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In this review article, we summarize recent progress toward under-
standing the neural structures and circuitry underlying dysfunctional social
cognition in autism. We review selected studies from the growing literature
that has used the functional neuroimaging techniques of cognitive neuro-
science to map out the neuroanatomical substrates of social cognition in
autism. We also draw upon functional neuroimaging studies with neuro-
logically normal individuals and individuals with brain lesions to highlight
the insights these studies offer that may help elucidate the search for the
neural basis of social cognition deficits in autism. We organize this review
around key brain structures that have been implicated in the social cogni-
tion deficits in autism: (1) the amygdala, (2) the superior temporal sulcus
region, and (3) the fusiform gyrus. We review some of what is known about
the contribution of each structure to social cognition and then review
autism studies that implicate that particular structure. We conclude with a
discussion of several potential future directions in the cognitive neuro-
science of social deficits in autism. © 2004 Wiley-Liss, Inc.
MRDD Research Reviews 2004;10:259–271.
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Autism is a severe and pervasive neurodevelopmental dis-
order whose etiology remains poorly understood. It is
defined broadly by the presence and characteristic de-

velopmental course of deficits in three domains of functioning:
(1) social reciprocity and engagement, (2) communication and
language skills, and (3) stereotyped, repetitive behaviors and
narrowed interests [DSM-IV; American Psychiatric Association
(APA), 1994]. The prevalence of autism is estimated to be
approximately 1 to 2 per 1,000 individuals [Fombonne, 1999]
and possibly considerably higher with the inclusion of other
disorders falling on the “autism spectrum” [Folstein and Rosen-
Scheidley, 2001] (Asperger’s syndrome and Pervasive Develop-
mental Disorder Not Otherwise Specified). These disorders span
a wide range of dysfunctions but share with autism early deficits
in the social and communicative domains. Autism features con-
siderable symptom heterogeneity within each of the three core
domains. Variability in the social domain may range from a
nearly complete absence of interest in interacting with others, to

more subtle difficulties managing complex social interactions
that demand attention or taking into account social context and
other people’s intentions. Similarly, stereotyped and repetitive
behaviors may range from simple motor stereotypies and a
preference for sameness to much more complex and elaborate
rituals, accompanied by considerable distress when these rituals
are interrupted. Language deficits, while marked in some autistic
individuals who lack basic speech abilities, can be mild and
limited to the presence of pragmatic language deficits in higher
functioning individuals with autism. In addition to the hetero-
geneity in these three key behavioral domains, there is also
considerable variability in general intellect. While the majority
of individuals with autism exhibit mental retardation, IQs can
vary from the severe and profoundly mentally retarded range to
markedly above average.

The heterogeneity in autism and autism spectrum disor-
ders is expanded still further by the concept of the Broad Autism
Phenotype, which suggests that the genetic liability for autism
might be expressed in individuals who do not meet diagnostic
criteria for autism, but who exhibit phenotypic characteristics of
psychological functioning that are milder but qualitatively sim-
ilar to those seen in autism [Folstein and Rutter, 1977; see
Piven, 2001 for a review]. For example, there is evidence for
executive dysfunction in parents [Hughes et al., 1997] and
siblings [Hughes et al., 1999] of children with autism and social
impairments and distinct personality characteristics (e.g., aloof-
ness and rigidity) in parents of affected children [Wolff et al.,
1988; Piven et al., 1994; Murphy et al., 2000]. Parents of
affected children also exhibit subtle language and communica-
tive differences [Landa et al., 1992; Piven et al., 1997] and
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experience higher rates of depression and
social phobia [Piven and Palmer, 1999].

Based on the high concordance
rate for monozygotic twins and a recur-
rence risk that is greater than the popu-
lation rate, there is now considerable ev-
idence that autism is a disorder with a
significant genetic component to its eti-
ology [Cook et al., 1998; see Bailey et al.,
1995 for a review] with heritability esti-
mates of 60–70% [Veenstra-VanDer-
Weele et al., 2003]. The much higher
incidence rate in male compared to fe-
male children further suggests a genetic
component to the etiology of autism.
This could be quite indirect (i.e.,
through interactional effects of gonadal
steroids on brain development), but it
could also be more direct, vis-à-vis ex-
pression of proteins on the sex chromo-
somes in neurons. For instance, Skuse
and colleagues [2003] have argued that
impaired social cognition in Turner’s
syndrome can be traced to genes on the
X chromosome (Xp 11.3) and that the
effects of these genes on social cognition
are mediated through the amygdala,
which is enlarged in Turner’s syndrome.
However, research also indicates a role
for environmental factors, for example,
this is suggested already by monozygotic
twins who are discordant for autism.
Thus, like most behaviorally defined syn-
dromes, autism is very likely to be etio-
logically heterogeneous [Rutter et al.,
1994]. Roughly 10% of individuals with
autism have an associated medical condi-
tion thought to play a role in susceptibil-
ity to the disease. For example, individ-
uals with single gene disorders such as
tuberous sclerosis, fragile X syndrome;
and Smith-Lemli-Opitz syndrome have
high rates of autism [Baker et al., 1998;
Bailey et al., 2001; Martin et al., 2001].
In individuals without an obvious associ-
ated medical condition (i.e., idiopathic
autism), the underlying mechanism is
more likely to be the result of multiple
interacting genes or oligogenic inheri-
tance [Pickles et al., 1995; Risch et al.,
1999]. Disentangling the precise contri-
butions made by genes and by environ-
ment in the etiology of autism remains a
critical and largely unmet challenge. De-
spite this etiological heterogeneity, and
despite complexity in the phenotype, it is
possible that the various factors contrib-
uting to the impaired behavior and cog-
nition seen in autism exert their effect
through a circumscribed set of neural
structures. That is, it might be the case
that the simplest and most compact cor-
relate of autism would be found at the
neurological or neuropsychological level,

rather than at the genetic or the behav-
ioral level.

Advances in techniques for study-
ing brain–behavior relationships have led
to an unprecedented and concerted effort
in elucidating the neural basis of autism
by linking specific social deficits to dys-
function in specific brain structures (i.e.,
the cognitive neuroscience of social in-
formation processing in autism). These
include neuropsychological studies of pa-
tients with focal lesions, volumetric
quantification of brain structures, ana-
tomical pathway tracing, and imaging of
regional brain activation.

fMRI is a noninvasive in vivo im-
aging method that takes advantage of an
endogenous contrast property of the
brain, blood oxygen level–dependent
contrast (BOLD), to localize changes in
blood oxygenation–an indirect measure
of underlying neural activity. Since fMRI
is noninvasive, does not involve ionizing
radiation, can be performed repeatedly,
and can be employed to scan relatively
large samples of individuals, it is an espe-
cially appropriate tool to study autism,
where large samples are often required to
take into account heterogeneity and
where longitudinal studies of children are
necessary to characterize functional brain
development and behavioral change over
time.

