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3 6 Neurodevelopment of Social /
Non-social Functioning
Differences in Autism

Joseph P. McCleery',
Chrysi Stefanidou', and
Katharine A. Graham'

’ School of Psychology, University of Birmingham, UK

Background

Autism is a pervasive developmental disorder that is diagnosed based on
behavioural criteria for impairments in social skills, communication and
language skills, and restricted interests and repetitive behaviours. Autism is
currently considered to be a “spectrum” disorder, with three similar Perva-
sive Developmental Disorders now being termed Autism Spectrum Disor-
ders (ASDs): Autistic Disorder, Aspergers Disorder, and Pervasive
Developmental Disorder — Not Otherwise Specified (PDD-NOS). Individu-
als with these three different ASDs differ somewhat in regards to the nature
and/or severity of their early language and intellectual difficulties, as well
as their restricted interests and repetitive behaviours. However, individuals
with these different ASDs are similar in that they share impairments in social
and communication skills, and that the onset of their difficulties begins by
three years of age (American Psychiatric Association, 2004).

Because ASDs are characterised by behavioural impairments in social
and communication skills, scientists have very reasonably focused a great
deal of attention and research on identifying impairments in social-cognitive
brain and behavioural functioning in this population over the past several
decades. For example, a great deal of research attention has been focused on
both the neural and perceptual bases of the processing of human faces in
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individuals on the autism spectrum (Dawson, Webb, & McPartland, 2005;
Schultz & Robins, 2005). Much of this work has been motivated by theo-
retical models positing that previously documented reductions in behav-
ioural orienting to other people’s faces and voices in children with autism
likely leads to reduced expertise with face stimuli in this population (Carv-
er & Dawson, 2002; Marcus & Nelson, 2001). Others have argued that the
face processing and other social-cognitive impairments that have been un-
covered may reflect core impairments in specific brain regions or networks,
thereby elucidating the potential cause of autism (Schultz, 2005; Schultz,
Grelotti, Klin, Kleinman, Van der Gaag, Marois, & Skudlarski, 2003).

Recently, scientists have challenged the proposal that impaired social-
cognitive processing is the core characteristic of individuals with autism. For
example, Jemel, Mottron, and Dawson (2006) reviewed 10 years of research
on face processing in individuals with ASD and came to several conclusions.
First, they argue that face processing differences uncovered in individuals
with ASD relative to controls are too subtle and inconsistent to warrant the
levels of attention they have been given in the literature. Second, they argue
that the key difference in face processing in ASD is not an impairment at all
and, instead, may be a simple difference in preferred (or “default”) percep-
tual processing strategy. Specifically, they argue that individuals with autism
exhibit an increased natural tendency to focus on the local features and de-
tails of faces (and other stimuli), as opposed to a perceptual impairment in
integrating global or holistic information in faces as had been suggested
previously (e.g., McPartland, Dawson, Webb, Panagiotides, & Carver, 2004;
Schultz & Robins, 2005). This argument is supported by research showing
that individuals with autism are equally as good at using low spatial fre-
quency (i.e., global) information to identify peoples’ faces as well-matched
controls when they are explicitly asked to do so, and are also better than
well-matched controls at using high spatial frequency (i.e., local feature)
information under similar conditions (e.g., Deruelle, Rondan, Gepner, &
Tardif, 2004; Rondan & Deruelle, 2007). Finally, they argue that this bias in
perceptual processing strategy may also be the root cause of both the neural
and perceptual differences observed between individuals with ASD and
control participants, which have traditionally been interpreted as reflecting
core impairments in social brain networks (e.g., McPartland et al., 2004;
Schultz & Robins, 2005).
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The critique of the face processing literature by Jemel, Mottron, and
Dawson (2006) reflects a larger debate in the field, which is related to the
roles of impaired versus enhanced abilities in understanding autism. This
debate has largely emerged from differences in the types of evidence uncov-
ered by different research groups, as well as differences in the perspectives
taken in response to this evidence (Mottron, 2011). Space limitations pre-
clude us from discussing the over-arching theoretical models for cognitive
functioning in autism, such as the Theory of Mind (Baron-Cohen, 1995;
Baron-Cohen, Leslie, & Frith, 1985), Weak Central Coherence (Happe &
Frith, 2006), and Executive Dysfunction (Russell, 1997) theories, in this
chapter. We do note, however, that recent debate in this area has resulted in
a notable shift in perhaps the most dominant model, the Theory of Mind
model. Specifically, a revision of this psychological theory suggests that the
cognitive profile of individuals on the autism spectrum is one of impaired
Empathising with others and enhanced Systemizing, relative to typical indi-
viduals (Baron-Cohen, 2009). Previously, this theory primarily emphasised
impairments in the social cognitive ability of understanding what others are
thinking, feeling, and intending (Baron-Cohen, Leslie, & Frith, 1985). This
recent revision, then, maps onto an increased emphasis on the idea of imbal-

ance between social and non-social processing and abilities in autism.

