complementary studies that
each aimed to investigate gender differences in young children diagnosed
with ASD in the SACS and the SACS-fu. Together, the findings from these
three studies were expected to provide an insight into how ASD develops and
manifests in young girls and boys, in order to establish a greater
understanding of gender differences if any and the early female profile in
ASD.
Study 1 aimed to investigate gender differences in the early indicators of ASD
by analysing observational data on the early autism phenotype. These data were
collected by MCH nurses, utilising the ‗Key Items‘ list across three time points within
the first two years in the SACS. Study 2 included a sub sample of 12 girls and 39
boys from the same cohort to investigate gender differences in cognitive abilities
(using their SACS and SACS-fu MSEL scores) and autism manifestations (using their
SACS and SACS-fu ADOS scores) from 24- to- 48-months, and Study 3 utilised data
for a closely matched sample of 11 girls and 11 boys (matched on their overall
developmental functioning), to investigate gender differences in early social attention
behaviours and RRBs by coding their SACS and SACS-fu assessment video
footage.
Given the comparatively reduced number of affected females on the autism
spectrum, the sample of girls available for the current study was necessarily small,
and similar ratio to samples in other studies of gender differences in ASD (Carter et
al., 2007; Holtmann et al., 2007; Mclennan et al., 1993, Pilowsky et al., 1998). This
current sample, however, was unique as it allowed examination of gender differences
across time, from infancy to early childhood. To date, no such prospective sample
has been reported on in the literature. Moreover, these children were identified from
a community-based setting, and were uniformly examined by trained MCH nurses
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during their early development thus ruling out ascertainment biases common to clinic
based samples.
The current study included ‗gold standard‘ diagnostic measures, Autism
Diagnostic Interview- Revised (ADI-R; Lord, Rutter & Le Couture, 1994) and the
Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000) as well as
standardised cognitive and behavioural assessment data, the Mullen Scales of Early
Learning, (MSEL; Mullen, 1995).in addition to unique observational data gathered
during the SACS, to address its aims. However, given the paucity of research on
gender differences in very young children with ASD, and the mixed findings to date
on the older samples studied, the proposed studies were largely exploratory. No
directional hypothesis was proposed for Study 1, as this was the first study to
investigate gender differences in infancy in a sample with ASD. Based on the
findings from previous studies on toddlers with ASD (Carter et al., 2007; Hartley &
Sikora 2009; Sipes et al., 2011; Westman-Andersson et al., 2012) it was
hypothesised that, in Study 2, toddler girls with ASD would have a similar
developmental profile to that of toddler boys. With regards to autism manifestations, it
was hypothesised that toddler boys with ASD would show more RRB presentation
than toddler girls and toddler girls would show better social and communicative
functioning than toddler boys. In Study 3, it was proposed that young girls would
show better social attention skills than young boys with ASD and young boys would
show more RRBs than girls.
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CHAPTER FIVE
Study 1: Gender Differences in the Early Autism Phenotype
Studies focusing on the early autism phenotype have highlighted that certain
social and behavioural deficits related to ASD are present and noticeable from the
first year of life (Barbaro & Dissnayake, 2009, 2012a; Ozonoff et al., 2010).
Retrospective studies of children diagnosed with ASD suggest that, as infants, they
showed less eye contact, spent less time attending to people and had poorly
developed social interaction and pre-verbal communication skills compared to
children who were TD and children that were later diagnosed with DD. Other
researchers have relied on these early descriptions to develop screening tools like
the CHAT (Baron-Cohen et al., 2000), the M-CHAT (Robins et al., 2001), the ITC
(Wetherby et al., 2008) and the AOSI (Bryson et al., 2008), reviewed in the earlier
chapters, to be used in infancy and toddlerhood to prospectively identify children at
risk of developing ASD. Although this body of work has increased our understanding
of the early autism phenotype, it remains unknown whether these early impairments
in Social Interaction (SI) and Vocal Communication (VC) differentiate girls and boys
who are later diagnosed with ASD.
The aim in Study 1 was to investigate gender differences in the early autism
phenotype from birth to two years of age. To address the study aim, data compiled
from the developmental checklists completed by MCH nurses were utilised to chart
early SI and VC. These checklists were completed across three different time periods
(Time 1, birth to-12-months; Time 2, 13- to- 18-months; Time 3, 19- to- 24-months)
within the first two years of life. These secondary data were available for a cohort of
60 boys and 18 girls, from the SACS and provided a unique opportunity to chart the
early development of boys and girls with ASD. Given the lack of research on very
early gender differences in ASD, the current study was largely exploratory and no
hypotheses were proposed.
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Method
Participants
Complete MCH data were available for a cohort of 78 children (60 boys; 18
girls) from infancy to 24-months, diagnosed with ASD. These were compiled into an
electronic database for analysis.
Data preparation
The MCH record, including the Key Ages and Stages checklist (Barbaro &
Dissanayake, 2012a), was utilised in this study. The Key Ages and Stages Checklist
is a descriptive report of the infant‘s physical, language, speech, communicative,
social, and play development, which is completed by nurses at routine consultations.
Behaviours are marked by the nurse as ‗present‘, ‗developing‘, ‗absent‘ or ‗reported
(by the parent)‘. An additional ‗Key Items‘ checklist, developed by the SACS team to
be administered at the 12-, 18- and 24-month visits, was used in this study. This
latter checklist, which served as the referral tool of children to the SACS, consists of
a series of age appropriate, critical social and communicative behaviours.
For the purpose of this study, the MCH records were examined in detail to
ensure that the Key Items‘ checklist was complete and available for each of the 78
children. The specific items of interest from the checklists were grouped into two
categories-SI and VC, for each of the three time periods; Time 1, birth to 12-months;
Time 2, 13- to- 18-months; Time 3, 19- to- 24- months (see Table 5.1).
Every behavioural item in the checklist was coded as follows: a value of 0
was assigned if a behavioural item was noted as ‗absent‘, and a value of 1 if the item
was noted as ‗present‘ or ‗developing‘ in the MCH record. In most instances, the
MCH nurses reported the presence/absence of behaviours based on direct
observations, but in some instances the nurses noted behaviours based on parental
reports. In the current study, behaviours were coded as present (or absent)
regardless of whether they were noted by direct observation or reported by the
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parent. The items were summed at each time point, giving six summative
scores in total, three for SI and three for VC. As there were different numbers
of items at each age, proportional scores were calculated for comparability.
The normality of the distribution of these six dependent variables
(DVs) was assessed using tests of skewness and kurtosis. The standardised
(z) scores for each DV were within ± 3.29 (p < .001, two-tailed test;
Tabachnick & Fidell, 2007).
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Table 5.1
Breakdown of Social Interaction (SI) and Vocal Communication (VC) items from the
„Key Items‟ checklist
Time period

Social Interaction (SI) items

Vocal Communication (VC) items

Time 1:

Smiles

Babbles /vocalises

0- to-12-

Responds to name

One to three clear words

months

Waves ―bye-bye‖
Points with index finger

Time 2: 13-

Elicits eye contact

Understands five to ten words

to-18-months

Waves ―bye-bye‖

Obeys instructions

Copies familiar activities
Points to show interest
Pretend play
Points to eyes, nose & mouth
Time 3: 19-

Eye contact

Obeys instructions

to- 24-

Responds to name

Verbalises toilet needs

months

Waves ―bye-bye‖

Joins two to three words

Points to show interest

Verbalises needs (asks for food)

Pretend play
Engages

Analyses
Two, 2(Gender) X 3(Time) mixed Analyses of Variance (ANOVA) were
conducted to assess gender differences in the proportional scores for the SI and VC
categories respectively (ANOVA summary tables and descriptives are presented in
Appendix B).
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Results
Gender differences in Social Interaction (SI)
As is apparent in Figure 5.1, the SI proportional scores were similar for boys
and girls across each time period. The 2 x 3 mixed ANOVA between gender across
time revealed no significant Gender x Time interaction effect, F (2,152) = 0.49, p =
.612, η2 = .006, and no significant Gender effect, F (1, 76) = 0.15, p = .704, η2 = .002
There was, however, a significant decrease in the SI proportional scores across the
three time periods, F (2,152) = 45.70, p < .05, η2 = .376, indicating that the children
engaged in fewer SI behaviours during the second year of life.

Figure 5.1 Mean proportion of Social Interaction (SI) in boys (n = 60) and girls
(n = 18) across each of the three time periods during the first two years of life
(±SEM).
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Gender differences in Vocal Communication (VC)
Despite slightly lower scores for girls for VC proportional scores, as evident in
Figure 5.2, the 2 x 3 mixed ANOVA between gender across time revealed no
significant Gender x Time interaction effect, F (2,152) = 0.97, p = .383, η2 = .013, and
no significant Gender effect, F (1, 76) = 3.42, p = .068, η2 = .043. Similar to the SI
scores, there was a significant decrease in the VC proportional scores across the
three time periods, F (2, 152) = 19.63, p < .05, η2 = .205, indicating that children
engaged in fewer VC behaviours as they got older.

