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Abstract
Impaired social cognition is a core feature of autism. There is much evidence showing people with autism use a different cognitive style than
controls for face-processing. We tested if people with autism would show differential activation of social brain areas during a face-processing task.
Thirteen adults with high-functioning autism or Asperger Syndrome (HFA/AS) and 13 matched controls. We used fMRI to investigate ‘social
brain’ activity during perception of fearful faces. We employed stimuli known to reliably activate the amygdala and other social brain areas, and
ROI analyses to investigate brain areas responding to facial threat as well as those showing a linear response to varying threat intensities. We
predicted: (1) the HFA/AS group would show differential activation (as opposed to merely deficits) of the social brain compared to controls and (2)
that social brain areas would respond to varied intensity of fear in the control group, but not the HFA/AS group. Both predictions were confirmed.
The controls showed greater activation in the left amygdala and left orbito-frontal cortex, while the HFA/AS group showed greater activation in the
anterior cingulate gyrus and superior temporal cortex. The control group also showed varying responses in social brain areas to varying intensities
of fearful expression, including differential activations in the left and right amygdala. This response in the social brain was absent in the HFA/AS
group. HFA/AS are associated with different patterns of activation of social brain areas during fearful emotion processing, and the absence in the
HFA/AS brain of a response to varying emotional intensity.
© 2006 Elsevier Ltd. All rights reserved.
Keywords: Social cognition; fMRI; Emotional expressions; Face-processing; Empathizing

1. Introduction
Faces are an important source of social information (Bruce &
Young, 1986; Darwin, 1872/1965). In particular, facial expressions provide critical signals about the internal emotional states
of others (Dolan, 2000). Certain areas of the brain, including
areas of the occipital and temporal cortices, the amygdala, the
orbito-frontal cortex (OFC) and the anterior cingulate cortex
(ACC), are important for processing social information and have
been termed the ‘social brain’ (Baron-Cohen, 1995; Brothers,
1990). Recent models of how the brain processes social information emphasize that different brain areas subserve different aspects of social processing (Adolphs, 1999, 2001; Haxby,
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Hoffman, & Gobbini, 2000). Areas of the occipital and temporal
cortices, such as the inferior occipital gyrus (IOG), superior temporal sulcus (STS) and the superior temporal gyrus (STG) are
involved in processing facial expressions of emotion and salient
parts of the face, such as the eyes and mouth (Allison, Puce,
& McCarthy, 1999; Baron-Cohen et al., 1999a; Puce, Allison,
Bentin, Gore, & McCarthy, 1998). These areas play important
roles in social perception (Adolphs, 2001). The amygdala, the
OFC and the ACC receive perceptual information from occipital and temporal cortex areas and are involved in appraising the
emotional significance of stimuli and guiding social decisions
and social behaviour (Baron-Cohen et al., 1994; Damasio, 1994;
Rolls, 1999).
Neuroimaging studies have also consistently revealed activations of the medial prefrontal cortex (MPFC) during tasks
involving ‘mentalising’ (Frith & Frith, 1999, 2003). In addition,
the MPFC’s role in mentalising has been shown in lesion studies,
where patients with damage to the MPFC are impaired on tasks
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involving meantalising (Stuss, Gallup, & Alexander, 2001).
Neuroimaging studies have reported significantly reduced activity in the MPFC in people with autism during mentalising tasks
(Castelli, Frith, Happe, & Frith, 2002; Gallagher et al., 2000;
Happe et al., 1996).
The amygdala processes threatening stimuli (LeDoux, 1995,
1996) and may have a more general role in processing
social–emotional stimuli and empathy (Adolphs, 2003; BaronCohen, 2003; Brothers, 1990). Previous research in animals and
humans has shown the amygdala to be involved in appraising
biologically relevant stimuli, and influencing cognitive processing in the prefrontal cortex (Aggleton, 2000; Damasio,
1994, 1999; LeDoux, 1995). Recent neuroimaging studies have
reported amygdala activation during the processing of threatening facial stimuli (Breiter et al., 1996; Morris et al., 1996, 1998;
Morris, Ohman, & Dolan, 1999; Whalen et al., 1998), and provided evidence that the amygdala modulates activity in visual
areas related to the processing of social stimuli (Anderson &
Phelps, 2001; Lane & Nadel, 2000; Lane et al., 1998; Morris et
al., 1998; Vuilleumier & Pourtois, this issue). Consistent with
these findings, people with amygdala damage have difficulties in
making social judgements and in recognising mental states and
emotions in others (Adolphs, Baron-Cohen, & Tranel, 2002;
Adolphs, Tranel, & Damasio, 1998; Fine & Blair, 2000; Stone,
Baron-Cohen, Calder, Keane, & Young, 2003).
High-functioning autism and Asperger Syndrome (HFA/AS)
are neurodevelopmental conditions characterized by social difficulties and impaired social cognition (APA, 1994). Various
lines of evidence implicate abnormalities of the social brain in
HFA/AS, particularly the amygdala (Bachevalier, 2000; BaronCohen et al., 2000; Howard et al., 2000; Schultz, Romanski,
& Tsatsanis, 2000). Recent fMRI studies have reported deficits
in amygdala activity in participants with HFA/AS during facial
expression processing tasks, with the autism group instead showing enhanced activity in the STG (Baron-Cohen et al., 1999a;
Critchley et al., 2000). Two region-of-interest fMRI studies
involving face-processing paradigms have also reported that
people with autism showed significantly less activation in the
fusiform gyrus (FG), an area of the ventral visual stream associated with the processing of faces (Pierce, Muller, Ambrose,
Allen, & Courchesne, 2001; Schultz et al., 2000a). A SPECT
study looking at the processing of mental state words reported
abnormal activity of the OFC in individuals with autism (BaronCohen et al., 1994), an area of the social brain that is highly
connected with the amygdala. Neuroimaging studies have also
implicated both structural and functional abnormalities of the
ACC in autism (Haznedar et al., 1997).
In addition to the functional neuroimaging findings, a number
of structural brain imaging studies have now reported abnormalities of the amygdala in people with HFA/AS (Aylward et
al., 1999; Howard et al., 2000; Pierce et al., 2001; Salmond,
de Haan, Friston, Gadian, & Vargha-Khadem, 2003). However, findings to date have been inconsistent in autism, with
some findings reporting smaller amygdala size, others reporting larger amygdala size and others reporting only a proportion
of the participants showing abnormalities or no group differences (Pierce & Courchesne, 2000; Salmond et al., 2003; Schultz
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et al., 2000a; Schultz, Romanski et al., 2000). These inconsistent findings makes it unclear how to interpret the evidence,
although its possible that abnormalities in both directions can
occur, and it may depend on whether the participants involved
have autism or AS, so that these findings may not be contradictory (Pierce & Courchesne, 2000). One of the studies reporting
abnormalities of the amygdala, also found evidence for structural
abnormalities in the OFC and the STG in a large proportion of
the participants with autism (Salmond et al., 2003). Additional
evidence for dysfunction of the social brain in autism comes
from neuropsychological testing, which also suggests amygdala
and OFC dysfunction in people with autism (Adolphs, Sears,
& Piven, 2000; Dawson, Meltzoff, Osterling, & Rinaldi, 1998).
However, some fMRI studies have reported greater activation in
the STG in autism compared to controls (Baron-Cohen et al.,
1999a; Critchley et al., 2000), indicating further brain imaging
studies are needed in autism.
A recent PET study looked at activations in three brain
areas in people with and without autism (Castelli et al., 2002).
These three brain areas included the MPFC, the temporal
pole/amygdala and the superior temporal cortex, which together
are hypothesised to form a network underlying ‘mentalising’
or deploying a ‘theory of mind’ (ToM) (Frith & Frith, 1999).
ToM involves understanding the behaviour of others in terms of
mental states, an ability known to be impaired in autism (BaronCohen, 1992; Baron-Cohen, Leslie, & Frith, 1985; Frith, 2001).
The task used in the Castelli et al. study involved watching videos
of interacting shapes, moving with apparent animate motion but
without having any human form. These videos trigger inferences about mental states (e.g., the geometrical movements of
the shapes are described as goal-directed, volitional and ‘intentional’) in behavioural studies with participants, while people
with autism produce significantly fewer spontaneous mental
state attributions in this task (Bowler & Thommen, 2000; Klin,
2000). Castelli et al. (2002) used PET to investigate whether
the mentalising network is involved in this task, and whether
these areas show reduced activity in autism. Their study confirmed the control group did activate the three areas comprising
the mentalising network, and that the group with autism showed
significantly reduced activation in all three areas.
Another interesting neuroimaging study looked at neural
activity in people with and without autism during face and
subordinate-level object perception in two brain areas related
to processing objects, the FG area involved in face-processing
and the inferior temporal gyrus (ITG) object-processing area
(Schultz et al., 2000a). They found that during face-processing
the autism group showed less activation in the right FG, and
more activation in the right ITG. This pattern of brain activity during face-processing in autism suggests they are using the
feature-based strategies that are more typical of non-face object
perception.
This is consistent with evidence showing people with autism
use a different cognitive style while performing face-processing
tasks, which generally involves more reliance on feature-based
processing and which is often not as successful socially (BaronCohen, 2002; Frith, 2003; Klin et al., 2003). Studies have found
that people with autism show less of an ‘inversion effect’ in
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face-discrimination tasks compared to controls, and this better
performance with inverted face stimuli is thought to reflect a
greater reliance on the feature-based processing style (Boucher
& Lewis, 1992; Davies, Bishop, Manstead, & Tantam, 1994;
Hobson, Ouston, & Lee, 1988a, 1988b; Langdell, 1978). People with HFA/AS also tend to look at different facial features
compared to controls. For example, eye-tracking studies have
shown that people with autism look more at the mouth region
of the face, while controls look more at the eyes (Klin et al.,
2002, 2003; Pelphrey et al., 2002), and children with autism are
better able to match their peers from isolated pictures of their
mouths than controls (Langdell, 1978). Spezio and colleagues
(this issue) have shown that when people with autism view faces,
they fixate less on the eyes and mouth, they tend to look away
from the eyes, and show abnormal direction of their saccades
compared to controls.
One way to understand the cognitive style in autism is in
terms of their strong drive to ‘systemize’ (Baron-Cohen, 2003).
Systemizing involves focusing on the specifics and details in
systems, and consciously working out the rules governing systems. People with autism may try to use a systemizing approach
to understand what others are thinking and feeling, instead of
the more natural ‘empathizing’ route (Baron-Cohen, 1999, 2002;
Baron-Cohen, Wheelwright, Stone, & Rutherford, 1999). If people with autism are using a different cognitive style during
emotional expression perception, then this predicts a different
pattern of activations in the various areas of the social brain,
rather than merely neural deficits. An fMRI study using the
embedded figures task, a test which relies on feature-based processing and on which people with autism perform better than
controls (Jolliffe & Baron-Cohen, 1997; Shah & Frith, 1983),
revealed the autism group showed greater activations in the ventral visual object-feature processing areas of the brain (Ring et
al., 1999). Some neuroimaging studies have shown different neural activations in people with autism compared to controls based
on differences in face-processing strategies (Hubl et al., 2003;
Schultz et al., 2000a), however these studies have not focused
on the distributed social brain network.
In the experiment reported here, we used a blocked design
to measure the neural response of the amygdala and eight other
areas of the social brain in adults with and without autism, while
viewing faces with varying intensities of fearful expression. The
amygdala, IOG, STG, STS, FG, MPFC, OFC and ACC formed
the regions of interest in our statistical analysis. For the linear
analyses, investigating areas with varied responses to increasing
or decreasing threat we more thoroughly interrogated amygdala
activity by applying two ROI corresponding to the major input
and output areas of the amygdala which have different functions
(Aggleton, 2000; LeDoux, 1996), to investigate whether they
might show differential activations during differing levels of
threat. By looking at these eight areas of the social brain, we
aimed to get further evidence of the pattern of neural differences
associated with social processing in people with and without
autism.
A deﬁcit model would predict under-activity in areas of the
social brain in autism, compared to controls (Castelli et al., 2002;
Schultz et al., 2003). A difference model would predict that some

