Anomalous brain activation during face
and gaze processing in Williams
syndrome
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Abstract—Objective: To investigate the discrete neural systems that underlie relatively preserved face processing skills
in Williams syndrome (WS). Methods: The authors compared face and eye-gaze direction processing abilities in 11
clinically and genetically diagnosed WS subjects with 11 healthy age- and sex-matched controls, using functional MRI
(fMRI). Results: Compared to controls, WS subjects showed a strong trend toward being less accurate in determining the
direction of gaze and had significantly longer response latencies. Significant increases in activation were observed in the
right fusiform gyrus (FuG) and several frontal and temporal regions for the WS group. By comparison, controls showed
activation in the bilateral FuG, occipital, and temporal lobes. Between-group analysis showed WS subjects to have more
extensive activation in the right inferior, superior, and medial frontal gyri, anterior cingulate, and several subcortical
regions encompassing the anterior thalamus and caudate. Conversely, controls had greater activation in the primary and
secondary visual cortices. Conclusion: The observed patterns of activation in WS subjects suggest a preservation of neural
functioning within frontal and temporal regions, presumably resulting from task difficulty or compensatory mechanisms.
Persons with WS may possess impairments in visual cortical regions, possibly disrupting global-coherence and visuospa-

tial aspects of face and gaze processing.
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Williams syndrome (WS) is a neurodevelopmental
condition characterized by a 1.5 Mb deletion on chro-
mosome 7 (band 7ql11.23).% This deletion results
in a constellation of strengths and weaknesses in
higher-cognitive domains, including gross impair-
ments in global-coherence, visual-spatial, math, and
problem solving skills.*7 By contrast, despite mild to
moderate mental retardation, affected individuals
demonstrate relatively proficient expressive lan-
guage skills, a vigorous social drive, and distinct mu-
sical interests.>®° Thus the presence of a predictable
dissociation in cognition presents an opportunity to
explore discrete genotype-phenotype correlations.

An additional neurocognitive hallmark of WS is a
relative strength in the recognition and discrimina-
tion of faces. Studies utilizing several standardized
face processing tests have illustrated WS subjects’
characteristic ability to consistently outperform IQ
matched subjects, and even perform near the level of
healthy controls.>®1012 Additionally, affected individ-
uals are unusually drawn to faces, seek direct eye
gaze,'”® and rate unfamiliar faces as being more ap-
proachable.®'* As a result, WS differs from some neu-
rodevelopmental syndromes, including autism,
where conspicuous impairments in face processing
are documented.!5-17

Here, we use fMRI to elucidate the proficient face

and eye-gaze processing abilities in WS. Our use of
face processing in conjunction with eye-gaze was
driven by an attempt to understand the cognitive
and socio-emotive aspects of face processing in WS.
Thus, in order to optimally activate the network of
regions involved in face perception, increase social
salience, and minimize the confound of emotion pro-
cessing, we presented faces having neutral expres-
sion at both forward and angled orientations and
with both direct and averted gaze.

Because they seek out faces and gaze, we hypoth-
esized that individuals with WS would exhibit rela-
tively normal levels of activation within face
processing pathways, including the fusiform gyrus
(FuG), superior temporal sulcus (STS), and amyg-
dala. We further hypothesized that regions associ-
ated with social attention, including the medial
frontal gyrus and the anterior cingulate cortex
(ACC), would be employed to a greater extent in WS
subjects.

Materials and methods. Subjects. WS subjects were re-
cruited as part of an ongoing program, which includes event-
related potential (ERP), behavioral, molecular genetics, histologic,
and volumetric MRI studies.?>%1820 We recruited 18 individuals
with a diagnosis of WS (10 female) for the fMRI aspect of this
project. Seven of these subjects were later excluded from the data
analyses due to poor task performance (i.e., no response), head
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movement, or problems with image acquisition. The remaining 11
subjects consisted of 8 female and 3 male subjects, mean age + SD
30.6 = 11.7 years. All genetic diagnoses were confirmed using
florescent in situ hybridization (FISH) probes for elastin (ELN), a
gene consistently found in the microdeletion associated with WS.2?
In addition, all participants exhibited the medical and clinical
features of the WS phenotype, including cognitive, behavioral, and
physical profiles.?