Figure 5.2 Mean proportion of Vocal Communication (VC) in boys (n = 60) and girls
(n = 18) across each of the three time periods during the first two years of life
(±SEM).
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Discussion
The aim in Study 1 was to utilise the MCH records to identify any
gender differences in the early autism phenotype from a community-based
sample during their first two years of life. To address this aim, SI and VC
items from the children‘s‘ ―Key Items‘ Checklist‖, completed by trained MCH
nurses, were analysed.
The SI and VC behaviours monitored by the MCH nurses at each of the three
time points during the first two years of life were found to be similar in boys and girls
referred to the SACS who were diagnosed with ASD at 24-months. Thus both boys
and girls were found to engage in similar proportion of SI items, such as smiling,
pointing and eye contact, and VC items such as babbling, obeying instructions and
verbalising needs. Additionally, both boys and girls showed a decrease in the
proportion of SI and VC from the first to the second year of life. This pattern accords
with previous description of a loss of skills in children with ASD during their early
years (Maestro et al., 1999, 2002; Ozonoff et al., 2010; Werner & Dawson, 2005).
Clifford and Dissanayake (2008) found poor social interaction and communication
development, using both videotapes and parental reports which, together, indicated
that differences in behaviour between groups of young children with and without ASD
became increasingly greater from the first to the second year of life and children with
ASD showed very poor gaze behaviours and social responses in their second year.
The findings from Study 1 accord with these findings suggesting a loss of SI and VC
skills in the second year of life.
The decrease in SI and VC from the first year onward may reflect the
early onset of ASDs, and support the argument that ASD can be identified
and diagnosed by two years of age (Barbaro & Dissanayake, 2012b; Lord et
al., 1995). Of particular interest here is that both boys and girls showed the
same decline in SI and VC.
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Despite the nurses being highly skilled, and additionally trained by the SACS
research team on the early autism phenotype, it should be noted that there were
some inconsistencies in the MCH records. That is, some nurses noted behaviours
mainly based on parental responses while others relied on their own observations.
Hence the level of parental bias in reporting is difficult to ascertain. A study based on
direct observation and detailed coding of behaviours is therefore also needed to
confirm these findings of no gender differences. Moreover, gender differences in SI
and VC in TD children in the first two years of life remain unclear in the context of the
present study. Future research, using the MCH records of TD boys and girls is also
needed to fully understand the findings presented here on young children with ASD.
The current study on gender differences in the early autism phenotype was
innovative as, to date, no studies have investigated gender differences in the early
manifestations of ASD during the infancy period. This is also one of the first studies
to take a longitudinal approach in studying gender differences and similarities across
the first two years of life using developmental records. Although small, this sample of
60 boys and 18 girls had sufficient power to observe small to medium effect sizes as
the same observational checklist was administered to all the children at the same
three time points in their first two years of life. Of particular interest was the finding of
a similar decrease in the proportion of SI and VC behaviours in both genders across
the first two years, which may be indicative of a loss of skills in this very early period
of children developing ASD.
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CHAPTER SIX
Study 2: Gender Differences in Cognitive Development and Autism
Manifestations from toddlerhood to pre-school age
Four studies to date (Carter et al., 2007; Hartley & Sikora, 2009; Sipes et al.,
2011; Westman-Andersson et al., 2012) have focused on gender differences in
toddlers with ASD. The findings from Carter et al. suggested that toddler boys have
better language and motor skills than toddler girls and toddler girls have better visual
reception skills than toddler boys, as assessed on the MSEL. In contrast with these
findings, Hartley and Sikora (2009) did not find any gender differences in the
cognitive profiles of toddlers in their sample, also using the MSEL, and similarly,
Westman-Andersson et al. and Sipes et al. also found no significant gender
differences in the developmental profiles of their toddler samples using the GDS and
the BDI-2 respectively. With regards to autism manifestations, Carter et al. found no
significant gender differences as assessed on the ADOS and the ADI-R. Similarly,
Westman-Andersson et al. found no gender differences in their sample of toddlers as
assessed on the ADOS. However, also using the ADOS, Hartley and Sikora found
that toddler boys had more RRBs than toddler girls and toddler girls showed better
social communication than boys. Sipes et al. also found similar gender differences in
RRB presentation in high functioning toddlers with ASD, as assessed on the
BISCUIT (Matson et al., 2007).
With only four studies to date, there remains little understanding of the early
developmental and behavioural profiles of girls and boys with ASD. The findings from
these four studies have been inconclusive with different methodologies and sample
characteristics. Furthermore, no study to date has investigated gender differences
over time on the early developmental and behavioural profiles of young children with
ASD.
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The aim in Study 2 was to investigate gender differences in early cognitive
development and autism manifestations from toddlerhood to pre-school age in the
same sample of children utilised in Study 1. It was of interest to investigate whether
the gender similarities in early development, as established from infancy to
toddlerhood in Study 1 using MCH records, were reflected in their development from
toddlerhood to the pre-school years as assessed using standardised measures. To
address this aim, data compiled from the standardised cognitive and autism
diagnostic assessments undertaken in the SACS and SACS follow-up at 24- and 48months, respectively, were analysed. Compared to the data in Study 1 obtained from
MCH records, these data available for Study 2 were based on assessments using
‗gold standard‘ measures developed to ascertain reliable and valid diagnoses of
ASD. These data, as with those extracted from the MCH records, also provided a
longitudinal view of cognitive development and autism manifestations in this young
sample of children with ASD.
Based on the findings from some of the previous studies on toddlers (Hartley
& Sikora, 2009; Sipes et al., 2011; Westman- Andersson et al., 2012) it was
hypothesised that boys and girls with ASD would have a similar developmental
profile to each other during toddlerhood. Based on the findings from Hartley and
Sikora and Sipes et al., it was proposed that boys would have more RRBs than girls,
and girls, in turn, would have better social skills than boys.
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Method
Participants
Study 2 included data from children who attended the SACS (Time 1, 24months) and SACS-fu (Time 2, 48-months). Thus, from the 60 boys and 18 girls in
Study 1, data from only a subsample of 39 boys and 12 girls were available for
inclusion in Study 2, across the two time points.
Procedure
Study 2 utilised the MSEL, the ADI-R and ADOS data from the SACS and the
SACS-fu for the purpose of investigating gender differences in the early cognitive
profile as well as autism manifestations as measured by these assessments. These
assessments at 24- and 48-months were administered in a standardised manner in a
laboratory based play room at the Olga Tennison Autism Research Centre (OTARC)
at La Trobe University. For the assessments, children were seated at a child size
table opposite the experimenter and their parent/caregiver was usually seated behind
them. Occasionally the child sat on their parent/caregivers‘ lap.
Measures
Mullen Scales of Early Learning, (MSEL; Mullen, 1995).
The MSEL is a standardised developmental assessment for children
aged between 3- to- 68-months with five sub-scales (Fine Motor, Gross
Motor, Visuo-Spatial, Receptive Language and Expressive Language). Each
subscale of the MSEL contains 30 age-specific items allowing for assessment
of children using items and questions appropriate to their age. Four of the five
sub-scales were administered to all children in the SACS and SACS-fu. The
Gross Motor subscale was omitted in these studies (Barbaro & Dissanayake,
2012b).
The previous two studies on toddlers, by Carter et al. (2007) and
Hartley and Sikora (2009) utilised the MSEL age-equivalent subscale scores
in their analyses. Hence, to remain consistent with their approach, the age-
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equivalent scores on the Fine Motor, Visual Reception, Receptive Language and
Expressive Language subscales were used in the analyses for this study.
Autism Diagnostic Interview- Revised (ADI-R; Lord, Rutter & Le Couture,
1994).
The ADI-R is a standardised interview for parents or caregivers of children
with a mental age of 18-months and over with a suspected diagnosis of ASD. The
five sections focus on the child‘s communication, early and present social
development, repetitive behaviours and behavioural problems. Since the ADI-R was
not used in the SACS-fu, data were only available for analysis at Time 1 (24-months).
Gender differences in autism manifestations at Time 1 were therefore investigated by
analysing the ADI-R overall scores available for 55 boys and 18 girls for Social
Interaction (SI), Communication and Restricted Repetitive Behaviours (RRB).
Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000).
The ADOS is a standardised measure for diagnosing children with ASD by
observing their social interactions, communication, play, imitation and imagination in
play situations and constructed social presses. Designed for use alongside the ADIR, the ADOS has four different modules administered on the basis of verbal ability.
Module 1 is administered to children with no speech development and Module 2 is
administered to children with some fluent speech/presence of phrases. Module 3 is
administered to fluently speaking children and Module 4 is a self report measure for
older high functioning individuals.
The ADOS Module 1 was administered to all the children in the SACS at 24months. At 48-months, Module 1 was administered to 21 children (17 boys; 4 girls)
and Module 2 was administered to 30 children (22 boys; 8 girls). Since different
ADOS modules were used for some children at 48-months, the ADOS algorithms
across these different modules were re-computed by creating revised algorithmic
totals for Social Affect (SA) and Restricted Repetitive Behaviours (RRB), and
computing the ADOS severity scores as advised by Gotham, Pickles and Lord
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(2009). Gender differences in autism manifestations across time were investigated by
analysing these revised algorithm totals of SA and RRB obtained from their ADOS
assessments at both time points.
Results
Data Preparation
The normality of the distribution of the eight MSEL scores, two ADI-R
scores as well as the four ADOS scores was assessed using tests of
skewness and kurtosis. The standardised (z) scores for each of these scores
were within ± 3.29 (p < .001, two-tailed test; Tabachnick & Fidell, 2007).
Cognitive Development
Table 6.1 presents sample characteristics (M and SD) for boys (n =
39) and girls (n = 12). Inspection of these scores indicate that at 24-months,
boys had a slightly higher overall mean Developmental Quotient (DQ) score
and also higher Verbal Mental Age (VMA) than girls while at 48-months, girls
have slightly higher mean VMA, Non-verbal Mental Age (NVMA) and the
overall DQ scores. Moreover, the MSEL mean scores suggest an
improvement in the DQs from 24- to- 48-months in both genders, indicating
an improvement in overall developmental functioning over time.
Analyses
To investigate gender differences in cognitive development across the two
time periods, a 2 (Gender) x 2 (Time) Multivariate Analyses of Variance (MANOVA)
was conducted on the four MSEL age-equivalent scores: Fine Motor, Visual
Reception, Expressive Language and Receptive Language (MANOVA summary
tables and descriptives are presented in Appendix C).
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Table 6.1
Means (and SDs) on chronological age, verbal mental age, non-verbal mental age
and the overall developmental quotient (DQ) score for boys and girls at 24-months
and 48-months
Boys (n = 39)

Girls (n = 12)

Chronological Age (months)

25.24 (1.88)

25.27 (1.85)

Verbal Mental Age (months)

13.00 (4.14)

11.72 (4.27)

Non-verbal Mental Age (months)

19.89 (3.13)

19.90 (2.25)

Overall DQ

65.15 (11.51)

62.89 (12.29)

Chronological Age (months)

48.84 (4.34)

51.36 (2.77)

Verbal Mental Age (months)

33.37 (12.62)

35.72 (14.27)

Non-verbal Mental Age (months)

37.13 (12.87)

40.50 (13.65)

Overall DQ

72.26 (23.01)

74.79 (28.86)

24-month MSEL assessment

48-month MSEL assessment

Figure 6.1 presents the mean age-equivalent scores for both genders on the
MSEL subscales at 24-months and 48-months. At 24-months both boys and girls
show similar developmental functioning across the four MSEL sub-scales with poorer
performance on the Receptive and Expressive Language subscales. At 48-months
girls have slightly higher age-equivalent scores across the four sub-scales than boys,
with both boys and girls again showing slightly poorer performance on the verbal
subscales.
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Figure 6.1 Developmental profiles at 24- and 48-months for the boys (n = 39) and
girls (n = 12) using mean age equivalent scores (±SEM).
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The 2 x 2 MANOVA between gender across time revealed no significant
multivariate Gender x Time x MSEL interaction effect, F (3, 47) = 0.13, p = .941, η2 =
.008, nor was there any significant multivariate Gender effect, F (1, 49) = 0.06, p =
.804, η2 = .001, indicating a similar developmental pattern in boys and girls as evident
in Figure 6.1. However, significant multivariate effects for the MSEL subscales, F (3,
47) = 21.34, p < .05, η2 = .577 and Time, F (3, 47) = 5.47, p < .05, η2 = .259, were
apparent.
Overall cognitive profile in toddlerhood (24-months).
Despite no gender differences, there was an uneven cognitive profile at 24months characterised by better non-verbal development (Fine Motor and Visual
Reception) than verbal development (Receptive and Expressive Language) with Fine
Motor abilities most developed in both genders. Simple and main effects analyses
indicated that the mean Fine Motor subscale age-equivalent score was significantly
higher than the Visual Reception subscale age-equivalent score (M difference = 2.41,
95% CI [3.26, 1.56], p < .05), the Receptive Language subscale age-equivalent score
((M difference = 9.47, 95% CI [11.20, 7.75], p < .05) and the Expressive Language
subscale age-equivalent score (M difference = 7.56, 95% CI [8.98, 6.15], p < .05).
Similarly, the Visual Reception subscale age-equivalent score was significantly
higher than the Receptive Language subscale age-equivalent score (M difference =
7.07, 95% CI [8.50, 5.63], p < .05) and the Expressive Language subscale ageequivalent score (M difference = 5.15, 95% CI [6.16, 4.15], p < .05). There was also
a significant discrepancy between the children‘s mean Receptive and Expressive
Language subscale age-equivalent scores at 24-months, with the Receptive
Language subscale age-equivalent score being significantly lower than the
Expressive Language subscale age-equivalent score (M difference = -1.91, 95% CI
[3.09, 0.73], p < .05).
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Overall cognitive profile in pre-school age (48-months).
At pre-school age, the cognitive profiles were again similar to those at
24-months with better non-verbal development in comparison to verbal
development. Simple and Main effects analyses revealed no discrepancy in
the Fine Motor and Visual Reception subscale age-equivalent scores (M
difference = -0.09, 95% CI [2.89, -3.08], p = .950) indicating an equivalent
development in both non-verbal domains. However, the Fine Motor ageequivalent subscale scores were significantly higher than the Receptive
Language (M difference = 4.01, 95% CI [6.84, 1.17], p < .05) and the
Expressive Language (M difference = 3.92, 95% CI [6.37, 1.46], p < .05)
subscale scores. Similarly the Visual Reception subscale age-equivalent
scores were again significantly higher than the Receptive Language subscale
score (M difference = 4.10, 95% CI [6.89, 1.30], p < .05) and the Expressive
Language subscale score (M difference = 4.01, 95% CI [7.12, 0.89], p < .05).
Furthermore, there was no discrepancy between Receptive and Expressive
Language subscale age equivalent scores at 48-months (M difference = .093, 95% CI [2.06, -2.25], p = .931).
Changes in developmental profiles across time.
Main effects analyses on the MSEL age-equivalent scores for the four
subscales revealed a significant Time effects for Fine Motor, F (1, 49) =
130.48, p < .05, η2 = .727, Visual Reception, F (1, 49) = 89.90, p < .05, η2 =
.647, Receptive Language, F (1, 49) = 111.43, p <.05, η2 = .695, and
Expressive Language, F (1, 49) = 149.40, p < .05, η2 = .753, with large effect
sizes for all. Both genders had improved in their verbal (Expressive and
Receptive Language) and non-verbal abilities (Fine Motor and Visual
Reception) in the two year time interval from 24- to 48-months. There was a
mean gain of 17.38-months in Fine Motor, 19.88-months in Visual Reception,
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22.85-months in Expressive Language and 21.03-months in Receptive Language
age-equivalent scores for both genders from Time 1 to Time 2.
Gender differences in language composite scores.
A 2 (Gender) x 2 (Time) ANOVA was conducted to investigate gender
differences in composite language age-equivalent scores in an effort to replicate
Carter et al.‘s (2007) finding. Analyses revealed no significant Gender x Time
interaction effect, F (1, 49) = 0.74, p = .395, η2 = .001, nor a Gender effect,
F (1, 49) = 0.01, p = .923, η2 = .000. Once again a significant Time effect F (1, 49) =
138.99, p = .000, η2 = .739 was found.
Autism Manifestations
ADI-R.
Table 6.2 reveals mean scores on the three ADI-R subscales, SI,
Communication and RRB for boys (n = 55) and girls (n = 18) at 24-months.
Table 6.2
Means (and SDs) of, ADI-R scores for boys and girls at 24-months
ADI-R 24-month

