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Abstract

Functional neuroimaging studies of face processing deficits in autism have typically focused on visual processing
regions, such as the fusiform face area (FFA), which have shown reduced activity in autism spectrum disorders
(ASD), though inconsistently. We recently reported reduced activity in the inferior frontal region in ASD,
implicating impaired mirror-neuron systems during face processing. In the present study, we used fMRI during a
face processing task in which subjects had to match faces presented in the upright versus inverted position.
Typically developing (TD) children showed a classic behavioral inversion effect, increased reaction time for
inverted faces, while this effect was significantly reduced in ASD subjects. The fMRI data showed similar
responses in the fusiform face area for ASD and TD children, with both groups demonstrating increased activation
for inverted faces. However, the groups did differ in several brain regions implicated in social cognition,
particularly prefrontal cortex and amygdala. These data suggest that the behavioral differences in processing upright
versus inverted faces for TD children are related not to visual information processing but to the social significance
of the stimuli. Our results are consistent with other recent studies implicating frontal and limbic dysfunction during
face processing in autism. (JINS, 2008, 14, 922–932.)
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INTRODUCTION

One of the most consistent findings in children with autism
is their reduced interest in human faces. Faces convey crit-
ical social information, including the intent of the speaker,
eye-gaze cues for directing attention, and information sig-
naling the speaker’s emotional state (e.g., Chawarska et al.,
2003). Thus, a failure to display normal face interest or face
processing may have broad and far-reaching effects on social
development in children with autism spectrum disorders
(ASD). For these reasons, much recent research into the
neurobiology of autism has focused on the extent to which

children with ASD perceive faces normally, that is, as unique
entities distinct from other visually recognizable objects.

Numerous studies of children with autism indicate a range
of deficits in face processing including impaired face recog-
nition, reduced direct gaze, failure to benefit from gaze cues,
impaired perception of emotional expressions, and impaired
production of facial expressions for social communication
(e.g., Campbell et al., 2006; Dawson et al., 2005). A critical
question in understanding face processing deficits in autism
is whether they reflect a fundamental difference in the brain’s
ability to process the visual information necessary for per-
ceiving faces and facial affect, or whether impaired face pro-
cessing is secondary to another deficit, such as reduced social
interest, increased emotional discomfort with emotional
expressions, general attention deficits, or strategic differ-
ences in how attention is directed toward face stimuli.
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One source of evidence citing the uniqueness of face
versus object processing come from studies on the “face
inversion effect,” that is, the superiority in recognizing or
matching faces presented in an upright versus an inverted
orientation. The inversion effect is much greater for faces
than for other objects like houses, presumably because one
cannot easily extract a face “schema” from an inverted pre-
sentation (Farah et al., 1991, 1995a); we expect faces to be
in a typical orientation and have specialized mechanisms
for processing them. Inverted faces provide an interesting
contrast for upright face processing studies because the infor-
mation is visually identical, unlike comparisons with, for
example, objects, which have many featural differences
(Farah et al., 1995a). Inversion is thought to reduce holistic
processing that is essential for face identity (Farah et al.,
1991; Yin, 1969). Several behavioral studies of inverted
face processing in individuals with autism indicate that they
may have a smaller “inversion effect,” that is, they show a
proportionally smaller decrement in performance when faces
are inverted as compared to when objects are inverted (Ash-
win et al., 2006; Barton et al., 2001; Hobson et al., 1988).
This pattern may reflect a deficit in the visual processing
strategy of seeing faces as a learned schema, relying instead
on serial or piecemeal analysis of individual details of a
face (Behrmann et al., 2006). While such a strategy is inef-
ficient in processing upright faces, it is less so in processing
inverted faces, thus potentially explaining the reduced inver-
sion effect in autism. For instance, Barton et al. (2007)
varied the spatial orientation of eyes and mouths with inter-
nal features like eye and mouth color using an inversion
paradigm; inversion affected primarily the spatial changes,
which were much harder to detect than the internal detail
changes, supporting the notion that inversion decreases the
ability to process faces configurally, without affecting detail
processing. Furthermore, they found that ASD children with
more severe face processing deficits showed a significantly
smaller inversion effect than ASD children without these
deficits, who in turn had a smaller inversion effect than
controls. Such findings are consistent with a wealth of data
implicating a preference for local processing in children
with autism (Happe & Frith, 2006; Mottron et al., 1999). In
contrast, Rose et al. (2007) found that, unlike control sub-
jects, ASD children did not show a performance decrement
to neutral faces that were inverted compared with upright,
although they showed a large performance decline when
upright faces contained emotional expressions. It is unknown
whether differences in processing upright versus inverted
faces in autism reflect different visual processing mecha-
nisms, likely represented in lower level or visual associa-
tion cortices (Pellicano et al., 2007), or whether they
represent differences in strategies engaged during face pro-
cessing, which might be expected to engage more frontal
lobe mechanisms.