Importance of Development

Research and debate on the relative roles of social and non-social factors, in
terms of both explaining cognition and elucidating causal biological mecha-
nisms for the social difficulties exhibited by those with autism, is important.
To date, however, the vast majority of this debate has been had on the basis
of experimental assessments of older children and adults. This approach has
a high likelihood of continual suffering from the proverbial “chicken and the
egg” problem. This is because it is clearly difficult, and often impossible, to
determine the direction in which the causal arrow has had its influence. For
example, when older children or adults who have been experiencing autism
for a number of years exhibit both impairments in social processing and
enhancements in non-social processing, it is unclear whether impairments in

social cognitive functioning have enhanced development of non-social
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abilities, whether enhanced non-social abilities have negatively impacted
upon social cognitive development, or whether autism is the direct result of
a core imbalance in the functioning of social versus non-social processing
mechanisms from very early in life. In order to understand this relationship,
it is important to examine social and non-social processing from the earliest
onset of the disorder, and even prior to that when possible.

As indicated at the outset of this chapter, at least some of the symptoms
of ASDs must onset prior to three years of age (American Psychiatric As-
sociation, 2004). Despite extensive research aimed at lowering the age of
effective diagnosis, ASDs cannot currently be reliably diagnosed until ap-
proximately 36-months of age, with some cases that are associated with
notable language and/or cognitive delays presenting clearly and persistently
as early as 24 months of age (Chawarska, Klin, Paul, Macari, & Volkmar,
2009; Chawarska, Klin, Paul, & Volkmar, 2007; Rogers, 2009; Zwaigen-
baum, Bryson, Lord, Rogers, Carter et al., 2009; see also Klin, Chawarska,
Paul, Rubin, Morgan, Wiesner, & Volkmar, 2004). Therefore, the period
around this time should be one of the most informative in regards to identi-
fying processing differences that may more accurately reflect the relative
roles of social versus non-social mechanisms as core components of autism.
We turn to studies of neural processing mechanisms in children in this age
range in the next section.

Face and Object Processing in Young Children with
Autism

Event-related potentials (ERP) are a technique for the study of human brain
functioning. This technique is especially useful in research with infants and
children from both typical and clinically disordered populations, including
even those who are nonverbal (Nelson & McCleery, 2008). ERPs are non-
invasive, pose no known risks to research participants, and do not require
an overt behavioural response. This technique capitalises on the fact that,
upon stimulus presentation, groups of neurons fire simultaneously and gen-
erate electrical activity that can be recorded from electrodes placed over the
scalp. ERPs are averages of epoch of this activity that are time-locked to
specific stimuli (e.g., a picture or a sound), and appear as a series of positive
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and negative deflections. The amplitude, latency, and distribution of these
deflections across the scalp provide valuable information about the timing,
sequence, amount, and general location of neural activity associated with
various sensory, perceptual, and cognitive processes.

Over the last two decades, ERP assessments have provided a wealth of
information about the neural processing of social and non-social information
in individuals with autism. ERPs have played a particularly critical and
dominant role in our understanding of both neural and cognitive/perceptual
processing early in life in autism (Dawson, Webb, & McPartland, 2005;
Grice, Halit, Farroni, Baron-Cohen, Bolton, & Johnson, 2005; Kuhl, Coffey-
Corina, Padden, & Dawson, 2005; McCleery, Ceponiene, Burner, Townsend,
Kinnear, & Schreibman, 2010; Nelson & McCleery, 2008; Webb, Jones,
Merkle, Venema, Greenson, Murias, & Dawson, 2011). Here, we focus on
the literature on visual social and non-social processing; specifically, face
and object processing, during early childhood in autism.

A notable advantage of recording brain activity using ERPs is that it al-
lows one to directly examine the processes that may underlie social versus
non-social differences observed using traditional behavioural measures. It
has long been known that children with autism do not orient to other people
as often as do typically developing children (Dawson, Meltzoff, Osterline,
& Brown, 1998; Dawson, Toth, Abbott, Osterling, Munson, Estes, & Liaw,
2004; Klin, 1991; Kuhl et al., 2005). More recently, using eye-tracking
technology, Klin and colleagues found that, when presented with videos of
humans moving and videos of non-human objects moving in a side-by-side
comparison, very young children with autism look equally at these two types
of videos, whereas typically developing and developmentally delayed chil-
dren consistently prefer to look at the people over the objects (Klin, Lin,
Gorrindo, Ramsay, & Jones, 2009; see also Pierce, Conant, Hazin, Stoner,
& Desmond, 2011). Klin has also found that children with autism show no
preference for listening to their mother’s voice relative to the sounds of a
noisy café, whereas typically developing children consistently exhibit a
preference for their mother’s voice (Klin, 1991; see also Kuhl et al., 2005).
However, despite the consistency of these results, these findings do not
clarify the mechanisms underlying the observed differences in behavioural
preference. For example, in the recent study of preference for human motion
versus non-human object motion by Klin and colleagues, the authors re-
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ported convincing data that the visual preferences of the children with autism
were driven by enhanced attention to audio-visual temporal synchrony that
cut across the human and non-human motion videos (Klin et al., 2009).
Given these results, it is impossible to determine whether the lack of pref-
erential looking for the human versus non-human motion was caused by
impaired mechanisms driving preference for human motion, enhanced
mechanisms driving preference for non-social auditory-visual temporal syn-
chrony, or a core imbalance between human and non-human processing
mechanisms. ERP recordings provide an opportunity for the direct and
separate examination of social and non-social processing mechanisms.
Several studies conducted by Dawson and colleagues have utilised ERPs
to examine face processing in young children with autism (aged 3- to
4-years). In one study, they examined the processing of familiar and unfa-
miliar faces and objects. Specifically, they showed children with ASDs and
typically developing (TD) children pictures of their mother’s face, a
stranger’s face, their favourite toy, and a toy they had never seen before. In
one published report, they compared the early perceptual processing differ-
ences for the face versus object stimuli (Webb, Dawson, Bernier, & Panagi-
otides, 2006), and for the other published report they focused on somewhat
later brain activity associated with the discrimination of familiar versus