Boys (n = 55)

Girls (n = 18)

SI score

12.49 (4.72)

14.76 (5.37)

Communication score

8.33 (3.06)

8.88 (2.76)

RRB score

3.44 (1.56)

2.94 (1.60)

assessment

A similar clinical profile is apparent in both genders at 24-months as reported
by their parents. Analyses using independent t-tests revealed no significant Gender
differences on for SI, t (70) = -1.68, p = .087, with small- medium effect sizes
(Cohen‘s d=-.401), Communication, t (69) = -1.03, p = .314, with small effect sizes
(Cohen‘s d= -.248)) and RRB, t (70) = 1.14, p = .258 with small effect sizes (Cohen‘s
d= 0.272).
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ADOS.
Inspection of the mean ADOS scores in Figures 6.2 and 6.3 show that girls
have slightly higher SA scores than boys at 48-months but not at 24-months, and
boys have slightly higher RRB scores at both time points. To investigate gender
differences in autism manifestations as measured using the ADOS, two, 2 (Gender) x
2 (Time) Analyses of Variance (ANOVA) were conducted on the ADOS revised
algorithmic totals of SA and RRB respectively (ANOVA summary tables are
presented in Appendix C).
Social Affect.
The 2 x 2 ANOVA between gender across time revealed no significant
Gender x Time interaction effect, F (1, 49) = 1.82, p = .184, η2 = .036, and no
significant Gender effect, F (1, 49) = 0.26, p = .615, η2= .005. There was a significant
Time effect, F (1, 49) = 33.55, p < .05, η2 = .406, both boys and girls showed a
significant decrease in severity on the SA from 24- to- 48-months.

Figure 6.2 Mean ADOS-Social Affect scores for boys (n = 39) and girls (n = 12) at 24months and 48-month (±SEM).
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Restricted and Repetitive Behaviours.
The 2 x 2 ANOVA between gender across time revealed no significant
Gender x Time interaction effect, F (1, 49) = 1.67, p = .202, η2 = .033, and no
significant Time effect, F (1, 49) = 2.35, p = .132, η2=.046. There was a significant
Gender effect, F (1, 49) = 4.04, p = .050, η2 = .076, indicating significantly higher
RRBs in boys than in girls (see Figure 6.3).

Figure 6.3 Mean ADOS-Restricted and Repetitive Behaviour scores for Boys (n = 39)
and girls (n = 12) at 24-months and 48-months (±SEM).
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Discussion
The aim in Study 2 was to investigate gender differences in early
cognitive development and autism manifestations, as assessed by
standardised measures, from toddlerhood to pre-school age. It was of interest
to ascertain whether similarities in the early signs of ASD between boys and
girls established in Study 1 were maintained from 2- to 4- years of age in
Study 2. It was hypothesised that boys and girls would be similar in their
cognitive profiles but differ in their autism manifestations, with boys expected
to present with more RRBs, than girls and girls expected to have better social
skills than boys.
Cognitive Development
Similar to previous study findings, and in keeping with the hypothesis,
the results revealed a similar developmental profile in the 39 boys and 12 girls
with ASD from toddlerhood to pre-school age, as assessed by the MSEL ageequivalent scores on the four subscales of Fine Motor, Visual Reception,
Expressive and Receptive Languages. Both boys and girls showed an
uneven cognitive profile at both time points with significantly lower ageequivalent Receptive and Expressive Language subscale scores than Visual
Reception and Fine Motor subscales‘ scores. This profile indicated that the
children had poorer verbal development in comparison with their non-verbal
development from toddlerhood to pre-school age. Moreover, there was a
significant discrepancy in their Receptive and Expressive Language
subscales‘ age-equivalent scores at 24-months, with better expressive than
receptive language development, but this discrepancy was not found at 48months. These results are similar to the findings from previous studies
investigating the early developmental profile of toddlers and pre-schoolers
with ASD (Ellis-Weismer et al., 2010; Landa & Garrett-Mayer, 2006).
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The analyses indicated that both boys and girls significantly improved in their
overall developmental functioning from 24- to- 48-months, with gains in both their
verbal and non-verbal skills. As these children met criteria for ASD at 24-months
(SACS assessment), most had received some early intervention prior to their followup assessment at 48-months. The progress made by these children was reflected in
their overall better cognitive functioning, and specifically in their language abilities at
48-months.
The findings from Study 2 are directly comparable to those from two previous
studies on gender differences in toddlers with ASD (Carter et al., 2007; Hartley &
Sikora, 2009) as similar aged cohorts, measures and analyses were used. In contrast
to the current findings Carter et al. reported marginal gender differences in the
developmental profile in their toddler sample. The gender differences reported in their
study were based on analysing a language composite score despite not finding
significant gender differences when mean expressive and receptive language ageequivalent scores were analysed separately. This analysis using a composite
language score was replicated in Study 2, but no significant gender differences were
found in language development.
The findings of no gender differences in the overall developmental profile are
similar to the findings reported by Hartley and Sikora (2009) using the MSEL.
Similarly, Sipes et al. (2011) and Westman-Anderson et al. (2012) also found no
gender differences in cognitive development in young children with ASD. In
summary, no specific gender differences in the developmental profile but an uneven
developmental profile with poorer verbal than non-verbal development in both
genders was found in Study 2.
Autism Manifestations
The presentation of autism symptoms as assessed on the ADI-R via parent
report was found to be similar for boys and girls at 24-months of age. Since the ADIR was not administered at the SACS-fu, a comparison of the ADI-R scores was not
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possible. However, the ADOS was administered in both the SACS and SACS-fu, and
analyses of the ADOS scores showed a similar behavioural presentation in boys and
girls at both 24- and 48-months of age on SA. This finding is similar to those from
Study 1 in which no significant gender differences were displayed in early SI and VC.
Hence the findings in Study 1, based on MCH assessments, were supported in Study
2 based on standardised assessments of SA. Moreover, there was significant
improvement in the SA scores, from 24- to 48-months in both genders. The
improvement in SA and cognitive abilities (as measured by MSEL), indicate less
severe autism manifestations at 48-months, again possibly highlighting the
importance of early intervention.
Analyses revealed a significant gender difference in RRB presentation as
measured by the ADOS at 24- and 48-months, which replicates the finding by Hartley
and Sikora (2009), of more severe RRB presentation in toddler males than females.
Despite lower mean RRB scores at 48-months for both genders, the change in RRB
presentation over time was not significant.
The findings from Study 2 add to existing research on gender differences in
autism manifestations. The most consistent finding in previous gender studies in ASD
is that after controlling for IQ and age, significant gender differences are reported in
RRB manifestation (McLennan et al., 1993; Hartley & Sikora, 2009; Sipes et al.,
2011) with boys having higher RRB presentation than girls. It was expected that girls
would show better social functioning than boys, but this hypothesis was not
supported, with both genders showing similar social functioning at 24- and 48-months
of age.
A limitation in Study 2 was its small sample size. The study included children
that were observed at both 24- and 48-months, resulting in a smaller sample than
available in Study 1. Nevertheless, the findings from Study 2 are in keeping with the
findings of no gender differences in social behaviours in Study 1. The similar early
phenotype as evident from the MCH records from birth to 2-years is reflected in the
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very similar cognitive and behavioural profiles apparent from toddlerhood to preschool age as measured by the MSEL and the ADOS. In contrast to the possible loss
of skills in Study 1 from the first to the second year, the findings from Study 2
indicated improvements in autism severity and language abilities, over time, possibly
reflecting receipt of early intervention from the age of 2-years.
This was the first follow-up study to investigate gender differences in cognitive
development and autism manifestations from toddlerhood to pre-school age, and
similar follow-up study with a larger sample is now recommended to confirm the
current findings. Following-up this sample across a longer period of time is necessary
to further understand any development of gender differences at a later age. It is also
necessary to simultaneously map the gender differences in the early developmental
trajectory of typically developing children and to compare their development with this
group of children with ASD.
The previous studies on gender differences in toddlers (Carter et al., 2007;
Hartley & Sikora, 2009; Sipes et al., 2011; Westman-Andersson et al., 2012) were
based on clinical samples, and neither of them examined development over time.
Study 2 utilised data from a community based sample, and is unique in investigating
gender differences in cognitive development and autism manifestations across a
period of time spanning toddlerhood to pre-school age.
No gender differences in the overall developmental profiles were found.
However, there were significant differences within the MSEL age-equivalent scores
on all four subscales, confirming that these children with ASD identified from a
community based setting showed similar developmental profiles as children from
high-risk groups and clinical samples. Moreover, these children showed a significant
improvement in their overall developmental functioning as well as their social skills as
assessed by standardised measures, from Time 1 (24-Months) to Time 2 (48Months), and this improvement was not gender specific.
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As Study 2 utilised a longitudinal sample, it builds on data from
previous studies (Carter et al., 2007; Hartley & Sikora, 2009; Sipes et al.,
2011; Westman-Andersson et al., 2012) to understand gender differences in
very young children with ASD over time. The findings indicate a possible
positive outcome of early identification (and perhaps intervention) for both
boys and girls with ASD. The only gender difference found in Study 2 was on
RRB presentation, with boys showing more RRBs than girls. To establish
whether the differences and similarities between the genders identified using
standardised assessments in Study 2 is consistent with actual behavioural
presentation, the next study (Study 3) included direct behavioural
observations by coding assessment video tapes for the presence/absence of
a range of Social Attention behaviours and RRBs.
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CHAPTER SEVEN
Study 3: Gender Differences in Social Attention and Restricted and Repetitive
Behaviours from toddlerhood to pre-school age in children with ASD
Previous studies on infants and toddlers later diagnosed with ASD have
indicated that deficits in early social attention are a core feature. Studies have
specifically identified deficits in eye gaze, social referencing, joint attention and
shared affect as the earliest deficits seen in young children with ASD, and have
found that deficits in these behaviours predict later social responsiveness (Barbaro &
Dissanayake, 2012a; Bent, 2009; Clifford & Dissanayake, 2008; Clifford et al., 2007;
Osterling et al., 2002).
It is well known that typically developing infant and toddler females are more
socially responsive than males, and are more emotionally attuned to their caregivers
(Connellan et al., 2000; Knickmeyer et al., 2005; Lutchmaya et al., 2002; Robinson et
al., 2004). However, whether similar gender differences are found in infants and
toddlers later diagnosed with ASD is still not known. Anecdotal accounts and clinical
reports of older females with HFA or AspD report problems in social attention,
problems in personal relationships due to an inability to understand emotions and to
empathise with others, and difficulty imitating social gestures (Attwood, 2006; Cohen
et al., 2009; Kearns-Miller, 2003; Lawson, 2000). These behavioural and social
difficulties noted in some older females with ASD highlight the importance of focusing
on the development of social attention behaviours from an early age.
Similarly, RRBs are evident at a young age in children that are later
diagnosed with ASD. Ozonoff et al. (2008), using direct behavioural observations,
found that high risk infant siblings later diagnosed with ASD had higher frequencies
of RRBs at 12-months of age in comparison with those siblings who were later found
to be TD or diagnosed with DD. On the basis of this finding, Rogers (2009) also
suggested that earlier developmental differences between high-risk infant siblings
and low risk children are found in their presentation of repetitive behaviours.
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Studies investigated the development of RRBs across time and suggested
that RRBs were less apparent in the same sample of children with ASD at 2-years of
age than at 4- to- 5-years of age, becoming common at pre-school age (Moore &
Goodson, 2003; South, Ozonoff & McMahon, 2005). Most recent studies of RRBs
have used two broad categories, Repetitive Sensorimotor Behaviours (RSM) and
Insistence on Sameness Behaviours (IS), as defined by Cuccaro et al. (2003), to
understand the development of RRBs in ASD in young children (Richler et al., 2007;
2010).
Longitudinal studies investigating the development of RRBs suggest that
RSM behaviours are more apparent at a younger age in children with ASD, while IS
behaviours are believed to develop over time. Studies have also found a correlation
between RSM and IS behaviours and the development of social-communication, and
NVIQ in children with ASD at 2-years of age (Richler et al., 2010). Severities of
RRBs, and more specifically IS behaviours, were negatively correlated with the
severity in social functioning. Moreover, low NVIQ was correlated with higher severity
of RSM behaviours.
Despite the RRBs being distinguished into separate categories, many
previous studies of RRBs have relied on parental report questionnaires, diagnostic
algorithms, and/or checklists to investigate these behaviours and few have studied
RRBs by using direct behaviour observation. As already indicated in the previous
chapters, those that have investigated gender differences in RRBs have found that
the males display more RRBs than females (Hartley & Sikora, 2009; Holtmann et al.,
2006; McLennan et al., 1993), a finding replicated in Study 2 using the ADOS.
However, Study 2 revealed no significant gender differences on the ADOS SA
scores. Hence the aim in Study 3 was to investigate whether the gender similarities
and differences in social development and RRBs using standardised assessment
data were reflected using observational data. Based on earlier gender studies in
autism, and the findings from Study 2, it was hypothesised that girls would display
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more social attention behaviours than boys while boys would show more RRBs than
girls, at both 24- and 48-months time points.

