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Social cognitive impairment and autism:
what are we trying to explain?

Susan Leekam

Wales Autism Research Centre, School of Psychology, Cardiff University, Park Place, Cardiff CF10 3AT, UK

Early psychological theories of autism explained the clinical features of this
condition in terms of perceptual and sensory processing impairments.
The arrival of domain-specific social cognitive theories changed this focus,
postulating a ‘primary’ and specific psychological impairment of social
cognition. Across the years, evidence has been growing in support of
social cognitive and social attention explanations in autism. However,
there has also been evidence for general non-social cognitive impairments
in representational understanding, attention allocation and sensory
processing. Here, I review recent findings and consider the case for the speci-
ficity and primacy of the social cognitive impairment, proposing that we
should focus more explicitly on clinically valid features for insights on the
integration of ‘social’ and ‘non-social” cognition.

1. Introduction

Despite being one of the most heritable of neurodevelopmental conditions,
autism spectrum disorder continues to be defined as a behavioural syndrome
that is based on clinical information from a child’s developmental history and
current behaviour. The diagnostic criteria are diverse, spanning not only the
social domain (nonverbal communication, social reciprocity and peer relation-
ships), but also behaviours in the non-social domain (restricted, repetitive,
routinized behaviour and sensory reactions) [1]. However, there is surprisingly
little research on the nature and potential reason for this co-occurrence between
social and non-social symptoms. Instead, social cognitive research in autism in
recent decades has focused on separating out the social impairment and its
underlying cognitive or biological mechanisms. In this paper, I review recent
findings that address the issue of specificity of the social cognitive impairment
and propose that a domain-general explanation of these findings will help us to
refocus attention on clinically valid features in both social and non-social
domains.

Traditionally, theories of autism have been shaped by the pursuit of two tra-
ditional and interrelated goals. These are the goals of horizontal and vertical
integration [2]. Horizontal integration refers to the way that a disparate set of
behaviours or cognitive traits are to be understood relative to one another.
The goal of horizontal integration is often pursued by making the assumption
that certain cognitive/behavioural features are ‘primary’ or ‘core’. Other fea-
tures are explained in relation to them in a secondary capacity, either as a
downstream consequence or else as being incidentally associated and not
specific to autism. Vertical integration refers to the way in which such traits
are to be understood in terms of underlying neurobiological systems or
processes and has been viewed as a particularly important goal for neurocog-
nitive research [3,4]. The selection of primary features at the horizontal level
has fuelled the quest for vertical integration, with scientists searching for
abnormalities in brain regions or networks that underlie such core, primary
features. Hence, assumptions governing the selection of clinical and cognitive
features that are primary and specific to autism have led to the foregrounding
of particular behavioural and cognitive symptoms over others, and directed the
way that autism has been researched and understood.
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2. A primary social cognitive impairment?
Within the history of autism research, there have been chan-
ging views about what should be considered to be the
primary impairment. Kanner originally proposed in 1943 that
an affective disturbance of children with autism was the pri-
mary impairment [5]. There followed a period in which
sensory-perceptual and repetitive motor behaviour impair-
ments were considered to be key factors [6] leading to the
cognitive hypothesis by Hermelin and O’Connor in the 1970s
that children with autism have difficulty in recruiting sensory
input to make perceptual discriminations [7].

The arrival of domain-specific social cognitive theories
changed this focus, postulating a “primary” impairment of cog-
nition specifically in the social domain described as a ‘theory of
mind’ [8] or ‘mentalizing’ [9] impairment. This approach
focused a growing new interest in cognitive explanations of
autism more generally [10], towards a more specific account
that targeted the core social and communication symptoms.
This approach also had appeal for the goal of vertical inte-
gration in setting out an agenda that could causally connect
diverse biological abnormalities to clinical behavioural symp-
toms by means of a simple cognitive mechanism designed
for inferring mental states [9,11]. Currently, the theory of
mind impairment still continues to be proposed as an impor-
tant cognitive mechanism that can explain some key social
communication functioning difficulties of autism [11-13].

The claims for a domain-specific cognitive impairment in
autism began with evidence from Wimmer and Perner’s false
belief task [14] which was considered the ‘litmus test’ of
theory of mind in that it aimed to test understanding about
another person’s mental representation of a situation indepen-
dently of the current situation in the real world. In this task,
children observe a scenario in which a protagonist puts an
object into location A and leaves the room. The object is then
unexpectedly moved to location B in his absence. Typical
4-year-old children correctly predict that on his return, the pro-
tagonist will look for the object where he left it, while younger
children and also children with autism predict that the protago-
nist will look where the object is now. A landmark study by
Baron-Cohen, Leslie and Frith in 1985 was the first of many
studies to show that children with autism often fail or are
extremely developmentally delayed in passing this task [15].

3. A domain-specific impairment in
understanding mental representations?

Empirical evidence of false belief difficulty in children with
autism has driven forward the quest to identify the nature
and origins of this key social cognitive impairment. A crucial
question is whether the impairment in attributing false beliefs
is a domain-specific or domain-general capacity. This is differ-
ent from the question of whether false belief impairment is
specific to autism. Instead, the issue here is whether the cogni-
tive requirements of this task belong specifically to a class of
social cognitive or mentalizing processes rather than to general
high-level cognitive or lower level perceptual processes. Those
taking the domain-specific approach have argued that there is a
dedicated, innate theory of mind system with specialized
mechanisms that process mental representations about one’s
own and other people’s beliefs [8,16]. On the domain-general
side of the debate, the proposal has been that false belief

understanding develops gradually through the development n

of general cognitive functions. For example, children develop
understanding of alternative representations of the world
[17,18] and improve in their executive control skills of cognitive
inhibition and working memory, enabling the development of
both mental state and non-mental state reasoning.

The debate between domain-specificity and domain-
generality of false belief understanding was first tested empiri-
cally by comparing false belief tasks [14] with a false
photograph task testing understanding of representation in the
non-mental domain. In contrast to poor performance on the
false belief task, children with autism excelled on the false photo-
graph task [19]. However, the ‘formally identical’ nature of the
false belief and false photograph tasks [20] was challenged on
the grounds that a ‘false” photograph is not actually ‘false” but
an outdated and true representation of an earlier situation [21].
In contrast, the false belief is a misrepresentation of the current
reality. In order to properly test the domain specificity debate
therefore, another task was devised—the false sign task [22],
which like the false belief, misrepresents current reality. In the
standard false sign task, a scenario is enacted in which children
see a signpost that indicates an object in location A. For example,
an arrow-shaped sign indicating an ice cream van points to its
location at the village playground but then the ice cream van
is moved to location B, the church, and children are asked,
“Where does the signpost show that the ice cream van is?’

