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Abstract

W By testing the facial fear-recognition ability of 341 men in
the general population, we show that 8.8% have deficits akin to
those seen with acquired amygdala damage. Using psychologi-
cal tests and functional magnetic resonance imaging (fMRI) we
tested the hypothesis that poor fear recognition would predict
deficits in other domains of social cognition and, in response
to socially relevant stimuli, abnormal activation in brain regions
that putatively reflect engagement of the “social brain.” On tests
of “theory of mind” ability, 25 “low fear scorers” (LFS) performed
significantly worse than 25 age- and IQ-matched “normal (good)
fear scorers” (NFS). In fMRI, we compared evoked activity during
a gender judgement task to neutral faces portraying different

INTRODUCTION

Solving the question of how social stimuli are processed
is fundamental to understanding social and emotional
behavior. Cognitive neuroscientists have highlighted a
modularity within neural systems supporting the pro-
cessing of social stimuli, such as faces (e.g., Kanwisher,
McDermott, & Chun, 1997), and related social C()gnitive1
skills, such as the ability to infer others’ thoughts, feel-
ings, and desires (see Gallagher & Frith, 2003, for a re-
view). There is increasing support for the concept of a
“social brain” specialized for orchestrating appropriate
conspecific behaviors in higher order primates (Brothers,
1990) whose components include the amygdala, supe-
rior temporal gyrus (STG), fusiform gyrus (FG), temporal
poles (TPs), and medial prefrontal cortex (MPfC).

The amygdala is primarily associated with processing
emotional stimuli, such as facial expressions of emotion.
For example, functional imaging studies report amygdala
activation to emotional relative to neutral faces, most
reliably for fearful expressions (e.g.,Winston, O’Doherty,
& Dolan, 2003; Morris et al., 1996). Furthermore, dam-
age to one or both amygdalae causes deficits in recog-
nizing “basic” emotional expressions, again most reliably
for fear (e.g., Calder, Young, et al., 1996; Adolphs,
Tranel, Damasio, & Damasio, 1994), as well as impairing
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head and eye gaze orientations in 12 NFS and 12 LFS subjects.
Despite identical between-group accuracy in gender discrim-
ination, LFS demonstrated significantly reduced activation in
amygdala, fusiform gyrus, and anterior superior temporal corti-
ces when viewing faces with direct versus averted gaze. In a
functional connectivity analysis, NFS show enhanced connec-
tivity between the amygdala and anterior temporal cortex in the
context of direct gaze; this enhanced coupling is absent in LFS.
We suggest that important individual differences in social
cognitive skills are expressed within the healthy male popula-
tion, which appear to have a basis in a compromised neural
system that underpins social information processing. Wl

an ability to infer more complex “social” emotions, such
as guilt (Adolphs, Baron-Cohen, & Tranel, 2002).
Recently, however, research has highlighted a role for
the amygdala in more general social cognitive processes.
For example, individuals with acquired amygdala damage
show deficits on “theory of mind” (ToM) tasks, which
test the capacity to attribute independent mental states
to others, an ability that provides a basis for explaining
and predicting others’ behavior (Shaw et al., 2004; Stone,
Baron-Cohen, Calder, Keane, & Young, 2003). Damage to
the amygdala may also interfere with a natural predilec-
tion to imbue the world with social meaning (Heberlein
& Adolphs, 2004). Similarly, neuroimaging studies have
shown that the amygdala becomes activated when healthy
subjects attach social meaning to animations of geomet-
ric shapes in motion (Martin & Weisberg, 2003; Schultz
etal., 2003). Finally, there is some evidence that autism—a
disorder primarily of social cognition—is associated with
abnormal anatomy and function of the amygdala (for a
review, see Sweeten, Posey, Shekhar, & McDougle, 2002).
A face with a gaze directed straight towards the viewer
is a stimulus that is often replete with both emotional
and social significance, and can indicate such diverse
signals as threat, sexual desire, or simply the desire to
communicate. Correspondingly, neuroimaging findings
show that faces with direct, relative to averted, gaze, en-
gage diffuse areas of the social brain including the amyg-
dala (Whalen et al., 2004; Wicker, Perrett, Baron-Cohen,
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& Decety, 2003; Kawashima et al., 1999), the FG (George,
Driver, & Dolan, 2001), the STG (Wicker et al., 2003;
Calder, Lawrence, et al., 2002), the TP, and the MPfC
(Kampe, Frith, & Frith, 2003).