Figure 1. Young child wearing a high-density (128-channel) electroencephalography (EEG) Sensor
Net (Electrical Geodesics, Inc., Eugene, Oregon) for a study of face versus object processing.
University of Birmingham, England. Photo Credit: Antonis Christou.
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unfamiliar faces and objects (Dawson, Carver, Meltzoff, Panagiotides,
McPartland, & Webb, 2002). For the comparison of early perceptual
processing of faces versus objects, they found an interaction between stimu-
lus type (face, object) and group (ASD, TD), which was driven by a sig-
nificant difference in the amount of activity used by the two groups of
children during object processing. Specifically, the ASD children exhibited
less brain activity during object processing compared to the TD children. No
differences in face processing were observed between the two groups during
this early stage of perceptual processing.

For the comparisons of familiar and unfamiliar face and object process-
ing, the ERPs of the TD children were different for mother’s face and
stranger’s face at both an early cognitive and a late cognitive stage of
processing. The same ERP components of these children also differed for
their favourite toy versus an unfamiliar toy. On the other hand, the ERP
responses of the ASD children differentiated familiar versus unfamiliar toys
in the same early and late cognitive components as the typically developing
children, but they did not differentiate mother’s face from stranger’s face at
either of these stages of processing (Dawson et al., 2002). These results sug-
gest impaired processing that is specific to social stimuli at both an early
cognitive and a late cognitive stage of processing in young children with
autism.

Two further studies shed light on social processing mechanisms in young
children with autism. The first is a study of emotional face processing in
3- to 4-year old ASD and TD children. In this study, children were pre-
sented with pictures of faces posed in fearful and neutral emotional expres-
sions while ERPs were recorded. The results showed that TD children
exhibited more brain activity in response to the fearful relative to the neutral
face at both an early perceptual stage of processing and a late cognitive stage
of processing. The ASD children, however, did not exhibit any differences
in terms of amount of brain activity at any stage of processing (Dawson,
Webb, Carver, Panagiotides, & McPartland, 2004). These results suggest
that the recognition of categories of facial emotion is impaired at both an
early perceptual stage and a late cognitive stage in young children with
autism.

Another study that sheds light on early social processing mechanisms in
young children with autism is a study of eye gaze processing. In this study,
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participants were 3- to 7-year old ASD and TD children. Participants were
presented with pictures of faces that were either looking directly forward
(i.e., gaze directed at the participant) or looking to the side (i.e., averted
gaze). This study design was based on a previous study of very young TD
infants that had found that gaze directed at the infant participants elicited
more brain activity at an early perceptual stage of processing. In this study
of children with and without ASDs, the ERPs of the TD children showed no
difference in response to direct versus averted eye gaze. However, the ERPs
of the children with ASDs differentiated direct and averted gaze at the same
early perceptual stage of processing as the infants in the highly similar pre-
vious experiment. The authors interpreted these results to reflect delayed
development of eye gaze processing mechanisms in the children with autism
(Grice et al., 2005).

These studies of the neural correlates of social and non-social processing
early in young children diagnosed with autism provide a number of valuable
insights into the potential roles of social versus non-social factors in autism.
First, in the only published study that has directly compared face and object
processing in young children with autism, there was evidence for atypical
processing of objects, but not faces, at an early perceptual stage of process-
ing. Specifically, the children with ASDs exhibited less brain activity when
processing objects, compared with TD children. This stage of processing is
most well-known as the stage at which the structure of face and object
stimuli is encoded, suggesting the possibility that there is something unu-
sual about the way in which young children with ASDs initially encode
objects as a class of stimuli separate from faces.

The second thing that we can take away from these research studies is
that face processing is atypical at several stages in young children with au-
tism, and that the specific stage at which the abnormalities present them-
selves is at least somewhat dependent upon the specific types of social
contrasts presented. For example, while the early perceptual processing of
neutral faces appears to be relatively normal in these children, the recogni-
tion of fearful faces appears to be atypical at this same stage of processing.

A notable limitation to the ERP literature on young children with autism
at the current time is that the majority of studies conducted to date have not
included any non-social comparison or control stimuli in their research de-
signs. This makes it impossible to determine whether or not any of the ob-
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served differences in brain responses to social stimuli reflect specific
impairments in social cognitive processing or, instead, reflect more generic
differences in perceptual or cognitive processing.