Several prior functional imaging studies have examined
the effect of inversion in visual processing of faces versus
other objects in normal individuals. Using fMRI, Haxby
et al. (1999) examined responses in face selective and house

selective visual brain regions; inversion produced increased
activation in the house areas for inverted faces, but inverted
houses produced no additional activity in the “fusiform face
area” (FFA), that part of inferior temporal-occipital cortex
specialized for face processing. A similar finding was
reported by Aguirre et al. (1999). Yovel and Kanwisher
(2004) varied whether subjects had to attend to configura-
tion or parts information in faces presented in either the
upright or inverted orientation. They found less activation
in the right FFA for inverted faces regardless of processing
mode. They surmised that, for adults, the right FFA responds
to face content and is not dependent upon any potential
strategies in configural versus detail processing. In autism,
neuroimaging studies have yielded mixed results on defin-
ing face processing impairment. Initial reports suggested
that brain activation in the FFA was reduced in ASD com-
pared with controls (Pierce et al., 2001; Schultz et al., 2000).
For instance, Schultz et al. (2000) found face-related fMRI
activation in autism was in the part of the fusiform gyrus
associated with object processing, while controls clearly
showed a differentiation between more medial fusiform
object processing areas and the more lateral face areas. Pierce
et al. (2001) also showed reduced FFA area activity in autism
compared with controls, suggesting a breakdown of this
system or a failure to develop face expertise while Had-
jikhani et al. (2004) found no group differences in the FFA.
A study by Pierce et al. (2004) demonstrated that ASD chil-
dren could evidence ample face area activity when pre-
sented with familiar faces like those of family members,
suggesting that the face area was intact, but that ASD chil-
dren were uninterested in or avoidant of faces they did not
recognize. In a carefully conducted experiment in which
face scanning and gaze fixation was measured, Dalton
et al. (2005) demonstrated that differences in fusiform gyrus
activity among children with autism were best attributed to
differences in how the faces were scanned, and not to dif-
ferences in which brain regions were used for face process-
ing. Similarly, Piggot et al. (2004), Wang et al. (2004), and
others found that when task demands required subjects to
maintain their gaze on the faces, ASD children showed activ-
ity similar to that of controls in face regions. In addition,
differences between ASD and control subjects in tasks
involving observation and imitation of facial affect have
been found in frontal and limbic regions associated with the
mirror neuron system (Dapretto et al., 2006), suggesting
that face processing deficits in autism may have less to do
with visual processing, but may rather be explained by dif-
ferences in brain regions important in processing the unique
significance of faces such as the amygdala, inferior frontal
and medial prefrontal cortex, known collectivity as “social
brain” regions. No studies to date have examined the neural
basis of how children with autism process inverted faces in
comparison to typically oriented faces. In this study we
used fMRI while ASD and TD children matched a probe
face to one of two similar target faces in conditions where
the probe was presented in either the upright or inverted
position. We sought to determine whether there was a behav-

fMRI of face inversion in autism 923

https://doi.org/10.1017/S135561770808140X Published online by Cambridge University Press

https://doi.org/10.1017/S135561770808140X


ioral difference in the inversion effect and whether group
differences in brain activation during the inversion task were
predominant in visual association regions (medial and lat-
eral fusiform) or in frontal brain regions. Specifically, we
were interested in examining which brain regions would
differentiate ASD from TD children during upright and
inverted face processing.

METHODS

Participants

Twelve males with autism spectrum disorder (ASD) and
twelve age-matched typically developing (TD) males par-
ticipated in the study. Children and adolescents with ASD
were recruited from the UCLA autism clinic, regional cen-
ters, and parent advocacy groups in the greater Los Angeles
area, while TD children were recruited from the UCLA
community and local public schools. Individuals with ASD
had received a previous clinical diagnosis of ASD (autism,
Asperger’s, or PDD-NOS), which we confirmed using both
the Autism Diagnostic Interview-Revised (ADI-R) (Lord
et al., 1994) and the Autism Diagnostic Observation Sched-
ule (ADOS) (Lord et al., 2000). Of the 12 children with
ASD, two were diagnosed with PDD-NOS, two with Asperg-
er’s, and eight with autism. The ADOS combined social
and communication scores ranged from 7 to 19 (average5
11.3), and of the 12 ASD subjects, five met ADOS criteria
for autism spectrum disorder while seven met the narrower
criteria for autism. On the ADI-R, all met criteria for autism
except one Asperger’s subject whose symptoms appeared