The results of a series of studies with typically developing
children showed that performance on the false sign task
strongly correlated with performance on the false belief
task [23,24], even when age and performance on the false
photograph task was controlled. Importantly, training studies
with typically developing children aged 3-5 years also
demonstrated that learning in one false representation task
is potentially transferable to the other task [25]; by contrast,
performance on the false photo and false belief tasks are
not transferable [26]. The first study that was carried out
with children with autism used a different, but structurally
similar (false signal) task. Results showed that 10-year-old
children with autism, matched for mental age with typically
developing children, performed as poorly on this signal task
as they did for the false belief task [27]. However, given that
the false sign/signal tasks required complex language proces-
sing skills, it is possible that poor performance might be
explained by this factor. The subsequent design of a new
non-verbal false sign task, therefore, offered the opportunity
to test false sign understanding without complex language
demands or the need to inhibit where an object really is.

A non-verbal false sign task by Iao and co-workers [28]
used a non-verbal version of the false belief task [29] that had
previously shown selective impairments in children with
autism compared with children who had Specific Language
Impairment [30]. In this non-verbal false belief task, an object’s
location is hidden to the child and the child has to find the
object. In a video version of this task [31,32], an object was
placed in one of two boxes. A woman in the film saw where
it was hidden, while participants did not. The object’s location
then continued to be unknown to the participant throughout
the test trial. For the test trial, the woman then left the room
and the boxes were swapped in her absence, creating a false
belief in the woman. When she returned, she briefly placed a
marker on the box to indicate the location that she thought con-
tained the object, and removed the marker again. The
participants then had to locate where the object really is,
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which required taking into account the box swap and the
woman'’s resultant false belief to correctly locate the object in
the box that the woman had not marked.

Performance on this task [31] was compared with an
equivalent non-verbal false sign task. An electrically operated
arrow-shaped signpost was positioned on a table between
two boxes. In a brief training phase, children were familiarized
with the operation of the signpost and quickly acquired the
contingent link between the activation of the signpost direction
and the location of an object in a box. In the test phase, as in the
false belief task [32], an object was hidden in one of two boxes;
the child did not know in which box the object was hidden.
Participants could see the boxes on each side of the signpost
but the signpost was covered by a screen. The signpost
turned behind the screen towards one of the two boxes (the
participant heard the usual sound of its activation but could
not see or identify which box it turned to). The signpost was
then switched off so its direction remained fixed. The locations
of the two boxes were swapped. The screen was then briefly
removed to reveal the signpost’s direction and covered again.
In order to correctly locate the object in the box, participants
had to take into account the direction of the false sign and
the swap of the boxes. Results showed that children with
autism (verbal age 410 years) performed like the younger 3-
to 5-year-old typically developing children. They failed both
the false belief and false sign tasks while older 5- to 7-year-
old children typically passed both. Additional experiments
demonstrated a close correspondence between performance
on non-verbal and standard verbal versions of both tasks
[31]. Furthermore, performance on executive functioning con-
trol tasks showed that children with autism competently
grasped other cognitive demands of the task including being
able to inhibit a prepotent response and being able to use
working memory to coordinate and recall the information
components. Therefore, we argue that this evidence joins a
growing body of other evidence (for example research measur-
ing understanding of identity [33,34]) which supports the case
for a domain-general difficulty. Hence understanding of belief
does ‘not develop within an isolated domain but in unison
with other domains that share needed conceptual abilities’ [33].

4. A domain-specific impairment in implicit
theory of mind?

How does the evidence for a domain-general impairment in
understanding false belief, compare with recent evidence
from several studies that measure implicit false belief reason-
ing? The two-system interpretation of theory of mind
described by Apperly & Butterfill [35,36] provides a distinc-
tion between fast, automatic implicit processes and later
developing, slower and more effortful explicit cognitive pro-
cesses. Evidence of children’s anticipatory looking behaviour
during false belief tasks has been used to make the proposal
that even typically developing infants can correctly ascribe
implicit false belief even though they cannot give correct
answers to direct questions in standard false belief tasks. By
contrast, individuals with autism consistently have difficulty
even on implicit false belief tasks.

In a series of implicit false belief studies, Senju and col-
leagues used an anticipatory looking paradigm [37], with
individuals who had autism including adults [38], children
aged 6-8 years (verbal age 3—12) [39] and 3-year-old siblings

at risk of autism and other conditions [40]. In the Southgate— n

Senju task, participants watched a video in which a puppet
placed the ball in one of two boxes, overseen by an actor.
However, when a phone rang behind her, the actor turned
behind and, while her back was turned, the puppet trans-
ferred the ball to a second box, then removed it, and then
disappeared altogether. Participants were then presented
with an audio-visual cue. They had previously learned in a
familiarization trial that this cued a window to open and
the actor to reach her hand through the window to retrieve
the object. Results showed that even before the window
opened, the typically developing 2-year-olds made correct
anticipatory looks to the window above the box where the
woman last saw it, even though in reality there was no
object in either box; individuals with autism showed no
bias for looking towards either box.

How should we compare the poor performance of individ-
uals with autism on the Southgate—Senju task and the equally
poor performance on the non-verbal false representation (false
belief and false sign) tasks described above? Different expla-
nations seem to be required. Although all these tasks were
non-verbal and were designed to control for difficulties in
language and executive functioning demands, if we follow
the interpretation of the two-system account above, only the
Southgate—Senju task qualifies as a candidate for implicit
theory of mind (fast, automatic) while the other tasks would
count as explicit (slow, effortful) tasks. In support of this con-
clusion, a series of anticipatory looking and explicit reasoning
studies carried out by Low [41] with typically developing chil-
dren showed that while implicit knowledge (anticipatory
looking) was related to explicit reasoning, the capacity to
pass explicit false-belief tasks was exclusively related to other
skills such as higher order cognitive flexibility, representational
understanding and complex language processing.

The results of “‘implicit’ theory of mind studies then may lead
us to an assumption that individuals with autism have a pro-
blem with attributing belief spontaneously, in a rapidly
changing social situation [12]. However, a major criticism of
the Southgate—Senju task is that it does not actually provide evi-
dence of the attribution of false belief in typical children [42]. Nor
does the task necessitate the attribution of more simple mental
states such as ‘know” or even ‘see’ [42,43]. Instead it is possible
to use anticipatory looking to “pass’ this task, by means of ‘be-
haviour rules’. These behaviour rules include keeping track of
the direction in which agents look and forming an ‘experiential
record” of how agents behave [44]. One interpretation of the
Southgate—Senju results therefore could be that individuals
with autism had difficulty in tracking an agent’s looking behav-
iour to different locations. By contrast, typically developing
infants were able to quickly track the actor’s head direction (indi-
cated by the angle of the peak of the actor’s visor). By tracking
this association between left/right head direction and linking
it to object location in the test trials, the typically developing
child could consolidate a learned association already established
in the four previous familiarization trials.