Neuropsychological “marker tasks”
can provide insights into brain function
and can implicate specific brain regions
through comparisons with patients who
have circumscribed brain lesions and/or
other neuroimaging techniques [John-
son, 1997]. Together with functional
neuroimaging, lesion studies and detailed
neuropsychological testing have gener-
ated a wealth of knowledge concerning
the neural structures that are the most
likely candidates for subserving those
cognitive processes that are dysfunctional
in autism. These are exciting times for
basic research because outcomes of these
efforts will prove clinically important in
helping to identify specific neurophysio-
logical mechanisms involved in core def-
icits in autism, thus leading to an im-
proved theoretical understanding for
developing and evaluating the effective-
ness of novel therapeutic interventions.
Emerging neuropsychological models of
autism based on the above techniques are
already beginning to shed light on can-
didate mechanisms that may be mediat-
ing individual differences in both the ex-
pression of autistic symptoms and in their
responsiveness to treatment. Character-
ization of the functional brain pheno-
types in autism, as observed through
fMRI, may also lead to a clarification of

the genetic basis of autism. Longitudinal
studies of developmental trajectories and
individual differences will give us a more
accurate and dynamic picture of autism
than would studies that focus only on
adults. Neuroimaging studies focused on
changing brain–behavior relationships in
the developing child may also provide
clues to candidate genes in autism, as
developmentally important genes begin
to be linked to particular patterns of
functional brain development, gene ex-
pression, and brain phenotypes.

In this review, we summarize re-
cent progress toward understanding the
neural structures and circuitry underlying
dysfunctional social cognition in autism.
We review selected studies from the
growing literature that have used func-
tional neuroimaging techniques to map
out neurofunctional abnormalities in
brain regions underlying aspects of social
cognition domains in autism. We also
draw upon functional neuroimaging
studies with neurologically normal indi-
viduals and individuals with brain lesions
to highlight how these studies–by pro-
viding basic knowledge concerning the
neural basis of social cognition–can offer
insights that may help to elucidate the
search for the neural basis of social cog-
nition deficits in autism. We organize
this review around key brain structures
that have been implicated in the social
cognition deficits in autism: (1) the
amygdala, extrastriate visual cortices in-
cluding the (2) superior temporal sulcus
region and the (3) fusiform gyrus. We
review some of what is known about the
contribution of each structure to social
cognition and then review autism studies
that implicate that particular structure.

In sketching what is known about
the role played by specific neural struc-
tures in social cognitive processing, we
do not want to imply that such process-
ing is localized to a single brain region,
nor would we want to suggest that dys-
function in a given cognitive process re-
sults from dysfunction in a single struc-
ture. We have little doubt that each of
the three structures we will review plays
a role in some way in the autism pheno-
type, but it remains very unclear how
exactly they participate as components of
the entire neural network and how ex-
actly their dysfunction contributes to pa-
thology. To give just one example; the
amygdala has been implicated in process-
ing emotional information from faces,
something in which at least some people
with autism are impaired. Does their im-
pairment therefore arise from pathology
in the amygdala? That conclusion is un-
warranted: their impairment may arise
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from entirely different structures con-
nected to the amygdala, and it is in fact
conceivable that abnormal amygdala
function is a consequence of having au-
tism, rather than a cause of it. The struc-
ture–function relationships revealed by
cognitive neuroscience often give us only
correlative evidence. This is not to say
that researchers are not up to the task, it
is only to say that understanding autism
will be a difficult and complex challenge
and that approaches from many different
disciplines must be integrated if we are to
avoid serious pitfalls.

NEURAL STRUCTURES
IMPLICATED IN SOCIAL
COGNITION DEFICITS IN
AUTISM

Amygdala
“Social cognition” refers to our

abilities to recognize, manipulate, and
behave with respect to socially relevant
information, including the ability to con-
struct representations of relations be-
tween the self and others and to use those
representations flexibly to guide social
behavior [Adolphs, 2001]. Different sub-
disciplines emphasize different aspects of
this construct. For example, in social psy-
chology, social cognition describes a
range of phenomena including reason-
ing, stereotyping, and related topics
[Kunda, 1999]. In neurobiology, Broth-
ers [1990], defines social cognition more
narrowly “as the human ability to per-
ceive the intentions and dispositions of
others.” Definitions of social cognition
commonly link this construct to social
behavior and include social perception
(the initial stages of evaluating intentions
of others by analysis of gaze direction,
body movement, and other types of bi-
ological motion), theory-of-mind (the
ability to make inferences about the
mental states of others), and attributional
style (the way one tends to explain other
people’s behavior).

Brothers [1990] proposed that the
amygdala is part of a small group of brain
structures (along with the superior tem-
poral sulcus and gyrus and orbitofrontal
cortices) that form the neurobiological
basis of social cognition (see Fig. 1 for
neuroanatomical structures highlighted
in this review). The amygdala is a com-
plex structure comprised of at least 13
nuclei located in the anterior medial tem-
poral lobe with extensive connections to
many brain regions including the neo-
cortex, hippocampus, brainstem, thala-
mus, basal forebrain, and claustrum
[Amaral et al., 1982; Amaral and Insausti,
1992]. Animal models have provided

some of the clearest data concerning the
amygdala’s function in several aspects of
behavior. Studies of rats have demon-
strated the involvement of the amygdala
in fear conditioning [LeDoux, 1996], the
acquisition of fear-related responses to a
stimulus via its association with a strongly
aversive stimulus. Neurons in the mon-
key amygdala respond both to the basic
motivational significance of stimuli
[Nishijo et al., 1988] as well as to their
complex social significance [Brothers,
1990; Rolls, 1992]. In humans, amygdala
neurons have been found to respond to
emotionally salient stimuli of various
kinds [Oya et al., 2002] including faces
[Fried et al., 1997].

Early studies in nonhuman pri-
mates indicated that macaques with bilat-
eral lesions to the amygdala and sur-
rounding medial temporal structures are
more tame than nonlesioned monkeys
and demonstrate abnormal food prefer-
ences and sexual behaviors [Brown and
Schafer, 1887; Kluver and Bucy, 1938,
1939]. In an effort to develop an animal
model of autism, Bachevalier and col-
leagues conducted a series of studies with
neonatal macaques subjected to bilateral
medial temporal lobe lesions that in-
cluded the amygdala [Bachevalier, 1994,
1996; Bachevalier and Mishkin, 1994].
These monkeys exhibited reduced eye
contact, avoided social encounters, dis-
played inexpressive faces, and lacked
many normal play behaviors. They also
showed locomotor stereotypies and in-
creases in self-directed activities. These
behavioral deficits were strikingly remi-
niscent of many behaviors observed in
autism.

