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ABSTRACT

Objective: To determine whether expertise in the attribution of emotion from basic facial expressions in high-functioning

individuals with autistic spectrum disorder (ASD) is supported by the amygdala, fusiform, and prefrontal regions of

interest (ROI) and is comparable to that of typically developing individuals. Method: Functional magnetic resonance

imaging scans were acquired from 14 males with ASD and 10 matched adolescent controls while performing emotion

match (EM) (perceptual), emotion label (EL) (linguistic), and control tasks. Accuracy, response time, and average

activation were measured for each ROI. Results: There was no significant difference in accuracy, response time, or ROI

activation between groups performing the EL task. The ASD group was as accurate as the control group performing the

EM task but had a significantly longer response time and lower average fusiform activation. Conclusions: Expertise in

the attribution of emotion from basic facial expressions was task-dependent in the high-functioning ASD group. The

hypothesis that the high-functioning ASD group would be less expert and would have reduced fusiform activation was

supported in the perceptual task but not the linguistic task. The reduced fusiform activation in the perceptual task was

not explained by reduced expertise; it is therefore concluded that reduced fusiform activation is associated with the

diagnosis of ASD. J. Am. Acad. Child Adolesc. Psychiatry, 2004;43(4):473–480. Key Words: autism spectrum disor-

ders, emotion, functional magnetic resonance imaging.

Autism spectrum disorders (ASD) are pervasive neu-
rodevelopmental disorders characterized by deficits in
social cognition and communication and repetitive ste-
reotyped behaviors. High-functioning ASD include As-
perger’s syndrome and high-functioning autism; these

conditions are differentiated by the respective presence
or absence of phrased language by 3 years of age
(American Psychiatric Association, 1994).

Despite normal intelligence, high-functioning indi-
viduals with ASD have marked deficits in social under-
standing (Heavey et al., 2000). Although individuals
with high-functioning ASD are able to attribute emo-
tion from basic facial expressions (Adolphs et al., 2001;
Baron-Cohen et al., 1993; Grossman et al., 2000;
Ozonoff et al., 1990; Prior et al., 1990), many of the
deficits in social cognition are consistent with reduced
expertise in the attribution of emotion (Braverman et al.,
1989). Individuals with ASD have particular difficulty
attributing emotion from more subtle facial expressions
(Baron-Cohen et al., 1997; Kleinman et al., 2001) and
multiple facial expressions in actual social situations
(MacDonald et al., 1989).

Typically developing individuals have an innate pre-
disposition to engage in social interactions, and human
faces are of particular salience from an early age (Ellis,
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1990; Valenza et al., 1996). Typically developing in-
dividuals accumulate experience and by their second
year have developed the expertise to competently at-
tribute emotion from basic facial expressions (Nelson,
1987). In contrast, individuals with ASD have a re-
duced innate predisposition to engage in social inter-
actions (Dawson et al., 1998) and are less attentive to
faces (Klin et al., 2002; Osterling and Dawson, 1994).
Some suggest that individuals with ASD are less expert
in attributing emotion from facial expressions because
faces are less salient to them (Weeks and Hobson,
1987), and they consequently accumulate less experi-
ence (for review see Grelotti et al., 2002).

The attribution of emotion from basic facial expres-
sions has been studied in typically developing individu-
als by Hariri et al. using an emotion match (perceptual)
(EM) task and an emotion label (linguistic) (EL) task.
The EM task involves the attribution of emotion from
three basic facial expressions and a visual match of
emotion, whereas the EL task involves the attribution
of emotion from one basic facial expression and affec-
tive labeling of the emotion. These tasks offer an op-
portunity to relate task demand and expertise in the
attribution of emotion from basic facial expressions in
high-functioning individuals with ASD. In typically
developing controls, attribution of emotion has been
shown to significantly activate the amygdala and fusi-
form regions in the EM task, and the fusiform and
prefrontal regions in the EL task (Hariri et al., 2000).
Accordingly, these brain regions are potentially relevant
in understanding the attribution of emotion from basic
facial expressions in individuals with ASD.