Nevertheless, even though this task does not provide evi-
dence of attribution of ‘false belief” or any other mental state
for that matter, one might argue that the capacity to pass the
task by tracking social cues highlights the potential power of
social attention for typically developing children and the
absence of this capacity for children with autism. Interest-
ingly, however, the Southgate—Senju eye-tracking data do
not fully support the hypothesis that children with autism
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fail to correctly anticipate due to failure to track where the
actor is looking. Results showed that although participants
with autism did show less spontaneous gaze checking of
the actor’s face, when this was statistically controlled for in
the analysis, the group difference in anticipatory looking
towards the correct box still remained [38,39]. Several other
interpretations are possible for the pattern of performance.
One possibility that I expand on below is that the individuals
with autism had difficulty spontaneously allocating attention
to the box when the connecting link between social cue and
target object was disrupted. Another proposal made by
Heyes [43] is of memory interference as children were dis-
tracted by the telephone ringing and head turning and
failed to encode or recall the object’s last location. The typi-
cally developing children resorted to looking to the location
where they themselves had last seen the object and individ-
uals with autism responded randomly with no reliable
basis for predicting which window to look towards.

Heyes argues further that the bias to track human direc-
tional movement does not need to rely on a domain-specific
social mechanism; non-social directional cues such as arrows
also capture and direct attention to the same extent as heads
and eyes [45]. When tasks are designed to test implicit
theory of mind (in this case, the mental state of ‘seeing’) by
including control tasks such as a directional arrow cue or a
non-human agent, no differences between social and non-
social conditions are found. Typically developing adults [46]
and even adults with autism [47] perform similarly in both
the conditions. To date, however, direct tests of the domain-
specific hypothesis of implicit mental states understanding
(e.g. belief, seeing and knowing) are few and have been con-
fined to able adults. Meanwhile the domain-specific view
has been generally accepted, particularly in the form of the
impaired social attention hypothesis of autism. I review evi-
dence for the social attention hypothesis below, before
returning to domain-general approaches to autism.

5. An impairment in social attention?

So far, I have made the case that understanding of “explicit’
representational false belief involves an appreciation of the
relationship between a representation and what it represents
[17] and argued that false belief difficulty in children with
autism reflects a domain-general impairment that applies to
both mental and non-mental representations [31]. I have
also supported the ‘lean’ interpretation [42,44] that correct
anticipatory looking during ‘implicit” false belief tasks does
not provide evidence of ability to attribute beliefs or possibly
any other mental state. Instead, the lack of correct anticipatory
looking in these tasks might be explained by an inability to
keep track of others’ behaviour. This might be because of a
lack of social attention or possibly because of a domain-general
impairment that is not specific to social stimuli.

While domain-specific explanations propose innate,
maturational, mechanisms that are specialized for handling
mental representations [8,16,48], social attention accounts pro-
pose that reduced social attentional biases lead to reduced
opportunities for experiential learning. These accounts have
focused on ‘low-level’, bottom-up social cognitive processes,
and their arrival has corresponded with a move towards
more social constructivist and social cultural explanations of
autism. Taken together, social attention accounts propose that

children with autism fail to preferential orient to people due n

to impairment in the developing social brain network respon-
sible for the processing of faces, human voices and biological
motion, and impaired social reward preferences [49-51]. The
resultant impoverishment in social information input, lack of
social experience and reward from social engagement and
lack of coordinated joint attention activities with others then
has a cascading or downstream effect that compromises the
development of cognitions such as theory of mind [52-54].

Although evidence for social orienting impairments in
infants and in older children and adults has been extensively
cited, it is important to remember that poor social gaze to
faces, social initiation and lack of gaze following and pointing
are already common clinical symptoms of autism by the time
of diagnosis at 2—-3 years, helping to assign children to the
grouping of autism. If the goal is to provide an underlying
explanation for these symptoms, it is important to avoid
the circularity in simply re-describing them. One approach
that helps to reduce this circularity is a longitudinal
approach, which aims to identify social-specific behavioural
or neural markers in the first year of life as independent
predictors of diagnostic symptoms before these diagnostic
symptoms actually appear. Another approach is to use exper-
imental tasks that include both social and non-social stimuli.

Surprisingly, longitudinal findings taken from a range of
measures of social orienting and social reward indicate very
few differences between at-risk infants who are later diagnosed
with autism, and typically developing infants in the first year
of life. A recent review reported that basic aspects of orienting
and reward (e.g. scanning of faces, preference to look at the
eyes, response to still face) are intact in at-risk infants when
they are six to nine months old [55] and even as young as
two months [56], contradicting claims of an innate social
orienting or theory of mind impairment from birth. Evidence
from event-related potentials (ERP), at six to nine months
old, do indicate failure to distinguish gaze direction [57], a
result that is not replicated in terms of impaired behavioural
gaze-following however until after 12 months when infants fol-
lowed gaze but looked less to the gazed-at object. As the
control tasks in these ERP studies did not include non-social
directional cues it is not clear if the earlier difficulty reflected
a general or specific response to a directional cue.

The limited range of evidence supporting both social and
non-social impairments makes it difficult to draw strong con-
clusions. The findings above do not show that there is early
social attention impairment in the first year of life in children
who are later diagnosed with autism. This indicates that the
domain-specific social attention account of innate social orient-
ing or early learning in the first year is unlikely to be supported
[58]. Other longitudinal evidence taken from typically develop-
ing children does show that anticipatory looking (‘implicit
theory of mind’) at 18 months predicts false belief reasoning
at 48 months [59]. However, even these findings may also
need not necessarily indicate conceptual continuity. Awareness
of ‘behaviour rules’ in infancy that someone will look where an
object is last seen may be useful for building the reconceptua-
lization at an older age that someone will think an object is
where he or she last saw it and will look where he or she
thinks it is. However, in tasks involving locations, it may be
that it is possible to also draw information from domain-
general direction cues as described above. This is indicated
by the finding that significant longitudinal relationships
between 18-month-old implicit anticipatory looking and
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4-year-old explicit false belief were found only for the location
tasks and not for the contents-identity false belief tasks [59].