Face and Object Processing in Infants Siblings of
Children with Autism

Autism is believed to be caused by a complex combination of multiple ge-
netic and environmental factors, but twin studies examining the concordance
of autism in monozygotic versus dizygotic twins provide evidence that ge-
netics play a key role (Bailey, Bracutigam, Jousmaki, & Swithenby 2005;
Folstein & Rutter 1997; Ritvo, Jorde, Mason-Brothers, Freeman, Pingree,
Jones et al., 1989; see also Hallmayer, Cleveland, Torres, Phillips, et al.,
2011). In addition to high genetic influence on the development of autism
itself, milder versions of the social, communication, and other difficulties
experienced by individuals with ASD have also been documented in unaf-
fected first-degree relatives (i.e., siblings, parents) of individuals with ASD.
A number of studies have documented differences in social and communica-
tion skills and preferences (Adolphs, Spezio, Parlier, & Piven, 2008; Bishop,
Maybery, Maley, Wong, Hill, & Hallmayer, 2004; Bolton, MacDonald, Pick-
les, Rios, Goode, Crowson, Bailey, & Rutter, 1994; Dalton, Nacewicz,
Alexander, & Davidson, 2007; Murphy, Bolton, Pickles, Fombonne, Piven,
& Rutter, 2000; Pickles, Starr, Kazak, Bolton, Papanikolaou, Bailey, Good-
man, & Rutter, 2000; Piven, Palmer, Landa, Santangelo, Jacobi, & Childress,
1997; Smith, Lang, Kryzak, Reichenberg, Hollander, & Silverman, 2009),
as well as language abilities (Folstein, Santangelo, Gilman, Piven, Landa,
Lainhart, Hein, & Wzorek, 1999; Landa, Folstein, & Isaacs, 1991; Piven et
al., 1997). Evidence has also been found for subtle impairments in executive
functions (Hughes, Leboyer, & Bouvard, 1997; Piven & Palmer, 1997) and
for an enhanced locally-oriented processing style in these individuals (Bar-
on-Cohen & Hammer, 1997; Happe, Briskman, & Frith, 2001). These results
provide evidence that the complex genetic mechanisms that contribute to the
development of autism also affect other members of families affected by
autism. This, then, opens up the opportunity to explore the effects of famil-
ial/genetic risk factors on brain and behavioural development early in life in
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ASD, through the study of infant siblings of children already diagnosed with
ASDs (Rogers, 2009; Yirmiya & Charman, 2010).

Extensive research has been conducted on the development of social
behaviour in infants who are at high risk for developing autism (i.e., “high
risk infants”), with a great deal being learnt about the earliest development
of behavioural signs for ASDs (Zwaigenbaum et al., 2009). Despite fairly
extensive research in this area, however, a recent review concludes that the
evidence suggests that the core social and communication differences that
are characteristic of autism later in development do not emerge in early in-
fancy (Rogers, 2009). Instead, social and communication skills often de-
velop on a relatively normal course until at least 9- to 12-months of age in
infants who later go on to develop autism, and these social and communica-
tion difficulties are not sufficiently clear to warrant diagnosis until after 24,
or sometimes 36, months of age. On the other hand, repetitive and unusual
sensory behaviours (often with toys) have been found to emerge earlier in
development than impairments in social and communications skills in this
population (Rogers, 2009).

Over the past few years, a number of ERP studies of infant siblings of
children with autism have examined the neural processing of social and non-
social information. In fact, the studies conducted to date roughly correspond
to those ERP studies of young children diagnosed with autism described
above. For example, we recently reported an ERP study of face versus object
processing in 10-month-old high-risk infants. In this study, we approxi-
mately replicated previous research findings of atypicalities in the percep-
tual processing of non-social objects in young children with autism.
Specifically, we found that the perceptual processing of objects was faster
for high-risk infants relative to control infants with no family history of
autism. The speed of perceptual processing of faces was the same in these
two groups (McCleery, Akshoomoff, Dobkins, & Carver, 2009). Faster ob-
ject responses of high-risk infants suggests the possibility that familial/ge-
netic risk for autism is associated with either enhanced attention to, or
enhanced fluency in, the processing of objects. Interestingly, one year after
the publication of our ERP study, Noland and colleagues produced behav-
ioural evidence for enhanced working memory for non-social stimuli in 6- to
9-month old infant siblings of children with autism (Noland, Reznick, Stone,
Walden, & Sheridan, 2010). In this study, Noland and colleagues also found
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no evidence for impaired memory for faces in these infants.

In 2011, Luyster and colleagues reported an ERP study of the processing
of mother’s face versus stranger’s face in 12-month-old infant siblings of
children with autism. The study methods were almost identical to those
employed in the previous study of familiar and unfamiliar face and object
processing in young children with autism, described earlier, with the excep-
tion that only face (and not object) stimuli were used. The results of this
study showed that the discrimination of the faces of mother and stranger is
highly similar between infant siblings of children with autism and infants
without a family history of autism at this age, providing no evidence for an
impairment in face recognition (Luyster, Wagner, Vogel-Farley, Tager-
Flusberg, & Nelson, 2011).