areas of the social brain would be more active in controls, and
some areas more active in those with autism, consistent with the
cognitive style used to perform the task. Based on previous findings, we expect the group with autism to show more activation in
perceptual areas of the social brain, and the control group to show
greater activations in the higher-level social cognitive areas.
Therefore, we predict the autism group to show more activity in
the IOG, STS and the STG, the visual areas of the social brain
involved in more perceptual aspects of social processing. For
the control group, we expected to find more activation in areas
involved in higher-level social cognition, including the amygdala, ACC, OFC, MPFC and the FG. We also predict the social
brain in the control group to show a modulated response to varied intensities of fearful expression, and that such modulation
might be absent in the brain activity in autism.
2. Methods
2.1. Participants
All participants gave informed consent to participate in the study. Thirteen male volunteers with high functioning autism or AS (12 = AS, 1 = HFA;
mean age ± standard deviation, 31.2 ± 9.1; full-scale IQ, 108.6 ± 17.1) and 13
healthy male volunteers (mean age ± standard deviation, 25.6 ± 5.1; full-scale
IQ, 117.9 ± 9.6) were recruited for participation. Two additional male controls
were recruited, but one was excluded because English was not his first language,
and the other control volunteer was excluded because of a technical problem with
the collection of his behavioural data. Data from these two control participants
was not included in the analysis or results. IQ was assessed for every participant
using the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999). The
participants with HFA and AS all had a diagnosis based on established international criteria (APA, 1994), from qualified professional clinicians. In addition,
all of the participants with HFA/AS completed the Autism Spectrum Quotient
(AQ), a self-administered questionnaire for measuring the degree of autistic traits
(Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001). The scores for
our participants with HFA/AS (N = 13, mean AQ score = 35.6, S.D. = 6.3, 76.9%
scoring 32+) matched very closely the scores found in Baron-Cohen et al. (2001)
(N = 58, mean AQ score = 35.8, S.D. = 6.5, 80% scoring 32+). All participants
were over 18 years of age, right-handed, free of medication affecting mental
activity and had no history of seizures or concussions.

2.2. Stimuli
The pictures of faces used for the experiment were taken from a standard
set (Lundqvist et al., 1998), and the scrambled pictures were created from the
faces to serve as a matched baseline condition. The pictures were converted to
black and white for the experiment. There were three levels of intensity for the
fearful expressions of emotion; faces with neutral expressions, faces with a low
intensity of fear expression, and faces with a high intensity of fear expression.
To produce the low and high intensity fear face expression sets, a group of fearful face pictures were rated by 10 judges on the degree of fear expression they
displayed, using a scale from 0 to 7 (0 representing no fear and 7 representing extremely high fear). Faces scoring 0 from any judge were excluded. The
eight high fear face stimuli were chosen from the faces that received an average
rating value between 4 and 7 (mean rating 5.8, S.D. 0.7). The eight low fear
faces were chosen from the faces that received an average rating value between
1 and 3.9 (mean rating 2.5, S.D. 0.9). For the no fear stimuli, we showed a
group of neutral expression pictures to the 10 judges and asked them to choose
the emotional label that best described the expression in the picture. The labels
included the six basic emotions (sad, angry, fear, disgust, surprise and happy)
as well as neutral. The eight stimuli representing no fear were chosen from the
photographs labelled as neutral by every judge. To create the scrambled face
stimuli we randomly took eight examples from the stimuli chosen for the experimental conditions, and overlaid a grid on each. We first counted the amount of
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Fig. 1. Examples of experimental stimuli for each condition: (a) scrambled faces, (b) neutral expressions, (c) low fear expressions and (d) high fear expressions.

squares for the major components in each original picture (hair, face, background
and shirt) and took representative example squares, none of which contained
obvious facial features to avoid priming facial representations. These example
squares were randomised in location and orientation to create new pictures containing the same proportion of squares from each component to the originals
(Fig. 1).