Experiments with older children and adults have used
structured Posner-type gaze-cueing paradigms, in which a
central face cue looks left or right followed by a peripheral
target stimulus appearing to the left or right. Social-specific
impairments have not been found for the autism group
where non-social arrow cues provide a control condition
[60,61]. However, autism participants tend to respond more
slowly in both conditions than ability matched control
groups. These and other studies (e.g. [62]) reveal that the
gaze-following capacity itself is not missing. Many individuals
with autism follow gaze, especially when an instruction is
given. By pre-school age, they can make fine discriminations
based on the angle of the other person’s eyes [63], yet tend
not to spontaneously follow gaze unless given an explicit
verbal or sensory cue [64] and have difficulty particularly at
low developmental ages and when there is no visible target
to “anchor’ their gaze [65]. Such reliance on predictable cue-
target links might indicate difficulty in the spontaneous
initiation and allocation of attention.

Evidence of atypicality in attention allocation can be seen
in free-viewing tasks even with adults, for example in the
vanishing-ball illusion. In this task, a magician throws a
ball into the air twice. His social cues misdirect one’s expec-
tations and attention so that when he makes a third throw,
this time a fake throw, we ‘see” a ball vanish in the air. Eye-
tracking findings in adults with autism viewing this illusion
[66] showed that contrary to the predictions of the specific
social attention hypothesis, they followed social cues and
had typical patterns of fixation when looking at the magi-
cian’s face and eyes. However, they were slower to launch
their first eye movement to the face and had difficulty in fix-
ating the fast-moving ball that he was looking at. Several
other studies using either eye-tracking measures or electro-
dermal measures of non-social stimuli [67,68] have reported
delay in responses to the first presented stimulus. These
results are consistent with results from Senju’s [38] adult find-
ings for the ‘implicit’ false belief task of a group difference in
first eye fixation, but the findings here suggest a more
domain-general difficulty that is not specific to social stimuli.

Atypicality in sensory-perceptual and attentional proces-
sing is not only evident in adults, it is also evident in infants.
Longitudinal findings of at-risk infant siblings in the first
year of life who develop autism, show reduced visual fixation
durations in spontaneous looking to a range of object stimuli at
six to nine months old, indicating atypical attentional deploy-
ment at a very early age [69]. Other studies show enhanced
visual search ability at nine months in the detection of target
items from an array of distracters [70]. By contrast to this
superior visual search, slowed disengagement of attention
has also been found in 7- to 14-month-olds [53] although at
least five studies have not reported atypical disengagement
in older children [71]. A critical factor affecting disengagement
performance is likely to be the stimulus presented [72].
Dynamic moving stimuli of abstract form and strong colour
and that have high stimulus interest value to the participant
will increase the slowing of disengagement [73].

Recent domain-general approaches focus on atypical per-
ception, attention, sensory modulation and arousal [74,75]
and aim to explain both diminished [76] and enhanced [75]
abilities in individuals with autism at low and high levels
of processing. For example, reduced multisensory facilitation

[77] and difficulties with competing information processing “

demands may help explain not only performance on particu-
lar visuo-spatial tasks but also on high-level reasoning tasks
(e.g. false belief tasks).

Sensory symptoms across all modalities are highly preva-
lent in autism [78] and delays in the allocation of attention
may be exacerbated particularly when deviant or novel stimuli
appear or in the presence of a strongly interfering stimulation
[74]. Even after attention has been allocated to a particular
stimulus, individuals with autism may have difficulty with
modulating their attention, particularly when stimuli are com-
plex and changing [79]. Understanding these kinds of
difficulties is central to our understanding of clinical features
of repetitive behaviour as well as to social-communication
problems. Hermelin and O’Connor originally proposed that
children with autism have difficulties in recruiting sensory
input to make perceptual discriminations unless these are
based on their own motor feedback [7]. New research aimed
at measuring neural correlates of sensory [80,81] and also
motor difficulties [82] may help to revive this account and
develop an explanatory approach that connects sensory,
motor and social/emotional clinical features.

6. Conclusion: what are we trying to explain?

Despite theoretical changes in the study of autism in the last
few decades, the goals of horizontal and vertical integration
continue to be pursued. Primary symptoms are still elevated
above secondary symptoms and ‘core” underlying biological
mechanisms are still sought to explain these primary symp-
toms. These assumptions are part and parcel of the way
that causal models have traditionally been formulated for
developmental disorders, but in the new movement away
from domain-specific, localized and innate explanations, I
propose that we avoid the temptation to swing completely
back in time to an exclusive focus on the sensory-repetitive
clinical symptoms and non-social cognitive processing as
primary symptoms.

Instead I suggest that we loosen the goal of horizontal
integration beyond the grip of primary impairments, and
consider other forms of integration that link across different
types of social impairment and across social and non-social
symptoms. Atypical behaviours in the social domain include
difficulty in quite different sub-type areas of social function-
ing. These include non-verbal communication, conformity to
social conventions, sharing and empathic relationships, and
atypical social approach, e.g. aloof, passive or one-sided
styles of interaction. How should these social sub-types be
understood in relation to each other outside of a domain-
specific explanatory framework? Furthermore, atypical
behaviours in the social domain must, by necessity, co-
occur with restricted and sensory features in order that any
autism diagnosis can be given. How do different subtypes
of social functioning interact with different subtypes of
restricted and sensory functioning not only at behavioural
but also cognitive and neural levels of description? Research
has not yet scratched the surface of this question although
some researchers are beginning to move in this direction by
dissecting features within the social domain that cross several
neurodevelopmental or psychiatric disorders [83]. Further
work is needed across social and non-social domains if we
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are going to explain the social-cognitive impairment in
autism in a domain-general context.

New ways of thinking about the goal of horizontal inte-
gration will lead to new ways of thinking about the goal of
vertical integration. Neurocognitive models are now emerging
that conceptualize alternative developmental pathways linking
domain-general synaptic function to social and non-social
autism symptoms [55] and incorporating heterogeneity at
both neural and behavioural levels [75]. Developmental
change is central to these models. Longitudinal evidence will
be important in highlighting cases where there are early
signs of sensory-perceptual and domain-general cognitive
processing difficulties that do not develop into a clear-cut
clinical presentation of autism. It has long been argued that
developmental outcomes may not be determined by any

w

1. American Psychiatric Association. 2013 Diagnostic 13.
and statistical manual of mental disorders, 5th edn.
Arlington, VA: American Psychiatric Association.

and neuropsychological dimensions of autism. In

Autism as an executive disorder (ed. J Russell),

pp. 21-116. New York, NY: Oxford University Press.
3. Bailey A, Phillips W, Rutter M. 1996 Autism: towards

and neurobiological perspectives. J. Child Psychol.
Psychiatry 37, 89—126. (doi:10.1111/j.1469-7610.