Controls were 11 healthy volunteers, 9 female and 2 male
(mean age = 33.9 * 10.7 years). Control subjects were screened
for a history of psychiatric or neurologic problems using the Symp-
tom Checklist-90-R (SCL-90-R).?! All subjects had SCL-90-R
scores that fell within one SD of a normative sample. Cognitive
functioning was assessed by using the Wechsler Intelligence Scale
for Children, Revised (third edition; WISC-III) for those under 16
years of age, and the Wechsler Adult Intelligence Scale, third
edition (WAIS-III) for ages 16 and up. Both the WAIS-III and
WISC-IIT assessed Verbal IQ (VIQ), Performance 1Q (PIQ), and
Full-Scale 1Q (FSIQ). The average FSIQ score for the WS group
was 66.4 = 11.5 (mean * SD). VIQ scores (72.0 = 11.9) were
generally higher than PIQ scores (64.0 = 11.5). All controls were
within two SD of the normal range of intelligence (FSIQ = 117 *
10.0; VIQ = 108.6 + 16.6; PIQ = 117.0 = 10.0).

We avoided controlling for IQ between WS and control subjects
for several reasons: 1) because of their peaks and valleys in cogni-
tion,” conventional intelligence scales are not a valid indicator of
specific skills as they measure aggregated cognitive function, in-
cluding several domains that are known to be disproportionately
impaired in WS.22 On the other hand, we chose a cognitive area of
strength for subjects with WS for this initial fMRI study; 2) the
use of IQ matched subjects, for example developmentally delayed,
is problematic given that retardation may involve diverse and
unspecified forms of CNS pathology. Therefore idiopathic men-
tally retarded control subjects do not necessarily constitute a
healthy developing comparison for WS populations; and 3) using a
population of WS affected subjects with high 1Qs, which is com-
mon in those with partial deletions, may also be unrepresentative
of typical WS populations.

All WS and control subjects were right-handed, native English
speakers, and provided written informed consent before participa-
tion. All experimental procedures complied with the standards of
the human subjects committee at Stanford University School of
Medicine.

Experimental stimuli. A total of 105 color stimuli were pre-
sented in a blocked fMRI paradigm with 30-second epochs corre-
sponding to each of the two task conditions (figure 1). Sixty of the
images were static color pictures of faces of college-aged models
and 45 were isoluminant scrambled images of these pictures.
Isoluminant scrambled images were split into 256 parts similar to
those used in previous studies of face processing.?> All models
displayed a neutral facial expression. Four different categories of
face and gaze orientation were used, consisting of face and gaze
directed forward; face forward with gaze averted 45°; face angled
45° with gaze directed forward; and face angled 45° with gaze
averted 45°. The number of pictures in which the face and gaze
angled to the right was balanced with the number of pictures
angled to the left. To avoid repetition effects, no picture was pre-
sented twice. Stimuli were presented using PsyScope software® in
conjunction with a custom-built projector (Resonance Technology,
Los Angeles, CA), which projected the stimuli onto a screen at-
tached to the head-coil.

Experimental paradigm. The task consisted of rest, experi-
mental (E; faces), and control (C; scrambled blocks) epochs in the
following order: Rest-E-C-E-C-E-C-E-Rest (see figure 1). Thus
there were two rest epochs, four experimental epochs, and three
control epochs in the task. Each rest epoch was 30 seconds long
during which subjects passively viewed a blank screen. Each con-
trol and experimental epoch consisted of 15 stimuli presented for
1,750 msec each, with a 250 msec interstimulus interval (ISI).
Each epoch lasted 30 seconds. In the experimental epoch, the four
conditions were randomly alternated. In order to maintain their
attention to the stimuli, subjects were asked to indicate if the gaze
was directed at or away from them by pressing the left or right
button (with the first and second fingers of the right hand). In the
control epoch, subjects were instructed to alternately press the
two buttons. Subject response time (RT) was recorded for 2 sec-
onds, from the beginning of each presentation until the end of the

