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bstract

We investigated the degree to which activation in regions of the brain known to participate in social perception is influenced by the presence
r absence of the face and other body parts. Subjects continuously viewed a static image of a lecture hall in which actors appeared briefly in
arious poses. There were three conditions: Body-Face, in which the actor appeared with limbs, torso, and face clearly visible; Body-Only, in
hich the actor appeared with his or her face occluded by a book; and Face-Only, in which the actor appeared behind a podium with only face

nd shoulders visible. Using event-related functional MRI, we obtained strong activation in those regions previously identified as important for
ace and body perception. These included portions of the fusiform (FFG) and lingual gyri within ventral occipitotemporal cortex (VOTC), and
ortions of the middle occipital gyrus (corresponding to the previously defined extrastriate body area, or EBA) and posterior superior temporal
ulcus (pSTS) within lateral occipitotemporal cortex (LOTC). Activation of the EBA was strongest for the Body-Only condition; indeed, exposing

he face decreased EBA activation evoked by the body. In marked contrast, activation in the pSTS was largest when the face was visible, regardless
f whether the body was also visible. Activity within the lateral lingual gyrus and adjacent medial FFG was strongest for the Body-Only condition,
hile activation in the lateral FFG was greatest when both the face and body were visible. These results provide new information regarding the

mportance of a visible face in both the relative activation and deactivation of brain structures engaged in social perception.
2006 Elsevier Ltd. All rights reserved.
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. Introduction

The ability to effortlessly process the identity, intentions,
nd actions of others constitutes an advanced skill set that we
efer to as “social perception” (Allison, Puce, & McCarthy,
000). Prior work has identified two broad brain regions, ven-
ral occipitotemporal cortex (VOTC) and lateral occipitotem-
oral cortex (LOTC), that appear functionally specialized for
rocessing different types of social information. In VOTC, sub-

ural electrical recordings (Allison et al., 1994a; Allison, Puce,
pencer, & McCarthy, 1999; McCarthy, Puce, Belger, & Allison,
999; McCarthy, Puce, Gore, & Allison, 1997; Puce, Allison,
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McCarthy, 1999) and functional magnetic resonance imag-
ng (fMRI) studies (Grill-Spector, Knouf, & Kanwisher, 2004;
anwisher, McDermott, & Chun, 1997; Puce, Allison, Asgari,
ore, & McCarthy, 1996; Puce, Allison, Gore, & McCarthy,
995) have identified a discrete region within the lateral fusiform
yrus (FFG) that responds selectively for faces or “face-like”
timuli.

Similarly, subdural electrical recordings (Allison et al., 1999)
nd fMRI studies (Downing, Jiang, Shuman, & Kanwisher,
001; Puce et al., 1995, 1996) have identified at least two regions
n LOTC that also respond to faces and/or body parts. The sub-
ural recordings reported by Allison et al. (Allison et al., 1999),
onsisted of a cluster of sites centered upon the middle occipi-
al gyrus (MOG) from which face-specific field potentials were

btained that were similar in their response properties to the
forementioned fusiform sites. The fMRI studies of Puce and
olleagues (Puce et al., 1995, 1996) identified face activation in
his same region of the MOG and a second region of activation in

mailto:gregory.mccarthy@duke.edu
dx.doi.org/10.1016/j.neuropsychologia.2006.01.035
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he posterior superior temporal sulcus (pSTS). The subsequent
emonstration that this pSTS region was differentially sensi-
ive to the perception of eye and mouth movements (Hoffman

Haxby, 2000; Puce, Allison, Bentin, Gore, & McCarthy,
998) led to formulations that emphasized a ventral fusiform
ystem for face identity and a more dorsal pSTS system for pro-
essing facial and biological motion (see review by McCarthy,
999).

This formulation, however, does not adequately explain all
ace and body part activity obtained within either LOTC or
OTC. For example, Downing and colleagues (Downing et al.,
001), identified activation within and near the MOG that was
esponsive to images of body forms and body parts, but showed
ittle activation to images of isolated faces. Given these proper-
ies, they named this region the “extrastriate body area” or EBA.
he specific role of the FFG in face processing has also been
hallenged. For example, a recent report indicated that portions
f the FFG demonstrate selectivity for images of body parts and
uman bodies without faces (Peelen & Downing, 2004). Two
ther studies have demonstrated that regions of the FFG are
ensitive to images of bodies conveying emotions even when

acial expression is blurred (de Gelder, Snyder, Greve, Gerard,

Hadjikhani, 2004; Hadjikhani & de Gelder, 2003). These lat-
er results raise two, non-exclusive possibilities: First, the FFG

ay contain more than one category selective region. Second,

e
t
b
p

ig. 1. Experimental conditions. In each experimental run, subjects viewed an empt
riefly in one of three poses consistent with a lecture scene. In the Body-Face conditi
n the Body-Only condition, the actors appeared with a book occluding his or her fa
ace, neck and shoulders visible.
gia 44 (2006) 1919–1927

ace regions may be activated by contextual factors that imply
he presence of an unseen face. Indeed, Cox and colleagues have
emonstrated “face-like” responses in the FFG even when the
ace was not viewable, suggesting that the context in which a
ace is usually present may be capable of driving activation in the
ace specific region of the FFG (Cox, Meyers, & Sinha, 2004).
imilarly, the face-specific N170 component, extracted from
calp-recorded event-related potentials, has also been shown
o be sensitive to contextual factors (Bentin & Golland, 2002;
entin, Sagiv, Mecklinger, Friederici, & von, 2002).