Method
Participants
The 18 girls with ASD from the SACS study were initially matched with 18
boys extracted from the sample of 60 boys utilised in Study 1.The children (11 girls
and 11 boys) from this sample who returned for the SACS-fu were included in Study
3. Both groups were matched on their overall cognitive abilities at both time points.
Independent samples t-tests were conducted to compare their Developmental
Quotient (DQ) and Verbal Mental Age (VMA) scores at 24- and 48-months based on
administration of the MSEL (see Table 7.1). All children in the sample used here met
criteria for ASD at their 24-month SACS and 48-month SACS -fu assessments, as
determined by the ADOS and clinical judgment.

Table 7.1
Comparison of Means (and Standard Deviations) and t- values on the overall DQ and
VMA scores obtained from the MSEL scales for both genders at the 24-month and
48-month assessments
MSEL

Boys (n=11)

Girls (n=11)

t

p (2-tailed)

Cohen‟s d

DQ (24m)

66.46 (12.27)

66.05 (12.87)

0.094

.933

.034

DQ (48m)

61.12 (21.11)

78.50 (26.83)

-0.795

.431

-.756

VMA(24m)

12.53 (3.68)

13.85 (5.79)

-1.610

.124

-.289

VMA(48m)

27.20 (14.57)

37.75 (13.29)

-1.692

.113

-.793
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Data source
Study 3 utilised the SACS and SACS-fu assessment video tapes taken during
the SACS and the SACS-fu cognitive assessments at Time1 (24-months) and Time 2
(48-months), respectively. These video tapes were coded for the relevant behaviours
in order to provide a more fine detailed examination of possible gender differences.
Experimental set-up.
As described in Study 2, the developmental assessments had been
conducted in a laboratory play room setting at OTARC, La Trobe University. The
videos of the first hour of these assessments were coded for each child to ensure
similarities in tasks presented to them. The set up of the testing room was identical at
both time points with the child seated in a child-sized chair or, occasionally, on the
caregiver‘s/parent‘s lap and the experimenter sat opposite the child at a low table on
which the tasks were presented, hence defining the joint activity area. All
assessments had been recorded to VCR/DVD, with a 1/100 second time signature.
Cameras were mounted on the wall behind the experimenter to get full view of the
child‘s behaviour and eye gaze. An additional camera was mounted on the wall
behind the child‘ to record the experimenter‘s gestures and eye gaze. The cameras
were adjusted to track the movements of the child and experimenter and the zoom
function was used to track eye gaze behaviours. The cameras were monitored by a
research assistant who sat in the video-recording room throughout the assessment
session.
Data coding protocol
Coding definitions for the behaviours of interest (Social Attention
Behaviours and RRBs) are provided (see Tables 7.2, 7.3 and 7.4). These
specific behaviours were chosen to be observed in the current study,
because, they have been previously investigated in earlier studies on the
early autism phenotype (Clifford & Dissanayake, 2008; Clifford et al., 2007;
Osterling et al., 2002).
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Table 7.2
Coding definitions for Social Attention behaviours
Behaviour

Definition

Social Gaze

The child looks directly at the experimenter or caregiver present in
the room. Social Gaze was further coded as Shared Affect, Joint
Attention and Social Referencing. (see Table 7.3)

Non-social

The child does not look at the experimenter, caregiver or the joint

Gaze

activity area, but instead looks at objects or elsewhere outside of the
joint activity are. This also includes instances of unfocused gaze, or
not looking at anything in particular or looking around the room.

Attention to the

The child attends to the area which is jointly being acted upon by the

Joint Activity

child and experimenter. For example, s/he is engaged or interacting

Area.(Joint

with objects presented by the experimenter, or attempts to complete

Activity)

the activity with or without the experimenters help.
Joint Activity was further coded into two categories
Joint Activity Child initiated (JAc-ch): Child attends to the joint
activity area without any prompts from the experimenter. Child picks
up toys present in the joint activity area, passes them to
parent/experimenter (with the intention for the parent/experimenter
to participate in this activity) with clear absence of social gaze and
shared affect. Child directs the parent‘s/experimenter‘s hand
towards toys in the joint activity area (with no eye gaze or shared
affect present) with an intention for the parent/experimenter to help
him/her. The child‘s attention is only on the activity and there is no
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switching of gaze between the activity, the parents and/or the
experimenter.
Joint Activity experimenter initiated (JAc-ex): Experimenter presents
a toy/stimulus to the child in the joint activity area and the child
participates in this activity by showing engagement with the toy/
stimulus presented. There is no eye gaze switching between the
experimenter and the stimulus or the parent. The child focuses on
the joint activity area the whole time and does not move the
toy/stimulus to the parent/experimenter or initiate the activity by
themselves.
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Table 7.3
Coding definitions for Social Gaze
Behaviour

Definition

Shared Affect

The child smiles and/or laughs with the experimenter or caregiver

(SA)

in a reciprocal way. For example, the child smiles with the
experimenter and/or parent following praise after completion of an
activity.

Joint Attention
(JA)

The child intentionally points to the object to show while
alternating gaze between the object/activity and the experimenter.
Or s/he shifts eye gaze between the joint activity area and the
experimenter/caregiver to direct their attention to the activity.
These triadic behaviours may occur with or without shared affect.

Social Referencing

Looking intentionally at caregiver or experimenter to obtain more

(SR)

information regarding the activity.
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Table 7.4
Coding definitions for the five categories of RRBs
Behaviour

Definition

Sensory

The child demonstrates interest in primary sensory phenomena

Behaviours

(for example, excessively gazes at, feels, smells, or tastes
objects, or shows heightened interest in sound-based toys and
activities)

Motor-Stereotypic

The child engages in vestibular or proprioceptive activity (that is,

Behaviours

hand, limb, or body stereotypic movements).These include
behaviours like finger flicking, body rocking etc.

Insistence on

The child gets overly occupied in a particular toy/object and/or

Sameness

action/activity. S/he refuses to change an activity and gets upset

Behaviours (IS)

when certain toys/objects are put away. In addition, the child
shows arranging and ordering behaviours (for example,
stacking/lining up toys unprompted or against the examiner‘s
request/example).

Object

The child does not engage in the typical usage of object/toy

Disengagement

presented to him/her during the activity. S/he plays with object/toy

Behaviours

without recognising its typical use (e.g., spinning, banging,
twiddling, throwing, dropping objects with no real exploration of
the object/toy).

Object Usage
Behaviours

The child demonstrates recognition of the object/toy and its
appropriate use. S/he continues to use the object repeatedly
despite being redirected to another object/activity.
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Coding procedure
Fifty four videos were coded for the behaviours of interest as defined in
Tables 7.2-7.4. The first one hour of each video was observed to ensure similarities
in the assessment tasks given to each participant. The 60-minutes of video sample
was broken down into six, 10-minute segments and each segment was first viewed
uninterrupted to become familiar with the child‘s behaviour, seating position, etc. The
duration of social attention behaviours were coded continuously in the second
viewing and the specific frequencies of social gaze instances were replayed using
the slow-play function to determine whether they were instances of SA, JA or SR.
The frequencies of the different types of RRBs were coded in the third viewing and,
where required, RRBs were replayed.
Ambiguous footage.
Portions of the video footage that were unclear, and where it was difficult to
record the child‘s gaze and behaviour, were coded as ambiguous. These included
instances where camera angles were not adjusted to capture the direction of the
child‘s gaze, the child was blocked from direct camera view because of the position
of the experimenter, furniture, equipment or caregiver. The total duration of
ambiguous sequences was excluded for each participant and the video sample was
extended to ensure a complete one hour sample of behaviour was coded for each
child.
Reliability coding.
Two independent coders analysed approximately 10% (n = 6) of assessment
videos to obtain inter-rater agreement on Social Gaze, Non-social Gaze, Joint
Activity (Experimenter and Child) and the frequencies of Shared Affect, Joint
Attention and Social Referencing. Inter-rater agreement for the RRBs had previously
been obtained for a separate study conducted by one of the independent coders and
the current investigator and hence was not obtained again for the current study as
the same categories of behaviours were coded, but with a different sample of
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pre-school children. Cronbach‘s alpha and Intraclass Correlation Coefficients (ICC)
were used to assess reliability (Shrout & Fleiss, 1979). There was consistently high
agreement between the experimenter and second coder on combined Social
Attention behaviours (.65 - .91), and on Social Gaze behaviours (.79 - .99). There
was high agreement (.94 - .97) on combined RRBs. There was also high agreement
on individual Social Attention behaviours, Social Gaze behaviours and RRBs with the
exception of IS (.42-.61). Any conclusions regarding IS should thus remain tentative
due to the moderate reliability on this behavioural measure (ICC table is presented in
Appendix D).
Results
Data preparation
The normality of each DV was assessed using tests of skewness and
kurtosis to determine whether standardised (z) scores for each dependent
variable were within ± 3.29 (p < .001, two-tailed test; Tabachnick & Fidell,
2007). The proportion of Social Gaze at 24-months, Joint Activity-child at both
time points (24-months and 48-months) and Non-social Gaze at 48-months
was positively skewed. The frequencies of Joint Attention, Imitation and
Shared Affect and the five RRBs were also highly positively skewed due to
the low instance of these behaviours. All the DVs were transformed using
square root and normality of the transformed variables was assessed again.
As the frequencies of the five RRBs were still positively skewed, despite the
transformation, non-parametric analyses were used on these data. An alpha
level of 0.05 was used to determine statistical significance in all analyses.
Effect size and 95% confidence intervals (95% CI) were calculated for all
parametric analyses.
To investigate the possibility of multicolinearity, Pearson Product
Moment Correlation Coefficients were examined for the social attention
behaviour‘ proportional scores and there was a high negative correlation
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found between the proportion of Non-social Gaze and Joint Activity (experimenter) at
both time points. Therefore Joint Activity (experimenter) was excluded from further
analyses (see Table 7.5). Similarly Pearson Product Moment Correlation was
conducted to explore the possibility of multicolinearity in the five RRBs at both time
points. There was a significant positive correlation found between Insistence on
Sameness behaviours at 48-months and Object Disengagement behaviours at 48months (see Table 7.6).
Table 7.5
Correlation coefficients between Social Attention variables at 24-months above the
diagonal and at 48-months below the diagonal

Social Gaze

Non-social

JAc (exp)

JAc (child)

.57**

.03

-.93**

-.45**

Gaze
Social Gaze

-.62**

Non-social Gaze

-.62**

JAc (exp)

-.51**

-.94**

JAc (child)

-.14

-.13

.13

-.17
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Table 7.6
Correlation coefficients between RRB variables at 24-months above the diagonal and
at 48-months below the diagonal

Sensory

Motor-

Insistence

Object

Object

Behaviours

Stereotypic

on

Disengage-

Usage

Behaviours

Sameness

-ment

Behaviours

-.03

.17

.25

-.08

-.18

-.21

-.08

.80**

.22

Sensory
Behaviours

Motor-

-.07

StereotypicBe
haviours
Insistence on

-.18

-.21

-.07

-.16

-.27

-.12

-.02

-.12

Sameness

Object
Disengagement
Object Usage
Behaviours

Note; **p<0.01,*p<.05 .