EX EX EX EX

Rest Rest

CON CON

30 Second Epochs ~ mulp>

Figure 1. Blocked design illustrating examples of the al-
ternating angled and forward positioned faces/eye gaze
(EX = experimental condition) and isoluminant scrambled
blocks (CON = control condition). During the 4 minute, 36
seconds scan, subjects were presented with 60 nonrepeat-
ing face stimuli across four epochs, and 45 isoluminant
scrambled images across three epochs. Each epoch lasted
30 seconds.

CON

250 msec ISI. Correct and incorrect responses and reaction times
were recorded if they occurred between 150 and 2,000 msec after
the stimulus. Prior to the scan, research staff worked with each
subject to insure that they were capable of attending to and per-
forming the task in the scanner.

Image acquisition. Structural and functional images were ac-
quired on a 1.5-T GE Signa scanner (General Electric Medical
Systems, Milwaukee, WI) with Echospeed gradients using a
custom-built, whole-head coil.?> Eighteen axial slices (6 mm thick,
1 mm skip) parallel to the anterior and posterior commissures,
covering the whole brain, were imaged with a temporal resolution
of 2 seconds using a T2*weighted, gradient echo, spiral pulse
sequence (time to repetition [TR] = 2,000 msec, time to echo [TE]
= 40 msec, flip angle = 89°, and 1 interleave).?® The field of view
(FOV) was 240 mm, and the effective in-plane spatial resolution
was 4.35 mm. To aid in localization of functional activation, a
high-resolution, T1-weighted, spoiled gradient-recalled, three-
dimensional MRI sequence with the following parameters was used:
TR = 35 msec; TE = 6 msec; flip angle = 45°; 24 cm FOV; 124 slices
in coronal plane; 256 X 192 matrix; acquired resolution = 1.5 X
0.9 X 1.2 mm.

Image analysis. Images were reconstructed by inverse Fou-
rier transform for each of the 135 time points into 64 X 64 X 18
image matrices (voxel size: 3.75 X 3.75 X 7 mm). Then, fMRI data
were analyzed using SPM99 (http:/www.fil.ion.ucl.ac.uk/spm).
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Images were corrected for movement using least square minimiza-
tion without higher-order corrections for spin history, and normal-
ized to stereotaxic Talairach coordinates.?” Images were then
resampled every 2 millimeters using sinc interpolation and
smoothed with a 4 millimeter Gaussian kernel to decrease spatial
noise. The general linear model and the theory of Gaussian ran-
dom fields implemented in SPM99 were used to complete statisti-
cal analyses of fMRI data.”® For each subject, activation was
calculated at each voxel and corrected for temporal autocorrela-
tion. Confounding effects of fluctuations in global mean were re-
moved by proportional scaling where each voxel was scaled by the
global mean at each time-point. Low frequency noise was removed
by applying a high pass filter (0.5 cycles/minute) to the fMRI time
series at each voxel. A temporal smoothing function (Gaussian
kernel corresponding to dispersion of 8 seconds) was applied to the
fMRI time-series to enhance the temporal signal to noise ratio.

For each subject, a t-score image was generated for each con-
trast of interest (i.e., faces minus scrambled faces). Group analy-
ses used a random-effects model incorporating a two-stage
hierarchical procedure, thus providing a stronger generalization
to the population.?® In the first step, contrast images for each
subject were generated as described above. In the second step,
contrast images were combined into a group image using a gen-
eral linear model. Significant clusters of activation were deter-
mined using the joint expected probability of height (Z > 1.96, p <
0.05) and extent (p < 0.05) of Z scores,* yielding a cluster-wise
level of p = 0.05, after correction for multiple comparisons. Activa-
tion foci were superimposed on high-resolution T1-weighted im-
ages and localized with reference to the stereotaxic atlas of
Talairach and Tournoux.?” Because the contrasts examined in this
study were chosen a priori (faces vs scrambled faces), activations
from other contrasts are not reported here.