The amygdala has been associated with the assess-
ment of the emotional salience of facial expressions
(Adolphs et al., 1998; Anderson and Phelps, 2001;
Hamann et al., 1996; Prather et al., 2001). Hypotheses
implicating amygdala dysfunction in autism propose
that reduced activation of this region is associated with
reduced emotional salience of facial expressions and the
social understanding deficit observed in individuals
with ASD (Adolphs, 2001; Baron-Cohen et al., 1999;
2000). Previous functional magnetic resonance imag-
ing (fMRI) studies found reduced amygdala activation
in tasks that require the individuals with ASD to at-
tribute the gender from neutral faces (Pierce et al.,
2001) and from basic facial expressions (Critchley et al.,
2000b). Reduced amygdala activation also was seen in
high-functioning individuals with ASD in tasks that

required the attribution of complex emotions from
only the eyes region of the face (Baron-Cohen et al.,
1999). However, a recent study found that high-func-
tioning individuals with ASD who were less accurate in
the explicit attribution of emotion from basic facial
expressions showed relatively preserved amygdala acti-
vation (Critchley et al., 2000b).

In typically developing individuals, the fusiform area
(FA) has been associated with the perceptual processing
of faces (Clark et al., 1996; Kanwisher et al., 1997;
McCarthy et al., 1997; Puce et al., 1996; Tarr and
Gauthier, 2000) and with the attribution of emotion
from basic facial expressions (Critchley et al., 2000a).
The FA, often termed the fusiform “face” area, is con-
sidered a key area for processing faces and other visual
percepts for which there is expertise (Gauthier et al.,
2000). The development of expertise is associated with
reduced response time and the progression from fea-
ture-based visual processing supported in the inferior
temporal gyrus (ITG) to global visual processing sup-
ported in the FA (Tarr and Gauthier, 2000).

In contrast, individuals with ASD have been shown
to have reduced FA activation when processing facial
stimuli (Pierce et al., 2001; Schultz et al., 2000) and
when attributing emotion from basic facial expressions
(Critchley et al., 2000b). Individuals with ASD also
have been shown to activate the ITG, an area normally
associated with feature-based analysis of objects, during
the processing of facial stimuli (Schultz et al., 2000).
These findings suggest that the FA is not specialized for
the global processing of facial stimuli in high-func-
tioning individuals with ASD and that expertise in the
attribution of emotion is supported outside the FA.

In typically developing individuals, the prefrontal
cortex has been associated with the attribution of a
mental state or “theory of mind” to another person
(Shallice, 2001; Stuss et al., 2001). Individuals with
ASD have been found to have mental state or “theory
of mind” deficit (Baron-Cohen et al., 1994) associated
with reduced activation in the prefrontal cortex (Happe
et al., 1996). However, in a recent study high-func-
tioning individuals with ASD, who were less accurate
than controls, did not have significantly different pre-
frontal activations when asked to explicitly attribute
emotion from basic facial expressions (Critchley et al.,
2000b).

In summary, previous studies support the hypothesis
that high-functioning individuals with ASD are less
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expert in the attribution of emotion, and suggest that
expertise in this cognitive domain may not be sup-
ported by the FA. Accordingly, we hypothesized that
high-functioning individuals with ASD would demon-
strate reduced activation in the FA during the attribu-
tion of emotion from basic facial expressions in the
perceptual (EM) and the linguistic (EL) tasks. We fur-
ther hypothesized that amygdala activation in the EM
task and prefrontal activation in the EL task would not
be significantly different between high-functioning in-
dividuals with ASD and typically developing controls.

In this study, high-functioning individuals with
ASD and controls attributed emotion from basic facial
expressions in two tasks (the EM task and the EL task)
while fMRI scans were acquired. Accuracy and re-
sponse time were measured as indicators of expertise
during both tasks.

METHOD

Subject Recruitment

Fourteen high-functioning males with ASD (mean age 13.1 [SD
2.5]; range 9–17 years) and 10 male control subjects (mean age
14.4 [SD 3.3]; range 10–18 years) were recruited. Individuals with
ASD were recruited through the Stanford Autism Clinic, profes-
sionals working with high-functioning individuals with ASD in the
local community, parent networks, and media advertisement. These
high-functioning individuals with ASD all had a documented clini-
cal diagnosis of autism or Asperger’s syndrome (AS) using DSM-IV
(American Psychiatric Association, 1994) and a Full Scale IQ of
greater than 70. All high-functioning individuals with ASD fulfilled
the Autism Diagnostic Observation Schedule-Generic (ADOS-G)
(Lord et al., 2000) criteria for the broader ASD, and those with a
clinical diagnosis of autism also fulfilled criteria for autism using the
Autism Diagnostic Interview-Revised (ADI-R) (Lord et al., 1994).
The ADI-R was administered by two trained assessors who had
obtained reliability during formal training with the instrument.
The assessors conducted interrater reliability on one third of the
ADI-R assessments performed and had an interrater agreement of
100% for diagnosis. The ADOS-G was administered by one trained
assessor who had obtained reliability during formal training with
the instrument. The high-functioning ASD group consisted of
seven individuals with autism and seven individuals with AS.