-.08
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Gender differences in Social Attention behaviours
Social Gaze, Non-social Gaze and Joint Activity (child).
An inspection of mean scores (see Figure 7.1) indicates that girls had slightly
higher levels of Social Gaze and lower levels of Non-social Gaze at both time points
than boys. Mean scores also showed that girls had a slightly higher level of Joint
Activity (child) at 24-months than boys. To investigate gender differences in the
presentation of Social Gaze, Non-social Gaze and Joint Activity (child) behaviours, a
2 (Gender) x 2 (Time) MANOVA was conducted on the transformed proportional
scores for Social Gaze, Non-social Gaze and Joint Activity (child) (Summary
MANOVA tables are presented in Appendix D).
The 2 x 2 MANOVA between genders across time revealed no significant
multivariate Gender x Time interaction effect, F (3, 18) = 1.06, p = .392, η2 = .150 and
no significant Gender effect, F (3, 18) = 0.49, p = .693, η2 = .076. There was a
significant multivariate Time effect, F (3, 18) = 4.88, p < .05, η2 = .448.
There were no significant univariate interaction effects indicating a similar
developmental pattern in boys and girls as evident in Figure 7.1. However, there
were significant univariate Time effects for Social Gaze, F (1, 20) = 7.47, p < .05,
η2 = .272 and Non-social Gaze, F (1, 20) = 14.56, p < .05, η2 = .421, but not for Joint
Activity (child), F (1, 20) = 1.98, p = .175, η2 = .090. Simple and main effects analyses
showed significant increase in Social Gaze (M difference = -.402, 95% CI [-.09, -.70]
p < .05) and a corresponding decrease in Non-social Gaze (M difference = -1.75,
95% CI [2.71, .79], p < .05) for both genders, from Time 1 to Time 2.
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Figure 7.1 Mean Proportional Scores on Social Gaze, Non-social Gaze and Joint
Activity (child) for boys (n = 11) and girls (n = 11) at 24- and 48-months (±SEM).
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Gender differences in Social Gaze behaviours.
An inspection of the mean scores (see Figure 7.2 and Figure 7.3) indicated
that girls showed slightly higher frequencies of Joint Attention (JA), and Social
Referencing (SR) at both time points than boys. Girls also showed a higher
frequency of Shared Affect (SA) at Time 2 but not at Time 1 (see Figure 7.4). To
investigate gender differences in the Social Gaze behaviours, three 2 (Gender) x 2
(Time) ANOVAs were conducted on the transformed frequencies for JA, SR and SA
respectively.
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Joint Attention.
The 2 x 2 mixed ANOVA between gender across time revealed no
significant Gender x Time interaction effect, F (1, 20) = 0.01, p = .924, η2 =
.000, no significant Gender effect, F (1, 20) = 1.07, p = .313, η2 =.051, but a
significant Time effect, F (1, 20) = 23.68, p < .05, η² = .542, with both girls and
boys showing a significant increase in Joint Attention, (M difference = 2.33,
95% CI [3.32, 1.33] p < .05) from 24- to 48-months of age (see Figure 7.2).

Figure 7.2 Mean frequencies of Joint Attention for boys (n = 11) and girls (n = 11) at
24-months and 48-months (±SEM).
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Social Referencing.
The 2 x 2 mixed ANOVA between gender across time revealed no significant
Gender x Time interaction effect, F (1, 20) = 0.05, p = .832, η2 = .002, no significant
Gender effect, F (1, 20) = 0.76, p = .395, η2 = .036, and no significant Time effect, F
(1, 20) = 0.30, p = .592, η2 = .015, (see Figure 7.3).

Figure 7.3 Mean frequencies of Social Referencing for boys (n = 11) and girls (n =
11) at 24- and 48-months (±SEM).
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Shared Affect.
The 2 x 2 mixed ANOVA between gender across time revealed no
significant Gender x Time interaction effect, F (1, 20) = 2.44, p = .134, η2 =
.109, no significant Gender effect, F (1, 20) = 0.05, p = .821, η2 =.003, and no
significant Time effect, F (1, 20) = 2.43, p = .134, η2 =.109, (see Figure 7.4).

Figure 7.4 Mean frequencies of Shared Affect for boys (n = 11) and girls (n = 11) at
24- and 48-months (±SEM).
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Gender differences in Restricted Repetitive Behaviours (RRBs)
The mean frequencies of the five RRBs are presented in Figure 7.5 for boys
and girls at 24-months and 48-months. The boys have slightly higher frequencies
across most of the RRBs than girls at 48-months but not at 24-months. Analyses
using the Mann-Whitney U test indicated no statistically significant gender differences
on Sensory Behaviours (Z = -1.08, p = .281); Motor Stereotypic Behaviours (Z = 0.06, p = .953); Insistence on Sameness Behaviours (Z = -0.01, p = .986); Object
Disengagement Behaviours (Z= -1.09, p = .267); and Object Usage Behaviours (Z = 0.86, p = .389) at 24-months. Similarly, analyses indicated no significant gender
differences on Sensory Behaviours (Z = -1.22, p = .218); Motor Stereotypic
Behaviours (Z = -1.75, p = .079); Insistence on Sameness behaviours (Z = -0.31, p =
.757); Object Disengagement Behaviours (Z = -1.21, p = .218) and Object Usage
Behaviours (Z = -0.22, p = .819) at 48-months. Although both boys and girls showed
lower frequencies of most RRBs at Time 2 (48-months) than at Time 1 (24-months),
these differences were not significant as indicated by the Kruskal Wallis tests:
Sensory Behaviours (χ2 = 1.27, p =.251); Motor Stereotypic Behaviours (χ2 = 0.02,
p = .880); Insistence on Sameness Behaviours (χ2 = 1.47, p =.229); Object
Disengagement Behaviours (χ2 = 1.94, p =.156); and Object Usage Behaviours (χ2 =
0.56, p = .454).
The five RRB scores for both time points were combined into two composite
scores at 24- and 48-months respectively. The normality of these composite scores
was assessed using tests of skewness and kurtosis, and the standardised (z) scores
for both composite scores were well within ± 3.29 (p < .001, two-tailed test;
Tabachnick & Fidell, 2007).
A 2 (Gender) x 2 (Time) ANOVA was conducted on the composite RRB
scores (see Appendix D).
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Analysis revealed no significant Gender x Time interaction effect, F (1, 20) =
2.36, p = .140, η2 = .106, no significant Time effect, F (1, 20) = 0.60, p = .447, η2
=.029, but a near significant Gender effect, F (1, 20) = 4.10, p = .056, η2 =.170,
indicating a trend towards higher RRB presentation in boys than in girls at each age.
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92