after 36 months. Exclusionary criteria included the pres-
ence of any known neurological or genetic disorders (e.g.,
epilepsy, Fragile X), clear structural brain abnormalities
(e.g., aneurysm) or a major psychiatric disorder other than
autism. In addition, we used the Social Communication
Questionnaire (SCQ; Berument et al., 1999) to screen for
autistic symptomatology in TD children and adolescents.
Descriptive information for the sample, including chrono-
logical age, receptive and expressive language age assessed
using the Peabody Picture Vocabulary Test-Third Edition
(PPVT-III; Dunn & Dunn, 1997) and the vocabulary sub-
test of the Wechsler Intelligence Scale for Children (Wech-
sler, 1991), respectively, is shown in Table 1. The groups
did not differ significantly in chronological age, although
there was a greater variation in age among the ASD group,
due largely to a single outlier aged 19. TD children had
higher receptive and expressive language ages than chil-
dren with ASD, as expected in this disorder. All subjects
and parents provided informed consent to participate; the
study was approved by the UCLA human subjects Internal
Review Board.

Experimental Task

Participants performed three matching tasks while under-
going fMRI. Examples of stimuli are shown in Figure 1. In
the two experimental conditions, subjects viewed neutral
faces from a standard series (Ekman & Friesen, 1976) and
selected one of two choices to match a target face presented
at the top of the screen. In the upright face condition, all
faces were presented upright, whereas in the inverted con-

Table 1. Participant characteristics

Chronological age
PPVT

(age equivalent scores
WISCIII vocabulary
(age scaled scores)

Min Max Mean (SD) Min Max Mean (SD) Min Max Mean (SD)

ASD 7.8 19.6 11.3 (4.0) 6.9 18.6 11.7 (4.7) 6.3 13.8 9.8 (2.5)
TD 8.1 15.7 11.9 (2.4) 9.1 22.0 16.7 (5.6) 9.5 16.8 13.6 (2.7)

Fig. 1. Examples of stimuli used in the upright condition (A), the inverted condition (B), and the forms condition (C).
Participants were asked to choose one of the two bottom faces or forms to match the target at the top.
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dition, the target face at the top of screen was inverted. In
the control “forms” condition, participants chose one of
two oval shapes to match the target form at the top. This
condition controlled for attentional and response aspects of
the task but provided only very simple visual information
to avoid masking any potential visual processing differ-
ences between groups. Subjects indicated their judgments
by pressing a button on a magnet compatible response pad.

The paradigm consisted of nine activation blocks: two
blocks each of upright faces and inverted faces alternated
with five forms control blocks. The order of presentation of
conditions was counterbalanced across subjects within each
group. Each block consisted of six trials, which were 5 s
each, presented in random order. The functional scan lasted
4 min and 53 s.

Data Acquisition

Images were acquired with a GE 3-Tesla scanner with an
Advanced NMR upgrade (Wilmington, MA) for echo-
planar imaging. T2-weighted sagittal scout images were used
to prescribe the planes of the functional scans in each sub-
ject. High-resolution structural images covering the entire
cerebral volume were acquired to allow for spatial registra-
tion of the functional images, using an echo-planar, spin-
echo sequence (TR 5 4000 ms; TE 5 54 ms; flip angle 5
908; matrix size5 1283 128; FOV5 20 cm; 4 NEX). The
functional scan was composed of 117 volumes acquired
over 16 axial slices (4 mm thick01 mm gap) using an asym-
metric spin-echo sequence to reduce susceptibility artifact
in the area of the amygdala (TR5 2500 ms; TE5 70 ms;
offset 5 25 ms; flip angle 5 1808; matrix size 5 64 3 64;
FOV5 20 cm; 1 NEX).

To correct for head motion, functional images were
realigned using Automated Image Registration (Woods et al.,
1998). Images were then spatially normalized into a stan-
dard reference space (Talairach & Tournoux, 1988) using
polynomial nonlinear warping to allow for intersubject aver-
aging. Finally, all images were smoothed using a 6-mm
Gaussian kernel (full-width0half-maximum) to increase
signal-to-noise ratio.