4. Brock J, Brown CC, Boucher J, Rippon G. 2002 The
temporal binding deficit hypothesis of autism. Dev.

$0954579402002018)

particular critical underlying impairment [84] but instead n

that elements within causal relationships are co-actional, with
factors having a dynamic impact on each other across time
[85]. Therefore, we should retain a focus on the full range of
clinically valid features of autism for insights on the integration
of ‘social’ and ‘non-social’ cognition across development. Such
insights are important not only for those who develop a clinical
diagnosis of autism but also for those who do not.

I declare I have no competing interests.
I received no funding for this study.

Grateful thanks to Victoria McGeer for discussions
and ideas in the early stages and to Sarah Carrington, Dale Hay,
Linda Iao and Josef Perner for valuable comments on the manuscript.

Frith (D, Frith U. 2012 Mechanisms of social 25. lao LS, Leekam S, Perner J, McConachie H. 2011
cognition. Annu. Rev. Psychol. 63, 287-313.
(doi:10.1146/annurev-psych-120710-100449)

2. Robbins TW. 1997 Integrating the neurobiological 14, Wimmer H, Perner J. 1983 Beliefs about beliefs:
representation and constraining function of wrong
beliefs in young children’s understanding of
deception. Cognition 13, 103—128. (doi:10.1016/ 26. Slaughter V. 1998 Children’s understanding of
0010-0277(83)90004-5)

an integration of clinical, genetic, neuropsychological, ~ 15. Baron-Cohen S, Leslie AM, Frith U. 1985 Does the
autistic child have a ‘theory of mind’? Cognition 21,
37-46. (doi:10.1016/0010-0277(85)90022-8) 27.  Bowler DM, Briskman J, Gurvidi N, Fornells-Ambrojo
1996.th01381.x) 16. Leslie AM, Friedman 0, German TP. 2004 Core
mechanisms in ‘theory of mind'. Trends Cogn. Sci. 8,
528-533. (doi:10.1016/j.tics.2004.10.001)
Psychopathol. 14, 209—224. (doi:10.1017/ 17. Perner J. 1991 Understanding the representational
mind. Cambridge, MA: MIT Press.

Further evidence for non-specificity of theory of
mind in preschoolers: training and transferability in
the understanding of false beliefs and false signs.
J. Cogn. Dev. 12, 56—79. (doi:10.1080/15248372.
2011.539523)

pictorial and mental representations. Child Dev.
69, 321-332. (doi:10.1111/j.1467-8624.1998.
th06191.x)

M. 2005 Understanding the mind or predicting signal-
dependent action? Performance of children with and
without autism on analogues of the false-belief task.
J. Cogn. Dev. 6, 259—283. (doi:10.1207/515327647
jcd0602_5)

5. Kanner L. 1943 Autistic disturbances of affective 18. Wellman HM. 1990 The child’s theory of mind. 28. lao LS. 2010 Children’s understanding of false

contact. Nervous Child 2, 217-225.

and motor output in autistic children. J. Autism
Child Schizophr. 4, 197-215. (doi:10.1007/

Cambridge, MA: MIT Press.

6. Omitz EM. 1974 The modulation of sensory input 19. Leekam S, Perner J. 1991 Does the autistic child
have a metarepresentational deficit? Cognition 40, 29. (all J, Tomasello M. 1999 A nonverbal false belief
203-218. (doi:10.1016/0010-0277(91)90025-Y)

representations. PhD thesis, Cardiff University,
Cardiff, UK.

task: the performance of children and great apes.

BF02115226) 20. Frith CD, Frith U. 1999 Interacting minds—a Child Dev. 70, 381-395. (doi:10.1111/1467-8624.
7. Hermelin B, 0'Connor N. 1970 Psychological biological basis. Science 286, 1692—1695. (doi:10. 00028)

experiments with autistic children. Elmsford, NY: 1126/science.286.5445.1692) 30. Colle L, Baron-Cohen S, Hill J. 2007 Do children with

Pergamon Press. 21, Perner J, Leekam SR. 2008 The curious incident of autism have a theory of mind? A non-verbal test of

8. Baron-Cohen S. 1995 Mindblindness: an essay on
autism and theory of mind. Cambridge, MA:
MIT Press.

9. Morton J, Frith U. 1995 Causal modeling: structural

Developmental psychopathology (eds D Cicchetti,

D Cohen), pp. 357-390. New York, NY: Wiley. Brighton, UK.

10. Rutter M. 1983 Cognitive deficits in the 23. Sabbagh MA, Moses LJ, Shiverick S. 2006 Executive
functioning and preschoolers’ understanding of false ~ 32.  Apperly |, Samson D, Chiavarino C, Bickerton W,
beliefs, false photographs, and false signs. Child
Dev. 77, 1034-1049. (doi:10.1111/j.1467-8624.

pathogenesis of autism. J. Child Psychol. Psychiatry
24, 513-531. (doi:10.1111/j.1469-7610.1983.
th00129.)

1. Frith U. 2012 Why we need cognitive explanations 2006.00917.x)

of autism. Q. J. Exp. Psychol. 65, 2073 —-2092. 24. Leekam S, Pemner J, Healey L, Sewell C. 2008

False signs and the non-specificity of theory of
mind: evidence that preschoolers have general
difficulties in understanding representations. 33. Perner J, Mauer MC, Hildenbrand M. 2011 Identity:
Br. J. Dev. Psychol. 26, 485—497. (doi:10.1348/

(doi:10.1080/17470218.2012.697178)

12. Senju A. 2013 Atypical development of spontaneous
social cognition in autism spectrum disorders.
Brain Dev. 35, 96—101. (doi:10.1016/j.braindev.

2012.08.002) 026151007X260154)

the photo that was accused of being false: issues of
domain specificity in development, autism, and
brain imaging. Q. J. Exp. Psychol. 61, 76-89.
(doi:10.1080/17470210701508756) 31. lao L-S, Leekam S. 2014 Non-specificity and theory
approaches to developmental psychopathology. In 22. Parkin LJ. 1994 Children’s understanding of
misrepresentation. PhD thesis, University of Sussex,

autism vs. specific language impairment. J. Autism
Dev. Disord. 37, 716—723. (d0i:10.1007/s10803-
006-0198-7)

of mind: new evidence from a non-verbal false sign
task and children with autism spectrum disorders.
J. Exp. Child Psychol. 122, 1-20. (doi:10.1016/].
jecp.2013.11.017)