2.3. Procedure
Before being scanned, all participants were trained on the task and familiarised with the pictures. Each participant underwent one scanning session
lasting 8 min 18 s. During the session participants viewed a series of pictures
presented using DMDX (Forster & Forster, 2003) on a screen within the participants’ field of view. Each picture was presented on the screen for 3 s, followed by
a blank screen for 750 ms, followed by the next picture. Four different picture
types were presented: faces with a high intensity of fearful expression, faces
with a low intensity of fearful expression, faces with a neutral expression and
scrambled faces. The four types of pictures were presented in separate blocks,
with eight trials in each block. The blocks lasted 30 s and were repeated four
times in a blocked-randomised order. Thus, each participant viewed 128 pictures
in total.

Throughout the experiment, participants were required to press a response
button with their right index finger as quickly as they could whenever a picture
was presented on the screen. The task did not require them to explicitly judge or
recognise the emotional expression of the faces. In addition to the neuroimaging
task, participants also viewed a series of facial pictures depicting five basic
negative emotions (fear, anger, disgust, surprise and sadness) during a postscanning session in a quiet room. Twelve pictures of each of the five emotions
were shown in a randomised order, making 60 pictures in total. Participants had
a sheet of paper in front of them with the names of the five emotions, and for each
facial emotional picture participants were instructed to decide which emotion
word best described the emotion in the picture. No time limit was given to make
a response, and we first ensured that all participants knew the meaning of each
emotion word.
A repeated measures ANOVA was run on the emotion labelling performance
outside the scanner, with emotion (fear versus anger versus disgust versus sad
versus surprise) as the within-subject factor and group (controls versus. autism)
as the between subjects factor. A repeated measures ANOVA was also performed for the reaction times (RT’s) and accuracy measures during scanning,
with condition (high fear versus low fear versus no fear versus scrambled) as the
within-subject factor and group (controls versus autism) as the between subjects
factor.
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2.4. fMRI data acquisition
Scans were carried out at the Wolfson Brain Imaging Centre, Addenbrooke’s
Hospital, Cambridge UK, on a 3 T Bruker Medspec Advance S300 system
(Bruker Medical, Ettlingen, Germany) equipped with a head volume coil. A
gradient-echo EPI sequence was used for image collection (TE, 30 ms; TR, 3 s).
One hundred and sixty six images were collected for each participant. The first 6
EPI images were discarded to avoid T1 equilibration effects, leaving 160 images
per participant. Twenty-one transaxial slices were acquired for each image (each
slice 4 mm thick with 1 mm gap between slices; matrix size, 128 × 128; FOV,
25 cm × 25 cm). All participants wore protective earplugs and ear-defenders.

roles coordinates were used from a previously published fMRI study reporting
functional subdivisions of amygdala regions during a fear paradigm (Morris et
al., 2001). One ROI involved the dorsal amygdala, which corresponds to the
major output nuclei (e.g. central nucleus), which was centred on a sphere of
8 mm at (x, y, z) ±18, 2, −14. The other ROI, corresponding to the more lateral
part of the amygdala that is a large source of input signals, was centred on an
8 mm sphere at (x, y, z) ±−30, −10, −10.

3. Results
3.1. Behavioural data

2.5. Data analysis
Image processing and statistical analysis were performed using SPM99
(Wellcome Department of Cognitive Neurology, London, UK). Brain images
were realigned to the first image. Linear normalisation into the standard stereotaxic space of Talairach and Tournoux was performed using a representative
brain from the Montreal Neurological Institute series as a template. Residual
anatomical discrepancies were reduced through spatial smoothing with a Gaussian kernel filter of 6 mm. Statistical analyses were performed on a group basis
according to the implementation of the general linear model (GLM). Since errors
in normalisation may occur because of the loss of BOLD signal near air-tissue
interfaces at high magnetic field strengths, areas of susceptibility were masked
prior to normalisation. Areas of susceptibility artefact were manually “masked”
prior to co-registration of each image with the Montreal Neurological Institute
(MNI) EPI template image. Masking was done by hand using MRIcro (MRIcro, Chris Rorden, chris.rorden@nottingham.ac.uk), and any areas affected by
susceptibility were filled. This mask was saved as a region-of-interest (ROI)
and then used during normalisation (the masked areas were then not taken into
account during normalisation).
Conditions were modelled as box-car functions convolved with a canonical
hemodynamic response function. Data was high-pass filtered to remove low
frequency drifts in signal. A first level, within-participants analysis using the
GLM was performed on the functional data from each subject individually. Each
of the resulting contrast images was taken through to a second-level, betweenparticipants group analysis (i.e. a random-effects model). A global threshold
was set at p < 0.001 uncorrected for multiple comparisons. Since we had a priori
hypotheses for areas of the social brain, described in more detail below, we
applied a correction for multiple comparisons across a small volume of interest
to the p-values of activations in each ROI, which survived the global threshold.
We report activations in social brain areas surviving this correction at p < 0.05.
(Worsley, Marrett, Neelin, Friston, & Evans, 1996).
We used coordinates for social brain regions from previous studies of social
cognition. Coordinates for the IOG (12-mm radius; L x, y, z = −34, −80, −20;
R x, y, z = 40, −82, −16), FG (12-mm radius; L x, y, z = −38, −60, −24; R
x, y, z = 41, −56, −20) and the STS (14-mm radius; L x, y, z = −53, −49,
−2; R x, y, z = 53, −53, 14), were taken from previous experiments involving
face perception (Ishai, Ungerleider, Martin, & Haxby, 2000; Ishai, Ungerleider,
Martin, Schouten, & Haxby, 1999). Coordinates for the OFC (12-mm radius; x,
y, z = ±12, 12, −20) and ACC (12-mm radius; x, y, z = ±10, 28, 16) were derived
from a neuroimaging experiment involving fearful faces (Breiter et al., 1996;
Morris, Buchel, & Dolan, 2001; Morris et al., 1996, 1998, 1999; Whalen et al.,
1998). The coordinates for the STG were the centre of activations reported from
previous neuroimaging face-processing studies using participants with autism
(14-mm radius; x, y, z = ±51, −28, 11) (Baron-Cohen et al., 1999a; Critchley
et al., 2000). The MPFC ROI (16-mm radius; x, y, z = ±4, 42, 36) was taken
from a recent fMRI study that created an average coordinate derived from tasks
involving mentalising (Calder et al., 2002). The coordinates for the amygdala
(8-mm radius; L x, y, z = −21, −3, −16; R x, y, z = 19, −5, −14) in the main
effects analyses were the centres of a representative sample of neuroimaging
experiments of fearful face-processing (Gur et al., 2002; Iidaka et al., 2001;
Morris et al., 1996, 1998; Whalen et al., 1998).
For the linear analyses investigating areas responding to increasing or
decreasing fearful intensity, we interrogated amygdala activity more thoroughly
by applying two ROI’s corresponding to major input and output areas of the
amygdala (LeDoux, 1996). This was done because of the different functional