Data Analysis

Data were analyzed using a two step approach in which
whole-brain data were first analyzed within group, and
between groups effects were assessed using a region of inter-
est approach to reduce errors due to multiple comparisons.

For within-group analysis, imaging data were analyzed
using statistical parametric mapping (SPM99; Wellcome
Department of Cognitive Neurology, London, UK) accord-
ing to the general linear model with a box-car reference
function to compensate for the lag in hemodynamic response.
Activation maps for comparisons of interest (upright v. forms,
inverted v. forms) were generated for each participant. The
resulting contrast images were then entered into random-
effects analyses. For each group, a one-sample t test was

used to examine activation in each activation versus forms
comparison. Thresholds of significance were set at p, .05
(Bonferroni corrected for multiple comparisons within SPM)
for magnitude and p, .05 (corrected for spatial extent using
Gaussian random fields estimation and corresponding to a
cluster size of 20 voxels).

Between-group differences were then examined in regions
of interest (ROIs) selected based on a priori hypotheses
(fusiform gyrus and prefrontal cortex). ROIs were defined
functionally as the voxels statistically significantly acti-
vated in either group in the all face activation versus forms
comparison. These voxels were chosen by performing a
global analysis for both TD and ASD groups, using all con-
ditions (upright and inverted) compared with the forms con-
trol task, and extracting all voxels identified in a contiguous
region in the left and right fusiform and prefrontal cortices.
This approach allows for a functional ROI selection that is
unbiased with respect to group membership and to experi-
mental condition. The precise localization of the regions,
therefore, were defined by the data themselves and not by
an a priori assumption of the precise location of the region,
and represented in each case the largest cluster of voxels in
the fusiform gyrus and the inferior frontal gyrus. The fusi-
form gyrus ROIs’ were centered around Talairach coordi-
nates238,256,210 (LH) and 30,244,212 (RH). Frontal
ROIS extended from246, 10, 32 (LH) and 34, 10, 32 (RH).
We also performed a post hoc identification of an ROI in
the precuneus (28,266, 36), as it was the sole region show-
ing a strong activation exclusively in the ASD group. This
region was identified on the basis of the contrast between
all faces and the forms task only in the ASD sample. The
regions of interest defined from the group activation maps
were then applied to each subject’s raw, spatially normal-
ized data. Images corrupted by spikes or by large intensity
variations due to motion were removed before analysis using
a conservative algorithm that eliminated extreme outliers.
There were no group differences in the frequency of inten-
sity outliers (t5 0.23; p. .8), indicating the subject groups
did not differ in image variability due to head motion or
spikes. In each ROI, magnitude of activation scores were
computed for each subject by averaging the percent signal
change in each face condition relative to the forms condi-
tion using the raw signal intensity values. These scores were
then entered as dependent variables in a 2 (group) 3 2
(condition)32 (region)32 (hemisphere) multivariate analy-
sis of variance (ANOVA).

RESULTS

Behavioral Results

We acquired accuracy data and response times (RT) during
scanning from all 12 children with ASD and 9 TD children
(equipment failure accounted for lost data in 3 subjects).
With respect to accuracy, there were marked differences in
variability between the two subject groups as seen in Table 2.
The Levine’s test for equality of variance found significant
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inhomogeneity on variance for both upright (F5 32.4; p5
.000) and inverted (F 5 4.82; p 5 .041) accuracy. Inspec-
tion of the data showed that, for upright faces, the control
group had a strong ceiling effect, with all subjects perform-
ing at ceiling (no errors for any subject). For inverted faces,
the inhomogeneity of variance was apparently due to a
bimodal distribution among the ASD subjects, with three
subjects performing at chance (x5 51%) and the remaining
performing as well as controls (89.7% controls, 89.9% ASD).
The pronounced ceiling effect for controls made it impos-
sible to determine, based on accuracy, whether there were
inversion effect differences between groups. For this rea-
son further analyses focused on the reaction time inversion
effect, which passed the Levene’s test for equality of vari-
ance (all p’s. .44).

For reaction time data, we included only correct responses
in our calculation. A repeated-measures ANOVA yielded a
significant effect of Condition (F(2,38)5212.29; p, .001),
such that Inverted (mean RT5 2.55) was significantly lon-
ger than Upright (mean RT5 1.79) or Forms (mean RT5
1.26), but no main effects of group and no group3 condi-
tion interaction (F(2,38)5 2.178; p5 .142). Planned com-
parisons revealed that TD children were slightly but not
significantly (t5 2.16; p5 .44 uncorrected) faster at match-
ing upright faces and forms control than children with ASD,
although the two groups did not differ in response times for
the inverted condition ( p. .4).