Studies by Amaral and colleagues
examined adult male rhesus monkeys
with precise bilateral ibotenic acid lesions
of the amygdala, a method that provides
a relatively selective way to lesion cell
bodies but not axons that may be passing
through the amygdala. The lesioned an-
imals were paired with unlesioned con-
trol monkeys during dyadic social inter-
actions [Emery et al., 2001; Prather et al.,
2001]. Contrary to initial expectations,
the adult amygdala-lesioned monkeys
initiated more social approaches and affili-
ative behaviors than did the control
monkeys. The lesioned monkeys also did
not exhibit normal fear behavior in re-
sponse to novel and fear-provoking stim-
uli (e.g., snakes) and were socially disin-
hibited such that they did not exhibit the
usual period of reluctance when meeting
a novel conspecific. These findings led to
the proposal that a primary function of
the amygdala is evaluating the environ-
ment for potential threats or dangers

[Emery et al., 2001] (see also [Amaral et
al., 2003] for more recent findings from
lesioned monkeys and continued theo-
retical elaboration). Subsequent studies
demonstrated that infant macaques, le-
sioned at 2 weeks of age, showed an
absence of fear of normally fear-inducing
stimuli [Prather et al., 2001]. However,
the developmentally lesioned macaques
also showed more screams and fear gri-
maces during interactions with other ma-
caques. In human [Fried et al., 1997] and
nonhuman primates [Leonard et al.,
1985; Nakamura et al., 1992; Rolls,
1992], neurons in the amygdala respond
differentially to faces, consonant with the
broader responses of amygdala neurons
that have been recorded in monkeys in
response both to the basic motivational
significance of stimuli [Nishijo et al.,
1988] as well as to their complex social
significance [Brothers et al., 1990].
Overall, the available animal studies
demonstrate that the amygdala modulates
many responses and cognitive processes
based on the emotional significance of
stimuli. A common theme is the ability
to associate stimuli with their emotional/
social value.

Behavioral and structural studies in
humans have also clearly pointed to the
amygdala’s role in social cognition and
social behavior. One specific hypothesis
of social dysfunction in autism proposes
that this is due to pathology in the amyg-
dala (Baron-Cohen), and abnormal
amygdala structure has been linked both
to autism (Bauman and Kemper) [Schu-
mann et al., 2004; Sparks et al., 2002] as
well as to genetically predisposed abnor-
mal social behavior in diseases such as

Fig. 1. Brain structures thought to be im-
portant for the cognitive neuroscience of so-
cial cognition deficits in autism. The superior
temporal sulcus has been implicated in eye
gaze processing, voice perception, and attri-
bution of intentionality deficits in autism.
The amygdala has been linked to emotion
recognition and theory-of-mind deficits in
autism. Hypoactivation of the fusiform gyrus
has been proposed as a mechanism underly-
ing face processing deficits in autism.
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Turner’s syndrome [Skuse et al., 2003].
However, the clearest evidence for the
amygdala’s role in social cognition in hu-
mans comes from lesion and functional
imaging studies. For instance, clear social
information processing deficits, including
impairments in emotion recognition and
social judgments, are found in patients
with lesions to the amygdala. Such pa-
tients show a relatively disproportionate
impairment in recognizing the intensity
with which facial expressions signal fear
[Adolphs et al., 1994] (see Fig. 2c) as well

as a lesser impairment also in recognizing
the intensity of other negatively valenced
emotions including surprise and anger
[Adolphs et al., 1999]. Subsequent studies
in several additional patients with amyg-
dala lesion confirmed an impaired ability
to recognize emotion from faces, despite
a normal ability to discriminate faces per-
ceptually. Some of these studies found a
disproportionately severe impairment in
recognizing fear [Adolphs et al., 1995;
Broks et al., 1998; Sprengelmeyer et al.,
1999; Anderson and Phelps, 2000],

whereas others found evidence for a
broader impairment in recognizing mul-
tiple emotions of negative valance in the
face, including fear, anger, disgust, and
sadness [Adolphs, 1999; Schmolck and
Squire, 2001].

Bilateral damage to the human
amygdala has also been found to impair
social judgments of trustworthiness and
approachability of people based on their
faces [Adolphs et al., 1998]. Such lesion
subjects judge people to look more trust-
worthy and more approachable than do

Fig. 2. Individuals with autism and those with damage to the amygdala make similar abnormal judgments of trustworthiness and approachability from
faces and make similar errors in emotional expression recognition from faces. Ratings of (a) trustworthiness and (b) approachability from 100 unfamiliar
faces. Shown are mean ratings of the 50 faces that normally receive the most negative ratings (left half of each split graph) and the 50 faces that normally
receive the most positive ratings (right half of each split graph). Solid black bars are the means (�SD) data from 47 normal controls; three white bars are
data from three individual subjects with bilateral amygdala damage; gray bars are individual data from autistic subjects. All data except for the data from
autistic subjects are from Adolphs et al. [1998]. Norm � normal; Amy � amygdala. Reproduced with permission from Adolphs et al., (2001; Journal of
Cognitive Neuroscience). (c) Shows that bilateral damage to the amygdala can result in selective impairment in the recognition of fear. Shown is the
performance of subject SM in rating morphs of emotional facial expressions. The y-axis shows the correlation of SM’s ratings with mean normal ratings,
and the x-axis shows the stimuli, which are morphs from happy to surprise and from surprise to fear. Adapted from Adolphs [2003, Annals of the New
York Academy of Sciences]. Data from Adolphs and Tranel [2000]. (d) Percentage of correct scores for judgments of basic emotional expressions from
faces in subjects with and without autism. Subjects with autism were significantly worse at identifying anger and fear. Data from Pelphrey et al. [2002,
Journal of Autism and Developmental Disorders].
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healthy controls (see Fig. 1a and b). This
finding demonstrates that the role of the
amygdala in processing stimuli related to
potential threat or danger extends to the
complex judgments on the basis of which
we approach or trust other people. One
proposal [Adolphs et al., 1999, 2000] is
that the impairments across diverse tasks
reflect the amygdala’s role in recognizing
signals that indicate potential threat or
danger. But the social impairments due
to amygdala damage may be broader yet:
one patient described a film of animated
shapes (normally seen as full of social
content) in entirely asocial geometric
terms, despite otherwise normal visual
perception and intact social knowledge
[Heberlein and Adolphs, 2004].

Functional neuroimaging studies
have both corroborated and extended
these findings and greatly added to our
understanding of the amygdala’s function
in neurologically normal humans, partic-
ularly with regard to emotion recogni-
tion [reviewed in Adolphs, 1999]. Two
early studies, one using PET [Morris et
al., 1996] and the other fMRI [Breiter et
al., 1996], found that the amygdala is
activated by facial expressions of emotion
(especially fear), even though neither
study asked subjects to judge the emotion
shown in the stimulus. Other imaging
studies have shown that the amygdala is
activated by facial expression stimuli,
even when these stimuli are not con-
sciously perceived. For example, Whalen
et al. [1998] found amygdala activation to
fearful faces that were presented briefly
and backward masked to render their
perception subliminal. These studies sug-
gest that the amygdala is engaged in rel-
atively rapid and automatic processing of
facial expressions. In fact, requiring sub-
jects to cognitively label facial expression
stimuli, rather than to watch them pas-
sively, may result in deactivation of the
amygdala [Hariri et al., 2000].

Other human neuroimaging stud-
ies illustrate the involvement of the
amygdala in normal social cognition be-
yond its role in emotion recognition. For
example, in a PET study of adult males,
Kawashima et al. [1999] observed that

the left amygdala was activated while
subjects interpret gaze direction whereas
the right amygdala was activated during
eye to eye contact. A recent imaging
study of subjects’ ratings of trustworthi-
ness elegantly corresponds to the lesion
data presented earlier [Winston et al.,
2002]. When normal subjects view faces
of people that look untrustworthy, acti-
vation is found in the superior temporal
sulcus, the amygdala, the orbitofrontal
cortex, and the insular cortex.