To date, few studies have examined individual differ-
ences in social cognitive ability and linked these to
underlying neural function. As part of a larger study on
the genetics of social cognition, we examined the emo-
tional expression recognition ability of a large sample of
adult men (see Methods). Given that poor recognition
of fear, compared to other emotions, is most often
associated with amygdala damage, we examined fear
recognition abilities within the sample. Interestingly,
we found that 8.8% of the sample, despite an absence
of psychological or neurological problems, showed def-
icits in fear recognition akin to those reported in
patients with amygdala damage.

We hypothesized that low fear recognition ability
would be related to reduced functional integrity of the
amygdala and associated regions of the social brain
(namely, the FG, STG, TP, and MPfC). Thus, for “low
fear scorers” (LFS), compared to “normal fear scorers”
(NFS), we predicted deficits on a test of ToM abilities—a
social cognitive task known to involve these brain re-
gions (see Saxe, Carey, & Kanwisher, 2004, for a review).
Second, for LFS compared to NFS, we predicted reduced
activation in the amygdala and associated brain regions
when processing socially relevant stimuli. We tested this
prediction by comparing neural activation evoked by
faces with high social significance (direct gaze) to that
evoked by faces with lower social significance (averted
gaze; see Figure 1). Our reasoning for manipulating
social significance by altering eye gaze, rather than by
altering emotional expression, was that, because the
subject groups had been selected on the basis of differ-
ences in fear recognition abilities, any difference in
response to another socially relevant dimension of face
stimuli would provide a more stringent test of our
hypotheses. Secondly, as discussed above, faces with
direct gaze are known to engage diffuse areas of the
social brain, including areas associated with ToM pro-
cessing. Specifically, we predicted that LFS, compared to

Averted Gaze Faces

Direct Gaze Faces

Figure 1. Example stimuli used to compare neural activity induced
by direct gaze compared to averted gaze. Identical sets of stimuli
from 11 additional sitters were formed. Mirror images of each
picture were created, producing double the number of stimuli.
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NFS, would show reduced activation of the bilateral
amygdala, anterior STG, TP, and MPfC when viewing
direct versus averted gaze stimuli.

METHODS

We obtained ethical permission to conduct all aspects of
our study from the Institute of Child Health/Great
Ormond Street Hospital research ethics committee.
Subjects gave written informed consent before taking
part in any aspect of our study.

Population Study
On-line Test of Emotional Expression Recognition

An e-mail was circulated to each department of Univer-
sity College London, asking students and staff to partic-
ipate in an on-line psychology experiment. A total of 341
men took part (mean age was 29.9 years, SD = 8.95).

The Ekman-Friesen Test of Facial Affect Recognition
(Ekman & Friesen, 1976) was administered. Subjects
viewed 60 halftone photographs of emotionally expres-
sive faces, presented in the same order as that used in
the original Ekman—Friesen Test (Ekman & Friesen,
1976). There were 10 exemplars of each of the six basic
emotions (happiness, sadness, fear, surprise, anger, and
disgust). The six emotion labels were presented adjacent
to each image, and participants were required to indi-
cate which emotion they thought was being portrayed
via a mouse click. Subjects had an unlimited time to
answer. Before beginning the experiment, subjects com-
pleted six practice examples, one for each emotion.
Feedback was not given on these items, the stimuli were
not used in the subsequent test and responses to them
were not analyzed.

The subjects were classified according to their perform-
ance on recognition of fearful facial expressions. Subjects
scoring 5/10 or less for fear recognition (8.8% of the
population) were labeled as LFS. This cutoff was chosen
as it encompasses the range of scores reported for pa-
tients with damaged amygdalae on similar tests (Broks
et al., 1998; Calder, Young, et al., 1996; Young, Hellawell,
VanDeWal, & Johnson, 1996). The mean score on the test
was 8.2, and individuals scoring greater than or equal to
8/10 for fear recognition were labeled as NFS. This di-
chotomous approach, using extremes of the population,
was chosen in preference to a correlational approach in
order to maximize the potential differences associated
with variation in fear-recognition ability.