High-functioning individuals with ASD and anxiety or atten-
tion-deficit disorder and individuals taking medication for these
symptoms were included in the study. Individuals with major psy-
chiatric or neurological disorders or a known etiology for their
diagnosis (fragile X, tuberous sclerosis, rubella) were excluded. The
control individuals were recruited through media advertisement.
Individuals with major psychiatric or neurological disorders were
also excluded from the control group. Psychiatric diagnoses were
excluded using the Child Behavior Checklist (CBCL) (Achenbach,
1991) and the Symptom Check List (SCL-90) (Derogatis, 1997).
Individuals who did not have English as their first language were
excluded from both groups. The Stanford Human Subjects Com-
mittee approved all protocols, and informed consent was obtained

from all subjects and their parents prior to participation in the
study.

Subject Characteristics

Full Scale IQ (FSIQ), Verbal IQ (VIQ), and Performance IQ
(PIQ) were assessed for each participant using the Wechsler Ab-
breviated Scale of Intelligence (WASI) (Wechsler, 1999). The ASD
group (FSIQ = 112 [SD 15.9], VIQ = 104 [SD 20.3], PIQ = 118
[SD 13.6]) and the control group (FSIQ = 116 [SD 10.5], VIQ =
114 [SD 14.2], PIQ = 114 [SD 6.3]) had average to above-average
cognitive function. All subjects were right-handed (ASD = 87 [SD
17.0]; control = 82.3 [SD 15.3]) as assessed by the Edinburgh
Inventory (Oldfield, 1971). The ethnicity of the ASD group was
nine Caucasian, three Asian, and two Hispanic individuals; the
control group was seven Caucasian, one Asian, and two Hispanic
individuals. There was no significant difference in the socioeco-
nomic status between groups. Two individuals had anxiety disorder
and were receiving serotonin reuptake inhibitors, two individuals
had attention-deficit disorder and were receiving methylphenidate,
and one individual who had both diagnoses was receiving both of
these medications in the ASD group.

Design and Procedure

Accuracy and response time were measured as indicators of ex-
pertise on two tasks that investigated the attribution of emotion
from basic facial expressions. In the EM (perceptual) task (Fig. 1A),
the subjects matched the facial expression presented on a target face
with the same facial expression present on one of two other faces
simultaneously presented below. In the EL (linguistic) task (Fig.
1B), the subjects matched the facial expression presented on the
target face with one of two affective labels presented below. A
standard set of 18 pictures was used for the experimental tasks and
included photographs of faces with fearful, surprised, and angry
facial expressions (Ekman and Friesen, 1976). In the control task
(Fig. 1C), the subjects matched one of six oval target forms to one
of two oval forms presented simultaneously below. Oval target
forms were used to control for the visual processing of three per-
cepts. Neutral faces were not used in the control task as adolescents
have been shown to attribute emotional salience to neutral faces
(Thomas et al., 2001). Each subject performed each of the three
tasks.

The experiment consisted of a total of nine blocks: four experi-
mental blocks (two blocks of the EM task and two blocks of the EL
task) alternated with five blocks of a control task. Faces were pre-
sented in a random order for 5 seconds each, in blocks that con-
tained six photographs. Each 30-second experimental block was
presented twice, once with male and once with female faces. Oval
forms were presented in a random order for 5 seconds in blocks that
contained six oval forms; a 30-second control block was presented
five times alternating with the experimental tasks.