In another ERP study, Elsabbagh and colleagues utilised ERPs to exam-
ine the neural correlates of eye gaze processing in high-risk infant siblings.
The study methods were almost identical to those employed in the previous
study of direct versus averted gaze processing in young children with autism,
described earlier. The results of this study revealed evidence for atypical eye
gaze processing in the high-risk infants. Interestingly, however, this atypical-
ity did not reflect an absence of discrimination of direct versus averted gaze
in these infants. Instead, the ERPs of both high-risk and low-risk infants
reliably discriminated faces presenting direct versus averted gaze, but did so
in different ways (Elsabbagh, Volein, Csibra, Holmboe, Garwood, et al.,
2009).

These studies of the neural correlates of social and non-social processing
in infant siblings of children with autism provide further insights into the
potential roles of social versus non-social factors in autism. First, in the only
published study that has directly compared face and object processing in
infant siblings of children with autism, there was evidence for atypical
processing of objects, but not faces, at an early perceptual stage of process-
ing. Second, the evidence for social processing impairments in these infants
is less consistent than in young children who have already been diagnosed
with autism.

As in the ERP literature on young children diagnosed with autism, a
notable limitation to the ERP literature on infant siblings of children with
autism is that the majority of studies conducted to date have not included
any non-social comparison or control stimuli in their research designs. This
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makes it impossible to determine whether or not any of the observed differ-
ences in brain responses to social stimuli reflect specific impairments in
social cognitive processing or, instead, reflect more generic differences in
perceptual or cognitive processing. A number of sensory, perceptual, and
cognitive differences that have the potential to account for such atypicalities
have already been documented in young infant siblings of children with
autism (Elsabbagh, Volein, Holmboe, Tucker, et al., 2009; Holmboe, Elsab-
bagh, Volein, Tucker, et al., 2010; McCleery, Allman, Carver, & Dobkins,
2007).

Summary and Conclusions

In this chapter, we have reviewed evidence from event-related potentials
brain imaging studies of the early development of children with autism
spectrum disorders. From the results of these studies, we have argued that
autism is best examined in terms of the possibility for atypicalities in both
social and non-social functioning. Furthermore, we have argued that the
evidence to date suggests the distinct possibility of developmental change,
with non-social functioning differences potentially being more prominent
early in life in this population. If true, this would suggest different ap-
proaches to understanding both the causes and consequences of autism
spectrum disorders, as well as how these causes and consequences are ad-
dressed in future research and practice.

In terms of causes, the results of the review in this chapter suggest that
we must consider the possibility that autism may be caused, in part, by
atypicalities in core brain systems involved in sensory, perceptual, and/or
cognitive processing that are either specific to non-social (e.g., object)
stimuli, or that cut across both social and non-social stimulus processing. In
particular, we have raised the possibility that the visual processing of non-
social / object stimuli may be somehow enhanced at the perceptual stage of
processing, perhaps as a result of increased attention, motivation, or neural
processing fluency. This, in turn, may have negative downstream develop-
mental effects on the later development of social interactive and communica-
tion skills. This view contrasts sharply with a number of current and previous
theories of the causal mechanisms for autism, and most notably those that
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have suggested that autism is due, first and foremost, to core impairments in
the “social brain network” (Schultz, 2005; Schultz, Grelotti, Klin, Kleinman,
Van der Gaag, Marois, & Skudlarski, 2003).

The possibility that autism may be best characterised first by increased
motivation toward non-social stimuli early in life also has potential implica-
tions for early behavioural intervention. A number of evidence-based behav-
ioural interventions are, in fact, already designed to use existing motivations
for engagement with non-social objects in children with autism in an effort
to increase engagement with other people (Frost & Bondy, 2002; Ingersoll,
2010; Koegel & Koegel, 1996). Furthermore, recent research has found
motivation to engage with objects, as indexed by levels of toy contact, to be
a predictor of positive response to naturalistic play-based behavioural inter-
vention in toddlers and young children with autism (Schreibman, Stahmer,
Barlett, & Dufek, 2009; Sherer & Schreibman, 2005). These data already
provide support for the notion that non-social functioning differences are an
important variable to consider in intervention planning. The results of both
on-going and future research studies aimed at examining the neural mecha-
nisms associated with improvements in social and communication skills that
result from early intensive behavioural intervention will be important for
understanding the relationships between social and non-social processing
and impaired social and communication behaviours early in life in this
population. These findings, in turn, will inform us as to the core causal
mechanisms for autism spectrum disorders.

References

American Psychiatric Association. (2004). Diagnostic and Statistical Manual of
Mental Disorders (4™ ed). Washington, DC: American Psychiatric Association.

Adolphs, R., Spezio, M. L., Parlier, M., & Piven, J. (2008). Distinct face-processing
strategies in parents of autistic children. Current Biology, 18 (4), 1090-1093

Bailey, A. J., Braeutigam, S., Jousmaki, V., & Swithenby, S. J. (2005). Abnormal
activation of face processing systems at early and intermediate latency in in-
dividuals with autism spectrum disorder: A magnetoencephalographic study.
European Journal of Neuroscience, 21, 2575-2585.

Baron-Cohen, S. (1995). Mindblindness: An Essay on Autism and Theory of Mind.
Boston: MIT Press/Bradford Books.

Baron-Cohen, S., & Hammer, J. (1997). Parents of children with Asperger Syn-
drome: What is the cognitive phenotype? Journal of Cognitive Neuroscience,
9 (4), 548-554.