Region of interest analysis. 'To substantiate whole-brain acti-
vation, anatomically defined regions of interest (ROI) were cir-
cumscribed for each group on a T1l-weighted spatially normalized,
high-resolution structural image. The choice of ROIs was based on
previous neuroanatomic, neurophysiologic, and neuropsychological
findings from our group.’®203! These data indicated that anterior-
ventral cerebral regions were more anatomically and functionally
intact than posterior-dorsal areas in WS. ROIs were also based on
previous findings from neuroimaging studies of face and eye-gaze.??
Accordingly, anatomic ROIs were generated for the bilateral visual
cortex, fusiform gyrus, superior temporal sulcus, and amygdala. The
anatomic boundaries of all regions were drawn on contiguous, high-
resolution coronal images using Brainlmage software.? The number
of activated voxels (defined as Z > 1.67) in each ROI was compared
between groups using the nonparametric Mann-Whitney U test. A
two-tailed threshold of p < 0.05 was used in these analyses.

Fusiform gyrus. The FuG begins at the coronal slice contain-
ing the largest cross-section of the anterior commissure. The lat-
eral border of the FuG was defined by the lateral occipito-
temporal sulcus. The inferior border was delineated by following
the surface of the cortical matter. The medial border of the FuG
was defined by the collateral sulcus. The posterior border of the
FuG was determined in two steps: First, the sagittal plane tan-
gent to the lateral border of the amygdala was identified. Second,
the previously identified sagittal slice, the coronal plane crossing
at the level of the posterior transverse collateral sulcus delineated
the most posterior slice of the FuG.

Superior temporal sulcus. The STS was drawn from its origin
in the anterior temporal pole. The first slice was drawn on the
head of the putamen at the slice with the thickest anterior com-
missure. The most posterior slice was defined as the slice where
the pillar of the fornix was visible. On each coronal slice, the
sulcus ROI was defined as the gray matter between the peak of
the STS and the peak of the interior temporal sulcus, including all
gray matter in the STS.

Amygdalar nuclei. The anterior slice was identified in the
coronal plane at the level where the white matter of the anterior
commissure first crosses the midline. The posterior slices corre-
sponded to the last coronal slice where the hippocampus is identi-
fiable and the structure was measured until it was no longer
visible. The inferior border of the amygdala was marked, rostal-
caudal, by the white matter tract of the temporal pole, temporal
horn of the lateral ventricles, and hippocampus. The medial supe-
rior border was defined by the entorhinal sulcus. The lateral bor-
der of the amygdala was marked by white matter.
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Visual cortex. The visual cortex ROI encompassed Brodmann
areas (BA) 17, 18, and 19, including the cuneus and lingual gyrus.
It included the last slice with visible corpus callosum, proceeding
posterior though the lingual gyrus to the parieto-occipital fissure.
Here, we included the lateral portions of the brain (inferior, mid-
dle, and lateral occipital gyri), but excluded the angular and supe-
rior parietal gyri.

Results. Behavioral analysis. Both WS (73.6% =
16.8%) and controls (87.1% =+ 14.4%) performed the task
above chance. Independent-samples ¢-tests (two-tailed)
were conducted revealing a statistical trend, but no differ-
ence in accuracy when WS and controls were compared
(t?° = —2.0, p < 0.057). Analysis of RT (mean RT + SD in
milliseconds), however, showed WS subjects (1,030.8 *=
103.3 msec) to be slower than controls (803.1 * 61.9 msec)
(t?° = 6.3, p < 0.0001) in determining the direction of gaze.
In the control condition, no significant differences for accu-
racy or RT were found between the groups.