Humphreys G. 2007 Testing the domain-specificity
of a theory of mind deficit in brain-injured patients:
evidence for consistent performance on non-verbal,
‘reality-unknown’ false belief and false photograph
tasks. Cognition 103, 300—321. (doi:10.1016/j.
cognition.2006.04.012)

key to children’s understanding of belief. Science
333, 474-477. (doi:10.1126/science.1201216)


http://dx.doi.org/10.1111/j.1469-7610.1996.tb01381.x
http://dx.doi.org/10.1111/j.1469-7610.1996.tb01381.x
http://dx.doi.org/10.1017/S0954579402002018
http://dx.doi.org/10.1017/S0954579402002018
http://dx.doi.org/10.1007/BF02115226
http://dx.doi.org/10.1007/BF02115226
http://dx.doi.org/10.1111/j.1469-7610.1983.tb00129.x
http://dx.doi.org/10.1111/j.1469-7610.1983.tb00129.x
http://dx.doi.org/10.1080/17470218.2012.697178
http://dx.doi.org/10.1016/j.braindev.2012.08.002
http://dx.doi.org/10.1016/j.braindev.2012.08.002
http://dx.doi.org/10.1146/annurev-psych-120710-100449
http://dx.doi.org/10.1016/0010-0277(83)90004-5
http://dx.doi.org/10.1016/0010-0277(83)90004-5
http://dx.doi.org/10.1016/0010-0277(85)90022-8
http://dx.doi.org/10.1016/j.tics.2004.10.001
http://dx.doi.org/10.1016/0010-0277(91)90025-Y
http://dx.doi.org/10.1126/science.286.5445.1692
http://dx.doi.org/10.1126/science.286.5445.1692
http://dx.doi.org/10.1080/17470210701508756
http://dx.doi.org/10.1111/j.1467-8624.2006.00917.x
http://dx.doi.org/10.1111/j.1467-8624.2006.00917.x
http://dx.doi.org/10.1348/026151007X260154
http://dx.doi.org/10.1348/026151007X260154
http://dx.doi.org/10.1080/15248372.2011.539523
http://dx.doi.org/10.1080/15248372.2011.539523
http://dx.doi.org/10.1111/j.1467-8624.1998.tb06191.x
http://dx.doi.org/10.1111/j.1467-8624.1998.tb06191.x
http://dx.doi.org/10.1207/s15327647jcd0602_5
http://dx.doi.org/10.1207/s15327647jcd0602_5
http://dx.doi.org/10.1111/1467-8624.00028
http://dx.doi.org/10.1111/1467-8624.00028
http://dx.doi.org/10.1007/s10803-006-0198-7
http://dx.doi.org/10.1007/s10803-006-0198-7
http://dx.doi.org/10.1016/j.jecp.2013.11.017
http://dx.doi.org/10.1016/j.jecp.2013.11.017
http://dx.doi.org/10.1016/j.cognition.2006.04.012
http://dx.doi.org/10.1016/j.cognition.2006.04.012
http://dx.doi.org/10.1126/science.1201216
http://rstb.royalsocietypublishing.org/

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4,

45.

46.

47.

48.

49.

Downloaded from http://rstb.royalsocietypublishing.org/ on December 16, 2015

Low J, Watts J. 2013 Attributing false beliefs about
object identity reveals a signature blind spot in
humans’ efficient mind-reading system. Psychol. Sci.
24, 305-311. (doi:10.1177/0956797612451469)
Apperly 1A, Butterfill SA. 2009 Do humans have two
systems to track beliefs and belief-like states?
Psychol. Rev. 116, 953—970. (doi:10.1037/
a0016923)

Butterfill SA, Apperly IA. 2013 How to construct a
minimal theory of mind. Mind Lang. 28, 606—637.
(doi:10.1111/mila.12036)

Southgate V, Senju A, Gsibra G. 2007 Action
anticipation through attribution of false belief by 2-
year-olds. Psychol. Sci. 18, 587 —592. (doi:10.1111/j.
1467-9280.2007.01944.x)

Senju A, Southgate V, White S, Frith U. 2009
Mindblind eyes: an absence of spontaneous theory
of mind in Asperger syndrome. Science 325,

883 —885. (doi:10.1126/science.1176170)

Senju A, Southgate V, Miura Y, Matsui T, Hasegawa
T, Tojo Y, Osanai H, Csibra G. 2010 Absence of
spontaneous action anticipation by false belief
attribution in children with autism spectrum
disorder. Dev. Psychopathol. 22, 353-360. (doi:10.
1017/50954579410000106)

Gliga T, Senju A, Pettinato M, Charman T, Johnson
MH. 2014 Spontaneous belief attribution in younger
siblings of children on the autism spectrum. Dev.
Psychol. 50, 903—913. (doi:10.1037/a0034146)
Low J. 2010 Preschoolers’ implicit and explicit false-
belief understanding: relations with complex
syntactical mastery. Child Dev. 81, 597—-615.
(doi:10.1111/}.1467-8624.2009.01418)

Ruffman T. 2014 To belief or not belief: children’s
theory of mind. Dev. Rev. 34, 265-293. (doi:10.
1016/j.dr.2014.04.001)

Heyes C. 2014 False belief in infancy: a fresh look.
Dev. Sci. 17, 647—-659. (doi:10.1111/desc.12148)
Perner J, Roessler J. 2012 From infants’ to children’s
appreciation of belief. Trends Cogn. Sci. 16,
519-525. (doi:10.1016/j.tics.2012.08.004)

Ristic J, Friesen CK, Kingstone A. 2002 Are eyes
special? It depends on how you look at it.
Psychon. Bull. Rev. 9, 507—-513. (doi:10.3758/
BF03196306)

Santiesteban |, Catmur C, Hopkins SC, Bird G, Heyes
(. 2014 Avatars and arrows: implicit mentalizing or
domain-general processing? J. Exp. Psychol. Hum.
Percept. Perform. 40, 929—937. (doi:10.1037/
a0035175)

Santiesteban |, Shah P, White S, Bird G, Heyes C.
2015 Mentalizing or submentalizing in a
communication task? Evidence from autism and a
camera control. Psychon. Bull. Rev. 22, 844—849.
(doi:10.3758/513423-014-0716-0)

Onishi K, Baillargeon R. 2005 Do 15-month-old
infants understand false beliefs? Science 308,
255-258. (doi:10.1126/science.1107621)

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. Dev. Psychol.
40, 271-283. (doi:10.1037/0012-1649.40.2.271)

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Klin A, Jones W, Schultz R, Volkmar F. 2003 The
enactive mind, or from actions to cognition: lessons
from autism. Phil. Trans. R. Soc. Lond. B 358,
345-360. (doi:10.1098/rsth.2002.1202)

Mundy P. 1995 Joint attention and social-emotional
approach behaviour in children with autism. Dev.
Psychopathol. 7, 63 —82. (doi:10.1017/5095457
9400006349)

Carpendale JI, Lewis C. 2004 Constructing an
understanding of mind: the development of
children’s social understanding within social
interaction. Behav. Brain Sci. 27, 79-96. (doi:10.
1017/50140525X04000032)