395



CARLS SERIES OF ADVANCED STUDY OF LOGIC AND SENSIBILITY

Baron-Cohen, S. (2009). Autism: the empathizing-systemizing (E-S) theory. Annals
of the New York Academy of Sciences, 1156, 68—80.

Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have a
‘theory of mind’? Cognition, 21, 37-46.

Bishop, D. V. M., Maybery, M., Maley, A., Wong, D., Hill, W., & Hallmayer, J.
(2004). Using self-report to identify the broad phenotype in parents of children
with autistic spectrum disorders: a study using the Autism-Spectrum Quotient.
Journal of Child Psychology and Psychiatry, 45 (8), 1431-1436.

Bolton, P., MacDonald, H., Pickles, A., Rios, P., Goode, S., Crowson, M., Bailey,
A., & Rutter, M. (1994). A case-control family history study of autism. Jour-
nal of Child Psychology and Psychiatry, 35, 877-900.

Carver, L. J., & Dawson, G. (2002). Development and neural bases of face recogni-
tion in autism. Molecular Psychiatry, 7(2), 18-20.

Chawarska, K., Klin, A., Paul, R., Macari, S., & Volkmar, F. (2007). A prospective
study of toddlers with ASD: short-term diagnostic and cognitive outcomes.
Journal of child psychology and psychiatry, 50(10), 1235-1245.

Chawarska, K., Klin, A., Paul, R., & Volkmar, F. (2007). Autism spectrum disorder
in the second year: stability and change in syndrome expression. Journal of
child psychology and psychiatry, 48(2), 128-138.

Dalton, K. M., Nacewicz, B. M., Alexander, A. L., & Davidson, R. J. (2009). Gaze-
fixation, brain activation, and amygdale volume in unaffected siblings of in-
dividuals with autism. Biological Psychiatry, 61 (4), 512-520.

Dawson, G., Carver, L., Meltzoff, A. N., Panagiotides, H., McPartland, J., & Webb,
S.J.(2002). Neural correlates of face and object recognition in young children
with autism spectrum disorder, developmental delay, and typical development.
Child Development, 73(3), 700-717.

Dawson, G., Meltzoff, A., Osterline, T., & Brown, E. (1998). Hildren with autism
fail to orient to social stimuli Journal of Autism and Developmental Disorders,
28, 479-485.

Dawson, G., Toth, K., Abbott, R., Osterling, J., Munson, J., Estes, A., & Liaw, J.
(2004). Early social attention impairments in autism: social orienting, joint
attention, and attention to distress. Developmental Psychology, 40(2), 271—
283.

Dawson, G., Webb, S. J., Carver, L., Panagiotides, H., & McPartland, J. (2004).
Young children with autism show atypical brain responses to fearful versus
neutral facial expressions. Developmental Science, 7, 340-359.

Dawson, G.., Webb, S. J., & McPartland, J. (2005). Understanding the nature of face
processing impairment in autism: Insights from behavioural and electrophys-
iological studies. Developmental Neuropsychology, 27, 403—424.

Deruelle, C., Rondan, C., Gepner, B., & Tardif, C. (2004). Spatial frequency and
face processing in children with autism and Asperger syndrome. Journal of
Autism and Developmental Disorders, 34(2), 199-210.

Elsabbagh, M., Volein, A., Csibra, G., Holmboe, K., Garwood, H.,Tucker, L., Krljes,
S., Baron-Cohen, S., Bolton, P., Charman, T., Baird, G., & Johnson, M. H.
(2009). Neural correlates of eye gaze processing in the infant broader autism
phenotype. Biological Psychiatry, 65, 31-38.

Elsabbagh, M., Volein, A., Holmboe, K,. Tucker, L., Csibra, G., Baron-Cohen, S.,

396



36. NEURODEVELOPMENT OF SOCIAL / NON-SOCIAL FUNCTIONING DIFFERENCES IN AUTISM

Bolton, P., Charman, T., Baird, G., & Johnson, M. H. (2009). Visual orienting
in the early broader autism phenotype: Disengagement and facilitation. Jour-
nal of Child Psychology and Psychiatry, 50, 637-642.

Folstein, S., & Rutter, M., (1977). Infantile Autism: A genetic study of 21 twin pairs.
Journal of Child psychology and Psychiatry, 18(4), 297-321.

Folstein, S. E., Santangelo, S. L., Gilman, S. E., Piven, J., Landa, R., Lainhart, J.,
Hein, J., & Wzorek, M. (1999). Predictors of cognitive test patterns in autism
families. Journal of Child Psychology and Psychiatry, 40 (7), 1117-1128.

Frost, L. A. & Bondy, A. S. (2002). The Picture Exchange Communication System
Training Manual (2™ edition). Newark, DE: Pyramid Educational Products,
Inc.

Grice, S. J., Halit, H., Farroni, T., Baron-Cohen, S., Bolton, P., & Johnson, M. H.
(2005). Neural correlates of eye-gaze detection in young children with autism.
Cortex, 41(3), 342-353.