Independent samples t-tests revealed the two groups did not
differ significantly from each other mean for chronological age,
t(24) = 1.93, ns, and full scale IQ, t(24) = 1.71, ns. The results
for the emotion labelling task outside the scanner revealed a
main effect of group, F(1,24) = 12.44, p < .01, with the autism
group performing worse than the control group. There was
also a main effect of emotion, F(4,21) = 22.79, p < .001, with
fear being recognised worse than anger, sadness and surprise,
and disgust being recognised worse than sadness. Planned post
hoc t-tests revealed a significant group difference for fearful
expression, t(24) = 3.89, p < .001, with the autism group (mean
score ± standard deviation, 6.46 ± 1.90) performing significantly worse than the control group (mean score ± standard
deviation, 9.62 ± 2.22). There were also significant group
differences on labelling anger, t(24) = 2.95, p < .01 and disgust, t(24) = 2.30, p < .05. The emotional labelling results are
presented and discussed in more length elsewhere (Ashwin et
al., submitted for publication). Binomial probabilities analysis
for a 5-choice response outcome shows that 6 out of 12 is
significantly above chance (p < .05), so both the control and the
autism group were scoring above chance for all the emotions in
the task. The statistics on both RT and accuracy in the scanner
did not reveal any significant effects involving condition or
group (p > .05 for all).
3.2. Neuroimaging data
3.2.1. Within group analysis: control group
The main effect of faces in the control group, involving a contrast of all the face conditions (high fear, low fear and neutral)
minus the baseline scrambled face condition, revealed activations in the right IOG, the MPFC and bilaterally in the amygdala
(see Table 1; Fig. 2).
3.2.2. Within group analysis: autism group
For the autism group, the main effect of all the face conditions (high fear, low fear and neutral) minus the scrambled face
condition revealed bilateral STS activation (see Table 1; Fig. 2).
3.2.3. Group comparison: controls > autism
In the group comparison for the main effect of all the face
conditions (the high fear, low fear and no fear conditions) minus
the scrambled face condition, there was greater activation for
the control group compared with the autism group in the left
amygdala and the left OFC (see Table 1; Fig. 2).
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Table 1
Main brain regions activated by the main effect contrast of all the face conditions
minus the scrambled faces baseline for the control group and the autism group

activations for the autism group for increasing intensity of
fearfulness.

Brain area

Coordinates (x, y, z)

z-Score

Control group
All faces minus scrambled contrast
R inferior occipital gyrus
L amygdala
L amygdala
R amygdala
MPFC

36, −86, −18
−24, 5, −15
−16, −6, −11
20, −8, −13
−4, 54, 38

4.16
4.02
3.44
3.92
2.72

3.2.6. Linear analysis: decreasing intensity of fear
A contrast of neutral faces minus the high fear faces, to show
areas sensitive to decreasing level of fearful expression, revealed
activation for the control group in the right amygdala and in the
MPFC (see Table 2; Fig. 4). There were no significant activations
for this contrast in the autism group.

Autism group
All faces minus scrambled contrast
R superior temporal sulcus

42, −48, 14

3.69

Group comparison
All faces minus scrambled contrast
Control > autism
L amygdala
Medial orbito-frontal cortex
L orbito-frontal cortex

−22, 3, −17
2, 18, −16
−8, 26, −12

3.56
3.51
3.30

10, 34, 21
0, 26, 21
40, −48, 14
65, −15, 3
−54, −22, 6
−46, −22, 12

3.92
3.59
3.65
3.61
3.37
3.25

Autism > control
R anterior cingulate cortex
Medial anterior cingulate cortex
R superior temporal sulcus
R superior temporal gyrus
L superior temporal gyrus
L superior temporal gyrus

4. Discussion

R, Right; L, Left.

3.2.4. Group comparison: autism > controls
In the group comparison for the main effect, the autism group
activated the right ACC and the bilateral superior temporal cortex significantly more than the control group (see Table 1; Fig. 2).
3.2.5. Linear analysis: increasing intensity of fear
A contrast involving the high fear expression condition minus
the neutral expression face condition, to show areas sensitive
to increasing levels of fearful expression, revealed activation
in the left amygdala, bilateral FG and right STS in the control group (see Table 2; Fig. 3). There were no significant
Table 2
Main brain regions activated with varying levels of fearful intensity
Brain area

Coordinates (x, y, z)

z-Score

Increasing fear
Control group
R fusiform gyrus
L fusiform gyrus
R superior temporal sulcus
L dorsal peri-amygdala

38, −68, −18
−36, −62, −22
54, −39, −2
−11, −4, −8

4.29
3.84
3.64
3.56

Autism group
No regions reached significant levels.
Decreasing fear
Control group
R lateral peri-amygdala
34, −4, −8
MPFC
4, 34, 30
Autism group
No regions reached significant levels
R, Right; L, Left.

3.50
2.44

In the experiment reported here, we tested if adults with
autism show a differential pattern of neural activity in various
social brain areas, compared with typical control adults during
the perception of fearful facial expressions. Results confirmed
differential activations of social brain areas in both of the groups.
In addition, areas of the social brain in the control group showed
a differential response to varied intensities of fearful expression, a phenomenon not seen in the autism group. These results
confirm that autism involves an atypical pattern of activation
within the social brain during the processing of facial expressions of emotion. These differences include less activation in the
left amygdala and left OFC in autism, and a lack of modulated
activity in other areas of the social brain that process social and
emotional stimuli.
During the perception of fearful faces, the group of control participants showed significantly more activation in the left
amygdala and the left OFC compared to the group with autism.
This is consistent with the idea that these brain areas are involved
in attaching emotional significance to stimuli in the control population (Adolphs, 1999; Adolphs, Tranel, & Damasio, 1998;
Damasio, 1994; LeDoux, 1996), and that they are not functioning normally in autism (Bachevalier, 2000; Baron-Cohen,
1995; Baron-Cohen et al., 1994, 2000; Howard et al., 2000;
Schultz, Romanski et al., 2000; Stone, Baron-Cohen, & Knight,
1998). The current results are consistent with neuropsychological data, as patients with damage to the amygdala and the OFC
are impaired on tasks requiring social perception and social cognition, and show abnormal social behaviour (Adolphs, 1999;
Adolphs et al., 1998; Baron-Cohen et al., 2000; Damasio, 1994;
Rolls, 2000).
Similarly, people with autism also show deficits in social
behaviour and perform poorly on tasks measuring theory of
mind and empathizing (Baron-Cohen, 1995; Baron-Cohen,
Wheelwright, & Jolliffe, 1997; Baron-Cohen, Wheelwright et
al., 1999; Baron-Cohen et al., 1999a). Previous tasks measuring
aspects of face and emotion processing in people with autism
reveal deficits similar to patients with amygdala and OFC damage (Adolphs et al., 2000, 2002; Howard et al., 2000; Stone et
al., 1998, 2003). The decreased activations in the amygdala and
OFC in the autism group compared to the controls may reflect
deficits in the ability to label social stimuli as emotionally significant, or in the ability to properly utilise and integrate affective
information, both of which are important in successful social
behaviour. These differences may be associated with abnormalities in the way people with autism view faces (Spezio et al., this
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Fig. 2. Main effect of facial expression perception (high fear, low fear and no fear). (a) Activation for the control group overlaid on a representative structural scan
showing bilateral amygdala activations (left amygdala, x, y, z = −24, 5, −15; z = 4.02; right amygdala, 20, −8, −13; z = 3.92). (b) Activation for the autism group
showing right STS activation (42, −48, 14; z = 3.69). (c) Activation for a group comparison contrast of the control group minus the autism group showing activation
in the left amygdala (−22, 3, −17; z = 3.56) and (d) left OFC activation (2, 18, −16; z = 3.51). (e) Activation for a group comparison contrast of the autism group
minus the control group showing activation in the right STG (65, −15, 3; z = 3.61) and (f) right ACC activation (10, 34, 21; z = 3.92). All results are p < 0.05 small
volume corrected. The brain images are in neurological orientation.

issue). Our findings of reduced amygdala and OFC activation
in the HFA/AS group differs from a recent finding that people with autism show increased amygdala and OFC activation
compared to controls during a face-processing task (Dalton et
al., 2005). However, the Dalton study involved tasks of explicit
emotion and familiarity judgements, and the participants were
much younger and lower-functioning and so could have been
more anxious in the scanning environment. Another recent brain
imaging study reported decreased amygdala activity in people
with autism compared to controls during the explicit processing
of facial emotions (Critchley et al., 2000). In addition, people with paranoid schizophrenia are reported to show abnormal
amygdala activity during implicit processing of fearful faces,
suggesting abnormal amygdala function in other psychiatric
conditions (Russell et al., this issue). Clearly more neuroimaging studies looking at the explicit and implicit processing of
emotional expressions in autism are needed.