The scan started and ended with a 30.5-second rest period. Each
of the nine blocks was prefixed by a 2.5-second instruction set.
Nine 32.5-second blocks were presented, equating to a total scan
time of 5:53 minutes. Functional images were acquired on a 3-Tesla
GE Signa scanner using a standard GE whole head coil. A custom-
built head stabilization system prevented head movement. The en-
tire brain was imaged in 28 axial slices (4 mm thick, 0.5 mm skip)
parallel to the AC-PC line. A shimming procedure was used before
acquiring functional MRI scans (Kim et al., 2000). fMRI images
were acquired using a T2*-weighted gradient-echo spiral pulse se-
quence (repetition time [TR] = 200 ms, echo time [TE] = 30 ms,
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flip angle = 89° and interleave; field of view = 200 × 200 mm2;
matrix = 64 × 64; in-plane resolution = 3.125 mm) (Glover and
Lai, 1998). A high-resolution T1-weighted spoiled gradient recalled
(SPGR) three-dimensional anatomical image was acquired during
the same scan session (TR = 35 ms; TE = 6 ms; flip angle = 45°;
24 cm field of view; 124 slices in the sagittal plane; 56 × 192 matrix;
acquired resolution = 1.5 × 0.9 × 1.2 mm).

Image Preprocessing

fMRI data analysis has been described in detail previously (Adle-
man et al., 2002). Briefly, images were reconstructed by inverse
Fourier transformation into 64 × 64 × 18 image matrices (voxel size
3.75 × 3.75 × 7 mm) using Statistical Parametric Mapping software
(SPM99, Wellcome Department of Cognitive Neurology, London,
UK). Images were corrected for motion, normalized, and spatially
smoothed (full-width/half-maximum = 4 mm). Data were high
pass-filtered and temporally smoothed. Voxel-wise t scores were
normalized to z scores. For each subject, increases and decreases in
activation were recorded by contrasting the experimental and con-
trol conditions.

Regions of Interest Processing

The three regions of interest (ROIs), designated a priori, were
identified using BrainImage software (Reiss, 2002), and anatomical
ROIs were drawn on normalized high-resolution coronal anatomi-
cal images by individuals blinded to diagnosis as follows.

The prefrontal ROI was designated using AC-PC stacks; each
was oriented along the AC-PC axis on the Talairach grid and
resliced. All brain tissue anterior to the slice in which the corpus
callosum first appears, and bridges the left and right hemispheres,
was included.

The amygdala ROI was drawn from the central, thick white
matter tract in the temporal lobe until that tract was intersected
either by the white matter tract or CSF. The inferior border of the
ROI was drawn superior to this white matter tract. The medial
border was drawn along the medial aspect of the white matter tract,
CSF, pons, and brain stem. The superior border was drawn fol-
lowing the white matter tract or CSF boundary above, and the
lateral border followed the thick, central white matter tract of the
temporal lobe.

The fusiform ROI was drawn from the deepest part of the oc-
cipitotemporal sulcus; this sulcus was followed posteriorly to the

end of the cortical matter. The boundary of the cortical matter was
followed medially until the collateral sulcus, which divides the fu-
siform gyrus and the entorhinal cortex. This sulcus was followed to
the deepest point where the gray matter and white matter converge.

Demographic and Neuropsychological Statistical Analysis

Independent samples t tests were undertaken for age; FSIQ,
VIQ, and PIQ; and accuracy and response time in the EL and EM
tasks (between-group factor: diagnosis [ASD and control]).

ROI Statistical Analysis

All voxels containing gray matter were measured, and the mean
z scores of the voxels activated above z = 1.67 (p < .05) were used
to measure the average activation intensity within each ROI. All
average activation levels were log-transformed to normalize the
distribution for each ROI. Between-group analysis of covariance
(ANCOVA) was undertaken for average activation of fusiform,
amygdala, and prefrontal ROIs for the EL and EM tasks (between-
group factors: diagnosis [ASD and control]; covariates: accuracy
and response time).

RESULTS

Demographic and Neuropsychological Results

Independent samples t tests showed no significant
difference in age (t22 = − 0.99; p = .33) or intelligence
(FSIQ: t22 = 0.633; p = .53; VIQ: t22 = −1.26; p = .22);
PIQ: t22 = 0.897; p = .328) between the two groups.
There also was no significant difference in accuracy
between groups in the EM task (t22 = −1.626; p = .118)
(ASD mean = 76% [SD 25%], control mean = 90%
[SD 11%]) or the EL task (t22 = −1.768; p = .095)
(ASD mean = 69% [SD 27%], control mean = 85%
[SD 12%]). There was a significant difference between
groups in response time (Fig. 2) in the EM task (t22 =
3.33; p = .003; ASD mean = 2,531 sec [SD 393]; con-
trol mean = 2,047 sec [SD 272]). There was no sig-

Fig. 1 Example of the stimuli used in the emotion match task (A), the emotion label task (B), and the control task (C).
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nificant response time difference between groups in the
EL task (t22 = 0.623; p = .539; ASD mean = 2,141sec
[SD 363]; control mean = 1,960 sec [SD 300]). Accu-
racy and response time were incorporated as covariates
into the ANCOVA model to remove the variance at-
tributable to expertise and to ascertain the average ac-
tivation attributable to diagnostic group (Fig. 2).