We calculated the reaction time inversion effect as the
difference in RT in response to inverted compared with

upright faces for each subject. Comparisons between groups
revealed that TD children showed a greater inversion effect
than did ASD children (944 ms TD; 624 ms ASD; t5 2.45;
p50.02). One ASD who performed at chance and responded
to only 25% of the stimuli also had an outlying inversion
effect (substantially better performance for inverted faces);
however, without this subject the group differences remained
significant (t5 2.28; p5 .034).

There were no significant correlations between age, reac-
tion times, and inversion effect for either group, and no
correlations between ADOS scores and any of these mea-
sures for ASD subjects (all p. .05).

fMRI Results

Within-group SPM results

Within-group analyses revealed notable similarities in acti-
vation patterns during upright and inverted face processing
between groups in visual processing regions. Peaks of acti-
vation exceeding a magnitude threshold of p , .05 (cor-
rected) and a spatial extent threshold of p, .05 (corrected—
corresponding to a cluster size of 20 voxels) are shown in
Table 3. In both the upright versus forms and the inverted
versus forms comparisons, children with ASD and TD chil-
dren showed strong activity in the fusiform gyrus bilater-
ally. In addition, both TD and ASD children showed strong
activation in the Lingual gyrus of both hemispheres. Fig-
ure 2 shows areas of visual activity for upright oriented

Table 2. Task performance

Accuracy (% correct) Response time (s)

TD ASD t1,19 p TD ASD t1,19 p

Upright 100 (0) 93.2 (8.1) 2.5 .02 1.62 (.30) 1.90 (.39) 1.9 .07
Inverted 89.7 (8.5) 80.3 (18.4) 1.4 .18 2.56 (.18) 2.54 (.36) .84 .41
Forms 98.1 (3.4) 96.0 (5.6) 1.0 .31 1.13 (.18) 1.35 (.28) 1.8 .09

Note. Values are presented as mean (SD).

Fig. 2. Statistical Parametric Map-
ping (SPM) in the ventral cortex dur-
ing upright face processing (vs. forms
matching control). Left, control sub-
jects, right, ASD. Both groups of
subjects show bilateral activation in
Fusiform gyrus, while only controls
show activity in the amygdala. Left side
of the image5 left hemisphere. Foci
of activations are found in Table 3.
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faces in both groups. Separating out maxima in the medial
versus lateral fusiform showed similar results between
groups, with no apparent differences in either the location
or the magnitude of activation between ASD and controls
(see Table 3). For both groups of children the magnitude of
activation in fusiform cortex was greater in the inverted
task compared with the upright task.

In frontal cortex, whole-brain analysis revealed signifi-
cant activation for TD children in both the upright and
inverted tasks. The frontal lobe activations were located in
the right posterior inferior frontal gyrus extending into the
middle frontal gyrus (Brodmann’s areas 44 through 4609)
and in the left hemisphere, in the inferior frontal gyrus (BA
44) (Fig. 3). In children with autism, no significant activa-
tion was found using corrected thresholds, though there was
subthreshold activation in the right dorsolateral prefrontal
cortex (Table 3).

The within-group analyses also revealed two regions that
appeared to be specific for the groups. TD children showed
activation in the right amygdala for upright faces only, while
ASD children activated a region in the precuneus (Table 3).
Groups also differed in activation in the amygdala; the con-
trol children showed bilateral activation in the amygdala
for the upright task only, while ASD children showed no
activation here, even at reduced thresholds. In one region,
the precuneus, children with ASD exclusively activated the
left and right precuneus in the inversion relative to the forms
task in the whole-brain analysis (t5 4.06).

Between-groups ROI analysis

A fully factorial model tested the effects of group, region,
orientation and hemisphere in the fusiform and PFC regions
(Figs. 4, 5). Analysis of variance revealed main effects for
Orientation (F(1,154) 5 38.73, p 5 .000) and was due to

an overall increase in activation for inverted compared
with upright faces for all subjects in all regions. We found
no significant main effect for Group (F(1,22)5 1.93; p5
.179) but found a significant Group 3 Region interaction
(F(1,154) 5 6.83; p 5 .009), and a Group 3 Hemisphere
interaction (F(1,154) 5 5.39; p 5 .021); a simple effects
test showed this was due to relatively less activation in the
left PFC for the ASD group relative to controls (t 5 2.5;
p, .01; one-tailed) (see Fig. 5). This difference was found
in both upright and inverted conditions; indeed in the upright
task, children with autism actually showed a slight decrease
in activation in the left PFC (Fig. 5). There were no sig-
nificant three- or four-way interactions.