The group with autism showed significantly more activity
than the control group in the superior temporal cortex and the
ACC for the main effect contrast involving all the facial stimuli (high fear, low fear and neutral). Activations in the superior
temporal cortex have been shown during tasks of social perception, such as those involving attention to specific social features,
including eyes and mouths (Adolphs, 2001; Allison et al., 1999;
Haxby et al., 2000; Puce et al., 1998). Neuronal studies in monkeys have shown cells in the temporal cortex respond preferentially to perceptual aspects of social stimuli, like specific aspects,
such as positions of the eyes and mouths (Hasselmo, Rolls, &
Bayliss, 1989; Perrett, Hietanen, Oram, & Benson, 1992; Perrett
& Mistlin, 1990; Perrett et al., 1985). These findings have led to
the idea that temporal cortex areas involved in visual processing
(e.g. STS, STG and IOG) are involved in more perceptual aspects
of processing social–emotional stimuli, which is then sent on
to other areas of the social brain like the amygdala and OFC

C. Ashwin et al. / Neuropsychologia 45 (2007) 2–14

9

Fig. 3. Brain areas in the control group responding to increasing levels of fearful expression. (a) Activation overlaid on a representative structural scan showing
left dorsal peri-amygdala activation (−11, −4, −8; z = 3.56). (b) Activation showing left FG activation (−36, −62, −22; z = 3.84). (c) Activation showing right FG
activation (38, −68, −18; z = 4.29). (d) Activation showing right STS activation (54, −39, −2; z = 3.64). (e) BOLD signal measure for the left amygdala categorized
by amount of fearful expression. (f) BOLD signal measure for the left FG categorized by amount of fearful expression. (g) BOLD signal measure for the right FG
categorized by amount of fearful expression. (h) BOLD signal measure for the right STS categorized by amount of fearful expression. All results are p < 0.05 small
volume corrected. The brain images are in neurological orientation.

involved in higher-level social cognitive processing (Adolphs,
2001). Previous fMRI experiments involving participants with
and without autism have reported significantly greater activations in autism in the STG (Baron-Cohen et al., 1999a; Critchley
et al., 2000), which is consistent with our results. Findings from
research with humans and animals suggests the ACC plays a role
in behaviours involved in the monitoring and evaluating of ones
own performance or internal state (Ochsner & Lieberman, 2001).
Neuroimaging studies report activity in the ACC associated with
conscious awareness and attention to emotional processes (Lane
& Nadel, 2000; Lane et al., 1998).

The increased activation in the ACC in the autism group was
an unexpected finding, but is consistent with behavioural and
clinical accounts of how people with autism process social and
emotional information. People with autism report having to consciously think about the details and rules during social situations
(Grandin, 1995), and they also find social and emotional tasks
harder, as shown by impaired performance in tasks of social
and emotional processing (Adolphs et al., 2000; Baron-Cohen
et al., 2000; Howard et al., 2000). Therefore, people with autism
may require more conscious effort when deciphering social situations and emotional expressions in others. People with autism
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Fig. 4. Brain areas in the control group responding to decreasing levels of fearful expression. (a) Activation overlaid on a representative structural scan showing right
lateral peri-amygdala activation (34, −4, −8; z = 3.50). (b) Activation overlaid on a representative structural scan showing MPFC activation (4, 34, 30; z = 2.44).
(c) BOLD signal measure for right amygdala categorized by amount of fearful expression. (d) BOLD signal measure for MPFC categorized by amount of fearful
expression. All results are p < 0.05 small volume corrected. The brain images are in neurological orientation.

also pay more attention to specific social features when processing faces (Hobson et al., 1988a, 1988b; Langdell, 1978), and
previous brain imaging studies have shown greater activations
in HFA/AS compared to controls in early visual and perceptual
areas in the temporal cortex (Baron-Cohen, Wheelwright et al.,
1999; Baron-Cohen et al., 1999a; Critchley et al., 2000; Ring
et al., 1999). The activations seen in the superior temporal cortex and the ACC by the HFA/AS group in the present study are
consistent with a more effortful, conscious and perceptual style
of face-processing with attention to social features, which may
reflect a systemizing strategy (Baron-Cohen, 2003).
The results of this study provide further support that the
amygdala plays a key role in the perception of threatening social
stimuli in the control population (Morris et al., 1996, 1998,
1999), and that autism involves a deficit in normal amygdala
function (Bachevalier, 2000; Baron-Cohen et al., 2000; Howard
et al., 2000). As predicted, the main effect contrast for the control group revealed a significant neural response in the amygdala
bilaterally when viewing faces with varying intensities of fearful expression, while the group with autism did not show any
significant amygdala activations in the same contrast. The group
comparison confirmed that the control group activated the left
amygdala significantly more than participants with HFA/AS.
This is consistent with previous neuroimaging studies of autism
reporting decreased amygdala activity to facial stimuli (BaronCohen et al., 1999a; Critchley et al., 2000; Pierce et al., 2001).

The lack of amygdala activity by the autism group during fearful
face perception may account for the lack of response of the social
brain to varied intensities of fearful expression, as the amygdala
modulates neural activity in other brain areas to facilitate processing of biologically relevant stimuli. Thus our findings lend
further support for the amygdala theory of autism (Baron-Cohen
et al., 2000), since the group with autism show a reduced neural
response in the amygdala, even during a task that consistently
and robustly activates the amygdala in control participants.
In addition to the amygdala, the control group also activated
the IOG and the MPFC while viewing fearful faces. The IOG is
an area of the ventral visual processing stream that is involved
in the early perception of facial features, and has shown activations in previous neuroimaging studies involving face perception
(Haxby et al., 2000; Ishai et al., 2000; Puce et al., 1998). The
MPFC has been consistently activated in neuroimaging studies
involving tasks of mentalising about others (Frith, 2003; Frith
and Frith, 1999, 2003). Mentalising includes the perception of
the emotions of others (Baron-Cohen, 2003; Castelli et al., 2002;
Castelli, Happe, Frith, & Frith, 2000), and people seem to rapidly
and automatically try to work out what others may be thinking
or feeling (Baron-Cohen, 1995). The control group in our study
were presented with faces with varying levels of fearful expressions, and may have automatically inferred thoughts and feelings
about the people in the pictures. MPFC activation was not seen
in the autism group, who have deficits in mentalising about oth-
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ers and who have shown reduced MPFC activation in previous
neuroimaging experiments of mentalising (Castelli et al., 2002;
Gallagher et al., 2000; Happe et al., 1996).
We found a bilateral neural response in the amygdala to fear
face perception in the control group. Some previous neuroimaging studies have reported amygdala activation to fearful faces
presented within conscious awareness only in the left amygdala,
while other studies using fearful faces presented below conscious awareness have reported activation in the right amygdala
(Dolan, 2000; Dolan & Morris, 2000). This has led to the idea
there might be a lateralisation in the role of the left and the right
amygdala, with the left amygdala involved in the processing
of stimuli having aversive features presented within conscious
awareness and the right amygdala involved in processing aversive stimuli presented outside of conscious awareness (Dolan,
2000; Dolan & Morris, 2000). Consistent with some other studies (Whalen et al., 1998) our data do not support this hypothesis.
Our task involved pictures always presented within conscious
awareness, yet our main effect showed a neural response in
both the left and right amygdala. The hypothesis of lateralised
amygdala function would have predicted activity only in the left
amygdala in our experiment.
The linear contrast analyses looking at brain areas responding
to increasing and decreasing amounts of fear revealed an interesting effect in the amygdala areas and also gave some insight
into why we did not see FG activation in the main effects contrast.
In the linear contrast analysis revealing brain areas sensitive to
increasing fear, the left peri-amygdala area near the substantia
innominata/basal forebrain was significantly activated (Fig. 3).
In the linear contrast analysis revealing brain areas sensitive to
decreasing fear, the right peri-amygdala was activated near the
amygdala-striatal transition area (Fig. 4). This suggests amygdala regions might be responsive to the level or intensity of
threat, with output regions increasing in activity with increasing threat, and input areas increasing with decreasing threat.
However, these ideas require further investigations in order to
elucidate more clearly differential roles of the left and right
amygdala.
We were surprised the control group did not show activations in the FG in the main effect contrast (all face conditions
minus scrambled faces) in our study, which was expected based
on previous neuroimaging studies involving faces. The linear
contrast analyses gave some insight into why we did not find
FG activation in the main effect contrast. In addition to the
left dorsal peri-amygdala area, the linear analyses in the control group also revealed that the bilateral FG and the right STS
showed increased activations as the intensity of fearful expression increased. Therefore, visual processing areas of the social
brain showed increasing activity as the level of threat increased.
This modulated response most likely explains why there were no
FG activations in the main effects contrast, since activity in the
FG showed a varied response to the different conditions, which
corresponded better to the statistical design of the model in the
linear analysis, rather than the model involved in the main effects
contrast. Therefore, there was FG activation in during perception
of faces varying in fearful expressions, it just showed a linear
response with varying intensities of fear.