Neuropsychological Examination

Twenty-five LFS volunteered to participate in further
experiments and stratified randomization was used to
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age-match 25 NFS volunteers (NFS, 30 = 7.6 years; LFS,
31 * 10.3 years, mean = SD). None of the subjects had
any history of psychological or neurological disorder.

The full-scale IQ of each subject was estimated by
using the two-subset form of the Wechsler Abbreviated
Scale of Intelligence (WASI). LEFS and NFS were exam-
ined on the Frith-Happé theory of mind task (Castelli,
Happé, Frith, & Frith, 2000).

Retest of Emotion Recognition Abilities

As a validation of our on-line test, the LFS and NFS
repeated the Ekman-Friesen Test of Facial Affect Rec-
ognition in the laboratory (see Results).

Frith—-Happé Theory of Mind Task—Attributing
Mental States to Animated Shapes

This animated task has been clinically validated in studies
of children (Abell, Happé, & Frith, 2000) and adults
(Castelli, Frith, Happé, & Frith, 2002; Castelli, Happé,
et al., 2000). Eight silent cartoons, each featuring a large
red triangle and a smaller blue triangle, were shown on a
computer screen. Each animation lasted between 34 and
45 sec. There were two conditions with four animations
in each condition. In one type of animation, the actions
of one character responded simply to those of the other.
Animations of this type of action tended to elicit goal-
directed action descriptions (e.g., following, fighting)
and thus are referred to as “goal-directed” (GD) anima-
tions. The “scripts” of the GD cartoons involved the
triangles chasing each other, following each other, fight-
ing with each other, and dancing with each other. The
second type of cartoon, by contrast, showed one char-
acter reacting to the other character’s mental state. This
type of action pattern usually elicited more mental state
(ToM) descriptions (e.g., mocking, coaxing) and will
hereafter be referred to as ToM animations. The “scripts”
to the ToM cartoons involved the triangles persuading,
surprising, mocking and seducing each other (see Abell
et al., 2000, for more details).

Participants were read the task instructions (Castelli,
Frith, et al., 2002; Castelli, Happé, et al., 2000) asking
them to describe what they thought the triangles were
doing. The animations were shown in a random order.
Participants’ spoken responses were recorded, tran-
scribed, and scored. Following Castelli, Happé, et al.
(2000), and Castelli, Frith, et al. (2002), responses to
each animation were scored on three dimensions: in-
tentionality (degree of intentional attribution, range 0-5,
with absence of intentional language at one extreme
and elaborate use at the other), appropriateness (range
0-2), with incorrect at one extreme and highly appro-
priate at the other, and length of description (04,
ranging from 7no response to four or more clauses).
Responses were scored by two trained raters who were

blind to NFS/LFS group membership. Where there was
discrepancy between raters, the item was discussed and
a compromise score was agreed upon.

Group differences in behavioral scores were tested
using ¢ tests or Mann—-Whitney tests, as appropriate.
Threshold significance was set at p < .05, corrected
for multiple comparisons via the Bonferroni-Holm
method (Hochberg & Tamhane, 1987).

Functional Imaging Experiment

Twelve LFS and twelve NFS volunteers were randomly
selected from the right-handed members of the earlier
groups and provided written informed consent to take
part in the functional magnetic resonance imaging
(fMRI) study.

Stimuli

Stimuli were selected from those used in a previous
study (George et al., 2001) and consisted of images of 12
people (6 men and 6 women) portraying a neutral
expression. Each individual was photographed in full-
face frontal view and with the head rotated toward the
right by 30°; for each of these head views, there were
two images, one with the subject looking straight at the
camera and one with gaze averted at 30° (Figure 1). Each
face was centered in the image frame so that the edge of
the nose between the two eyes—where faces are usually
fixated at first glance (Yarbus, 1967)—always fell in the
same location for frontal faces and for deviated faces.
Four additional stimuli were then generated for each
face, representing mirror images of those already ob-
tained. There were 96 images that differed in gaze
direction (48 direct gaze and 48 averted gaze).