GENDER DIFFERENCES IN AUTISM SPECTRUM DISORDER

93

Discussion
The aim in Study 3 was to identify any gender differences in social attention
behaviours and RRBs by undertaking detailed behavioural observation using the
assessment video footage of children with an ASD at 24- and 48-months. Data
analysis based on behaviours coded from one hour of video footage per child
indicated no gender significant differences in the target behaviours, with a similar
behavioural profile evident for both genders across the Social Attention behaviours.
There was a slight non-significant trend for boys to show more RRBs than girls, but
only when a composite measure of RRBs was used.
The hypothesis that young girls with ASD would show more Social Attention
behaviours than boys was not supported, with both girls and boys spending a similar
proportion of time attending to the experimenter (Social Gaze), initiating joint activity
as well as looking around the room or at other objects (Non-social Gaze). Similarly,
the frequency of the different types of Social Gaze behaviours (Shared Affect, Social
Referencing and Joint Attention) in the same one hour of video footage was similar
for both genders. Since the videos were recorded during assessments in a laboratory
based setting, both genders had equal opportunity to display the target behaviours,
and the tasks presented to them were identical. These findings are in contrast to
those from Hartley and Sikora (2009) who found that toddler girls were more social
than boys in accordance with gender differences reported in typically developing
samples. The findings from Study 3 accord with the findings from Studies 1 and 2,
using MCH behavioural records and standardised ADOS- SA algorithmic scores
respectively.
The mean frequencies of five types of RRBs indicated that boys had slightly
higher frequencies of all the five sub-types of RRBs at both time points, in
accordance with the findings from Study 2, where boys had significantly higher
ADOS RRB scores than girls. None of the gender differences on the individual
frequencies of RRBs in this sub-sample of boys were statistically significant.
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However, a near-significant trend (p = .056) was found on the composite RRB scores
at both time points, although the effect size was small.
The findings revealed a significant effect of Time for the Social Attention
behaviours, with both genders showing more Social Attention at 48-months than at
24-months. The analyses also revealed a significant Time effect for Joint Attention,
with all children showing a significant improvement in their Joint Attention with time,
but not in their Shared Affect and Social Referencing abilities. Despite an apparent
decrease in the mean frequencies of RRB, the analyses did not reveal a significant
time effect. In contrast, Moore and Goodson (2003) found that young children with
ASD showed fewer RRBs at 2-years, with a significant increase in RRB presentation
in the same children at 4-years of age. Moreover, children in the current sample
showed similar frequencies of all five subtypes of RRBs and this was in contrast to
Richler et al. (2010) who found that, at pre-school age, children with ASD showed
less insistence on sameness (IS) behaviours and comparatively more sensory-motor
(RSM) behaviours. Once again, the increase with social attention and non-significant
decrease with RRBs may have been an outcome of intervention received between
the ages of 24- to 48-months of age.
There were some limitations in this study that were beyond the control of the
investigator. The video tapes were coded for one hour during which children were
engaged in interactive tasks with the experimenter. Hence, there was the possibility
that children would have felt tired at times during their assessments. In addition, the
range of all behaviours may not have been displayed given the observation time of
one hour.
Although the sample size in this study was small, it is apparent from the
analyses and the effect sizes that the two genders behaved very similarly in the
context in which they were studied. Moreover, this was the first study to investigate
gender differences in a young sample of children by using direct behavioural
observation in a structured setting.
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These results add to those from Studies 1 and 2 which did not utilise closely matched
pairs of children and are largely consistent with the findings from those studies.
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CHAPTER EIGHT
General Discussion and Theoretical Implications
The current research comprised three individual studies on a single cohort of
children, that each aimed to contribute to the understanding of any gender
differences in the early development of children with ASD from infancy to pre-school
age. Together, these studies were expected to provide an understanding of how
autism develops and manifests in affected girls as compared to boys. Gender
differences in the early indicators of ASD, cognitive development and autism
manifestations as well as in social attention and repetitive behaviours were
investigated by analyzing secondary data from the SACS and the SACS-fu. These
data included developmental MCH records, gold standard diagnostic and
standardised cognitive assessments and direct behavioural observation data at
distinct time points within the first four years of life
Study1
Study 1 investigated gender differences in the early autism phenotype
(behavioural markers of ASD) using MCH developmental records which enabled an
examination of the development of social interaction (SI) and early vocal
communication (VC) behaviours. Although, the MCH checklist did not provide finegrained information to investigate a detailed behavioural profile, it was sufficient to
understand the presence/absence of early behaviours in this cohort from the infancytoddlerhood period. The overall behavioural profile of infant and toddler boys and
girls, as mapped by their MCH records, was found to be very similar. The early
female profile of ASD was similar to the early developmental profile of ASD which
has been documented in recent studies on the early identification of ASD. Results
from Study 1, Time 2 (13- to- 18-months) and Time 3 (19- to- 24-months) also
revealed that both genders showed lower proportions of SI and VC behaviours than
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in their first year (Time 1). These findings were consistent with reports of a worsening
of symptoms or an ‗autistic regression‘ (Clifford & Dissanayake, 2008; Maestro et al.,
1999; Ozonoff et al., 2010) in the second year of life. However, in the absence of a
TD control group, no conclusions can be drawn.
It is known that social interaction and communication becomes more complex
in the second year of life in typically developing toddlers, with a steady development
from non-verbal acts to single word utterances to word combinations found in this
period. Instead of a rapid increase in SI and VC, the children with ASD, showed a
reduction in these groups of behaviours. Of particular interest was the fact that both
boys and girls showed this same apparent decline.
Although it is expected that TD children would not show a decline, but rather
an increase in SI and VC behaviours across this time, it would be expected that there
would be gender differences in the expressions of these behaviours at each age. The
importance of inclusion of a TD control group is highlighted here, and clearly limits
the implementation of the current findings.
Study 2
In keeping with the findings from Study 1, those from Study 2 also
revealed no gender differences in the overall developmental profile, as
assessed by the MSEL, at either 24- or 48-months. The current study
analysed age-equivalent scores and not DQs to be consistent with two
previous studies on toddlers reviewed earlier in order to be able to compare
the findings. These findings were consistent with three previous studies on
toddlers and those on pre-school aged children (Hartley & Sikora, 2009;
Sipes et al., 2012; Westman-Anderson et al., 2011). Importantly, for both
genders, the age-equivalent scores were significantly lower for the language
domains (Receptive and Expressive Language) in comparison with the nonverbal domains (Fine Motor and Visual Reception), indicating poorer verbal
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than non-verbal development. Moreover, both genders also showed a significant
improvement in developmental functioning from 24- to- 48-months.
A focus on autism manifestations also revealed similarities between the
genders on the SA scores on the ADOS. However, there was a significant gender
difference on RRBs with boys showing more RRB presentation than girls, confirming
previous findings (Hartley & Sikora, 2009). Both genders decreased their SA scores
from Time 1 to Time 2, with a less severe presentation at Time 2.There was no
significant change in RRBs from 24- to 48-months. While the findings from Study 1
suggested the importance of early ASD identification, given the worsening symptoms
from the first to the second year of life, the findings from Study 2 highlight the
importance of early intervention. As the children had met criteria for ASD at 24months in the SACS, most had received some form of early intervention between 24months and their return for the SACS-fu assessment at 48-months. Although the
current study did not measure details of children‘s early intervention, the broader
effects of development and early intervention were evident in the improvement in
overall developmental and social functioning at Time 2. Similar improvements were
also seen in Study 3.
Study 3
No previous study had investigated gender differences in presentation of
social attention and repetitive behaviours, using direct behavioural observation. The
aim in Study 3 was to ascertain whether the gender differences in RRB presentation
and the similarities in social functioning as assessed using standardised measures in
Study 2, were consistent with detailed behavioural observations of a sub-sample of
11 boys and 11 girls closely matched on their overall developmental functioning. No
significant gender differences were found on any of the social attention behaviours. A
non-significant trend to engage in more RRBs was apparent in boys compared to
girls, consistent with the findings in Study 2.
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The current findings revealed that both boys and girls with ASD spent less
proportion of time in Social Gaze and Joint Activity (child initiated) than in Non-social
Gaze. This deficit in social attention behaviours is consistent with the SocialOrientation Deficit Theory of Autism (Dawson et al., 1998, 2004) that suggests that
children with ASD do not attend to social stimuli. It is also consistent with the SocialEmotional Approach Theory (Mundy, 1995) which suggests that children with ASD do
not engage in behaviours that have affective rewards. Moreover within Social Gaze,
both genders showed a lower mean frequency of Shared Affect than Social
Referencing and Joint Attention behaviours, again consistent with the SocialEmotional Approach Theory, as these children showed eye gaze behaviours to seek
information (regarding their task), or to seek help, but not to reciprocate and share
affective expressions .
Both boys and girls showed an improvement in Social Gaze and a reduction
in Non-social Gaze over time, a finding consistent with their ADOS revised
algorithmic scores for SA in Study 2. A significant increase was also found in the
frequency of Joint Attention behaviours from 24- to 48-months, suggesting that
increased opportunities in social learning in toddlerhood through early interventions
may have helped to improve the behavioural outcomes at pre-school age in this
sample. However, the effects of intervention cannot be disentangled from the effects
of developmental maturation, particularly in the light of absence of a control group.
The mean frequencies of RRBs (in all five categories) were also lower at 48months than at 24-months, but the change over time was not significant for either
gender. In contrast, Richler et al. (2010), in their follow-up study, found that young
children in their sample displayed more RRBs at 4-years than at 2-years, however,
this finding was not supported here.
With gender similarities in the early autism phenotype, cognitive development
and the development of social attention behaviours, it can be stated that the current
research did not confirm either of the early theories on gender differences in ASD,
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put forward by Tsai et al. (1981) and Wing (1981). The girls in the current studies
were not more severely affected either cognitively or behaviourally than boys in
contrast to Tsai et al.‘s (1981) Differential Loading Hypothesis. Moreover, these girls
did not show better development in the areas of social attention than their male
peers, indicating a lack of support for Wing‘s (1981) hypothesis that gender
differences (with girls being more social than boys) found in TD samples would also
exist in a sample with ASD.
Recent studies that have investigated gender differences in autism
symptoms, after controlling for IQ, have not found any significant gender differences
in autism manifestations in their sample older children and adults with ASD, and no
significant gender differences were reported in overall developmental profiles and
autism manifestations in terms of SA in some studies on toddlers. The findings from
the current research were consistent with findings from these recent studies, and
suggest that the young boys and girls with ASD were developing similarly and
displayed highly a similar autism profile with the exception of RRBs that were more
apparent in boys.
Theoretical Implications
The Extreme Male Brain Theory.
The current research findings of largely similar behaviour profiles lends to
support the predictions from the EMB theory, that individuals (both males and
females) with ASD would show an ‗extreme male‘ processing style. The detailed
coding of behavioural videos in Study 3 confirmed that the girls in this study showed
similar social attention and social gaze behaviours as boys at both toddlerhood and
pre-school ages, indicating that the overall cognitive style was similar in both
genders. It can be predicted that these young children would continue to develop
similar social and empathising abilities based on these early social gaze behaviours.
Lai et al. (2011) attempted to understand gender differences over a period of time in
the light of the EMB theory and their findings reveal similar processing styles and
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ASD manifestations between genders in their child sample. However at an older age,
the females reported less severe ASD manifestations than males. The findings from
current research on younger children confirmed Lai et al.‘s (2011) findings, and the
broader predictions from the EMB theory of ‗extreme male‘ cognitive styles in both
genders. However, the need for a control group to understand the proposed ‗extreme
male‘ style in the current sample of girls by comparing them with TD boys and TD
girls remains.
‘Miss-Diagnosed or Missed-Diagnosed’.
Clinical suggestions.
Clinical and personal accounts (Attwood, 2006, 2007) of affected women
suggest they are either ‗missed‘ as they are apparently better at ‗masking‘ their social
deficits related to ASD, or ‗miss-diagnosed‘ due to higher prevalence of co-morbid
anxiety and psychiatric conditions. Kopp and Gillberg (1992) have suggested that
girls with ASD show a different behavioural profile than boys despite diagnosed girls
displaying autistic behaviours that meet the ASD criteria. Assouline, Foley-Nicpon
and Doobay (2009) suggested that girls with ASD have less aggressive behaviours
and hence the girls‘ social and communication deficits go undiagnosed. They were
also less likely to receive a diagnosis of ASD at their first clinical consultation,
whereas the opposite was true for boys with ASD. Some studies and clinical reports
have suggested that females with ASD have a different behavioural phenotype to
males, e.g., McLennan et al. (1993) found a lower frequency of comorbid challenging
behaviours in females, Gillberg and Coleman (2000) reported fewer abnormal special
interests in females than males, and studies have found that females showed less
RRBs (Hartley & Sikora, 2009; Sipes et al., 2011) and less restricted stereotypical
movements during play (Lord et al, 1982). As a result Nichols, Moravick and PulverTetenbaum (2009) suggest that girls are being missed or overlooked by
professionals because their behavioural presentation does not match the ‗male
prototype‘ of ASD that is widely known and understood.
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It was expected in the current research that studying girls who were already
diagnosed from a very early age would help understand how autism manifests from
early on in life, even before they learn to ‗mask‘ their ASD manifestations as has
been suggested (Attwood, 2006). However, no significant differences in the social
presentation found in affected young girls and boys, indicating that these girls were
equally impaired in their early behaviours, in social communication, gaze behaviours
as well as in the cognitive profile compared to their male counterparts during the first
four years of their lives. Therefore the theory of girls with ASD being able to ‗mask‘
their social deficits did not hold true in the current sample of girls at a young age. The
findings from the current research, however, suggested that there is a possibility of
girls being ‗missed‘ (from being diagnosed) due their presentation of fewer RRBs
than boys. Many clinical reports have suggested that girls with ASD have specific
restricted interests but as they are gender and socially ‗appropriate‘, they are likely to
go unnoticed or not classified as RRBs. Moreover, it remains uncertain whether
changes to the diagnostic criteria proposed in DSM-5, will result in even fewer girls
receiving an ASD diagnosis as a minimum of two types of RRBs are required as per
the new criteria (Ozonoff, 2012).
Neurobiological explanations.
The current research findings suggest a similar underlying neuroanatomy in
young boys and girls with ASD as they showed similar social attention behaviours
and ASD manifestations in terms of SA. These predictions are consistent with studies
that have found similar brain anatomy in affected males and females. Craig et al.
(2007) have found that females with ASD showed abnormalities in the parietal cortex
and limbic regions that are known to be associated with emotional processing and
their findings are consistent with the EMB theory. However, common findings of
higher RRB presentation in males from previous studies and the current research
suggests that these behavioural differences could be a result of higher levels of
androgens in males.

GENDER DIFFERENCES IN AUTISM SPECTRUM DISORDER

103

Androgen has been associated with hyperactivity and aggression in males
(Campbell, 2008) and less presentation of RRBs in females suggests that affected
females would show lower levels of androgens than affected males but these
androgen levels would be higher than TD females. Studies examining gender
differences in ASD have not yet attempted to understand whether there are different
levels of androgens that influence the development of RRBs, aggression and
hyperactive behaviours in affected males and females. Neither have studies in ASD
attempted to understand levels of oxytocin and the role of oxytocin in the
development of behaviours of females with ASD in comparison with TD females. The
findings in the current research give an indication of similar brain development in
young boys and girls with ASD, and predict a high level of androgen in affected boys
from a very young age. There is clearly a need for further investigation in the area of
gender differences in the neuroendocrinology of ASD.
Future Research
Gender studies in older children and adults with ASD have found that females
with ASD display more co-morbid psychological conditions, anxiety symptoms and
internalizing behaviours as compared to males. Two gender studies (Hartley &
Sikora, 2009; Holtmann et al., 2007) used the ASEBA (Achenbach & Rescorla, 2000)
to identify co-morbid behavioural issues in their samples and found that toddler
females were more likely to develop internalizing behaviours than boys. A measure
of behavior functioning was not included in the current research, and future
recommendations would be to include a measure of behavioural functioning to
examine gender differences in early behaviours .
An important extension of the current research would be to examine the
gender differences in these same children at school age, when there has been a
greater opportunity for the effects of socialisation influences. The current research
measured gender differences in the developmental trajectory of children from birth to
pre-school age; it would be interesting to assess changes in autism manifestation,
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cognition, social attention and repetitive behavioural presentation across their school
age period. In particular, it would be interesting to assess whether these girls and
boys would change with social influences, schooling, peers and parental
expectations. Studies on RRBs have suggested that higher level RRBs and restricted
interests develop at an older age, and hence it would be interesting to examine the
presence of RRBs at a later age and whether they would continue to be prominent in
boys. Further research should also incorporate a sample of typically developing
children as a comparison group with which to contrast the development of boys and
girls with ASD.