11

The increasing activations in social-perceptual brain areas,
which correspond to the increasing intensity of fear, probably
involve feedback connections from brain areas further downstream. A likely candidate for the feedback is the amygdala,
since this area has connections to areas of the social brain
(Amaral & Price, 1984) and plays a role in modulating activity in early visual areas to facilitate processing of biologically
important stimuli (Anderson & Phelps, 2001; Lane et al., 1998;
LeDoux, 1996; Morris et al., 1998; Vuilleumier & Pourtois, this
issue). The MPFC also showed a response to varied levels of
fearful intensity, although it showed reduced activations as the
level of threat increased. This area is associated with higherlevel cognitive functions including mentalising (Frith & Frith,
1999, 2003). One might speculate that this is because higherlevel cognitive functions, like mentalising, might not be needed
in a highly threatening situation, where vigilance and the fightor-flight response might be better suitable for survival. Thus, in
response to increasing threat, areas involved in perception might
be facilitated and areas involved in higher-order cognition might
be inhibited to successfully deal with the threat. The group with
autism did not show any brain areas responding to increasing or
decreasing fear, suggesting the amygdala in autism may not be
modulating activity in other areas of the social brain to facilitate
the processing of biologically important stimuli, such as people.

5. Conclusion
During perception of fearful faces, control adults showed
activation in areas of the social brain involved in the automatic
emotional appraisal of biologically relevant stimuli, while the
group with autism showed significantly more activation of areas
involved in the conscious and feature-based analysis of social
and emotional stimuli. These differences in activation are consistent with differences in facial processing strategies in people
with and without autism. Further, the control group showed
responses in the amygdala and other areas of the social brain
to varied intensities of fearful expression, consistent with the
idea that the amygdala modulates activity in other brain areas to
facilitate processing of biologically relevant stimuli. The autism
group did not show any activation of the amygdala or other brain
areas to varied intensities of fearful expression. This provides
further evidence for the amygdala theory of autism, and that
the amygdala deficit may have effects on activity in other brain
areas. We conclude that the pattern of activity in the autistic brain
during social processing supports both a deficit and a difference
model.

Acknowledgements
This research was supported by the Medical Research Council (UK) and NAAR. Versions of this data were presented at the
International Meeting For Autism Research (IMFAR, November 2001). We thank Tim Donovan and Vicky Lupson for data
acquisition, Paul Fletcher and Matthew Brett for advice on analyses, and John Herrington for his assistance.

12

C. Ashwin et al. / Neuropsychologia 45 (2007) 2–14

References
Adolphs, R. (1999). Social cognition and the human brain. Trends in Cognitive
Sciences, 3(12), 469–479.
Adolphs, R. (2001). The neurobiology of social cognition. Current opinion in
neurobiology, 11, 231–239.
Adolphs, R. (2003). Investigating the cognitive neuroscience of social behavior.
Neuropsychologia, 41(2), 119–126.
Adolphs, R., Baron-Cohen, S., & Tranel, D. (2002). Impaired recognition of
social emotions following amygdala damage. Journal of Cognitive Neuroscience, 14(8), 1264–1274.
Adolphs, R., Sears, L., & Piven, J. (2000). Abnormal processing of social information from faces in autism. Journal of Cognitive Neuroscience, 13(2),
232–240.
Adolphs, R., Tranel, D., & Damasio, A. (1998). The human amygdala in social
judgment. Nature, 393(6684), 470–474.
Aggleton, J. (2000). The amygdala: A functional analysis (2nd ed.). NY: Oxford
University Press.
Allison, T., Puce, A., & McCarthy, G. (1999). Social perception from visual
cues: Role of the sts region. Trends in cognitive sciences, 4(7), 267–
278.
Amaral, D., & Price, J. (1984). Amygdalo-cortical projections in the monkey,
Macaca fascicularis. Journal of Comparative Neurology, 230, 465–496.
Anderson, A. K., & Phelps, E. A. (2001). Lesions of the human amygdala impair
enhanced perception of emotionally salient events. Nature, 411, 305–309.
APA. (1994). DSM-IV diagnostic and statistical manual of mental disorders (4th
ed.). Washington, DC: American Psychiatric Association.
Ashwin, C., Chapman, E., Colle, L., & Baron-Cohen, S. Impaired recognition of
negative basic emotions in autism, A test of the amygdala theory, submitted
for publication.
Aylward, E. H., Minshew, N. J., Goldstein, G., Honeycutt, N. A., Augustine, A.
M., Yates, K. O., et al. (1999). MRI volumes of amygdala and hippocampus
in non-mentally retarded autistic adolescents and adults. Neurology, 53(9),
2145–2150.
Bachevalier, J. (2000). The amygdala, social cognition, and autism. In J. Aggleton (Ed.), The Amygdala: Neurobiological aspects of emotion, memory and
mental dysfunction. New York: Wiley-Liss.
Baron-Cohen, S. (1992). The theory of mind hypothesis of autism: History and
prospects of the idea. The Psychologist, 5, 9–12.
Baron-Cohen, S. (1995). Mindblindness: An essay on autism and theory of mind.
Boston: MIT Press/Bradford Books.
Baron-Cohen, S. (1999). The extreme male-brain theory of autism. In H. TagerFlusberg (Ed.), Neurodevelopmental disorders. MIT Press.
Baron-Cohen, S. (2002). The extreme male brain theory of autism. Trends in
Cognitive Science, 6(6), 248–254.
Baron-Cohen, S. (2003). The essential difference: Men, women and the extreme
male brain. London: Penguin books.
Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have
a ‘theory of mind’? Cognition, 21, 37–46.
Baron-Cohen, S., Ring, H. A., Bullmore, E. T., Wheelwright, S., Ashwin, C.,
& Williams, S. C. R. (2000). The amygdala theory of autism. Neuroscience
and Biobehavioural Reviews, 24, 355–364.
Baron-Cohen, S., Ring, H., Moriarty, J., Schmitz, B., Costa, D., & Ell, P. (1994).
Recognition of mental state terms. Clinical findings in children with autism
and a functional neuroimaging study of normal adults. British Journal of
Psychiatry, 165(5), 640–649.
Baron-Cohen, S., Ring, H. A., Wheelwright, S., Bullmore, E., Brammer, M.,
Simmons, A., et al. (1999). Social intelligence in the normal and autistic
brain: An fMRI study. European Journal of Neuroscience, 11, 1891–1898.
Baron-Cohen, S., Wheelwright, S., & Jolliffe, T. (1997). Is there a “language of
the eyes”? Evidence from normal adults and adults with autism or Asperger
syndrome. Visual Cognition, 4, 311–331.
Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & Clubley, E.
(2001). The autism-spectrum quotient (AQ): Evidence from Asperger
syndrome/high-functioning autism, males and females, scientists and mathematicians. Journal of Autism and Developmental Disorders, 31(1), 5–17.
Baron-Cohen, S., Wheelwright, S., Stone, V., & Rutherford, M. (1999). A
mathematician, a physicist, and a computer scientist with Asperger syn-