At least three functional neuroim-
aging studies of individuals with and
without autism have explored the role of
the amygdala in autism (see Table 1 for
capsule summaries). In the first, Baron-
Cohen et al. [1999] required participants
to infer the mental or emotional state of
another person from the expression of
the eyes alone. In behavioral studies con-
ducted outside of the scanner environ-
ment, high-functioning subjects with au-
tism reliably show deficits on this task
[Baron-Cohen et al., 1997]. The superior
temporal gyri, the left amygdala, and the
insula were activated in neurologically
normal subjects performing this “Eyes
Task.” Subjects with autism activated
frontal components less extensively than
did neurologically normal subjects and
showed decreased activation in the
amygdala. A second fMRI study exam-
ined both explicit (conscious) and im-
plicit (nonconscious) processing of facial
expressions [Critchley et al., 2000].
While viewing faces, subjects attended to
either the emotional expression (explicit
task) or the gender (implicit task) of the
face. In contrast to controls, during the
explicit task, autistic subjects did not ac-
tivate the fusiform gyrus and during the
implicit task they did not activate the left
amygdala region. Finally, in an fMRI
study of children and adolescents with
autism, Wang et al., [2004] reported that
autistic subjects failed to show normal
modulation of amygdala activation under
different task demands (matching versus
labeling faces). During facial expression
matching, subjects with autism showed
significantly less activity than the control
group in the fusiform gyrus, but greater

activity in the precuneus. During labeling
of emotions, no group differences were
observed. Activity in the amygdala was
modulated by task demands in the con-
trol group but not in autistic subjects.

Some of the most tantalizing (albeit
indirect) evidence supporting a role for the
amygdala in autism comes from compari-
sons of subjects with autism to subjects
with focal lesions to the amygdala on the
same neuropsychological marker tasks. For
example, Adolphs et al. [2001] adminis-
tered a battery of neuropsychological tasks
previously used in subjects with focal
amygdala lesions to a sample of high-func-
tioning autistic subjects. As illustrated in
Figs. 2a and b, the high-functioning adults
with autism made isolated abnormal social
judgments regarding the assessment of
trustworthiness and approachability in faces
that parallel similar findings from individu-
als with bilateral amygdala lesions. Both
groups exhibited a significant bias toward
overattributing the qualities of trustworthi-
ness and approachability to pictures of faces
rated by neurologically normal individuals
to be somewhat untrustworthy and unap-
proachable. Similarly, individuals with au-
tism also have difficulty identifying emo-
tional features in posed facial expressions
[Adolphs et al., 2001; Pelphrey et al.,
2002]. The facial expression recognition
deficits are similar to those seen in patients
with amygdala lesions; both populations are
impaired at judging faces displaying nega-
tive affect, especially fear and anger [Ado-
lphs et al., 2001] (see Figs. 2c and d). Klin
[2000] has found abnormalities in the abil-
ity of individuals with autism to attribute
social meaning to ambiguous, moving geo-
metric shapes, as is typically done by non-
autistic individuals [Heider and Simmel,
1944]. The narrations provided by the sub-
jects with autism in the Klin study are re-
markably similar to those given by patient
SM who described a Heider and Simmel
film of animated shapes in exclusively aso-
cial and geometric terms [Heberlein and
Adolphs, 2004].

Superior Temporal Sulcus Region
The functional organization of the

superior temporal sulcus has been studied

Table 1. Functional Neuroimaging Studies Implicating the Amygdala in Autism

Study Stimuli Key Findinga

Baron-Cohen et al. [1999] Inferring mental states from the eyes region Decreased activity in the amygdala
Critchley et al. [2000] Implicit and explicit processing of emotional facial expressions Failed to activate amygdala in the implicit task and

the fusiform gyrus in the explicit task
Wang et al. [2004] Face labeling versus matching by emotional expression Amygdala activity not modulated by task demands

aSummary of key finding is made with reference to the primary reported difference between subjects with autism and those without autism.
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extensively in both human and nonhu-
man primates. As has been found in stud-
ies of the amygdala, some of the clearest
findings regarding the function of the
superior temporal sulcus have come from
studies in nonhuman primates. For ex-
ample, monkeys use gaze as a component
of facial expressions, particularly as it re-
lates to signals of dominance and submis-
sion. Monkeys can accurately discrimi-
nate small shifts in gaze direction, but
they suffer significant deficits in this task
following surgical removal of cortex
within the superior temporal sulcus
[Campbell et al., 1990]. Two prosopag-
nosic patients tested with the same task
used with the surgically ablated monkeys
also showed deficits [Campbell et al.,
1990]. Employing single neuron record-
ings, Perrett and colleagues [1985, 1989]
identified cells in the macaque anterior
superior temporal sulcus that selectively
respond to cues from head and gaze di-
rection. Overall, single-cell recording
studies in monkeys indicate that cells in
the superior temporal sulcus respond to
gaze (eye and head) direction [Perrett et
al., 1990, 1992], head movement [Has-
selmo et al., 1989], mouth movements
[Mistlin and Perrett, 1990], hand move-
ments [Perrett et al., 1989], and whole
body motions [Oram and Perrett, 1996].
Some of these neurons appear to play a
role in social attention by signaling the
direction of another person’s visual atten-
tion and by processing aspects of the con-
text within which actions are observed
[Perrett et al., 1990, 1992]. In addition to
the large body of findings concerning
action perception, a polysensory region
has been described in the monkey supe-
rior temporal sulcus (“the superior tem-
poral polysensory region”) that integrates
audio and visual components of complex
socially significant stimuli [Cusick,
1997].

In humans, the superior temporal
sulcus region is defined by Allison et al.
[2000] to include cortex within superior
temporal sulcus, to adjacent cortex on
the surface of the superior and middle
temporal gyri (near the straight segment
of the superior temporal sulcus), and to
adjacent cortex on the surface of the an-
gular gyrus (near the ascending limb of
the superior temporal sulcus). This re-
gion (particularly posterior portions in
the right hemisphere) is involved in per-
ceiving biological motion [for reviews
see Allison et al., 2000; Decety and
Grèzes, 1999] including eye movements
[Puce et al., 1998; Wicker et al., 1998;
Pelphrey et al., 2003a, 2004a]. The STS
region is functionally and anatomically
distinct from the more posterior and in-

ferior region MT or V5 (MT/V5) that is
localized to the occipitotemporal border
[Zeki et al., 1991; McCarthy et al., 1995;
Pelphrey et al., 2003b]. Also, portions of
the superior temporal sulcus region in
humans (as in the monkey) are polysen-
sory, responding to audio and visual
components of stimuli [Belin and
Zatorre, 2000; Calvert et al., 2000; Cal-
vert, 2001; Wright et al., 2003].