Hallmayer, J., Cleveland, S., Torres, A., Phillips, J., Cohen, B., Torigoe, T., Miller,
J., Fedele, A., Collins, J., Smith, K., Lotspeich, L., Croen, L. A., Ozonoff, S.,
Lajonchere, C., Grether, J. K., & Risch, N. (2011). Genetic heritability and
shared environmental factors among twin pairs with autism. Archives of Gen-
eral Psychiatry, 68 (11), 1095-1102.

Happe, F., Briskman, J., & Frith, U. (2001). Exploring the cognitive phenotype of
autism: Weak “central coherence” in parents and siblings of children with
autism: 1. Experimental tests. Journal of Child Psychology and Psychiatry, 42
(3), 299-307.

Happe, F., & Frith, U. (2006). The weak coherence account: Detail-focused cogni-
tive style in autism spectrum disorders. Journal of Autism and Developmental
Disorders, 37(1), 5-25.

Holmboe, K., Elsabbagh, M., Volein, A., Tucker, L.A., Baron-Cohen, S., Bolton, P.,
Charman, T., & Johnson, M. H. (2010). Frontal cortex functioning in the infant
broader autism phenotype. Infant Behavior & Development, 33 (4), 482—-491.

Hughes, C., Leboyer, M., & Bouvard, M. (1997). Executive function in parents of
children with autism. Psychological Medicine, 27 (1), 209-220.

Ingersoll, B. (2010). Teaching social communication to children with autism: A
comparison of naturalistic, behavioral and developmental, social-pragmatic
interventions. Journal of Positive Behavior Interventions, 12, 33—43.

Jemel, B., Mottron, L., & Dawson, M. (2006). Impaired face processing in autism:
Fact or artefact? Journal of Autism and Developmental Disorders, 36, 91-106.

Klin, A. (1991). Young autistic children’s listening preferences in regard to speech:
a possible characterization of the symptom of social withdrawal. Journal of
Autism and Developmental Disorders, 21(1), 29-42.

Klin, A., Chawarska, K., Paul, R., Rubin, E., Morgan, T., Wiesner, L., & Volkmar,
F. (2004). Autism in a 15-month-old child. American Journal of Psychiatry,
161(11), 1981-1988.

Klin, A., Lin, D. J., Gorrindo, P., Ramsay, G.., & Jones, W. (2009). Two-year-olds
with autism orient to non-social contingencies rather than biological motion..
Nature, 459(7244), 257-261.

Koegel, L. K. & Koegel, R. L. (1996). Teaching Children with Autism: Strategies
for Initiating Positive Interactions and Improving Learning Opportunities.

397



CARLS SERIES OF ADVANCED STUDY OF LOGIC AND SENSIBILITY

Brookes Publishing Company.

Kuhl, P. K., Coffey-Corina, S., Padden, D., & Dawson, G. (2005). Links between
social and linguistic processing of speech in preschool children with autism:
behavioural and electrophysiological measures. Developmental Science, 8(1),
1-12.

Landa, R., Folstein, S. E., & Isaacs, C. (1991). Spontaneous narrative-discourse
performance of parents of autistic individuals. Journal of Speech and Hearing
Research, 34, 1339-1345.

Luyster, R. J., Wagner, J. B., Vogel-Farley, V., Tager-Flusberg, H., & Nelson, C. A.
3 (2011). Neural correlates of familiar and unfamiliar face processing in in-
fants at risk for autism spectrum disorders. Brain Topography, 24 (3—4),
220-228.

Marcus, D., & Nelson, C. A. (2001). Neural basis and development of face recogni-
tion in autism. CNS Spectrums, 6, 36-59.

McCleey, J. P., Akshoomoff, N., Dobkins, K. R., & Carver, L. J. (2009). Atypical
face versus object processing and hemispheric asymmetries in 10-month-old
infants at risk for autism. Biological Psychiatry, 66(10), 950-957.

McCleery, J.P, Allman, E., Carver, L. J., Dobkins, K. R. (2007). Abnormal magno-
cellular pathway visual processing in infants at risk for autism. Biological
Psychiatry, 62, 1007-1014.

McCleery, J. P., Ceponiene, R., Burner, K. M., Townsend, J., Kinnear, M. & Schreib-
man, L. (2010). Neural correlates of verbal and nonverbal semantic integration
in children with autism spectrum disorder. Journal of Child Psychology and
Psychiatry, 51(3), 277-286.

McPartland, J., Dawson, G., Webb, S. J., Panagiotides, H., & Carver, L. J. (2004).
Event-related brain potentials reveal anomalies in temporal processing of
faces in autism spectrum disorder. Journal of Child Psychology and Psychia-
try, 45(7), 1235-1245.

Mottron, L. (2011). Changing perceptions: The power of autism. Nature, 479(7371),
33-35.

Murphy, M., Bolton, P. F., Pickles, A., Fombonne, E., Piven, J., & Rutter, M. (2000).
Personality traits of the relatives of autistic probands. Psychological Medicine,
30, 1411-1424.

Nelson, C. A. 3., & McCleery J. P. (2008). Use of event-related potentials in the
study of typical and atypical development. Journal of the American Academy
of Child and Adolescent Psychiatry, 47(11), 1252—-1261.

Noland, J. S., Reznick, J. S., Stone, W. L., Walden, T., & Sheridan, E. H. (2010).
Better working memory for non-social targets in infant siblings with Austism
Spectrum Disorder. Developmental Science, 13(1), 244-251.