Task

Subjects were required to make a gender judgment for
each face. Each stimulus was presented for 700 msec
with an interstimulus interval of 500 msec. A blocked
presentation of stimuli was used. The eight subcondi-
tions of stimuli (i.e., the four main conditions further
divided by mirror imaging of the stimuli) resulted in
eight blocks of 12 stimuli. The blocks and stimuli within
each block were presented in a different random order
for each subject. Between each block, a blank screen
was presented for 5498 msec. Before each block, a fix-
ation cross (placed in the area of the screen midway
between where the eyes appear for face stimuli) was
shown for 1000 msec.

JMRI Data Acquisition and Preprocessing

A Siemens 1.5T Sonata system (Siemens, Erlangen, Ger-
many) was used to acquire BOLD contrast-weighted
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echo-planar images (EPIs) for functional scans. Volumes,
which consisted of 48 horizontal slices of 2 mm thick-
ness with a 1-mm gap, were acquired continuously every
4.32 sec enabling whole-brain coverage. In-plane res-
olution was 3 x 3 mm. Each subject’s head was mildly
restrained within the head coil to discourage move-
ment. Response judgments were made during scanning
with a button box held in their right hand. The first
six EPI volumes were discarded to allow for T1 equili-
bration effects. Functional data sets were then prepro-
cessed using SPM2 (Wellcome Department of Imaging
Neuroscience; www.fil.ion.ucl.ac.uk/spm) on a MatLab
platform (Mathworks Inc, Natick, MA) correcting for
head movement by realignment and normalizing the
functional scans to an EPI template corresponding
to the MNI reference brain in standard space. Nor-
malized images were smoothed using an 8-mm Gaussian
kernel.

Statistical Analysis

Data analyses were conducted using SPM2, applying a
mass univariate general linear model (GLM) (Friston,
Holmes, et al., 1995). A mixed-effects two-level frame-
work was used (Holmes & Friston, 1998). In individual
subject analyses, each of the four main stimulus catego-
ries (averted gaze/deviated head, averted gaze/straight
head, direct gaze/deviated head, and direct gaze/straight
head) were modeled separately by convolving a box-car
function with a synthetic hemodynamic response func-
tion. A high-pass filter with a cutoff of 238 sec was
applied to remove low-frequency noise.

Subject-specific parameter estimates were calculated
for each stimulus category at every voxel. Specific effects
(e.g., direct gaze—averted gaze) were tested by applying
linear contrasts to the parameter estimates for each
block. Contrast images from each subject were entered
into second-level (random effects) analyses. In the a
priori regions of interest (see Introduction), statistical
threshold was set at p < .001, uncorrected for multiple
comparisons.

Functional Connectivity

To investigate functional connectivity between the
amygdala and other brain regions in the context of
direct gaze we tested for “psychophysiological interac-
tions.” These are condition-dependent (e.g., direct vs.
averted gaze) changes in the covariation of response
between a reference brain region and other brain re-
gions (Friston, Buchel, et al., 1997). Separately for each
subject, values of adjusted responses to direct gaze faces
relative to averted gaze were extracted from the voxel in
the left amygdala maximally activated in the direct—
averted gaze contrast of the main analysis (maximal
voxel: x —21,y —3, z —21). Using a specially developed
routine in SPM2, we first deconvolved the adjusted data
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and extracted amygdala activity at the time of the direct
gaze blocks. The resulting condition-specific estimate of
neuronal activity was then reconvolved with a synthetic
hemodynamic response function. This procedure was
repeated for the averted gaze blocks. The resulting
regressors were entered as variables of interest into a
separate analysis. Linear contrasts were applied to the
parameter estimates for the regressors in order to
identify regions where responses exhibited significant
condition-dependent interactions with amygdala activity.
This was done separately for each subject. The resulting
contrast images were entered into a second-level (ran-
dom effects) analysis in order to allow generalization to
the population.