In addition to its role in processing
biological motion, there is evidence to
suggest that, similar to the anterior supe-
rior temporal sulcus in the macaque, the
posterior superior temporal sulcus in hu-
mans is involved in the analysis and in-
terpretation of the intentions of other’s
goal-directed movements and actions
seen in other people and is sensitive to
other aspects of the context within which
observed actions are embedded [e.g.,
Blakemore et al., 2003; Pelphrey et al.,
2003a, 2004; in press]. For example, in a
recent series of studies, Pelphrey and col-
leagues have investigated the degree to
which eye-gaze–evoked activity in the
superior temporal sulcus is modulated by
the context of the perceived eye move-
ment, that is, when the gaze shift cor-
rectly or incorrectly acquires a visual tar-
get, or whether the eye gaze conveys the
intention to engage in or withdraw from
a social interaction. In one study, a strong
effect of context was observed in the
right posterior superior temporal sulcus
in which observation of gaze shifts away
from the target evoked a hemodynamic
response with extended duration and
greater amplitude compared to gaze shifts
toward the target [Pelphrey et al., 2003a].
That study demonstrated that the per-
ceived context or intention of a gaze shift
influences activity in the human superior
temporal sulcus. Another study demon-
strated that the superior temporal sulcus
participates in the visual analysis of social
information conveyed by gaze shifts in a
more overtly social encounter (e.g., a
stranger walking toward the subject and
passing him or her in a virtual hallway).
Subjects viewed an animated figure that
walked toward them and shifted his neu-
tral gaze either toward (mutual gaze) or
away (averted gaze) from them. Mutual
gaze evoked greater activity in the supe-
rior temporal sulcus compared to averted
gaze [Pelphrey et al., 2004a]. These find-
ings suggest that activity in the superior
temporal sulcus evoked during observa-
tion of others’ eye movements is exquis-
itely sensitive to the context within
which those actions are embedded (i.e.,
approach versus withdraw or goal-di-
rected versus non-goal–directed). These
and other findings have strengthened the

conclusion that the human superior tem-
poral sulcus region is involved in social
perception and social cognition in hu-
mans via the visual analysis of social in-
formation conveyed by gaze direction
and other types of biological motion [Al-
lison et al., 2000]. This idea is in line with
systems-level frameworks for under-
standing the processing of visual informa-
tion, which have proposed that regions
of extrastriate cortex including the supe-
rior temporal sulcus and superior tempo-
ral gyrus are involved in processing
changeable and moveable aspects of faces,
whereas regions including the fusiform
gyrus process static and structural aspects
of the face.

Given the findings concerning the
superior temporal sulcus region and as-
pects of social cognition and social per-
ception, it is not surprising that recent
functional neuroimaging research has fo-
cused on this region in autism (see Table
2). The role of the superior temporal
sulcus region in eye gaze processing is of
particular interest. Among the most strik-
ing social impairments in autism are def-
icits in joint attention (i.e., coordinating
visual attention with others) and in using
information concerning eye gaze to un-
derstand others’ mental states and inten-
tions [Loveland and Landry; 1986;
Mundy et al., 1986; Baron-Cohen, 1995;
Dawson et al., 1998; Baron-Cohen et al.,
1999; Frith and Frith, 1999; Leekam et
al., 1998, 2000]. Behavioral studies have
shown that gaze processing deficits in
autism are not based in eye gaze discrim-
ination per se, but result from impair-
ment in using eye gaze to understand
others’ intentions and mental states [see
Baron-Cohen, 1995 for a review]. In es-
sence, individuals with autism perceive
changes in eye gaze direction, but they
fail to attribute the intentions and mental
states conveyed by eye gaze shifts. Link-
ing these behavioral observations with
the demonstrated role of the superior
temporal sulcus in social perception sug-
gests the hypothesis that, in autism, ac-
tivity in the superior temporal sulcus re-
gion is not sensitive to the context within
which eye movements are observed. This
lack of sensitivity to context could me-
diate deficits in processing social signals
conveyed by eye gaze (and probably
other nonverbal social signals) because
the superior temporal sulcus region in
autism does not properly serve the func-
tion of processing the intentionality or
social communicative value of eye gaze
shifts. To date, no published study has yet
compared activity associated with obser-
vation of eye movements that convey
different intentions in autism. However,

264 MRDD RESEARCH REVIEWS ● NEURAL SUBSTRATES OF SOCIAL COGNITION DEFICITS ● PELPHREY ET AL.



an elegant PET study conducted by Cas-
telli et al. [2002] offers indirect support
for this hypothesis. Participants with and
without autism viewed film segments of
geometric figures (similar to the films by
Heider and Simmel described earlier)
moving about in ways that normally
evoke varying attributions of intention-
ality. Behaviorally, the subjects with au-
tism gave fewer and less accurate descrip-
tions of animations that typically evoked
attributions of mental states and inten-
tions. These behavioral findings are in
line with Klin’s previous findings using
similar stimuli [Klin, 2000]. Relative to
controls, subjects with autism demon-
strated hypoactivation of the right poste-
rior superior temporal sulcus region in
individuals with autism. There was also
reduced functional connectivity (i.e.,
correlation between the time courses
from two regions of activation) between
the posterior superior temporal sulcus re-
gion and a portion of extrastriate visual
cortex localized to the inferior occipital
gyrus in the autistic subjects.

This PET study also raised the im-
portant question of whether the neuro-
biological basis of the lack of differential
superior temporal sulcus activity resides
in the cortex of the superior temporal
sulcus region itself or whether the dys-
function is the result of failures in com-
munication between the superior tempo-
ral sulcus region and other brain
structures involved in social processing.
Consistent with the possibility of a pri-
mary pathology in the superior temporal
sulcus region, a PET study of speech
perception reported abnormal laterality
of responses and hypoactivation of the
left superior temporal gyrus [Boddaert et
al., 2003] and an fMRI study observed
hypoactivation in the superior temporal
region to human voices [Gervais et al.,
2004]. Also, bilateral hypoperfusion of
temporal lobe areas has been observed in
children with autism at rest [Ohnishi et
al., 2000; Zilbovicius et al., 2000]. Fi-
nally, a recent anatomical study compar-

ing cortical sulcal maps in individuals
with and without autism found anterior
and superior displacements of the supe-
rior temporal sulcus [Levitt et al., 2003]
and Boddaert et al. [2004] recently re-
ported abnormal superior temporal sulcus
volume in autism.