Pickles, A., Starr, E., Kazak, S., Bolton, P., Papanikolaou, K., Bailey, A., Goodman,
R., & Rutter, M. (2000). Variable expression of the autism broader phenotype:
findings from extended pedigrees. Journal of Child Psychology and Psychia-
try, 41 (4), 491-502.

Pierce, K., Conant, D., Hazin, R., Stoner, R., & Desmond, J. (2011). Preference for
geometric patterns early in life as a risk factor for autism. Archives of Gen-
eral Psychiatry, 68(1), 101-109.

Piven, J. & Palmer, P. (1997). Cognitive deficits in parents from multiple-incidence

398



36. NEURODEVELOPMENT OF SOCIAL / NON-SOCIAL FUNCTIONING DIFFERENCES IN AUTISM

autism families. Journal of Child Psychology and Psychiatry, 38 (8), 1011—
1021.

Piven, J., Palmer, P., Landa, R., Santangelo, S., Jacobi, D., & Childress, D. (1997).
Personality and language characteristics in parents from multiple-incidence
autism families. American Journal of Medical Genetics, 74, 398—411.

Rapin, 1., & Katzman, R. (1998). Neurobiology of Autism. Annals of Neurology,
43(1), 7-14.

Ritvo, E. R., Jorde, L. B., Mason-Brothers, A., Freeman, B. J., Pingree, C., Jones,
M. B, et al. (1989). The UCLA-University of Utah epidemiologic survey of
autism: Recurrence risk estimates and genetic counselling. American Journal
of Psychiatry, 146, 1032-1036.

Rogers, S. J. (2009). What are Infant Siblings Teaching Us About Autism in Infancy?
Autism Research: official journal for the International Society for Autism
Research 2(3), 125-137.

Rondan, C., & Deruelle, C. (2007). Global and configural visual processing in adults
with autism and Asperger syndrome. Research in Developmental Disabilities,
28(2), 197-206.

Russell, J. (1997). Autism as an executive disorder. New York: Oxford Press.

Schreibman, L., Stahmer, A. C., Barlett, V. C., & Dufek, S. (2009). Brief report:
Toward refinement of a predictive behavioural profile for treatment outcome
in children with autism. Research in Autism Spectrum Disorders, 3 (1), 163—
172.

Schultz, R. T., Grelotti, D. J., Klin, A., Kleinman, J., Van der Gaag, C., Marois, R.,
& Skudlarski, P. (2003). The role of the fusiform face area in social cognition:
implications for the pathobiology of autism. Philosophical transactions of the
Royal Society of London, 358 (1430), 415-427.

Schultz, R. T., & Robins, D. (2005). Functional neuroimaging studies of autism
spectrum disorders. In: Volkmar, F. R., Paul, R., Klin, A., & Cohen, D. editors.
Handbook of Autism and Developmental Pervasive Developmental Disorders.
Hoboken, NJ: John Wiley & Sons, Inc, 515-533.

Schultz, R. T. (2005). Developmental deficits in social perception in autism: The role
of the amygdala and fusiform face area. International Journal of Developmen-
tal Neuroscience, 23, 125—-141.

Sherer, M. R. & Schreibman, L. (2005). Individual behavioral profiles and predictors
of treatment effectiveness for children with autism. Journal for Consulting
and Clinical Psychology, 75, 525-538.

Smith, C. J., Lang, C. M., Kryzak, L., Reichenberg, A., Hollander, E., & Silverman,
J. M. (2009). Familial associations of intense preoccupations, an empirical
factor of the restricted, repetitive behaviors and interests domain of autism.
Journal of Child Psychology and Psychiatry, 50 (8), 982-990.

Webb, S. J., Dawson, G., Bernier, R., & Panagiotides, H. (2006). ERP evidence of
atypical face processing in young children with autism. Journal of Autism and
Developmental Disorders, 36(7), 881-900.

Webb, S. J., Jones, E. J., Merkle, K., Venema, K., Greenson, J., Murias, M., &
Dawson, G. (2011). Developmental Change in the ERP Responses to Familiar
Faces in Toddlers With Autism Spectrum Disorders Versus Typical Develop-
ment. Child Development. In Press.

399



CARLS SERIES OF ADVANCED STUDY OF LOGIC AND SENSIBILITY

Yirmiya, N. & Charman, T. (2010) ‘The prodrome of autism: early behavioral and
biological signs, regression, peri- and post-natal development and genetics’,
Journal of Child Psychology and Psychiatry 51, 432—458.

Zwaigenbaum, L., Bryson, S., Lord, C., Rogers, S., Carter, A., Carver, L., Chawar-
ska, K., Constantino, J., Dawson, G., Dobkins, K., Fein, D., Iverson, J., Klin,
A., Landa., R., Messinger., D., Ozonoff, S., Sigman, M., Stone., W., Tager-
Flusberg, H., & Yirmiya, N. (2009). Autism Spectrum Disorder: Insights From
Studies of High-Risk Infants Clinical Assessments and Management of Tod-
dlers With Suspected Autism. Pediatrics, 123, 1383—1391.

400