The precuneus was the only region showing activation
exclusively for the ASD group (Fig. 3); to further examine
activity in this region we extracted an ROI based on activa-
tion for the ASD group only, across both upright and inverted
tasks, and applied this to both groups. The children with
ASD activated the left and right precuneus in the inversion
relative to the forms task in the whole-brain analysis (t 5
4.06); ROI analysis confirmed a significant difference
between ASD and control subjects in the inverted condition
( p, .009). However it should be noted that this region was
selected post hoc and optimized for the ASD group only,
which biases the results in favor of a group difference.

Because three ASD subjects performed at chance behav-
iorally, we evaluated whether the group differences found
in the left PFC would remain without these subjects in the
analysis. The between-groups differences remained signif-
icant when these outlier subjects were excluded (t 5 3.31;
p, .004; one-tailed).

To determine whether the differences we observed in the
LPFC could be attributed to other factors, we correlated
activation here with age, behavioral performance, and in
children with autism, severity based on the ADOS. We also

Table 3. Peaks of activation in whole brain within-groups SPM analysis

Upright vs. Forms Inverted vs. Forms

TD ASD TD ASD

Region BA x y z t x y z t x y z t x y z t

Lateral fusiform 37 L 240 252 28 6.21 234 258 210 7.25 236 250 214 8.73 238 260 28 9.19
L 242 248 218 6.86 240 260 210 5.30
R 38 256 210 5.47 30 244 212 8.03 38 256 210 6.82 38 246 28 3.88

Medial fusiform 37 R 22 250 28 7.84 24 252 24 4.98 30 254 214 8.28 32 242 214 9.54
Lingual 19 L 212 272 24 5.57 224 270 28 5.08 224 274 26 8.21 232 282 24 4.06

R 26 264 8 4.67 20 268 24 5.52 28 268 28 8.03 20 268 24 6.48
IFG 44 L 246 10 32 5.37

R 38 0 28 5.52 34 10 32 5.54
MFG 46 R 40 26 20 6.07 46 28 24 7.03 32 18 10 4.95

10 R 32 46 8 5.41 30 52 6 4.39
Amygdala R 20 2 210 5.64

L 222 210 210 5.18
Precuneus 7 L 228 266 36 4.73

Note. Results are corrected for multiple comparisons at both the cluster level (23 voxels, p, .05) and at the magnitude (voxel) level ( p, .05). BA refers to Brodmann’s area.
L and R refer to left and right cerebral hemispheres. x, y, and z refer to the Talairach coordinates corresponding to the right-left, anterior-posterior, and superior-inferior
dimensions, respectively. The t refers to the highest t score within a cluster. IFG5 inferior frontal gyrus; MFG5middle frontal gyrus.
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Fig. 3. Statistical Parametric Mapping (SPM) within-groups results, inverted face task. A: (top) shows ASD subjects
with unique activation in the precuneus and reduced activation in right prefrontal cortex. B: (bottom) shows TD
children with prominent activation in prefrontal cortex (left) for inverted faces.

Fig. 4. Fusiform gyrus ROI values. There was a main effect of task with more fMRI activation for inverted compared
with upright faces, but no differences between control and ASD children.

928 S.Y. Bookheimer et al.
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tested the effects of same variables on right fusiform acti-
vation, because differences among autistic individuals in
this region are frequently reported.

Across all subjects (ASD and TD), there was a margin-
ally significant correlation between age and activation in
the right fusiform ROI (r5 .39, one-tailed p, .05, uncor-
rected), suggesting that activation magnitude in the right
fusiform during upright face processing tended to increase
with age (there were no age differences between ASD and
TD groups). In the left IFG, there was no relationship
between age and activation magnitude (r 5 .26; p . .2).
Within the ASD group, there were no correlations between
scores on the ADOS and activation in either the LPFC (r5
.12) or the fusiform gyrus (r5 .07); however, we note that
the range of severity for ASD children on all measures was
very narrow.

The magnitude of the inversion effect, based on the dif-
ference in reaction time between upright and inverted face
performance, showed a small but nonsignificant correlation
with activation during upright face processing in the left
PFC (r 5 .26; p . .1 uncorrected). An apparently signifi-
cant (uncorrected) correlation with the right fusiform (r5
.53; p. .02 was driven by one ASD subject performing at
chance, and was much reduced when that subject was
removed (r 5 .26; p . .2). Correlation of simple reaction
time during upright face processing with activity in the left
PFC was similarly nonsignificant (r52.21; p. .2), sug-
gesting that differences in behavioral performance could
not explain the significant group difference in activation in
the left PFC. In the right fusiform, the correlation between
reaction time and activation was 2.44, marginally signifi-
cant ( p5 .05) without correction for multiple comparisons.