Building upon research to examine
polysensory areas of the superior tempo-
ral sulcus region in neurologically normal
adults [Wright et al., 2003], the role of
the superior temporal sulcus region in
audiovisual speech perception was re-
cently explored in a small group of high-
functioning individuals with autism and
neurologically normal controls by com-
paring responses to various auditory and
visual speech stimuli [Collins and Pel-
phrey, unpublished thesis data]. Four
types of stimuli were used to present the
auditory and visual components of
speech in isolation and in combination:
(1) auditory speech alone, (2) visual
speech alone, (3) matched audiovisual
speech (i.e., the observed mouth move-
ment matched the heard word), and (4)
mismatched audiovisual speech (i.e., the
observed and heard words did not
match). Consistent with a prior report
[Wright et al., 2003], the superior tem-
poral sulcus region (see Fig. 3) was acti-
vated bilaterally during audiovisual
speech perception in both groups of sub-
jects. For typically developing subjects,
hemodynamic responses from this region
to the audiovisual match condition were
greater than responses to either the audio
or the visual components presented in
isolation; the audiovisual mismatch con-
dition evoked a depressed response con-
sistent with the inhibition that is gener-
ally observed in paradigms of this type
[see Calvert, 2001 for a review]. For the
subjects with autism, there was overall
hypoactivation in the superior temporal
sulcus region and this region responded
equally to the matching and mismatching
audiovisual stimuli, suggesting a lack of
sensitivity to the context (matching or

mismatching) of the audiovisual speech
stimuli in individuals with autism.

The findings reviewed above are
consonant with a potential disruption in
the superior temporal sulcus region itself
in autism but cannot rule out the alter-
native hypothesis that there may be ab-
normal functional connectivity between
the superior temporal sulcus region and
other regions critical to social under-
standing. Under this hypothesis, the su-
perior temporal sulcus region is critical
for forming a perceptual representation
of socially relevant information regarding
the actions of others and activates initially
in an obligatory manner when the sub-
ject perceives an action (e.g., an eye
movement or hand gesture) made by an-
other individual. The representation
formed in this region is then fed forward
to higher systems that analyze the goal-
directed and intentional components of
these motions. These higher systems may
engage and maintain activation in the
superior temporal sulcus region via feed-
back when additional processing is re-
quired (e.g., when an action violates the
viewer’s expectations) and thus contrib-
ute to the activation patterns of the su-
perior temporal sulcus region. The loca-
tions of these putative higher systems
within this model are unspecified but
may include prefrontal regions and/or
the amygdala. In individuals with autism,
the connection between higher-level sys-
tems and the superior temporal sulcus
region may be broken, and thus the
higher level systems do not engage and
maintain activation in the superior tem-
poral sulcus region. In light of this hy-
pothesis, it is interesting to note that a
recent fMRI study by Just et al. [2004]
found lower functional connectivity be-
tween Wernicke’s and Broca’s areas dur-
ing language processing in subjects with
autism, thereby demonstrating the po-
tential value of examining functional
connectivity in future studies of the su-
perior temporal sulcus region and social
cognition in autism.

Table 2. Functional Neuroimaging Studies Implicating the Superior
Temporal Sulcus Region in Autism

Study Stimuli Key Findinga

Castelli et al. [2002] Viewing animations of geometric shapes that elicit
varying mental state attributions

Reduced activity in the right superior temporal sulcus and reduced
functional connectivity between the superior temporal sulcus and
visual cortex

Boddaert et al. [2003] Listening to human vocal sounds Reversed hemispheric dominance and hypoactivation of left temporal
regions for perception of speech

Gervais et al. [2004] Listening to human vocal sounds Reduced activity in the left and right superior temporal sulci and gyri

aSummary of key finding is made with reference to the primary reported difference between subjects with autism and those without autism.
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Fusiform Gyrus
A region of human occipitotempo-

ral cortex in the fusiform gyrus is acti-
vated in functional neuroimaging studies
by faces (often bilaterally but more reli-
ably on the right than on the left) when
contrasted with other objects or scram-
bled images [Puce et al., 1996; Kan-
wisher et al., 1997; McCarthy et al.,
1997], can be modulated by attention
under some conditions [Haxby et al.,
1994], and may be relatively specific for
faces [Kanwisher et al., 1997; McCarthy
et al., 1997], although the specificity of
these regions for face processing is con-
tended [Gauthier et al., 2000, 2003]. This

region, unlike the superior temporal sul-
cus, may be disproportionately important
for processing the static features of faces
(e.g., those required to recognize identity
as opposed to emotional expression or
eye gaze) [McCarthy; 1999b]. Fig. 4 il-
lustrates face-related activity in the right
fusiform gyrus in a 9-year-old neurolog-
ically normal child. During fMRI scan-
ning, this child observed faces presented
periodically within a changing montage
of common objects (e.g., kitchen utensils
and hand tools). Bilateral activation of
the fusiform gyri by faces (yellow-to-red
overlay) is evident, with somewhat more
extensive activation obtained in the right

fusiform. Activation by faces of right lat-
eral cortex in and near the superior tem-
poral sulcus region is also prominent.

Electrophysiological recordings from
electrodes placed directly on the fusiform
gyrus in patients requiring brain surgery
have further demonstrated that face-spe-
cific evoked activity in the fusiform gyrus
occurs within 200 ms of face presentation
[Allison et al., 1999; McCarthy, 1999a;
Puce et al., 1999]. Electrical stimulation of
these same sites has frequently led to tran-
sient prosopagnosia (inability to recognize
faces), strongly implicating the discrete re-
gions of the fusiform gyrus in face process-
ing [Allison et al., 1994; see McCarthy,
1999b for a review].

Behavioral studies have provided
considerable support for face processing
deficits in autism [e.g., Hobson et al.,
1988; Loveland et al., 1997], although
the precise nature of these deficits has
remained unclear. Thus, the fusiform gy-
rus became a focus of initial functional
neuroimaging studies in autism. Table 3
summarizes four functional neuroimag-
ing studies that have focused on the role
of the fusiform gyrus in autism. Schultz et
al. [2000] conducted the first fMRI study
to focus specifically on the fusiform gy-
rus’ response to faces in autism. They
examined face and subordinate-level ob-
ject perception in a sample of high-func-
tioning adolescents and adults with au-
tism and Asperger’s syndrome and two
carefully matched control groups. They
found that subjects with autism spectrum
disorders, relative to controls, exhibit less
face-evoked activity in the fusiform gyrus
and recruit regions normally used for
nonface object perception to process
faces. Three other fMRI studies have also
identified fusiform gyrus hypoactivation
in autism [Critchley et al., 2000; Pierce et
al., 2001; Hubl et al., 2003]. These find-
ings collectively suggest important neural
correlates for face processing deficits in
adults with autism spectrum disorders.
Schultz et al. [2000] suggested a link be-
tween amygdala dysfunction in autism
[e.g., Critchley et al., 2000] and the lack
of the development of a normal face-
specific response in the fusiform gyrus
(and associated abnormal face perception)
in autism, proposing that an early disrup-
tion in the amygdala and its connections
to temporal cortices, including the fusi-
form gyrus and superior temporal sulcus,
leads to a relative lack of interest in faces
and other socially important stimuli and
thus to failure of the development of the
normal (activity dependent) specificity of
regions within the fusiform gyrus in au-
tism. Longitudinal functional neuroim-
aging studies of face processing children

Fig. 3. Results from a study of audiovisual speech perception in autism. Bilateral activity was
observed in the superior temporal sulcus (STS) and superior temporal gyrus (STG) during audiovisual
speech perception in typically developing participants and subjects with autism. For controls,
hemodynamic responses from this region to the audiovisual match condition were greater than
responses to either the audio or the visual components presented in isolation and greater than the
audiovisual mismatch condition, which led to a depressed response relative to the audio only and
audiovisual matched conditions. In subjects with autism, this brain region responded equivalently
to matching and nonmatching audiovisual speech stimuli.