ROIs

Amygdala. ANCOVA indicated that there was no
significant difference in the average amygdala activa-
tion between groups in the EM (F1,22 = 3.39; p = .56)
or EL (F1,22 =1.81; p = .198) tasks.

Fusiform Gyrus. ANCOVA indicated that there was
a significant difference in average fusiform activation
(F1,22 =12.02; p = .003) between groups in the EM
task; specifically, there was significantly less average
fusiform activation in the ASD group (mean = 2.13
[SD 0.32]) than in the control group (mean = 2.61
[SD 0.31]) (effect of covariate: response time: F1,22 =
8.8; p = .008). There was no significant difference in
average fusiform activation (F1,22 = 0.111; p = .743)
between the ASD (mean = 2.52 [SD 0.33]) and the
control (mean = 2.47 [SD 0.34]) groups in the EL task
(Fig. 3).

Prefrontal Cortex. ANCOVA indicated that there
was no significant difference between groups for aver-
age prefrontal activation in the EM (F1,22 = 0.028;
p = .87) or the EL (F1,22 = 0.086: p = .772) tasks.

DISCUSSION

Our hypothesis that high-functioning individuals
with ASD would be less expert in the attribution of
emotion from basic facial expressions was supported
only for the EM task. Specifically, the ASD group had
a significantly longer response time than the control
group in the EM task. The ASD and the control groups
had comparable accuracy and response times, and thus
expertise, on the EL task. Comparing different brain
activations is facilitated when both groups are able to
perform the tasks (Price and Friston, 1999). However,
differing expertise potentially confounds the interpre-
tation of brain activation (Fletcher et al., 1998). There-
fore we covaried for differences in both accuracy and
response time to determine the ROI activation attrib-
utable to diagnostic group.

Our findings support the hypothesis that activation
in the amygdala and prefrontal regions of high-
functioning individuals with ASD is comparable to
that of typically developing individuals for both the EL
and the EM tasks. The most similar study to date also
found no significant differences in amygdala and pre-
frontal activation when high-functioning individuals
with ASD were explicitly instructed to attribute emo-
tion from basic facial expressions (Critchley et al.,
2000b). One possible explanation for these findings is
that high-functioning individuals with ASD, although
able to attribute emotion from basic facial expression,
do so only when this is a necessary and explicit aspect

Fig. 2 There was a significant difference (F1,22 = 3.33; p = .003) in the
mean average response time between the autism spectrum disorder (ASD)
group and the control group in the emotion match task. Standard deviations
are shown.

Fig. 3 There was a significant difference (F1,22 = 12.02; p = .003) in the
mean average fusiform activation between the autism spectrum disorder
(ASD) group and the control group in the emotion match task after cova-
rying for expertise. Standard deviations are shown.
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of the task. Previous studies that have shown reduced
prefrontal (Happe et al., 1996) and reduced amygdala
(Baron-Cohen et al., 1999; Critchley et al., 2000b;
Pierce et al., 2001) activation did not involve the ex-
plicit attribution of emotion from basic facial expres-
sions. In these studies, there were also differences in
performance between groups that potentially could
have confounded the interpretation of the observed
profiles of activation.

In the EL task, both groups were equally expert, as
shown by comparable average accuracy and reaction
times, and there was no significant difference in average
fusiform activation. This finding was contrary to our
hypothesis and supports the notion that high-function-
ing individuals with ASD are expert in attributing emo-
tion when stimuli are presented in a language-based
(EL) paradigm. The equivalent fusiform activation in
the EL task suggests that the fusiform is involved in
attributing emotion from basic facial expressions in
both the ASD and the control groups. One plausible
explanation is that both groups activate the fusiform to
support the rapid global processing of the basic facial
stimuli in the EL task. However, in the EL task, there
was no control for the labeling of basic facial expres-
sions. Therefore, the similar fusiform activation be-
tween the groups may have been related to the reading
of the affective labels in the EL task.