These recent studies also question the functional distinctions
reviously drawn between activations obtained in the FFG and
he EBA. Our own experience has been that differentiating the
unctional properties of the VOTC and LOTC is challenging. For
xample, in a recent fMRI study (Morris, Pelphrey, & McCarthy,
005), we observed similar profiles of activity in the FFG region
f the VOTC and an area of LOTC encompassing the EBA
hen subjects experienced the perception of approaching either
three-dimensional character in a virtual reality environment or
n inanimate portrait of a face without a body. Both the FFG
nd EBA regions were more strongly activated by the experi-

nce of approaching the three-dimensional character compared
o the face portrait, leading us to question whether activity in
oth regions was simply related to the number of visible body
arts.

y stage containing a podium into which one of three different actors appeared
on, the actor appeared in the scene with both the face and body clearly visible.
ce. In the Face-Only condition, the actor stood behind a podium with only the
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These findings have thus led us here to investigate the degree
o which activations within the EBA, pSTS, and FFG are influ-
nced by the visibility of body parts of a human appearing in a
amiliar environment. We frequently encounter other humans in
ituations in which body parts are occluded from direct view, but
here we can reasonably assume that those occluded body parts

xist and are only hidden. We wished to determine whether the
BA, pSTS, and/or FFG responded equally to the presence of a
uman in the scene, regardless of partial occlusion, or whether
he activations in these regions were strongly modulated by the
umber and nature of the body parts that were visible.

In our experiment, subjects viewed a static lecture hall (see
ig. 1, Panel 1) where actors appeared briefly in different poses.
n Body-Face trials (Fig. 1, Panel 2), the actor’s face, torso, and

imbs were fully visible. On Body-Only trials (Fig. 1, Panel 3),
he actor’s face was occluded by a book from which he or she
ppeared to be reading. On Face-Only trials (Fig. 1, Panel 4),
he actor’s face and shoulders were visible, but his or her body
nd limbs were occluded by a podium.

Based upon our recent work, and upon the initial study by
owning and colleagues (Downing et al., 2001), we hypoth-

sized that the EBA is sensitive to the amount of the body
isible, or to the number of body parts visible excluding the face.
hus, we predicted the strongest EBA activation would occur

or Body-Only and Body-Face trials, the full body was visible
n each. As no explicit manipulation of biological motion was
ncluded in this study, we did not provide an optimal stimulus for
valuating the response of the pSTS. Nevertheless, given its pre-
iously demonstrated sensitivity to face and mouth movements,
e expected that the pSTS would respond strongest when the

ace was visible. Finally, we hypothesized that activation within
he lateral FFG, would be potentiated by the presence of a view-
ble face.

. Methods

.1. Participants

Twelve healthy volunteers (age 19–37; 8 female, 4 male) participated in
his study. All volunteers had normal or corrected-to-normal vision, and all
ere screened against neurological and psychiatric illnesses. Volunteers gave

nformed consent and were paid for their participation. The Duke University
edical Center Institutional Review Board approved this project.

.2. Experimental design

Subjects viewed a picture of an empty lecture stage through scanner-
ompatible LCD goggles. Although the lecture stage was continuously displayed
hroughout the run, different male and female actors briefly appeared within
his scene and assumed three different poses consistent with a lecture scenario
Fig. 1) that comprised the experimental conditions. In the Body-Face pose,
he face, torso, and limbs of the actor were clearly visible. In the Body-Only
ose, the actor’s face was occluded by a text book. In the Face-Only pose,
he actor appeared behind a podium with only his or her head and shoulders
isible. The actor appeared instantly within the scene in the assumed pose;
.e., there was no explicit motion. There were three different actors and poses

ere presented in random order. Each pose was presented for three seconds

nd there was a twelve second interval between successive poses. Subjects were
nstructed to simply view the stimuli. The experiment contained 8 runs and
ach run contained 18 trials providing a total of 48 trials for each of the three
onditions.

t
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i
i
a
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.3. Imaging

Scanning was performed on a General Electric 4T LX NVi MRI scanner
ystem equipped with 41 mT/m gradients (General Electric, Waukesha, Wis-
onsin, USA). A quadrature birdcage radio frequency (RF) head coil was used
or transmit and receive. The subject’s head was immobilized using a vacuum
ushion and tape. Sixty-eight high resolution images were acquired using a
D fast SPGR pulse sequence (TR = 500 ms; TE = 20 ms; FOV = 24 cm; image
atrix = 2562; voxel size = 0.9375 mm× 0.9375 mm × 1.9 mm) and used for

oregistration with the functional data. These structural images were aligned
n the near axial plane defined by the anterior and posterior commissures.