Conclusion
The current research contributes to understanding of gender differences in
very young children with ASD. The findings from the three studies add to existing
knowledge on gender differences in early development. The current research was
innovative in taking a longitudinal approach in understanding the development of
young boys and girls with ASD across infancy to pre-school age, and in combining
clinical reports, behavioural observations and standardized assessments to chart
their early development. No such prospective community-based sample has been
examined to date in relation to gender differences and in doing so, none were found.
The early progression of ASDs in girls and boys, with the exception of RRBs, appear
to proceed in the same way regardless of their gender.
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Appendix A
Complete MCH Record used in the SACS (Barbaro & Dissnayake, 2012a).
Downloaded from Barbaro & Dissnayake (2012a) from aut.sagepub.com

SACS ITEMS – 12-MONTH ASSESSMENT
1. Pointing**
Get a teddy bear, show it to the child and say ‗This is teddy‘. Then put the
bear across the room (where the child can see it) and say, ‗Where‘s teddy?‘
Does the child point to the bear and look at your face? YES/NO
2. Waving ‗bye-bye‘**
Elicit the social routine of waving bye-bye (e.g. pretend to leave room and
wave bye-bye to the child).
Does he/she wave back? YES/NO
3. Imitation**
Get the child‘s attention. Use a brush/comb on your hair. Give it to the child
and say ‗your turn‘.
Does he/she imitate you? YES/NO
4. Eye contact**
Has the child spontaneously made eye contact with you during the session?
If not, interact with the child to elicit eye contact. Does he/she make eye
contact with you? YES/NO
5. Response to name**
Call the child‘s name. Does he/she turn to look at you? (Make sure child is not
already look¬ing at you) YES/NO
6. Follows point
Get the child‘s attention and then point to an object across the room and say
‗WOW, look at that!‘. Does he/she look at where you are pointing at (as
opposed to just looking at your hand/arm)? YES/NO
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7. Social smiles
Has the child smiled while making eye contact with you? If not, smile at the
child. Does he/she smile back? (Do not use physical contact to elicit a smile)
YES/NO
8. Conversational babble
Does the child babble (e.g. saying agaga, adaba, mama, dada) in a
conversational like man-ner? YES/NO
9. Speaks 1–3 words
Does the child speak 1–3 recognisable words? YES/NO
10. Cuddles
Does the child enjoy cuddles with the parent? YES/NO
11. Attending to sounds
Has the child been attending to/seem interested in sounds during the
session? YES/NO
12. Understands simple instructions
Show the child a block and place it beside him/her. Then ask, ‗Give me the
block‘. Does he/she give you the block? YES/NO

** Key individual markers of Autistic Disorder and Autism Spectrum Disorder at 12
months
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SACS ITEMS – 18-MONTH ASSESSMENT
1. Pointing**
Get a teddy bear, show it to the child and say ‗This is teddy‘. Then put the
bear across the room (where the child can see it) and say, ‗Where‘s teddy?‘
Does the child point to the bear and look at your face? YES/NO
2. Eye contact**
Has the child spontaneously made eye contact with you during the session? If
not, interact with the child to elicit eye contact. Does he/she make eye contact
with you? YES/NO
3. Showing: social communication**
Does the child try to communicate with the parent in a SOCIAL manner? (i.e.
not just to request food or an object – ask parent) YES/NO
4. Social smile*
Has the child smiled while making eye contact with you? If not, smile at the
child. Does he/she smile back? (Do not use physical contact to elicit a smile)
YES/NO
5. Response to name*
Call the child‘s name. Does he/she turn to look at you? (Make sure child is not
already look¬ing at you) YES/NO
6. Follows point*
Get the child‘s attention and then point to an object across the room and say
‗WOW, look at that!‘ Does he/she look at where you are pointing at (as
opposed to just looking at your hand/arm)? YES/NO
7. Uses 5–10 words*
Does the child use 5–10 words? YES/NO
8. Understands words*
Does the child understand many more words? YES/NO
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9. Imitation
Get the child‘s attention. Use a brush/comb on your hair. Give it to the child
and say ‗your turn‘. Does he/she imitate you? YES/NO
10. Pretend play
Give the child a toy cup and pot. Say ‗Can you pour a drink and drink it?‘
Does the child pretend to pour a drink and/or drink it? (Other examples
include feeding the teddy with a spoon, or using a pretend phone to call
teddy) YES/NO
11. Points to facial features
Get the child‘s attention. Say ‗point to your eyes/nose/mouth‘.
Does he/she point to his/her eyes/nose/mouth? YES/NO
12. Obeys simple instructions
Show the child a block and place it beside him/her. Then ask, ‗Give me the
block‘. Does he/she give you the block? YES/NO
13. Waving ‗bye-bye‘
Elicit the social routine of waving bye-bye (e.g. pretend to leave room and
wave bye-bye to the child). Does he/she wave back? YES/NO
14. Cuddles
Does the child enjoy cuddles with the parent? YES/NO
15. Affection/comfort
Does the child ever come to the parent for affection or comfort? (ask parent)
YES/NO
16. Loss of skills
Ask the parent if the child has lost ANY language or social skills at ANY age.
Has the child lost any skills? YES/NO
**Key individual markers of Autistic Disorder and Autism Spectrum Disorder at 18
months and *Key individual markers of Autistic Disorder only at 18 months.
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SACS ITEMS – 24-MONTH ASSESSMENT
1. Pointing#**
Get a teddy bear, show it to the child and say ‗This is teddy‘. Then put the
bear across the room (where the child can see it) and say, ‗Where‘s teddy?‘
Does the child point to the bear and look at your face? YES/NO
2. Eye contact#**
Has the child spontaneously made eye contact with you during the session? If
not, interact with the child to elicit eye contact. Does he/she make eye contact
with you? YES/NO
3. Showing: social communication#**
Does the child try to communicate with the parent in a SOCIAL manner? (i.e.
not just to request food or an object – ask parent) YES/NO
4. Pretend play#**
Give the child a toy cup and pot. Say ‗Can you pour a drink and drink it?‘
Does the child pretend to pour a drink and/or drink it? (Other examples
include feeding the teddy with a spoon, or using a pretend phone to call
teddy) YES/NO
5. Waving ‗bye-bye‘**
Elicit the social routine of waving bye-bye (e.g. pretend to leave room and
wave bye-bye to the child). Does he/she wave back? YES/NO
6. Follows simple commands*
Show child a teddy bear and place it beside him/her. Then ask, ‗Give me
teddy‘. Does he/she give you the teddy? YES/NO
7. Follows point*
Get the child‘s attention and then point to an object across the room and say
‗WOW, look at that!‘ Does he/she look at where you are pointing at (as
opposed to just looking at your hand/arm)? YES/NO
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8. Social smile*
Has the child smiled while making eye contact with you? If not, smile at the
child. Does he/she smile back? (Do not use physical contact to elicit a smile)
YES/NO
9. Response to name*
Call the child‘s name. Does he/she turn to look at you? (Make sure child is not
already look¬ing at you) YES/NO
10. Loss of skills*
Ask the parent if the child has lost ANY language or social skills at ANY age.
Has the child lost any skills? YES/NO
11. Uses 20–50 words
Does the child use 20–50 words? YES/NO
12. 2-word utterances
Does the child use some two-word phrases (e.g. want drink)? YES/NO
13. Parallel play
Does the child play near (not necessarily with) other children? (ask parent)
YES/NO
14. Imitation
Get the child‘s attention. Use a brush/comb on your hair. Give it to the child
and say ‗your turn‘. Does he/she imitate you? YES/NO
15. Affection/comfort
Does the child ever come to the parent for affection or comfort? (ask parent)
YES/NO
#Group predictors of a diagnosis on the autism spectrum (Autistic Disorder and
Autism Spectrum Disorder) at 24 months
**Key individual markers on the Autistic Disorder and Autism Spectrum Disorder at
24 months and*Key individual markers of Autistic Disorder only at 24 months
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Appendix B
Descriptives and ANOVA Summary Tables for Study 1
Table B1
Mean Proportion of Social Interaction

Males

Social Interaction

Social Interaction

Social Interaction

0- to- 12-m

13- to- 18-m

19- to- 24-m

M (SD)

M (SD)

M (SD)

.64 (.29)

.25 (.22)

.31 (.25)

.65 (.33)

.26 (.31)

.24 (.15)

Vocal

Vocal

Vocal

Communication

Communication

Communication

13- to- 18-m

19- to- 24-m

M (SD)

M (SD)

M (SD)

.68 (.38)

.38 (.37)

.25 (.25)

.47 (.50)

.28 (.39)

.19 (.23)

(n = 60)

Females
(n = 18)

Table B2
Mean Proportion of Vocal Communication

0- to- 12-m

Males
(n = 60)

Females
(n = 18)
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Table B3
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on Social Interaction

Effect

SS

df

MS

p

η2

0.15

.704

.002

F

Social Interaction

Gender

0.01

1

0.01

Error

6.74

76

0.09

Time

5.38

2

2.69

45.70

.000

.376

Gender x

0.06

2

0.03

0.49

.612

.006

8.94

152

0.06

Time

Error

Levene‘s test was not significant for SI at 0- to 12-months, F (1, 76) = 0.66, p = .418
and at 13- to 18-months, F (1, 76) = 2.58, p = .113, but was significant at 19- to 24months, F (1, 76) = 4.32, p = .041
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Table B4
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on Vocal Communication

Effect

SS

df

MS

p

η2

3.42

.068

.043

F

Vocal Communication

Gender

0.63

1

0.63

Error

13.89

76

0.18

Time

3.72

2

1.86

19.62

.000

.205

Gender x

0.18

2

0.09

0.96

.383

.013

14.39

152

0.09

Time

Error

Levene‘s test was significant for VC at 0- to 12-months, F (1, 76) = 10.23, p = .002,
at 13- to 18-months, F (1, 76) = 0.16, p = .687 and at 19- to 24-months,
F (1, 76) = 0.27, p = .605
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Appendix C
Descriptives and MANOVA and ANOVA Summary Tables for Study 2
Table C1
Means (and Standard Deviations) of MSEL Age-Equivalent Scores.
MSEL
Gender

M (SD)

N

Fine Motor

Male

21.31 (3.80)

39

(24-months)

Female

20.25 (2.89)

12

Visual Reception

Male

18.42 (2.87)

39

(24-months)

Female

18.33 (3.55)

12

Receptive Language

Male

11.69 (4.78)

39

(24-months)

Female

10.92 (5.20)

12

Expressive Language

Male

14.18 (3.93)

39

(24-months)

Female

12.25 (4.33)

12

Fine Motor

Male

37.67 (10.05)

39

(48-months)

Female

38.66 (11.06)

12

Visual Reception

Male

36.43 (13.01)

39

(48-months)

Female

40.08 (17.03)

12

Receptive Language

Male

32.90 (13.92)

39

(48-months)

Female

35.41 (15.31)

12

Expressive Language

Male

33.67 (11.71)

39

(48-months)

Female

34.83 (13.02)

12

Subscale
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Table C2
Univariate results of mixed MANOVA between Gender (Male, Female) across Time
(24-months, 48-months) on MSEL Fine Motor Age-Equivalent Scores.