RESULTS
Behavioral Findings
Population Study

There were 341 men among the respondents to the
Web-based survey of emotional recognition ability. Of
these male respondents, 8.8% scored 5/10 or less for fear
recognition and were labeled as LFS; 68.9% of the
population scored at least 8/10 for fear recognition and
were labeled as NFS (Figure 2A). The reaction times for
fear responses were very similar for both groups—LFS:
(mean = SD) 925 * 332 msec; NFS: 958 = 384 msec;
1(48) = —0.33, p = .74—suggesting that differences in
fear recognition were not due to differences in attention
span. Milder impairments in the responses of LFS were
apparent in the recognition of sad and angry facial
expressions (Figure 2B).

Neuropsychological Tests

Age-matched subsamples of 25 LFS and 25 NFS were
retested on their ability to correctly identify emotional
expressions, as well as undertaking tests of gaze percep-
tion and “mentalizing” ability. The IQs of the two groups
did not differ significantly: mean = SD, LFS 117 = 10.2;
NFS 121 * 8.5; 1(48) = —1.3, p = .20.

Retest of Emotion Recognition Abilities

Subjects were retested on the Ekman-Friesen test of
Facial Affect. Although both groups showed higher fear
recognition scores on retest, there remained a highly
significant difference between LFS and NFS (mean =+ SD,
LFS 6.9 = 2.3; NFS 9.7 = 0.7; Mann-Whitney U = 66.5,
p < .001). The milder differences in the ability to
correctly label sad and angry expressions also remained,
but on this occasion did not reach our corrected thresh-
old for statistical significance—sadness: LFS 7.6 + 2.0,
NFS 8.4 = 1.2, U = 159, p = .09; anger: LFS 8.2 + 2.2,
NFS 9.0 = 1.0, U = 1705, p = .15.
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Figure 2. Results of the
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Theory of Mind Task

Table 1 shows results for this task. As predicted, LFS
made fewer, and less appropriate, mental state attribu-
tions to the ToM animations than did NFS. These differ-
ences were significant at the 5% level, corrected for
multiple comparisons (see Table 1). The two groups
did not differ in their intentionality ratings of the GD
animations. LFS showed a trend towards lower appro-
priateness scores for these animations but this did not
reach significance. There were no differences between
the two groups on the length of their descriptions.

Neuroimaging Findings
Task Performance

Mean accuracy across both groups was 96% on the
gender discrimination task. There were no significant

Table 1. Scores on the Frith-Happé ToM Task. Mean Scores
(Standard Deviations)

Animation Type

Ratings Type (Range) and Group ToM GD
Intentionality (0-5)
LFS 3.7 (0.8)* 3.1 (0.6)
NFS 42 (0.5) 3.1 (0.5)
Appropriateness (0-3)
LFS 11(0.5)* 14 (03)
NFS 1.4 (0.4) 1.6 (0.4)
Length (0-4)
LFS 3.7 (0.5 3.5 (0.7)
NFS 3.8 (0.4) 3.5 (0.7)

ToM = theory of mind; GD = goal directed.

#*p < .05, comparing LFS to NFS, corrected for multiple comparisons.

differences between the NFS and LFS subject groups
(percent correct = SD, NFS 97 = 2.5 LFS 94 * 4.5
z=-17,p=.1.

Direct Gaze versus Averted Gaze

Across both subject groups, direct, relative to averted,
eye-gaze enhanced activity within the bilateral amygdala,
bilateral FFA, and in regions surrounding the anterior
STG—areas attributed to the social brain (Brothers,
1990; see Table 2).

We then tested the hypothesis that direct gaze would
activate these regions more strongly in NFS compared to
LFS. In the comparison of group by condition interac-
tion (NFS direct gaze-NFS averted gaze)—(LFS direct
gaze-LFS averted gaze) we observed greater activity in
the left amygdala (x —27, y 0, z —18, z = 3.29), left
lateral posterior FG (x —51,y —060, z —12, z = 3.13), and
left anterior STG (x =57,y 3, z —3, z = 3.82) in NFS
compared to LFS (Figure 3). For each of these regions,
there were equivalent activations in the right hemi-
sphere, which showed a trend towards greater activation
in NFS compared to LFS (right amygdala, x 30, y —6,
z =21, z = 2.40; right posterior FG, x 45,y —69, z —9,
z = 1.50; right anterior STG, x 60,y 6, z =3, z = 1.71).
Moreover, when a direct gaze—averted gaze contrast was
performed separately in both groups, NFS activated the
left and right amygdala, left anterior STG, left lateral FG,
right TP, and right MPfC, whereas LFS showed no
activation in voxels within these areas thresholded at
p < .001, uncorrected (see Table 2).