In the EM task, the ASD group had a significantly
longer response time than the control group. This find-
ing supports the hypothesis that high-functioning in-
dividuals with ASD have less expertise in the EM task.
However, covarying for response time did not explain
the reduced fusiform activation in the ASD group. In-
dividuals with ASD have been reported to have reduced
fusiform activation when processing facial stimuli
(Pierce et al., 2001; Schultz et al., 2000). This study
supports the finding that reduced fusiform activation is
associated with diagnosis.

The principal finding of this study was that the ex-
pertise in the attribution of emotion from basic facial
expressions is task-dependent in individuals with ASD.
Explanation of the difference in expertise in the ASD
group requires consideration of the differences between
task demands. The presentation of a single facial ex-
pression and affective labels may facilitate expertise in
the attribution of emotion in the EL task. Individuals
with ASD may have similar expertise in the EL task
because they use a language-based strategy to facilitate

the attribution of emotion. Reduced expertise in the
perceptual (EM) task may be explained by the absence
of affective labels and/or the increased number of facial
stimuli presented, constituting an increased global pro-
cessing load. Individuals with ASD have been suggested
to have reduced expertise in the global processing
of facial stimuli (Grelotti et al., 2002) and during
the processing of facial stimuli to activate the ITG, an
area associated with feature-based analysis of objects
(Schultz et al., 2000). The use of a feature-based strat-
egy supported outside the fusiform offers a possible
explanation for the reduced expertise and reduced fu-
siform activation when individuals with ASD attribute
emotion from basic facial expressions in the perceptual
(EM) task.

Limitations

The sample size used in this study was relatively
small, reducing the power of the study to detect
significant differences between groups. This is of par-
ticular relevance when considering the null findings
for amygdala and prefrontal regions. The sample size
was, however, comparable to, or greater than, sam-
ples reported in other studies of face and emotion pro-
cessing in autism (Critchley et al., 2000b; Pierce et al.,
2001; Schultz et al., 2000).

Future fMRI studies with larger sample sizes are re-
quired to replicate the findings of this study. These
studies should exclude individuals taking medication as
it is difficult to predict the implications of medication
on functional imaging findings. Future fMRI studies
should also include females and lower-functioning in-
dividuals with ASD to determine whether the findings
of this study can be generalized across different popu-
lations with ASD. Further fMRI studies should also
determine whether the clinical interventions that in-
crease experience actually facilitate the development of
expertise in the attribution of emotion from facial ex-
pressions, and identify the brain regions that support
expertise in individuals with ASD.

Clinical Implications

The finding that expertise in the attribution of emo-
tion from basic facial expressions was task-dependent in
high-functioning individuals with ASD has potentially
important clinical implications. First, there are many
anecdotal accounts of high-functioning individuals
with ASD who are able to attribute emotion from basic
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facial expressions but have difficulty in actual social
situations involving the rapid attribution of emotion
from multiple facial expressions. This study provides
research evidence to support this anecdotal finding and
offers a possible explanation for this phenomenon.
Second, our findings have clinical implications when
assessing emotional attribution in high-functioning
individuals with ASD. In comparison to typically
developing controls, assessment of expertise in the
attribution of emotion is task-dependent. Therefore,
expertise should not be generalized across emotion at-
tribution tasks in high-functioning individuals with
ASD. Third, this study suggests that social skills inter-
ventions should explicitly instruct individuals with
ASD to attribute emotion to each facial expression
when presented with more than one facial expression,
and process information from the whole face, especially
when the task can be accomplished by matching facial
characteristics. Social skills interventions also should
train high-functioning individuals with ASD for speed,
as well as accuracy, when attributing emotion from
basic facial expressions, as both are required for exper-
tise in actual social situations.

REFERENCES

Achenbach TM (1991), Manual for the Child Behavior Checklist/4-18. Bur-
lington: University of Vermont, Department of Psychiatry

Adleman NE, Menon V, Blasey CM et al. (2002), A developmental fMRI
study of the Stroop color-word task. Neuroimage 16:61–75

Adolphs R (2001), The neurobiology of social cognition. Curr Opin Neu-
robiol 11:231–239

Adolphs R, Sears L, Piven J (2001), Abnormal processing of social infor-
mation from faces in autism. J Cogn Neurosci 13:232–240

Adolphs R, Tranel D, Damasio AR (1998), The human amygdala in social
judgment. Nature 393:470–474

American Psychiatric Association (1994), Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM-IV). Washington, DC: American
Psychiatric Association