drome: Performance on folk psychology and folk physics test. Neurocase,
5, 475–483.
Boucher, J., & Lewis, V. (1992). Unfamiliar face recognition in relatively
able autistic children. Journal of Child Psychology and Psychiatry, 33(5),
843–859.
Bowler, D. M., & Thommen, E. (2000). Attribution of mechanical and social
causality to animated displays by children with autism. Autism, 4, 147–
171.
Breiter, H. C., Etcoff, N. L., Whalem, P. J., Kennedy, W. A., Rauch, S. L., Buckner, R. L., et al. (1996). Response and habituation of the human amygdala
during visual processing of facial expression. Neuron, 17, 875–887.
Brothers, L. (1990). The social brain: A project for integrating primate behaviour
and neurophysiology in a new domain. Concepts in Neuroscience, 1, 27–51.
Bruce, V., & Young, A. (1986). Understanding face-recognition. British Journal
of Psychology, 77, 305–327.
Calder, A. J., Lawrence, A. D., Keane, J., Scott, S. K., Owen, A. M., Christoffels,
I., et al. (2002). Reading the mind from eye gaze. Neuropsychologia, 40(8),
1129–1138.
Castelli, F., Frith, C., Happe, F., & Frith, U. (2002). Autism, Asperger syndrome
and brain mechanisms for the attribution of mental states to animated shapes.
Brain, 125(Pt 8), 1839–1849.
Castelli, F., Happe, F., Frith, U., & Frith, C. (2000). Movement and mind: A functional imaging study of perception and interpretation of complex intentional
movement patterns. Neuroimage, 12(3), 314–325.
Critchley, H. D., Daly, E. M., Bullmore, E. T., Williams, S. C., Van Amelsvoort,
T., Robertson, D. M., et al. (2000). The functional neuroanatomy of social
behaviour: Changes in cerebral blood flow when people with autistic disorder
process facial expressions. Brain, 123(11), 2203–2212.
Dalton, K. M., Nacewicz, B. M., Johnstone, T., Schaefer, H. S., Gernsbacher,
M. A., Goldsmith, H. H., et al. (2005). Gaze fixation and the neural
circuitry of face processing in autism. Nature Neuroscience, 8(4), 519–
526.
Damasio, A. (1994). Descartes error: Emotion, reason and the human brain.
NY: Avon Books.
Damasio, A. R. (1999). The feeling of what happens: Body and emotion in the
making of consciousness. New York: Harcourt Brace & Company.
Darwin, C. (1872/1965). The expression of emotions in man and animals.
Chicago: University of Chicago Press.
Davies, S., Bishop, D., Manstead, A. S., & Tantam, D. (1994). Face perception in
children with autism and Asperger’s syndrome. Journal of Child Psychology
and Psychiatry, 35(6), 1033–1057.
Dawson, G., Meltzoff, A. N., Osterling, J., & Rinaldi, J. (1998). Neuropsychological correlates of early symptoms of autism. Child Development, 69(5),
1276–1285.
Dolan, R. J. (2000). Functional neuroimaging of the amygdala during emotional
processing and learning. In J. P. Aggleton (Ed.), The amygdala: A functional
analysis (2nd ed., pp. 631–654). Oxford: Oxford University Press.
Dolan, R. J., & Morris, J. S. (2000). The functional anatomy of innate and
acquired fear: Perspectives from neuroimaging. In R. Lane & L. Nadel (Eds.),
Cognitive neuroscience of emotion. NY: Oxford University Press.
Fine, C., & Blair, R. J. R. (2000). The cognitive and emotional effects of amygdala damage. Neurocase, 6, 435–450.
Forster, K. L., & Forster, J. C. (2003). DMDX: A windows display program
with millisecond accuracy. Behaviour Research Methods, Instruments, and
Computing, 35(1), 116–124.
Frith, U. (2001). Mind blindness and the brain in autism. Neuron, 32(6), 969–979.
Frith, C. (2003). What do imaging studies tell us about the neural basis
of autism? Novartis Foundation Symposium, 251, 149–166 [discussion
166–176, 281–197].
Frith, C., & Frith, U. (1999). Interacting minds—A biological basis. Science,
286(5445), 1692–1695.
Frith, U., & Frith, C. (2003). Development and neurophysiology of mentalizing.
Philosophical Transactions of the Royal Society of London B, Biological
Sciences, 358(1431), 459–473.
Gallagher, H. L., Happe, F., Brunswick, N., Fletcher, P. C., Frith, U., & Frith,
C. D. (2000). Reading the mind in cartoons and stories: An fMRI study of
‘theory of mind’ in verbal and nonverbal tasks. Neuropsychologia, 38(1),
11–21.

C. Ashwin et al. / Neuropsychologia 45 (2007) 2–14
Grandin, T. (1995). Thinking in pictures: And other reports from my life with
autism. NY: Vintage Books.
Gur, R. C., Schroeder, L., Turner, T., McGrath, C., Chan, R. M., Turetsky, B. I., et
al. (2002). Brain activation during facial emotion processing. NeuroImage,
16, 651–662.
Happe, F., Ehlers, S., Fletcher, P., Frith, U., Johansson, M., Gillberg, C., et al.
(1996). “Theory of mind” in the brain. Evidence from a PET scan study of
Asperger syndrome. NeuroReport, 8, 197–201.
Hasselmo, M. E., Rolls, E. T., & Bayliss, G. C. (1989). The role of expression
and identity in the face selective responses of neurons in the temporal visual
cortex of the monkey. Behavioural Brain Research, 32, 203–218.
Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2000). The distributed
human neural system for face perception. Trends in Cognitive Science, 4(6),
223–233.
Haznedar, M. M., Buchsbaum, M., Metzger, M., Solimando, A., SpiegelCohen, J., & Hollander, E. (1997). Anterior cingulate gyrus volume and
glucose metabolism in autistic disorder. American Journal of Psychiatry,
154, 1047–1050.
Hobson, R. P., Ouston, J., & Lee, A. (1988a). Emotion recognition in autism:
Coordinating faces and voices. Psychological Medicine, 18, 911–923.
Hobson, R. P., Ouston, J., & Lee, A. (1988b). What’s in a face? The case of
autism. British Journal of Developmental Psychology, 79, 441–453.
Howard, M. A., Cowell, P. E., Boucher, J., Broks, P., Mayes, A., Farrant, A.,
et al. (2000). Convergent neuroanatomical and behavioural evidence of an
amygdala hypothesis of autism. Neuroreport, 11(13), 2931–2935.
Hubl, D., Bolte, S., Feineis-Matthews, S., Lanfermann, H., Federspiel, A.,
Strik, W., et al. (2003). Functional imbalance of visual pathways indicates
alternative face processing strategies in autism. Neurology, 61(9), 1232–
1237.
Iidaka, T., Sadato, N., Yamada, H., Murata, T., Omori, M., & Yonckura, Y.
(2001). An fMRI study of the functional neuroanatomy of picture encoding
in younger and older adults. Cognitive Brain Research, 11, 1–11.
Ishai, A., Ungerleider, L. G., Martin, A., & Haxby, J. V. (2000). The representation of objects in the human occipital and temporal cortex. Journal of
Cognitive Neuroscience, 12, 35–51.
Ishai, A., Ungerleider, L. G., Martin, A., Schouten, J. L., & Haxby, J. V. (1999).
Distributed representation of objects in the human ventral visual pathway.
Proceedings of the National Academy of Sciences USA, 96(16), 9379–9384.
Jolliffe, T., & Baron-Cohen, S. (1997). Are people with autism or Asperger’s
syndrome faster than normal on the embedded figures task? Journal of Child
Psychology and Psychiatry, 38, 527–534.
Klin, A. (2000). Attributing social meaning to ambiguous visual stimuli in
higher-functioning autism and Asperger syndrome: The social attribution
task. Journal of Child and Psycholological Psychiatry, 41(7), 831–846.
Klin, A., Jones, W., Schultz, R., & Volkmar, F. (2003). The enactive mind, or
from actions to cognition: Lessons from autism. Philosophical Transactions
of the Royal Society of London B, 358, 345–360.
Klin, A., Jones, W., Schultz, R., Volkmar, F. R., & Cohen, D. J. (2002). Visual
fixation patterns during viewing of naturalistic social situations as predictors of social competence in individuals with autism. Archives of General
Psychiatry, 59, 809–816.
Lane, R. D., & Nadel, L. (2000). Cognitive neuroscience of emotion. NY: Oxford
University Press.
Lane, R. D., Reiman, E. M., Axelrod, B., Yun, L. S., Holmes, A., & Schwartz,
G. E. (1998). Neural correlates of levels of emotional awareness: Evidence
of an interaction between emotion and attention in the anterior cingulate
cortex. Journal of Cognitive Neuroscience, 10(4), 525–535.
Langdell, T. (1978). Recognition of faces: An approach to the study of autism.
Journal of Child Psychology and Psychiatry, 19, 225–238.
LeDoux, J. E. (1995). Emotion: Cludes from the brain. Annual Review of Psychology, 46, 209–235.
LeDoux, J. E. (1996). The emotional brain: The mysterious underpinnings of
emotional life. New York: Simon and Schuster.
Lundqvist, D., Flykt, A., & Ohman, A. (1998). The Karolinska Directed Emotional Faces.
Morris, J. S., Buchel, C., & Dolan, R. J. (2001). Parallel neural responses in
amygdala subregions and sensory cortex during implicit fear conditioning.
Neuroimage, 13, 1044–1052.