Tomasello M, Carpenter M, Call J, Behne T, Moll H.
2005 Understanding and sharing intentions: the
origins of cultural cognition. Behav. Brain Sci. 28,
675—691. (doi:10.1017/50140525X05000129)
Mundy P. 2003 Annotation: the neural basis of
social impairments in autism: the role of the dorsal
medial-frontal cortex and anterior cingulate system.
J. Child Psychol. Psychiatry 44, 793—809. (doi:10.
1111/1469-7610.00165)

Gliga T, Jones EJ, Bedford R, Charman T, Johnson
MH. 2014 From early markers to neuro-
developmental mechanisms of autism. Dev. Rev. 34,
189—-207. (doi:10.1016/j.dr.2014.05.003)

Jones W, Klin A. 2013 Attention to the eyes is
present but in decline in 2—6-months old infants
later diagnosed with autism. Nature 504, 427 -431.
(doi:10.1038/nature12715)

Elsabbagh M et al. BASIS Team. 2012 Infant neural
sensitivity to dynamic eye gaze is associated with
later emerging autism. Curr. Biol. 22, 338-342.
(doi:10.1016/j.cub.2011.12.056)

Johnson M. 2014 Autism: demise of the innate
social orienting hypothesis. Curr. Biol. 24, 30-31.
(doi:101016/j.cub.2013.11.012)

Thoermer C, Sodian B, Vuori M, Perst H, Kristen S.
2012 Continuity from an implicit to an explicit
understanding of false belief from infancy to
preschool age. Br. J. Dev. Psychol. 30, 172—187.
(doi:10.1111/j.2044-835X.2011.02067)

Senju A, Tojo Y, Dairoku H, Hasegawa T. 2004
Reflexive orienting in response to eye gaze and an
arrow in children with and without autism. J. Child
Psychol. Psychiatry 45, 445—458. (doi:10.1111/j.
1469-7610.2004.00236.%)

Kuhn G, Benson V, Fletcher-Watson S, Kovshoff H,
McCormick CA, Kirkby J, Leekam SR. 2010 Eye
movements affirm: automatic overt gaze and arrow
cueing for typical adults and adults with autism
spectrum disorder. Exp. Brain Res. 201, 155-165.
(doi:10.1007/500221-009-2019-7)

Kyllidginen A, Hietanen JK. 2004 Attention orienting
by another’s gaze direction in children with autism.
J. Child Psychol. Psychiatry 45, 435—444. (doi:10.
1111/j.1469-7610.2004.00235.x)

Leekam S, Baron-Cohen S, Perrett D, Milders M,
Brown S. 1997 Eye-direction detection: a
dissociation between geometric and joint
attention skills in autism. J. Br. Dev. Psychol.

15, 77-95. (doi:10.1111/j.2044-835X.1997.
th00726.x)

64.

66.

67.

68.

69.

70.

1.

72.

73.

74.

75.

76.

71.

Leekam SR, Hunnisett E, Moore C. 1998 Targets and
cues: gaze-following in children with autism.

J. Child Psychol. Psychiatry 39, 951—962. (doi:10.
1111/1469-7610.00398)

Leekam SR, Lopez B, Moore C. 2000 Attention and
joint attention in preschool children with autism.
Dev. Psychol. 36, 261—273. (doi:10.1037/0012-
1649.36.2.261)

Kuhn G, Kourkoulou A, Leekam SR. 2010 How
magic changes our expectations about autism.
Psychol. Sci. 21, 1487 -1493. (doi:10.1177/
0956797610383435)

Kourkoulou A, Kuhn G, Findlay JM, Leekam SR.
2013 Eye movement difficulties in autism spectrum
disorder: implications for implicit contextual
learning. Autism Res. 6, 177—189. (doi:10.1002/
aur.1274)

Van Engeland H. 1984 The electrodermal orienting
response to auditive stimuli in autistic children,
normal children, mentally retarded children, and
child psychiatric patients. J. Autism Dev. Disord. 14,
261-279. (doi:10.1007/BF02409578)

Wass SV et al. 2015 Shorter spontaneous fixation
durations in infants with later emerging autism. Sci.
Rep. 5, 8284. (doi:10.1038/srep08284)

Gliga T, Bedford R, Charman T, Johnson MH BASIS
Team. 2015 Enhanced visual search in infancy
predicts emerging autism symptoms. Curr. Biol. 25,
1727-1730. (doi:10.1016/j.cub.2015.05.011)
Fischer J, Koldewyn K, Jiang YV, Kanwisher N. 2013
Unimpaired attentional disengagement and social
orienting in children with autism. Clin. Psychol. Sci.
2, 214-223. (doi:10.1177/2167702613496242)
Bertone A, Mottron L, Jelenic P, Faubert J. 2005
Enhanced and diminished visuo-spatial information
processing in autism depends on stimulus
complexity. Brain 128, 2430-2441. (doi:10.1093/
brain/awh561)

Marshall D. 2011 Impaired visual disengagement in
autism: can this be due to stimulus effects and
inherent interest? PhD thesis, Durham University,
Durham, UK.

Orekhova EV, Stroganova TA. 2014 Arousal and
attention re-orienting in autism spectrum disorders:
evidence from auditory event-related potentials.
Front. Hum. Neurosci. 8, 1-17. (doi:10.3389/fnhum.
2014.00034)

Mottron L, Belleville S, Rouleau GA, Collignon 0.
2014 Linking neocortical, cognitive, and genetic
variability in autism with alterations of brain
plasticity: the Trigger-Threshold-Target model.
Neurosci. Biobehav. Rev. 47, 735—752. (doi:10.
1016/j.neubiorev.2014.07.012)

Williams DL, Minchew NJ, Goldstein G. 2015 Further
understanding of complex information processing in
verbal adolescents and adults with autism spectrum
disorders. Autism 19, 859—867. (doi:10.1177/
13623613155086171)