Functional Connectivity

We next tested for group differences in the functional
connectivity of amygdalae responses as a function of the
gaze direction of the perceived faces (see Methods).
NFS, compared to LFS, showed greater functional cou-
pling of the left amygdala with left anterior STG (x —54,
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Table 2. Regions Activated in a Direct-Averted Gaze Contrast

MNI Coordinates

Group Brain Region R TA-1 z Value
Combined Left amygdala —21, -3, 21 3.29
Right amygdala 21, =5, =15 3.24
Left lateral FG —54, —63, —12  3.14
Left lateral FG —48, —51, —18  3.04
Right FG 36, =57, —18  2.89%
Left anterior STG -57,3, =3 3.01
Left anterior middle ~ —60, 0, —18 337
temporal gyrus
NFS only  Left amygdala =27, =3, =15 3.30
Right amygdala 21, —6, —12 3.08
Left lateral FG —51, =63, —12  3.60
Left anterior STG —57, 6, =3 3.16
Left anterior middle ~ —48, 0, —18 3.27
temporal gyrus
Right TP 39, 21, =36 3.17
Right MPfC 9, 69, 12 3.04
LFS only  No significant voxels

FG = fusiform gyrus; STG = superior temporal gyrus; TP = temporal
pole; MPfC = and medial prefrontal cortex.

Activations are significant at p < .001 (uncorrected), except *p = .002
(uncorrected).

y =3,z 0, z = 3.56) and right TP (x 36, y 3, z —48,
z = 3.01) when processing direct eye gaze.

DISCUSSION

Our findings indicate that a significant minority (8.8%)
of the healthy male population (within a university en-

vironment) have a marked deficit in the recognition of
emotional expressions, especially fear. These deficits
are at a level akin to those reported in patients with
acquired amygdala damage (Calder, Young, et al., 1996).
An associated finding is that these deficits extend to
encompass other socially relevant skills. These deficits
are associated with abnormalities in the brain’s re-
sponse to socially relevant facial cues as well as in
coupling between brain regions previously implicated
in processing social information and the development
of social skills.

In the Frith—-Happé task, LFS attributed fewer and less
appropriate mental states to the triangles in the ToM
cartoons, but showed no deficits in the attribution of
mental states to the GD cartoons. This pattern of scores
is remarkably similar to that seen with high-functioning
autistic/Asperger syndrome subjects as reported by
Castelli, Frith, et al. (2002). Amygdala-damaged patients
also show deficits on various ToM tasks (Shaw et al,,
2004; Stone et al., 2003; Fine, Lumsden, & Blair, 2001),
including one requiring anthropomorphizing of abstract
animations (Heberlein & Adolphs, 2004). Also, normal
subjects show activation in the amygdala, FG, TP, and
MPfC when attributing social meaning to such abstract
animations (Martin & Weisberg, 2003; Schultz et al.,
2003). Hence, we show that poor ability to recognize
fear from facial expressions among members of the
general population is predictive of a pattern of social
cognitive deficits consistent with impaired functioning
within the so-called social brain (amygdala, FG, STG, TP,
and MPfC).

It should be noted, however, that although we chose
a categorical experimental design, comparing very low
to normal fear scorers (see Methods), these data should
not necessarily be interpreted as implying the existence
of a “special population” of LFS. It may indeed prove
to be the case that there are genetic and/or other bio-
logical variables that can predispose one to poor fear
recognition and any associated social cognitive deficits.

Figure 3. (Top) regions
where NFS show greater
responses to direct versus
averted gaze than LFS.
(Bottom) parameter estimates
of the activity in the maxima,
showing estimates of mean
corrected percent signal
change (relative to overall
mean activity at each voxel),
averaged across repetitions
and subjects, for the two
groups (NFS and LFS) and
two conditions (direct or
averted gaze). Error bars
indicate standard errors.
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However, fear recognition score appears to be a contin-
uous variable (see Figure 2A) and its variation may
reflect normal individual differences with multiple and
complex etiologies.