Anderson AK, Phelps EA (2001), Lesions of the human amygdala impair
enhanced perception of emotionally salient events. Nature 411:305–
309

Baron-Cohen S, Jolliffe T, Mortimore C, Robertson M (1997), Another
advanced test of theory of mind: evidence from very high functioning
adults with autism or Asperger syndrome. J Child Psychol Psychiatry
38:813–822

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. Br
J Psychiatry 165:640–649

Baron-Cohen S, Ring HA, Bullmore ET, Wheelwright S, Ashwin C, Wil-
liams SC (2000), The amygdala theory of autism. Neurosci Biobehav Rev
24:355–364

Baron-Cohen S, Ring HA, Wheelwright S et al. (1999), Social intelligence
in the normal and autistic brain: an fMRI study. Eur J Neurosci 11:
1891–1898

Baron-Cohen S, Spitz A, Cross P (1993), Can children with autism
recognise surprise? Cogn Emot 7:507–516

Braverman M, Fein D, Lucci D, Waterhouse L (1989), Affect comprehen-
sion in children with pervasive developmental disorders. J Autism Dev
Disord 19:301–316

Clark VP, Keil K, Maisog JM, Courtney S, Ungerleider LG, Haxby JV
(1996), Functional magnetic resonance imaging of human visual cortex
during face matching: a comparison with positron emission tomogra-
phy. Neuroimage 4:1–15

Critchley H, Daly E, Phillips M et al. (2000a), Explicit and implicit neural
mechanisms for processing of social information from facial expressions:
a functional magnetic resonance imaging study. Hum Brain Mapp 9:93–
105

Critchley HD, Daly EM, Bullmore ET et al. (2000b), The functional
neuroanatomy of social behaviour: changes in cerebral blood flow when
people with autistic disorder process facial expressions. Brain 123:2203–
2212

Dawson G, Meltzoff AN, Osterling J, Rinaldi J, Brown E (1998), Children
with autism fail to orient to naturally occurring social stimuli. J Autism
Dev Disord 28:479–485

Derogatis LR (1997), Symptom Checklist-90-R. Administration, Scoring, and
Procedures Manual, 3rd edition Minneapolis: National Computer Sys-
tems, Inc.

Ekman P, Friesen WV (1976), Pictures of Facial Effect. Consulting Psy-
chologists, Palo Alto, CA

Ellis HD (1990), Developmental trends in face recognition. Psychologist
114–119

Fletcher PC, McKenna PJ, Frith CD, Grasby PM, Friston KJ, Dolan RJ
(1998), Brain activations in schizophrenia during a graded memory task
studied with functional neuroimaging. Arch Gen Psychiatry 55:1001–
1008

Gauthier I, Skudlarski P, Gore JC, Anderson AW (2000), Expertise for cars
and birds recruits brain areas involved in face recognition. Nat Neurosci
3:191–197

Glover GH, Lai S (1998), Self-navigated spiral fMRI: interleave versus
single-shot. Magnet Reson Med 39:361–368

Grelotti DJ, Gauthier I, Schultz RT (2002), Social interest and the devel-
opment of cortical face specialization: what autism teaches us about face
processing. Dev Psychobiol 40:213–225

Grossman JB, Klin A, Carter AS, Volkmar FR (2000), Verbal bias in
recognition of facial emotions in children with Asperger syndrome.
J Child Psychol Psychiatry 41:369–379

Hamann SB, Stefanacci L, Squire LR et al. (1996), Recognizing facial
emotion. Nature 379:497

Happe F, Ehlers S, Fletcher P et al. (1996), “Theory of mind” in the brain.
Evidence from a PET scan study of Asperger syndrome. Neuroreport 8:
197–201

Hariri AR, Bookheimer SY, Mazziotta JC (2000), Modulating emotional
responses: effects of a neocortical network on the limbic system. Neu-
roreport 11:43–48

Heavey L, Phillips W, Baron-Cohen S, Rutter M (2000), The Awkward
Moments Test: a naturalistic measure of social understanding in autism.
J Autism Dev Disord 30:225–236

Kanwisher N, McDermott J, Chun MM (1997), The fusiform face area:
a module in human extrastriate cortex specialized for face perception.
J Neurosci 17:4302–4311

Kim D, Adlasteinsson E, Glover G, Speilman I (2000), SVD regulari-
zation algorithm for improved high-order shimming. Presented at
International Society for Magnetic Resonanance Medicine, Denver,
p 1685