Collignon O, Charbonneau G, Peters F, Nassim M,
Lassonde M, Lepore F, Mottron L, Bertone A. 2015
Reduced multisensory facilitation in persons with
autism. Cortex 49, 1704—1710. (doi:10.1016/j.
cortex.2012.06.001)


http://dx.doi.org/10.1177/0956797612451469
http://dx.doi.org/10.1037/a0016923
http://dx.doi.org/10.1037/a0016923
http://dx.doi.org/10.1111/mila.12036
http://dx.doi.org/10.1111/j.1467-9280.2007.01944.x
http://dx.doi.org/10.1111/j.1467-9280.2007.01944.x
http://dx.doi.org/10.1126/science.1176170
http://dx.doi.org/10.1017/S0954579410000106
http://dx.doi.org/10.1017/S0954579410000106
http://dx.doi.org/10.1037/a0034146
http://dx.doi.org/10.1111/j.1467-8624.2009.01418
http://dx.doi.org/10.1016/j.dr.2014.04.001
http://dx.doi.org/10.1016/j.dr.2014.04.001
http://dx.doi.org/10.1111/desc.12148
http://dx.doi.org/10.1016/j.tics.2012.08.004
http://dx.doi.org/10.3758/BF03196306
http://dx.doi.org/10.3758/BF03196306
http://dx.doi.org/10.1037/a0035175
http://dx.doi.org/10.1037/a0035175
http://dx.doi.org/10.3758/s13423-014-0716-0
http://dx.doi.org/10.1126/science.1107621
http://dx.doi.org/10.1037/0012-1649.40.2.271
http://dx.doi.org/10.1098/rstb.2002.1202
http://dx.doi.org/10.1017/S0954579400006349
http://dx.doi.org/10.1017/S0954579400006349
http://dx.doi.org/10.1017/S0140525X04000032
http://dx.doi.org/10.1017/S0140525X04000032
http://dx.doi.org/10.1017/S0140525X05000129
http://dx.doi.org/10.1111/1469-7610.00165
http://dx.doi.org/10.1111/1469-7610.00165
http://dx.doi.org/10.1016/j.dr.2014.05.003
http://dx.doi.org/10.1038/nature12715
http://dx.doi.org/10.1016/j.cub.2011.12.056
http://dx.doi.org/101016/j.cub.2013.11.012
http://dx.doi.org/10.1111/j.2044-835X.2011.02067
http://dx.doi.org/10.1111/j.1469-7610.2004.00236.x
http://dx.doi.org/10.1111/j.1469-7610.2004.00236.x
http://dx.doi.org/10.1007/s00221-009-2019-7
http://dx.doi.org/10.1111/j.1469-7610.2004.00235.x
http://dx.doi.org/10.1111/j.1469-7610.2004.00235.x
http://dx.doi.org/10.1111/j.2044-835X.1997.tb00726.x
http://dx.doi.org/10.1111/j.2044-835X.1997.tb00726.x
http://dx.doi.org/10.1111/1469-7610.00398
http://dx.doi.org/10.1111/1469-7610.00398
http://dx.doi.org/10.1037/0012-1649.36.2.261
http://dx.doi.org/10.1037/0012-1649.36.2.261
http://dx.doi.org/10.1177/0956797610383435
http://dx.doi.org/10.1177/0956797610383435
http://dx.doi.org/10.1002/aur.1274
http://dx.doi.org/10.1002/aur.1274
http://dx.doi.org/10.1007/BF02409578
http://dx.doi.org/10.1038/srep08284
http://dx.doi.org/10.1016/j.cub.2015.05.011
http://dx.doi.org/10.1177/2167702613496242
http://dx.doi.org/10.1093/brain/awh561
http://dx.doi.org/10.1093/brain/awh561
http://dx.doi.org/10.3389/fnhum.2014.00034
http://dx.doi.org/10.3389/fnhum.2014.00034
http://dx.doi.org/10.1016/j.neubiorev.2014.07.012
http://dx.doi.org/10.1016/j.neubiorev.2014.07.012
http://dx.doi.org/10.1177/13623613155086171
http://dx.doi.org/10.1177/13623613155086171
http://dx.doi.org/10.1016/j.cortex.2012.06.001
http://dx.doi.org/10.1016/j.cortex.2012.06.001
http://rstb.royalsocietypublishing.org/

78.

79.

80.

Downloaded from http://rstb.royalsocietypublishing.org/ on December 16, 2015

Leekam SR, Nieto C, Libby SJ, Wing L, Gould J.
2007 Describing the sensory abnormalities of
children and adults with autism. J. Autism Dev.
Disord. 37, 894—910. (doi:10.1007/510803-006-
0218-7)

Bird G, Catmur G, Silani G, Frith C, Frith U. 2006
Attention does not modulate neural responses
to social stimuli in autism spectrum disorders.
Neuroimage 31, 1614—1624. (doi:10.1016/j.
neuroimage.2006.02.037)

Marco EJ, Hinkley LB, Hill SS, Nagarajan SS. 2011
Sensory processing in autism: a review of

81.

82.

83.

neurophysiologic findings. Pediatr. Res. 69, 48—54.
(doi:10.1203/PDR.0b013€3182130¢54)
Martinez-Sanchis S. 2014 Neurobiological
foundations of multisensory integration in people
with autism spectrum disorders: the role of the
medial prefrontal cortex. Front. Hum. Neurosci. 8,
970. (doi:10.3389/fnhum.2014.00970)

Cook JL, Blakemore SJ, Press C. 2013 Atypical basic
movement kinematics in autism spectrum conditions.
Brain 136, 2816—2824. (doi:10.1093/brain/awt208)
Lockwood PL, Bird G, Bridge M, Viding E. 2013
Dissecting empathy: high levels of psychopathic and

84.

85.

autistic traits are characterized by difficulties in
different social information processing domains.
Front. Hum. Neurosci. 7, 760. (doi:10.3389/fnhum.
2013.00760)

Granic |, Hollenstein T. 2003 Dynamic systems
methods for models of developmental
psychopathology. Dev. Psychopathol. 15, 641—669.
(doi:10.1017/50954579403000324)

Gottlieb G, Halpern CT. 2002 A relational view of
causality in normal and abnormal development.
Dev. Psychopathol. 14, 421—-435. (doi:10.1017/
$0954579402003024)

78005107 :LLE g 205 "y "supi] iyd  bio'buysijgndfaposieforqgsi


http://dx.doi.org/10.1007/s10803-006-0218-7
http://dx.doi.org/10.1007/s10803-006-0218-7
http://dx.doi.org/10.1016/j.neuroimage.2006.02.037
http://dx.doi.org/10.1016/j.neuroimage.2006.02.037
http://dx.doi.org/10.1203/PDR.0b013e3182130c54
http://dx.doi.org/10.3389/fnhum.2014.00970
http://dx.doi.org/10.1093/brain/awt208
http://dx.doi.org/10.3389/fnhum.2013.00760) 
http://dx.doi.org/10.3389/fnhum.2013.00760) 
http://dx.doi.org/10.1017/S0954579403000324
http://dx.doi.org/10.1017/S0954579402003024
http://dx.doi.org/10.1017/S0954579402003024
http://rstb.royalsocietypublishing.org/

	Social cognitive impairment and autism: what are we trying to explain?
	Introduction
	A primary social cognitive impairment?
	A domain-specific impairment in understanding mental representations?
	A domain-specific impairment in implicit theory of mind?
	An impairment in social attention?
	Conclusion: what are we trying to explain?
	Competing interests
	Funding
	Acknowledgements
	References