Brain activation. The primary voxel-based analysis
compared neural activation during face/gaze stimuli to ac-
tivation during blocks of scrambled stimuli (tables 1 and 2;
figure 2, A through C). Within-group analysis of WS sub-
jects revealed activation of several structures, predomi-
nantly anterior in location. The largest cluster of
activation included the right thalamus/pulvinar, right su-
perior frontal gyrus (SFG; BA 8) extending to the dorsal
ACC (BA 32), and adjoining the MFd, and pre-
supplementary motor area (SMA; BA 6). A second cluster
was observed in the right inferior frontal gyrus (IFG; BA
44) extending to the middle frontal gyrus (MFG; BA 9). WS
subjects also showed activation in the right FuG, travers-
ing caudally to the inferior occipital gyrus (IOG) and cere-
bellum, and rostrally to the parahippocampal gyrus (PHG)
and hippocampus (HIPP). A fourth cluster was observed in
the left lentiform nucleus, extending to left thalamus and
bilateral caudate and putamen (see table 1, figure 2B). In
comparison, controls showed relatively greater activation
for the faces compared to the scrambled condition in pre-
dominantly posterior regions. The peak of this large clus-
ter was in the right middle occipital gyrus (MOG; BA 19)
(see figure 2A). This region of activation proceeded to sev-
eral additional structures including the left HIPP, and sev-
eral bilateral regions including the PHG, lingual gyri,
middle and inferior temporal gyri (MTG/ITG) (BA 39),
FuG, and precuneus (Pcu) (BA 31) (see table 2).

Between-group analyses revealed striking differences in
the topography of relative brain activation (see figure 2C).
Compared to controls, the WS group showed greater acti-
vation within right prefrontal (superior, middle, and infe-
rior frontal gyri), ACC, thalamic, striatal and temporal
(hippocampus, middle temporal gyrus) areas. However, the
WS group exhibited significantly less activation than con-
trols in primary and secondary visual cortices (BA 17, 18,
19) and the right Pcu (BA 31).

Region of interest results. A Mann-Whitney U test
comparing percent voxel activation during face processing
between groups showed controls to have significantly
greater percentage of voxels activated in the visual cortex
(Z = —2.2, p = 0.028). However, there were no significant
between-group differences in the amygdala: left (Z =
—1.216, p = 0.224) and right (Z = —0.952, p = 0.341);
FuG: left (Z = —0.361, p = 0.718) and right (Z = —1.346,
p = 0.193); and STS: left (Z = —0.558, p = 0.577) and right
(Z = —0.821, p = 0.412).



Table 1 Brain areas in which face perception stimuli-related blood oxygenation level dependent activation was significant over and

above scrambled blocks (p < 0.05 corrected)

Talairach
coordinates
Brodmann Cluster size,
Regions area p Value voxel t-Score X Y Z
Williams syndrome group (n = 11)
Right thalamus,* pulvinar — <0.001 1,440 3.96 10 -8
Left lentiform nucleus,* left thalamus, bilateral putamen, and caudate — <0.012 769 360 —-24 -18 4
Right SFG,* right ACC, right MFd, right pre-SMA 8/32 <0.006 853 4.07 4 16 48
Right IFG,* MFG, left globus pallidus, lateral ventrical, HIPP, and PHG 44/9 <0.001 1,245 4.42 52 12 22
Right FuG,* I0G, cerebellum, HIPP, and PHG 37 <0.001 2,311 4.59 50 —-66 16
Control group (n = 11)
Right MOG,* left HIPP, right Pcu and bilateral PHG, FuG, LG, 19/39 <0.001 13,744 5.58 46 -T76 -6

cerebellum, and MTG/ITG

Only clusters with a significance value of p < 0.05 corrected for whole brain are reported. Stereotaxic coordinates as in Talairach and

Tournoux (1988) atlas space.

* Peak activation.

SFG = superior frontal gyrus; ACC = anterior cingulate cortex; MFd = medial frontal gyrus; SMA = supplementary motor area;
IFG = inferior frontal gyrus; MFG = middle frontal gyrus; HIPP = hippocampus; PHG = parahippocampal gyrus; FuG = fusiform
gyrus; IOG = inferior occipital gyrus; MOG = middle occipital gyrus; Pcu = precuneus; LG = lingual gyrus; MTG = middle temporal

gyrus; ITG = inferior temporal gyrus.