Fig. 4. Fusiform gyrus activation to faces in a 9-year-old typically developing child. Face � object
activations were observed in the (1) fusiform gyri (yellow-to-red overlay) and (2) the right posterior
superior temporal sulcus. As illustrated at the right, the child observed images of faces presented
periodically within a changing montage of common objects in a semiblocked design.
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with and without autism have not been
conducted but will be necessary to ex-
plore this hypothesis.

The above interpretation has re-
cently been contended. The debate is
spurred in part by findings from eye
tracking studies of individuals with au-
tism that suggest that autistic people do
not look at faces in the same way as do
neurologically normal individuals [Klin
et al., 2002; Pelphrey et al., 2002]. For
example, Pelphrey et al. [2002] demon-
strated that individuals with autism spend
less time visually scanning the core fea-
tures of the face, particularly the eyes.
These data are illustrated in Fig. 5. Given
these findings, it is possible that the hy-
poactivation of the fusiform gyrus in re-
sponse to faces is the result of abnormal
scan paths. That is, in the three studies
that have not controlled for or recorded
subjects’ eye movements, the lack of ac-
tivation might simply have reflected less
visual fixation on and visual attention to
the faces and particularly the eyes. In-
deed, intracranial recordings of face spe-
cific N200 responses from the fusiform
gyrus have shown that full faces evoke
larger N200 than do isolated eyes [Mc-
Carthy et al., 1999], but the N200 re-
sponse amplitude in face-specific sites de-
creases progressively in the order of faces,
eyes, contours, lips, and noses, suggesting
that, of the internal face parts, eyes carry
significant weight in driving the fusi-
form’s response to faces.

A recent fMRI study directly ad-
dressed this issue. Hadjikhani and col-
leagues [2004] examined face and object
processing in samples of individuals with
and without autism. The study used pic-
tures of faces and objects and placed a
fixation point in the center of the stimuli
to ensure that participants were looking
at and attending to the images in the
same way. With this design, individuals

with autism activated the fusiform gyrus
normally when they viewed faces com-
pared to objects. Similarly, in a study that
combined fMRI and eye-tracking, David-
son and Dalton [2003] linked hypoactiva-
tion in the fusiform gyrus to inattention to
the eye region. Specifically, in subjects with
autism and controls, there was a strong
positive correlation between the number
and length of fixations on the eyes and the
magnitude of the response to faces in the
fusiform gyrus. In discussing this finding,
the authors suggested that it reflects active
avoidance of gaze resulting from auto-
nomic hyperreactivity to salient social stim-
uli. This hyperreactivity to the eyes is
thought to result from dysfunction in affec-
tive regulation processes subserved by the
amygdala and prefrontal cortices [Davidson
and Irwin, 1999]. Alternatively, both sets of
findings (fusiform gyrus hypoactivity and
the correlation between the fusiform gyrus
responses and attention to the eyes) could
reflect a failure to marshal a social response
to the environment, rather than active
avoidance of social interaction. In essence,
the individuals with autism fail to look at
faces naturally because the significance of
the face, and particularly the eyes, is not
appreciated by these subjects. Both possi-
bilities are worthy of serious future research
and both may be true but perhaps for dif-
ferent subgroups of autistic individuals.

SUMMARY
We have reviewed a substantial

body of evidence from neuroimaging
studies of individuals with and without
autism that indicates important func-
tional abnormalities in autism in neuro-
anatomical structures thought to play key
roles in different aspects of human social
cognition. This review highlighted three
structures: the amygdala, the superior
temporal sulcus region, and the fusiform
gyrus. Studies of typically developing

adults leave no doubt that these structures
function in parallel and should be
thought of as elements of a broader sys-
tem subserving social cognition. For ex-
ample, when encountering a socially de-
manding situation, the amygdala will
provide a quick and automatic bias with
respect to those aspects of the response
that pertain to evaluating the potentially
threatening nature of the situation or
with respect to allocating processing re-
sources to those stimuli that are poten-
tially important but ambiguous. The fusi-
form gyrus will be engaged to the extent
that a perceptual representation of a face
needs to be made available, perhaps to
make a determination of personal iden-
tity. Sectors of the superior temporal sul-
cus will be called upon to conduct a
visual analysis of socially and communi-
catively important human actions, in-
cluding movements of facial features and
shifts in eye gaze, while other sectors will
serve to incorporate auditory and visual
components of socially meaningful stim-
uli, particularly human speech. The rapid
integration of the functions performed by
each structure would be important to
guide social behavior in a typical situa-
tion in real life. To date, disruption in
each of the components has been studied
in autism, but their integration has typi-
cally been neglected, and probably for
good reason; the initial stages of scientific
analysis often demand a focus on the trees
rather than the forest. Future goals will
be to provide a more detailed account of
the relative contributions that each neu-
roanatomical structure makes to social
cognition dysfunction in autism and at
the same time to provide a more integra-
tive picture of how functional disruption
in one or more structures in autism might
reflect dysfunction of the entire system.
A challenge for the future will be to offer
a more precise account of the interplay

Table 3. Functional Neuroimaging Studies Implicating the Fusiform Gyrus in Autism

Study Stimuli Key Findinga

Schultz et al. [2000] Face versus object discrimination Greater inferior temporal gyri and decreased right
fusiform gyrus activation during face processing

Critchley et al. [2000] Implicit and explicit processing of emotional facial expressions Failed to activate amygdala in the implicit task and
the fusiform gyrus in the explicit task

Pierce et al. [2001] Viewing faces and objects Reduced activity bilaterally in the fusiform gyrus,
increased activity in idiosyncratic regions (e.g.,
frontal, occipital cortex, anterior fusiform gyrus)

Hubl et al. [2003] Viewing faces and complex patterns Reduced activity in the fusiform gyrus during face
processing and greater activity in the medial oc-
cipital gyrus

Hadjikhani et al. [2004] Viewing faces and objects Identified normal activity levels in the fusiform gyrus
after controlling for fixation point

aSummary of key finding is made with reference to the primary reported difference between subjects with autism and those without autism.
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between all of these different processes as
a function of the detailed specification of
the performance demands required by a
given experimental task or by a given
situation in real life.

FUTURE DIRECTIONS
Future directions in research on

the neuroanatomical substrates of social

cognition dysfunction in autism will
clearly build upon the findings to date,
extend them to broader issues, and at-
tempt to resolve some of the current
discrepancies and debates. Of special
value will be attempts to extend the cur-
rent findings, almost all of which come
from studies of adults, to studies of chil-

dren that incorporate a developmental
perspective (i.e., a perspective involving
early and longitudinal study of brain and
behavioral development). There are sev-
eral reasons why a developmental per-
spective on social cognition in autism is
compelling and important.