DISCUSSION

Consistent with prior behavioral studies of the inversion
effect in ASD, our typically developing children showed a
larger performance decrement for inverted compared with
upright faces than did the children with autism. This repli-
cates prior findings in the literature showing a reduced or
absent inversion effect in ASD while confirming a signifi-
cant inversion effect in typically developing children. How-
ever, this effect was due not to superior performance in
ASD for inverted faces, but rather to relatively impaired
performance on upright faces. It is important to note that
the performance results are based on reaction time, not accu-
racy data, as the latter showed strong ceiling effects in this
task. FMRI results showed that group differences were found
in the frontal cortex for both upright and inverted tasks.
Moreover, we did not detect differences between ASD and
TD children in the fusiform gyrus region for either condi-
tion. Rather, the significant differences in brain activity
between groups were found in inferior and middle frontal
brain regions as well as in the amygdala. These data sug-
gest that key differences in face processing in children with
autism are due to differences in brain regions involving
fronto-limbic systems. Our data are inconsistent with the
notion that the inversion effect can be explained by altered
activity in the FFA, because FFA activity was the same
between ASD and TD groups. Instead, the brain areas that
differentiated ASD from TD children during both of the
face processing tasks were found primarily in several brain
regions typically associated with the so-called “social brain:
(Hadjikhani et al., 2007; Frith, 2007). In frontal cortex,
activation was extensive for typically developing children

Fig. 5. Prefrontal cortex ROIs demonstrate a main effect for task, with more activation for inverted compared with
upright faces and a group 3 hemisphere interaction, with greater PFC activation for control compared with ASD
children in the left hemisphere; right hemisphere differences showed a nonsignificant trend in the same direction.
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and was more active than in ASD children for all condi-
tions. The most unique areas of activation differences were
found in the left hemisphere, in the dorsal portion of the
inferior frontal gyrus. Aside from its role on language, this
region has been reported in studies of “mirror neuron” activ-
ity in normal adults (Iacoboni, 2005), and is less active
during imitation and observation of faces in children with
autism compared to TD children (Dapretto et al., 2006).
The “mirror neuron” areas, including frontal and limbic
brain regions, play a specific role in processing meaningful,
goal directed behaviors that are observed in others by effec-
tively mirroring those behaviors internally, and appear to
be related to social cognition (Iacoboni & Dapretto, 2006).
Hadjikhani et al. (2007) also found reduced activity in the
IFG during face processing in autism though in the right
hemisphere, while Dapretto et al. (2006) found bilateral
reductions in this region among ASD children. Structural
abnormalities of the IFG have also been reported in autism
(Hadjikhani et al., 2006). Together these data suggest that
IFG dysfunction is a consistent finding in autism spectrum
disorders.

Another region associated with the “social brain” net-
work is the amygdala. While prior studies have noted amyg-
dala differences between ASD and TD children when
observing faces bearing emotional expressions (e.g., Pel-
phrey et al., 2007; Piggot et al., 2004; Wang et al., 2004),
the stimuli used in the present study were of neutral expres-
sion suggesting that face stimuli may automatically invoke
neural activity in this region among TD children. The IFG
is thought to project to the amygdala via the insula in a
pathway that may add an emotional valence to processing
the intentions of others (Carr et al., 2003; Dapretto et al.,
2006). Abnormal fronto-limbic development in children with
autism may contribute to their deficits in social cognition.

While the interpretation of the inversion effect in autism
remains controversial, one argument is that ASD children
do not visually process faces as unique entities, instead
perceiving them similarly to other objects (Hobson et al.,
1988), and thus are less hampered by inversion. Alterna-
tively, ASD children may typically engage more in compo-
nent rather than configural processing, a strategy that could
be applied across stimulus types but may be better suited
for inverted faces (Ashwin et al., 2006). The hypothesis
that the fusiform face area typically processes information
configurally has been challenged in recent fMRI studies.
Yovel and Kanwisher (2004) argued that in normal adults,
face processing takes place uniquely in the FFA regardless
of whether subjects apply a configural or parts-based task,
and regardless of whether the faces are upright or inverted
(Yovel & Kanwisher, 2005), though activation was some-
what greater for upright faces. Other studies have found no
difference between upright and inverted faces in the FFA
(Aguirre et al., 1999; Haxby et al., 1999). Prior studies have
shown mixed results on whether ASD children show abnor-
mal responses in the FFA. While many earlier studies found
reduced FFA activity in ASD (Pierce et al., 2001; Schultz
et al., 2000) others, particularly those in which the faces