13

Morris, J. S., Friston, K. J., Buchel, C., Frith, C. D., Young, A. W., Calder, A. J.,
et al. (1998). A neuromodulatory role for the human amygdala in processing
emotional facial expressions. Brain, 121(1), 47–57.
Morris, J. S., Frith, C., Perrett, D., Rowland, D., Young, A., Calder, A., et al.
(1996). A differential neural response in the human amygdala to fearful and
happy facial expressions. Nature, 383, 812–815.
Morris, J. S., Ohman, A., & Dolan, R. J. (1999). A subcortical pathway to
the right amygdala mediating “unseen” fear. Proceedings of the National
Academy of Sciences, 96(4), 1680–1685.
Ochsner, K. N., & Lieberman, M. D. (2001). The emergence of social cognitive
neuroscience. American Psychologist, 56(9), 717–734.
Pelphrey, K. A., Sasson, N., Reznick, J. S., Paul, G., Goldman, B., & Piven, J.
(2002). Visual scanning of faces in autism. Journal of Autism and Developmental Disorders, 32, 249–261.
Perrett, D., Hietanen, M., Oram, W., & Benson, P. (1992). Organization and
function of cells responsive to faces in the temporal cortex. In V. Bruce, A.
Cowey, A. Ellis, & D. Perrett (Eds.), Processing the facial image: Philosophical transactions of the Royal Society of London, B, Vol. 335 (pp. 1–128).
Oxford University Press.
Perrett, D., & Mistlin, A. (1990). Perception of facial characteristics by monkeys.
In W. Stebbins & M. Berkely (Eds.), Comparative perception. Complex
signals: Vol. II,. John Wiley and son.
Perrett, D., Smith, P., Potter, D., Mistlin, A., Head, A., Milner, A., et al.
(1985). Visual cells in the temporal cortex sensitive to face view and
gaze direction. Proceedings of the Royal Society of London, B223, 293–
317.
Pierce, K., & Courchesne, E. (2000). Exploring the neurofunctional organization of face processing in autism. Archives of General Psychiatry, 57(4),
344–346.
Pierce, K., Muller, R. A., Ambrose, J., Allen, G., & Courchesne, E. (2001). Face
processing occurs outside the fusiform ‘face area’ in autism: Evidence from
functional MRI. Brain, 124(10), 2059–2073.
Puce, A., Allison, T., Bentin, S., Gore, J. C., & McCarthy, G. (1998). Temporal
cortex activation in humans viewing eye and mouth movements. The Journal
of Neuroscience, 18, 2188–2199.
Ring, H. A., Baron-Cohen, S., Wheelwright, S., Williams, S. C., Brammer, M.,
Andrew, C., et al. (1999). Cerebral correlates of preserved cognitive skills
in autism: A functional MRI study of embedded figures task performance.
Brain, 122(Pt 7), 1305–1315.
Rolls, E. T. (1999). The brain and emotion. NY: Oxford University Press.
Rolls, E. T. (2000). The orbitofrontal cortex and reward. Cerebral Cortex, 10(3),
284–294.
Salmond, C. H., de Haan, M., Friston, K. J., Gadian, D. G., & Vargha-Khadem, F.
(2003). Investigating individual differences in brain abnormalities in autism.
Philosophical Transactions of the Royal Society of London B, Biological
Sciences, 358(1430), 405–413.
Schultz, R. T., Gauthier, I., Klin, A., Fulbright, R., Anderson, A., Volkmar, F.,
et al. (2000). Abnormal ventral temporal cortical activity among individuals
with autism and asperger syndrome during face discrimination. Archives of
General Psychiatry, 57, 331–340.
Schultz, R. T., Grelotti, D. J., Klin, A., Kleinman, J., Van der Gaag, C., Marois,
R., et al. (2003). The role of the fusiform face area in social cognition:
Implications for the pathobiology of autism. Philosophical Transactions
of the Royal Society of London B, Biological Sciences, 358(1430), 415–
427.
Schultz, R., Romanski, L. M., & Tsatsanis, K. D. (2000). Neurofunctional models of autistic disorder and Asperger syndrome. In A. Klin, F. R. Volkmar, &
S. S. Sparrow (Eds.), Asperger syndrome (pp. 172–209). New York: Guilford
Press.
Shah, A., & Frith, U. (1983). An islet of ability in autism: A research note.
Journal of Child Psychology and Psychiatry, 24, 613–620.
Stone, V. E., Baron-Cohen, S., Calder, A., Keane, J., & Young,
A. (2003). Acquired theory of mind impairments in individuals with bilateral amygdala lesions. Neuropsychologia, 41(2), 209–
220.
Stone, V. E., Baron-Cohen, S., & Knight, R. T. (1998). Frontal lobe contributions to theory of mind. Journal of Cognitive Neuroscience, 10, 640–
656.

14

C. Ashwin et al. / Neuropsychologia 45 (2007) 2–14

Stuss, D. T., Gallup, G. G., Jr., & Alexander, M. P. (2001). The frontal lobes are
necessary for ’theory of mind’. Brain, 124(Pt 2), 279–286.
Wechsler, D. (1999). Wechsler abbreviated scale of intelligence. San Antonio:
The Psychological Corporation.
Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B., &
Jenike, M. A. (1998). Masked presentations of emotional facial expressions

modulate amygdala activity without explicit knowledge. The Journal of Neuroscience, 18, 411–418.
Worsley, K. J., Marrett, P., Neelin, A. C., Friston, K. J., & Evans, A. C. (1996).
A unified statistical approach for determining significant signals in images
of cerebral activation. Human Brain Mapping, 4, 58–73.