In the neuroimaging experiment, subjects were not
required to make explicit judgements about eye gaze—
hence, any processing of gaze direction was incidental.
We replicated earlier findings suggesting an involvement
of the amygdala in processing direct gaze (Whalen et al.,
2004; Wicker et al., 2003; George et al., 2001; Kawashima
et al., 1999). Theories of amygdala function stress its role
in rapid, and often automatic, detection of biologically
(emotionally) significant events (Dolan, 2002). The
amygdala acts both to heighten perception of a salient
stimulus and to enhance memory of its occurrence, thus
effecting both immediate and future behavior (for a re-
view, see Dolan, 2002). Amygdala activation to direct
eye gaze may serve to increase attention toward the
gazer and to enhance perception of the face and situ-
ation. In this context, the difference between NFS and
LFS in amygdala responses to direct eye gaze (NFS
showed strong bilateral amygdala activation, whereas
LFS showed no amygdala voxels above threshold) pro-
vides support for a fundamental contribution of the
amygdala to the development of social cognitive abilities.

Another area showing greater activation to social stimu-
li among the NFS was found on the left anterior STG
(see Figure 3). Several studies have implicated the STG
in processing of seen gaze direction (e.g., Hoffman &
Haxby, 2000; Puce, Allison, Bentin, Gore, & McCarthy,
1998); however, the locus of activity in these studies was
far more posterior to the one reported here, in an area
surrounding the temporoparietal junction (TPJ). The dis-
crepancy between these earlier studies and our own is
likely to be due to the focus in the previous studies being
on neural correlates of perception of averted gaze direc-
tion, rather than the contrast of direct-averted gaze.

Areas corresponding to an anterior STG locus, similar
to that activated in our study, were activated in a direct—
averted gaze contrast in the study by Calder, Lawrence,
et al. (2002), albeit in the right hemisphere. We found
significant anterior STG activation to direct gaze only in
the left hemisphere, although there was a trend toward
significance in equivalent areas in the right hemisphere.
Interestingly, Wicker et al. (2003) found bilateral acti-
vation of the anterior STG in the same area as our locus,
both when subjects had to judge emotion from eyes,
keeping gaze constant, and in a direct-averted gaze
contrast. An interaction analysis showed that the anteri-
or STG was selectively activated when subjects inter-
preted emotions that were personally directed.

Wicker et al. (2003) hypothesize that the anterior STG
may be a component of a neural system for processing
“second-person” intentional relations through eye con-
tact. Baron-Cohen (1994) has argued that such a system
is a precursor to the “ToM module.” Evidence in favor of
this perspective comes from several neuroimaging stud-

ies, which show that the anterior STG is one of a num-
ber of brain regions associated with the attribution of
mental states (see Saxe et al., 2004, for a review). Thus,
the activation of the anterior STG in NFS when some-
one looks directly at them may reflect engagement of
“mentalizing networks,” even though the explicit task
did not require ToM reasoning. LFS, however, lack this
activation, perhaps indicating that they do not auto-
matically analyze the intentions of someone looking di-
rectly at them. This may underlie their relatively poor
performance on the Frith—-Happé ToM task in the cur-
rent study.

In another study of eye gaze processing, Kampe et al.
(2003) report activation in the MPfC and the TP in
response to direct gaze faces. The authors suggest that
activity in these regions, which are associated with ToM/
mentalization processing (for a review, see Gallagher &
Frith, 2003), reflects the representation of communica-
tive intent—a process that relies on mentalizing ability
(Leslie & Happé, 1989). We observed activation of both
these regions in NFS, but not LFS, in response to direct
gaze. Moreover, as was seen with the anterior STG, the
functional connectivity of the TP with the amygdala was
strengthened during direct eye gaze in NFS but not in
LFS. The lack of response in these regions demonstrated
by the LFS group is consistent with a crucial contribu-
tion of MPfC and TP to rapid, automatic engagement
of mentalizing.