First, deficits in aspects of social
cognition may originate from primary
impairments in joint attention and imita-
tion, language functioning, and/or the
ability to disengage and shift attention.
Similarly, given the dynamic and recip-
rocal relationships between early brain
insults and behavioral and cognitive de-
velopment, autistic symptoms are at best
indirect reflections of key neurodevelop-
mental disturbances. Rather than being a
disorder of a specific neuroanatomical
structure or circuit, it may be that autism
arises from subtle and more diffuse early
neuropathology that ultimately affects
multiple neural systems, both directly and
through compensatory experience-de-
pendent reorganization.

Second, as a neurodevelopmental
disorder, autism is a member of a subset
of behavioral and cognitive disorders that
are linked directly to a primary underly-
ing neurobiological process, that have
their onset in the earliest years of child-
hood, and that have symptoms that
change over ontogeny. Although the
core deficits in autism persist throughout
the lifespan, their actual expression differs
depending on the age of the individual.
Neuroimaging studies of autism that take
into account these psychological and be-
havioral continuities and discontinuities
from childhood to adulthood would bet-
ter inform us of the neurobiological
mechanisms in autism than would studies
that provide only a static picture in
adults.

Third, very little is known about
the neural correlates of social cognition
in children or about the changes in brain
function that underlie normative devel-
opment in this domain. Thus, fundamen-
tal scientific questions concerning the
maturation of the brain and its relation-
ship to changes in social cognition in
healthy children remain unanswered.
This paucity of information is particularly
unfortunate because this basic knowledge
is essential to efforts aimed at understand-
ing the neural basis of social cognition
deficits in autism. Future longitudinal
fMRI studies will allow the field to con-
struct normal developmental curves for
the functioning of circuits supporting so-
cial cognition by age and sex of the child
and reveal changes in the circuitry un-
derlying developments in the selected as-
pects of social cognition during critical

Fig. 5. Abnormalities in visual scanpaths during face processing in high-functioning individuals
with autism. Among other deficits in social perception and social cognition, individuals with autism
exhibit abnormal scanpaths when viewing faces, typically spending little time on the core features
of the face, particularly the eyes. The cross marks and lines together indicate the subject’s point of
regard over time during the presentation of the face. Scanpaths are shown from three subjects with
autism (left column) and three subjects without autism (right column). Reproduced with permission
from Pelphrey et al. [2002].

268 MRDD RESEARCH REVIEWS ● NEURAL SUBSTRATES OF SOCIAL COGNITION DEFICITS ● PELPHREY ET AL.



periods of childhood before, during, and
after major developmental epochs. The
availability of this normative data will
facilitate efforts to characterize atypical
developmental pathways in autism.

Fourth, the early diagnosis of au-
tism is an inexact science. Autism is a
behavioral syndrome; thus, in contrast to
some other neurodevelopmental disor-
ders (e.g., fragile X) no genetic test is
available to assist a physician in unambig-
uously diagnosing autism. Functional
brain correlates of autism in children may
prove useful in the early identification of
autism. To the extent that the proposed
research can elucidate developmental tra-
jectories of the neural circuitry support-
ing pivotal social cognitive skill, it can
inform the design of more effective pro-
grams for the treatment of autism. By
starting early, treatments could target de-
velopmental pathways of key neural cir-
cuits, perhaps shifting them from abnor-
mal to normal pathways.

Fifth, a developmental perspective
can be a useful tool for unraveling the
interaction between seemingly disparate
levels of organization, such as that from
the molecular biology of gene expression
to the development of cognitive abilities.
The human adult brain and the cognitive
architecture it sustains are composed of a
complex series of hierarchical and parallel
systems that has proven very difficult to
analyze in an exclusively top-down fash-
ion. For example, lesions are unlikely to
cleanly dissociate different levels of orga-
nization or different processes and apply-
ing the mapping between brain regions
and functions found in normal adults to
understanding developmental disorders
will be only partially informative. A de-
velopmental approach can allow inde-
pendent observation of different levels of
hierarchical control, through observation
of how various neurocognitive systems
emerge and integrate over ontogeny.

Finally, by defining functional
brain phenotypes based on neurofunc-
tional/behavioral developmental path-
ways, fMRI studies of children with au-
tism have the potential to dissect the
heterogeneity present in autism as a be-
haviorally defined syndrome. Functional
neuroimaging studies of autistic children
could reveal different brain phenotypes
in the circuitry involved in social cogni-
tion. These phenotypes might relate to
behavioral outcomes and could suggest
novel and more targeted intervention
and treatment strategies. Early and longi-
tudinal study will be critical in defining
brain phenotypes in autism because the
shape of developmental trajectories of
brain functioning in specific circuits will

provide more detail on the nature of the
abnormalities in autism than will analysis
of brain phenotypes in adults. Brain–be-
havior studies, particularly those focused
on changing brain–behavior relation-
ships in the developing brain, may also
provide clues to candidate genes in au-
tism, as developmentally important genes
begin to be linked to particular patterns
of brain development and gene expres-
sion.

Another important avenue for fur-
ther studies of social cognition dysfunc-
tion in autism is the development of
stimuli and of tasks with more ecological
validity for studying social cognition.
Despite the advances reviewed above,
progress in the social brain sciences has
been slowed somewhat by the lack of
ecologically valid social situations that
can be manipulated and presented in a
socially relevant fashion within the con-
straint of the testing environments (e.g., a
MRI scanner or evoked response poten-
tial laboratory). Most studies have imaged
subjects during viewing of simple, static
images that are confined to a single stim-
ulus category. While this strategy has
been fruitful for identifying regions of the
brain with functional specificity for par-
ticular classes of objects, several questions
remain unanswered about the moderat-
ing effects of the context of stimulus pre-
sentation on these brain regions. For ex-
ample, a key element for successfully
imaging brain regions during social per-
ception is that social interactions may
depend upon the “perceived” participa-
tion of the individual being tested in the
very scene that is depicted. The develop-
ment of naturalistic social stimuli will al-
low the field to explore important ques-
tions regarding the neural basis of social
perception and cognition–questions that
have gone largely unanswered because of
the impoverished stimulus environment
typically used in these studies. Indeed,
subtle but important social deficits are
often most evident in high-functioning
individuals with autism when these indi-
viduals are faced with relatively unstruc-
tured social settings that demand sensitiv-
ity to context and the intentions of
others.

As future studies begin to shift fo-
cus from functioning in single regions to
interactions between brain regions (and
their possible disruptions in autism) in-
volved in social cognition, continued de-
velopments in techniques for noninva-
sive imaging of the human brain will
remain key. We will see researchers more
frequently combining data from comple-
mentary imaging techniques for examin-
ing structure, function, and connectivity

(i.e., multimodal imaging) in the study of
social cognition dysfunction in autism.
For example, the combined use of diffu-
sion tensor imaging (DTI) and fMRI in
studies of individuals with and without
autism holds great promise for studying
the role of functional connectivity in def-
icits that characterize autism. DTI is a
technique that permits the tracking of
white matter fiber tracks by quantifying
the diffusion of water molecules in the
brain. Molecules diffuse less readily across
membranes, and part of the MRI process
facilitates the directional mapping of
white matter tracts based on this princi-
ple. Applying such a technique in autism
would help explicate any differences in
the trajectories and connections of neural
tracts between brain areas. f
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