Effect

SS

df

MS

F

p

η2

0.00

.875

.001

Fine Motor

Gender

0.01

1

0.01

Error

3737.95

49

76.29

Time

5548.76

1

5548.76

130.47

.000

.727

19.43

1

19.43

0.46

.502

.009

2083.95

49

42.53

Time x Gender

Error

Levene‘s test was not significant for Fine Motor at 24-months, F (1, 49) = 0.15, p =
.697, and at 48-months, F (1, 49) = 0.08, p = .768

GENDER DIFFERENCES IN AUTISM SPECTRUM DISORDER

140

Table C3
Univariate results of mixed MANOVA between Gender (Male, Female) across Time
(24-months, 48-months) on MSEL Visual Reception Age-Equivalent Scores.

Effect

SS

df

MS

F

p

η2

0.47

.497

.009

Visual Reception

Gender

58.43

1

58.43

Error

6119.99

49

6119.99

Time

7259.05

1

7259.05

89.90

.000

.4647

63.64

1

63.64

0.79

.379

.016

3956.61

49

80.74

Time x Gender

Error

Levene‘s test was not significant for Visual Reception at 24-months, F (1, 49) = 0.18,
p = .677, and at 48-months, F (1, 49) = 2.94, p = .092
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Table C4
Univariate results of mixed MANOVA between Gender (Male, Female) across Time
(24-months, 48-months) on MSEL Receptive Language Age-Equivalent Scores.

Effect

SS

df

MS

F

p

η2

0.10

.754

.002

Receptive Language

Gender

13.94

1

13.94

Error

6893.05

49

140.675

Time

9584.63

1

9584.63

111.43

.000

.695

49.81

1

49.81

0.58

.450

.012

4214.68

49

86.01

Time x Gender

Error

Levene‘s test was not significant for Receptive Language at 24-months, F (1, 49) =
0.10, p = .752, and at 48-months, F (1, 49) = 0.153, p = .698
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Table C5
Univariate results of mixed MANOVA between Gender (Male, Female) across Time
(24-months, 48-months) on MSEL Expressive Language Age-Equivalent Scores

Effect

F

df

Error df

p

η2

.875

.001

Expressive Language

Gender

0.02

1

49

Error

2.67

49

2.67

Time

149.40

1

49

.000

.753

0.81

1

49

.337

.016

5202.99

49

106.84

Time x Gender

Error

Levene‘s test was not significant for Expressive Language at 24-months, F (1, 49) =
0.36, p = .552, and at 48-months, F (1, 49) = 0.32, p = .573
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Table C6
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on Language Composite Scores

Effect

SS

df

MS

p

η2

0.01

.923

.000

F

Language Composite Scores

Gender

4.41

1

4.41

Error

227905.2

49

465.20

Time

35350.35

1

35350.35

138.99

.000

.739

187.40

1

187.40

.737

.395

.015

22795.25

49

465.20

Gender x
Time

Error

Levene‘s test was not significant at 24-months, F (1, 49) = 0.00, p = .968 and
at 48-months, F (1, 49) = 0.26, p = .610
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Table C7
Means (and Standard Deviations) of ADOS revised algorithmic totals for Social Affect
and Restricted and Repetitive Behaviour (RRB).

Males

Social Affect

RRB

Social Affect

RRB

24-months

24-months

48-months

48-months

M (SD)

M (SD)

M (SD)

M (SD)

14.10 (4.02)

3.74 (1.88)

9.28 (3.67)

2.76 (1.53)

13.75 (4.33)

2.41 (1.92)

10.75 (3.96)

2.33 (1.15)

(n = 39)

Females
(n = 12)
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Table C8
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on ADOS Social Affect (SA) Scores

Source

SS

df

MS

F

p

η2

0.25

.615

.005

Social Affect

Gender

5.71

1

5.71

Error

1094.12

49

22.33

Time

280.62

1

280.62

33.55

.000

.406

Gender x

15.21

1

15.21

1.82

.184

.036

409.87

49

8.37

Time

Error

Levene‘s test was not significant for SA at 24-months F (1, 49) = 0.38, p = .539 and
at 48-months F (1, 49) = 0.08, p = .783.
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Table C9
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on ADOS Restricted and Repetitive Behaviours (RRB) Scores

Source

SS

df

MS

p

η2

4.03

.050

.076

F

Restricted and Repetitive Behaviours

Gender

14.26

1

14.26

Error

172.99

49

3.53

Time

5.13

1

5.13

2.35

.132

.046

Gender x

3.64

1

3.64

1.67

.202

.033

106.95

49

2.18

Time

Error

Levene‘s test was not significant for RRB at 24-months F (1, 49) = 0.19, p = .658 and
at 48-months F (1, 49) = 0.88, p = .352.
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Appendix D
Descriptives, Intraclass Correlation Coefficients and Summary MANOVA and
ANOVA tables for Study 3.
Table D1
Means (and Standard Deviations) of proportion of Social Attention behaviours at 24months

Males

Social Gaze
M (SD)

Non-Social Gaze
M (SD)

Joint Activity (child)
M (SD)

2.86 (1.35)

31.90 (16.41)

4.61 (5.23)

3.10 (2.63)

23.82 (10.58)

5.80 (6.40)

(n = 11)

Females
(n = 11)

Table D2
Means (and Standard Deviations) of proportion of Social Attention behaviours at 48months.

Males

Social Gaze
M (SD)

Non-Social Gaze
M (SD)

Joint Activity (child)
M (SD)

3.89 (2.99)

19.70 (22.09)

4.47 (5.34)

6.01 (4.37)

10.97 (12.19)

5.59 (6.55)

(n = 11)

Females
(n = 11)
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Table D3
Means (and Standard Deviations) of frequencies of Social Gaze behaviours at 24months.

Males

Joint Attention
M (SD)

Social Referncing
M (SD)

Shared Affect
M (SD)

9.45 (16.87)

38.09 (13.65)

16.63 (14.53)

15.09 (13.75)

49.72 (30.08)

11.18 (13.43)

(n = 11)

Females
(n = 11)

Table D4
Means (and Standard Deviations) of frequencies of Social Gaze behaviours at 48months.

Males

Joint Attention
M (SD)

Social Referncing
M (SD)

Shared Affect
M (SD)

30.09 (30.60)

44.81 (24.72)

17.81 (18.15)

39.63 (31.81

50.27 (25.39)

24.36 (20.33)

(n = 11)

Females
(n = 11)
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Table D5
Means (and Standard Deviations) of frequencies of RRBs at 24-months.

Males

Sensory
Behaviours
M (SD)

Motor
Stereotypic
M (SD)

IS
Behaviours
M (SD)

Object
Disengagem
ent
M (SD)

Object
Usage
M (SD)

4.00 (3.40)

2.54 (6.57)

6.81 (8.48)

14.36 (14.49)

4.45 (5.44)

5.81 (9.46)

3.00 (7.78)

8.45 (7.92)

5.36 (6.00)

4.00 (4.38)

(n = 11)

Females
(n = 11)

D6
Means (and Standard Deviations) of frequencies of RRBs at 48-months.

Males

Sensory
Behaviours
M (SD)

Motor
Stereotypic
M (SD)

IS
Behaviours
M (SD)

Object
Disengagem
ent
M (SD)

Object
Usage
M (SD)

6.09 (10.97)

15.00 (28.64)

4.81 (6.41)

7.45 (9.12)

2.00 (2.64)

1.27 (2.05)

2.45 (7.20)

2.90 (3.04)

3.45 (5.10)

4.00 (6.18)

(n = 11)

Females
(n = 11)
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Table D7
Intraclass Correlation Coefficients of Social Attention, Social Gaze Behaviours and
RRBs
Measure

ICC (95% CI)

Social Attention
Social Gaze

0.76 (-.37 - .99)

Non-social Gaze

0.98 (.75 - 1.0)

Joint Activity (child)

0.65 (-.54 - .99)

Social Gaze Behaviours
Shared Affect

0.98 (.79 - 1.0)

Joint Attention

0.79 (-.29 - .99)

Social Referencing

0.97 (.68 - .99)

Restricted and Repetitive Behaviours
Sensory Behaviours

0.72 (-.20 -.97)

Motor-stereotypic Behaviours

1.00 (.97 - 1.0)

Insistence on Sameness

0.44 (-.57 - .92)

Object Usage

0.63 (-.27 - .95)

Object Disengagement

0.67 (-.31 - .96)
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Table D8
Univariate results of 2 x 3 mixed MANOVA of Gender (Male, Female) across Time
(24-months, 48-months) on Social Gaze

Effect

SS

df

MS

F

p

η2

0.86

.364

.041

Social GazeSQRT

Gender

0.79

1

0.79

Error

18.30

20

.915

Time

1.77

1

1.77

7.47

.013

.272

Gender x Time

0.53

1

0.53

2.22

.152

.100

Error

4.75

20

0.24

Levene‘s test was not significant at 24-months, F (1, 20) = 2.98, p = .099 and
at 48-months, F (1, 20) = 0.06, p = .810
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Table D9
Univariate results of 2 x 3 mixed MANOVA of Gender (Male, Female) across Time
(24-months, 48-months) on Non-social Gaze

Effect

SS

df

MS

F

p

η2

1.61

.219

.074

Non-social GazeSQRT

Gender

6.45

1

6.45

Error

80.26

20

4.01

Time

33.68

1

33.68

14.56

.001

.421

Gender x Time

0.24

1

0.24

0.01

.921

.001

Error

46.27

20

2.31

Levene‘s test was not significant at 24-months, F (1, 20) = 0.91, p = .351 and
at 48-months, F (1, 20) = 2.92, p = .103
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Table D10
Univariate results of 2 x 3 mixed MANOVA of Gender (Male, Female) across Time
(24-months, 48-months) on Joint Activity (child)

Effect

SS

f

MS

F

p

η2

0.06

.812

.003

Joint Activity (child) SQRT

Gender

0.21

1

0.21

Error

72.71

20

3.64

Time

0.71

1

0.71

1.98

.175

.090

Gender x Time

0.00

1

0.00

0.02

.890

.001

Error

1.73

20

1.73

Levene‘s test was not significant at 24-months, F (1, 20) = 0.17, p = .681 and
at 48-months, F (1, 20) = 0.36, p = .554
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Table D11
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on Joint Attention SQRT

Source

SS

df

MS

F

p

η2

1.07

.313

.051

Joint Attention

Gender

10.95

1

10.95

Error

24.51

20

10.23

Time

59.72

1

59.72

23.68

.000

.542

Gender x

0.02

1

0.02

0.01

.924

.000

50.43

20

2.52

Time

Error

Levene‘s test was not significant for JA at 24-months F (1, 20) = 0.56, p = .463 and at
48-months F (1, 20) = 0.09, p = .769
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Table D12
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on Shared Affect SQRT

Source

SS

df

MS

F

p

η2

0.05

.821

.003

Shared Affect

Gender

0.37

1

0.37

Error

140.65

20

7.03

Time

5.79

1

5.79

2.44

.134

.109

Gender x

5.81

1

5.81

2.44

.134

.109

47.60

20

2.38

Time

Error

Levene‘s test was not significant for SA at 24-months F (1, 20) = 0.13, p = .724 and
at 48-months F (1, 20) = 0.27, p = .609
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Table D13
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on Social Referencing SQRT

Source

SS

df

MS

F

p

η2

0.76

.395

.036

Social Referencing

Gender

3.68

1

3.68

Error

97.14

20

4.86

Time

0.59

1

0.59

0.30

.592

.015

Gender x

0.09

1

0.09

0.05

.832

.002

39.73

20

1.99

Time

Error

Levene‘s test was not significant for SR at 24-months F (1, 20) = 3.12, p = .093 and
at 48-months F (1, 20) = 0.18, p = .675
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Table D14
Results of mixed ANOVA between Gender (Male, Female) across Time (24-months,
48-months) on the Restricted and Repetitive Behaviours (RRB) composite scores

Source

SS

df

MS

F

p

η2

Restricted and Repetitive Behaviours Composite Score

4.09

.056

.170

209.45

0.60

.447

.029

1

820.45

2.36

.140

.106

20

347.66

Gender

1756.45

1

1756.45

Error

8570.18

20

428.51

Time

209.45

1

Gender x

820.45

6953.09

Time

Error

Levene‘s test was not significant for RRB composite scores at 24-months
F (1, 20) = 0.25, p = .624 but was significant at 48-months F (1, 20) = 12.22, p = .002