Discussion. Behaviorally, WS subjects had longer
response latencies and were somewhat less accurate
than controls, suggesting that they found the task
more difficult than controls. Increased activation
was observed in the right FuG and several frontal
and temporal regions for WS subjects. Unaffected
controls showed increased activation in expected re-
gions including the FuG, occipital, and temporal lobe
bilaterally. Between-group analysis, however, re-
vealed striking differences with WS subjects possess-
ing greater activation in the right superior, middle,
medial, and inferior frontal gyri, right medial tempo-

ral lobe, and bilateral ACC and thalamus. This
sharply contrasted with the control group, who
showed greater activation in posterior regions bilat-
erally, including the primary and secondary visual
cortices (BA 17, 18, 19, 31). Together, these data act
as a potential link among previous behavioral, histo-
logic, ERP, and MRI studies of this disorder.!820-31.33
The relative decreases in visual cortical activation
as shown by whole-brain and ROI analysis in WS
subjects converge with previous MRI studies from
our group showing excessive gray matter loss in the
occipital lobe in WS subjects.?° Similarly, a postmor-

Table 2 Voxel coordinates in Talairach space and associated z-scores showing the blood oxygenation level dependent differences between
controls minus Williams Syndrome (WS) and vice versa (p < 0.05 corrected)

Talairach
coordinates
Brodmann Cluster size,
Regions area p Value voxel t-Score X Y Z
WS minus controls
Right SFG,* MFd, ACC, pre-SMA, thalamus, and bilateral 8/9/32 <0.001 3,218 4.23 4 16 48
putamen
Left globus pallidus,* lateral ventrical, posterior HIPP, and PHG — <0.001 1,459 3.42 —-22 -16
Right IFG,* MTG 21/45 <0.001 826 3.05 56 22
Controls minus WS
Right precuneus,* right cuneus, left lingual gyrus, primary visual 17/18/19/31 <0.001 2,280 4.46 14 -70 22

cortex

Only clusters with a significance value of p < 0.05 corrected for whole brain are reported.

* Peak activation.

SFG = superior frontal gyrus; MFd = medial frontal gyrus; ACC = anterior cingulate cortex; SMA = supplementary motor area;
HIPP = hippocampus; PHG = parahippocampal gyrus; IFG = inferior frontal gyrus; MTG = middle temporal gyrus.
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Figure 2. Within
group t-maps for
both typically devel-
oping controls (A)
and Williams syn-
drome (WS) af-
fected individuals
(B) showing signifi-
cant regions of acti-
vation. Activation
was superimposed
on normalized
brains of respective
groups. Note the
preserved right
FuG activation in
WS subjects; (C)
composite dual
montage showing
significant between
group differences.
Clusters were color
coded with green
denoting WS af-
fected subjects’ acti-
vation, and red,
yellow, and orange
denoting comparison
controls (for abbrevi-
ations, see table 1).
Brain activation
was superimposed
on the average T1-
weighted normalized
image of all partici-
pants (n = 22).




tem histologic study showed significantly smaller
and more densely packed cells in the peripheral vi-
sual cortex of WS subjects.?* These anomalies may,
in part, underlie the higher incidence of visual-
perceptual problems in WS, including reduced stere-
opsis and visual acuity.?* Moreover, these studies
suggest that anomalies in neuronal morphology and
synaptic connectivity in visual regions may result in
diminished BOLD signal as measured by fMRI.