Our functional connectivity analysis suggests links, in
NFS, between areas involved in decoding the intentions
of the gazer (anterior STG and TP) with those that
extract affective significance from a face (amygdala).
Although the direction of the relationship cannot be
determined, this may be a specific example of the amyg-
dala’s neuromodulatory role in enhancing the process-
ing of biologically/socially relevant stimuli in other brain
regions (Dolan, 2002). That is to say, when an arousing
stimulus (such as someone staring straight at you) sig-
nals the need to analyze the intent of a conspecific, the
amygdala may promote recruitment of mentalizing re-
gions. If this mechanism is impaired, deficits in mental-
izing ability may arise.

An important caveat is that although we presented a
fixation cross in the eye region of the stimuli before each
block, we did not monitor subjects’ fixation during the
experiment, for example, via eye-tracking technology.
Nevertheless, LFS behavioral performance in the fMRI
experiment was high (>94% correct responses), sug-
gesting that their attention was directed toward the
stimuli. However, we cannot rule out the possibility
that LFS may not have been tracking the eye region of
the stimuli as much as NFS, spending more time on
other facial features such as the mouth. This suggestion
merits further exploration because recent evidence by
Adolphs, Gosselin, et al. (2005) shows that a patient with
bilateral amygdala damage (S.M.) fails to track eyes
normally and that this may be a causal factor in her
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poor fear-recognition ability. If LFS, like patient S.M., are
tracking eyes abnormally, this may lead to their low fear
scores as well as their failure to activate the amygdala
and other areas in response to direct gaze. Future work
needs to examine the relationship between the tracking
of eyes and fear recognition in the normal population.
How aberrant tracking of eyes may lead (perhaps devel-
opmentally) to deficits on social cognitive tasks that
do not require the processing of face stimuli (such as
the Frith—-Happé ToM task) is another intriguing and
pertinent question.

It has been argued that social cognition represents a
distinct cognitive “domain” or “module” (e.g., Brothers,
1990). One form of evidence for modularity is the
existence of individuals with a selective deficit in the
area of cognition under question, especially if this def-
icit can be associated with a reduction in functional
capability in a given neural system (Gardner, 1983). In
the domain of social cognition, individuals with autism
have been cited as a population with a selective social
cognitive deficit (Karmiloff-Smith, Klima, Bellugi, Grant,
& Baron-Cohen, 1995; Brothers, 1990), and such indi-
viduals fail to activate areas of the social brain when
processing socially relevant stimuli (for reviews, see
Schultz, 2005; Gallagher & Frith, 2003; Baron-Cohen
et al., 2000). Patients with prosopagnosia or lesions to
the orbitofrontal cortex provide examples of individuals
with selective deficits in subsystems of the social cogni-
tive “module” resulting from circumscribed brain dam-
age (Brothers, 1990). In the present study we show that
subjects from the normal population can demonstrate
variability in their social cognitive abilities in the absence
of a corresponding variability in global cognitive abilities
(there were no differences in IQ between our two
groups) and that these deficits are associated with
reduced activity and functional connectivity within the
social brain. As such, we provide evidence in support of
a social cognitive module, subserving behavior in re-
sponse to conspecifics.

However, it should be noted that the roles of the struc-
tures purported to be involved in the social module are
not restricted to mediating behavior in social situations.
For example, the amygdala has an established and signif-
icant role supporting fear conditioning (LeDoux, 2003)
and the FG has been shown to be involved in processing
any set of stimuli in which a person becomes “expert”
(Gauthier, Skudlarski, Gore, & Anderson, 2000). There-
fore, the structural architecture of cognitive modules
should be thought of as, in some sense, “fluid,” their
exact makeup depending on the nature of the cognitive
task at hand.

Our study defines a neurobiological network wherein
functional variation is associated with individual differ-
ences in social cognition. Sources of this variation may
in part be genetic. Linking deviation in social cognitive
performance to neural functioning and, ultimately, ge-
netics, may prove to be a fruitful method for under-
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standing the etiology of individual differences in social
functioning.
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Note

1. The definition of “social cognition” varies across fields, as
well as authors and contexts. Here, we are referring to those
cognitive processes that underpin behavior during a social in-
teraction, including the human capacity to perceive the inten-
tions and dispositions of others.
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