were familiar to the subjects (Pierce et al., 2004) or when
the tasks required subjects to maintain fixation on the faces
showed no FFA differences (Pelphrey et al., 2005; Piggot
et al., 2004; Wang et al., 2004). In the present study, the
task demands to match the faces in the inverted condition
required subjects to remain focused on the face stimuli;
avoiding the face would be expected to impair performance
significantly. Although ASD subjects performed slightly
worse than control subjects for upright faces, their overall
accuracy of 93% indicates they performed the task well and
thus must have processed the faces. Therefore, we cannot
easily attribute the differential behavioral inversion effect
to differences in visual aspects of face processing in the
present study.

We found greater activation in all regions of interest for
the inverted task. This finding may relate to the increased
difficulty of the inverted task generally. Prior studies of
task difficulty show increases in fMRI activation, more spe-
cifically in frontal cortex and sensory processing regions,
as task demands increase (e.g., Burggren et al., 2002; Kroger
et al., 2002). However, post hoc analyses correlating task
performance with fMRI responses found no evidence that
performance differences between subjects could account
for the selective group differences in PFC activation in our
study.

Of interest, one brain area in which ASD subjects showed
increased activity compared with controls was the pre-
cuneus. Prior imaging studies of ASD using a range of par-
adigms have also implicated this region (Wang et al., 2004),
which is thought to be a primary part of the “resting” brain
network (Raichle et al., 2001). The significance of this net-
work is not well understood; it appears to be consistently
reduced in activity when subjects engage in any kind of
effortful task, and increases during rest (Raichle et al., 2001;
Raichle & Snyder, 2007). Increased activation in this region
could reflect a failure of children with autism to move away
from a resting or internally directed state. Further studies
focusing on this region, including resting-state studies, may
help to elucidate the role of this region in autism.

There are several limitations of this study. A ubiquitous
potential confound in face processing studies is that ASD
subjects may tend to avert their gaze or spend less time
looking at the face stimuli (Klin et al., 2002); this may
result in decrease activity in the face area (Dalton et al.,
2005). While we were unable to record eye movements in
the scanner, the nature of the task we used demanded pro-
longed exposure and0or attention to the faces; thus, the
tendency for ASD subjects to avoid looking at the faces
would be lessened, as they could not achieve adequate per-
formance if they averted their gaze. If they had averted
gaze, we would expect less activation in the face areas,
whereas we found equivalent activation magnitudes in this
region.

Another potential limitation is the number of subjects;
while 12 subjects per group is considered sufficient for stan-
dard comparisons, the heterogeneity of autism makes it pos-
sible that we failed to observe subgroups with unique patterns
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of responses. One study found different inversion effects
for those with more general face processing deficits but
typical effects for those without severe face processing prob-
lems (Teunisse & de Gelder, 2003). It is possible that a
heterogenous sample may mask deficits in visual informa-
tion processing seen in some studies of autism.

Finally, a strong ceiling effect in accuracy for the TD
group precluded our performing analysis on accuracy
data. The majority of face inversion studies use accuracy
rather than reaction time to determine inversion effects
(e.g., Freire et al., 2000; Yin, 1969). However, similar
inversion effects for reaction time and accuracy have been
reported in prosopagnosic patients (Farah et al., 1995b) as
well as in children with autism (Ashwin et al., 2006),
suggesting that the results from RT and accuracy measures
may be comparable.

In summary, our study corroborates prior research show-
ing a reduced inversion effect during face processing in
autism; however, our data suggest this is due to impaired
face processing generally, not enhanced inverted face pro-
cessing as has been suggested previously. Neuroanatomi-
cally, we find no evidence that activation differences in the
fusiform gyrus underlie this effect. Rather, our findings sug-
gest that face processing differences that underlie the dif-
ferential inversion effect in autism spectrum disorders are
primarily represented in frontal cortex and in the amygdala,
and thus appear to reflect differences in processing the mean-
ing and significance of faces. This study adds to a growing
body of evidence from structural (Hadjikhani et al., 2006)
and functional (e.g., Dapretto et al., 2006; Hadjikhani et al.,
2007) imaging implicating top-down mechanisms for abnor-
mal face processing in autism.
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