The finding of heightened frontal activation in the
right prefrontal cortex of WS subjects is compelling
in light of several recent studies utilizing different
research modalities. Quantitative postmortem stud-
ies of gross neuroanatomy in WS subjects have re-
vealed a pattern of relative sparing of frontal cortical
volume, but disproportional reductions in the
parietal-occipital cortex.'®35 Several MRI studies
have shown relative volumetric integrity of the fron-
tal lobe.? The exact role of frontal lobe regions in
face processing, however, remains unclear. One PET
study showed that the right PFC is recruited when
the visual clarity of faces is degraded, suggesting
that the PFC is needed when face perception be-
comes more visually demanding.?¢

Increased frontal activation during face and gaze
processing in the WS also encompassed the MFd ex-
tending to the dorsal portions of the ACC, a region
known to have strong connections to the limbic sys-
tem. The ACC activation is compelling as the abnor-
mal social behavior observed in WS may reflect ACC
deficits in “on-off responses” to social stimuli'® and
possibly emotion regulation.?” Others have suggested
that larger N200 peak amplitude in the vicinity of
the ACC, as measured by ERP, reflects WS height-
ened attention to facial stimuli.® Thus, the height-
ened MFd and ACC activation observed in WS
subjects may underpin their overtly gregarious, em-
pathetic behavior, and perhaps their partially pre-
served theory of mind.?®3° However, it is important to
note that this region also is recruited when cogni-
tively taxing tasks are performed. Therefore, frontal
overactivation may result from compensatory mecha-
nism related to task demands.

Consistent with our hypothesis, both WS subjects
and controls showed significant activation in the
right FuG. Functional brain imaging studies con-
ducted on typically developing individuals, in addi-
tion to electrophysiologic, and primate homologues,
have reliably implicated the FuG in face
processing.*0-4350-53 However, the variables that mod-
ulate FuG activity have been vigorously debated.
One theory is that the FuG is concerned with percep-
tual expertise, rather than face perception,* since
activation of the FuG increases with expertise for
recognizing novel objects.*>* Moreover, FuG activation
increases with attention,*® and social interest.*” Re-
cently, the right FuG has been implicated in abstract
semantic knowledge associated with faces and re-
trieved for social computations.*® These theories are
compelling in light of the diminished or absent FuG
activation in autistic subjects!>!® who often show ab-

normal eye gaze. Therefore, the increased social in-
terest in WS may account for the normal levels of
FuG activation in this population.

It is important to consider whether brain activa-
tion in WS results from the use of aberrant, yet
effective, processing strategies. Although recently
disputed,?® neuropsychological studies have suggested
that WS individuals utilize a feature-based strategy
when processing face stimuli. Additionally, when made
to use a global-configural strategy,* a strategy ob-
served in typically developing individuals, they per-
form significantly below their usual standards.>* Prior
neuroimaging studies suggest that global-coherence
tasks activate the right occipital lobe,? including early
retinotopically mapped regions,> regions activated only
in our control group. Although the data presented here
do not permit definitive conclusions regarding strategic
differences, our results suggest, and echo previous
claims,?* that WS subjects undergo an abnormal devel-
opmental course in face processing and may compen-
sate for early visual-perceptual deficits by utilizing
more anterior regions to accomplish a feature-based
approach to face processing. It is important to note,
however, that to verify this, future studies should aim
to disentangle task demands from anomalous frontal
activation.

Although we sought to activate those regions in-
volved in both cognitive and socio-emotive aspects of
face processing in WS, due to the limitations im-
posed by a blocked-design, we were unable to tease
apart face processing from gaze orientation. To over-
come these limitations, future studies should con-
sider using an event-related design. Future research
should also aim to determine the effect of group dif-
ferences in strategy or attention on cortical activa-
tion in WS population, for example, by tracking eye
movements. This would help clarify the question of
whether visual attention results in more visual corti-
cal activation.

Notwithstanding these limitations, the present in-
vestigation presents preliminary results characteriz-
ing the neural correlates of relatively preserved face-
processing skills in WS. Whole-brain and ROI results
strongly converge with prior morphometric, histo-
logic, and ERP studies demonstrating topographic
differences along the anterior-posterior neural axis
in WS. Further studies are needed, however, to elu-
cidate and unravel the discrete nexus between mo-
lecular genetics and the enigmatic neurocognitive
phenotype observed in WS.
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