Kleinman J, Marciano PL, Ault RL (2001), Advanced theory of mind in
high-functioning adults with autism. J Autism Dev Disord 31:29–36

Klin A, Jones W, Schultz R, Volkmar F, Cohen D (2002), Defining and
quantifying the social phenotype in autism. Am J Psychiatry 159:895–
908

Lord C, Risi S, Lambrecht L et al. (2000), The Autism Diagnostic Obser-
vation Schedule-Generic: a standard measure of social and communi-
cation deficits associated with the spectrum of autism. J Autism Dev
Disord 30:205–223

Lord C, Rutter M, Le Couteur A (1994), Autism Diagnostic Interview-
Revised: a revised version of a diagnostic interview for caregivers of

EMOTIONAL ATTRIBUTION IN ASD: fMRI STUDY

J. AM. ACAD. CHILD ADOLESC. PSYCHIATRY, 43:4, APRIL 2004 479



individuals with possible pervasive developmental disorders. J Autism
Dev Disord 24:659–685

MacDonald H, Rutter M, Howlin P et al. (1989), Recognition and expres-
sion of emotional cues by autistic and normal adults. J Child Psychol
Psychiatry 30:865–877

McCarthy G, Puce A, Gore JC, Allison T (1997), Face specific processing
in the human fusiform gyrus. J Cogn Neurosci 9:605–610

Nelson CA (1987), The recognition of facial expressions in the first two
years of life: mechanisms of development. Child Dev 58:889–909

Oldfield RC (1971), The assessment and analysis of handedness: the Ed-
inburgh inventory. Neuropsychologia 9:97–113

Osterling J, Dawson G (1994), Early recognition of children with autism:
a study of first birthday home videotapes. J Autism Dev Disord 24:247–
257

Ozonoff S, Pennington BF, Rogers SJ (1990), Are there emotion percep-
tion deficits in young autistic children? J Child Psychol Psychiatry 31:
343–361

Pierce K, Muller RA, Ambrose J, Allen G, Courchesne E (2001), Face
processing occurs outside the fusiform “face area” in autism: evidence
from functional MRI. Brain 124:2059–2073

Prather MD, Lavenex P, Mauldin-Jourdain ML et al. (2001), Increased
social fear and decreased fear of objects in monkeys with neonatal amyg-
dala lesions. Neuroscience 106:653–658

Price CJ, Friston KJ (1999), Scanning patients with tasks they can perform.
Hum Brain Mapp 8:102–108

Prior M, Dahlstrom B, Squires TL (1990), Autistic children’s knowledge of

thinking and feeling states in other people. J Child Psychol Psychiatry
31:587–601

Puce A, Allison T, Asgari M, Gore JC, McCarthy G (1996), Differential
sensitivity of human visual cortex to faces, letterstrings, and textures:
a functional magnetic resonance imaging study. J Neurosci 16:5205–
5215

Reiss AL (2002), BrainImage v 5.x. Stanford University, Stanford, CA:
http://spnl.stanford.edu/tools/brainimage/htm

Schultz RT, Gauthier I, Klin A et al. (2000), Abnormal ventral temporal
cortical activity during face discrimination among individuals with au-
tism and Asperger syndrome. Arch Gen Psychiatry 57:331–340

Shallice T (2001), “Theory of mind” and the prefrontal cortex. Brain
124:247–248

Stuss DT, Gallup GG Jr, Alexander MP (2001), The frontal lobes are
necessary for “theory of mind.” Brain 124:279–286

Tarr MJ, Gauthier I (2000), FFA: a flexible fusiform area for subordinate-
level visual processing automatized by expertise. Nat Neurosci 3:764–
769

Thomas KM, Drevets WC, Whalen PJ et al. (2001), Amygdala response to
facial expressions in children and adults. Biol Psychiatry 49:309–316

Valenza E, Simion F, Cassia VM, Umilta C (1996), Face preference at birth.
J Exp Psychol Hum Percept Perform 22:892–903

Wechsler D (1999), Wechsler Abbreviated Intelligence Scale. San Antonio,
TX: Psychological Corporation

Weeks SJ, Hobson RP (1987), The salience of facial expression for autistic
children. J Child Psychol Psychiatry 28:137–151

PIGGOT ET AL.

J . AM. ACAD. CHILD ADOLESC. PSYCHIATRY, 43:4, APRIL 2004480