hole brain functional images were acquired using a gradient-recalled inward
piral pulse sequence (Glover & Law, 2001; Guo & Song, 2003) sensitive to
lood oxygenation level dependent (BOLD) contrast (TR, 1500 ms; TE, 35 ms;
OV, 24 cm; image matrix, 642; α = 62◦; voxel size, 3.75 × 3.75 × 3.8 mm;
4 axial slices). These functional images were similarly aligned as the struc-
ural images. A semi-automated high-order shimming program ensured global
eld homogeneity. Runs consisted of the acquisition of 206 successive brain
olumes and began with 4 discarded RF excitations to allow for steady state
quilibrium.

.4. Data analysis

Image preprocessing was performed with custom programs and SPM mod-
les (Wellcome Department of Cognitive Neurology, UK). Head motion was
etected by center of mass measurements. No subject had greater than a 3-mm
eviation in the center of mass in any dimension. Images were time-adjusted
o compensate for the interleaved slice acquisition and realigned to the tenth
mage to correct for head movements between scans. The realigned scans were
hen normalized to the Montréal Neurologic Institute (MNI) template found in
PM 99. The functional data were spatially smoothed with an 8 mm isotropic
aussian kernel prior to statistical analysis. These normalized and smoothed
ata were used in the analysis procedures described below.

We used an internal localizer analysis (Lerner, Hendler, & Malach, 2002) in
hich half of the data was used to define functional regions of interest (ROIs),
hile the other half of the data was used to evaluate differences in those func-

ional ROIs. This technique allows for two independent statistical assessments
f differences between conditions.

To identify functional ROIs, we used half of the data to conduct a random-
ffects assessment of the differences among the three conditions at the peak of the
emodynamic response (HDR). This analysis consisted of the following steps:
1) The epoch of image volumes beginning 2 images before (−3.0 s) and 8 images
fter (13.5 s) the onset of each pose was excised from the continuous time series
f volumes. (2) The average intensity of the HDR waveform was computed from
.5–6 s post-stimulus all three conditions. A t-statistic was then computed at each
oxel within the brain to quantify the HDR differences among the poses. This
rocess was performed separately for each subject. (3) The individual t-maps
reated in the preceding step were then subjected to a random-effects analysis
hat assessed the significance of differences between conditions across-subjects.

To reduce the number of statistical comparisons and thus the false posi-
ive rate, the results of the random-effects analyses computed above were then
estricted to only those voxels in which a significant HDR was evoked by
ny of the three different poses. For this analysis, we thresholded our activa-
ion at a False Discovery Rate (FDR) (Genovese, Lazar, & Nichols, 2002) of
.01 (t(11) > 4.37). The voxels with significant HDRs were identified in the fol-
owing steps: (4) For each subject, the average evoked hemodynamic response
as computed for each of the three trial types and these average BOLD-intensity

ignal values for each voxel within the averaged epochs were converted to percent
ignal change relative to the pre-stimulus baseline. (5) The time waveforms for
ach voxel were correlated with an empirical reference waveform and t-statistics
ere calculated for the correlation coefficients. This procedure provided a whole-
rain t-map in MNI space for each of the three trial types. (6) The t-maps for
ach subject and for each trial type were used to calculate an average t-map for

he union of all three trial types across subjects. We then identified active voxels
s those that surpassed the FDR threshold. (7) The difference t-map computed
n step 3 above was then masked by the results of step 6. Thus, the differences
n HDR amplitude between poses were only evaluated for those voxels in which
t least one pose evoked a significant HDR as defined above. The threshold for
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ignificance in the HDR peak was set at p < .01 (two-tailed, uncorrected) and a
inimal spatial extent of 4 uninterpolated voxels.

For each functional ROI showing a significant difference between any two
rial types, we computed the average time course for each condition on the second
ubset of epochs that were withheld from the analysis used for identification of
he functional ROIs. We then conducted a repeated-measures analysis of variance
or each region of interest in order to statistically evaluate differences in peak
mplitude as a function of stimulus condition. Greenhouse-Geisser epsilons were
sed to adjust the degrees of freedom in order to guard against violations of the
phericity assumption.

. Results

.1. Regions in which poses evoked a significant HDR

As expected, each of the three poses evoked significant acti-
ation in the LOTC and VOTC. The overlay in Fig. 2 depicts
egions in which, across subjects, a significant HDR was evoked
y at least one of the three different poses (see analysis step
in Methods). The LOTC activation included both the MOG,

ncompassing the expected location of the functionally defined
BA, and extended anterior and superior into the pSTS. The

OTC activation included the FFG but also extended medi-
lly to encompass the lingual gyrus. Strong activation was
lso obtained in two regions for which we offered no predic-
ions: the intraparietal sulcus (IPS) bilaterally and the right

t
d
x
t

ig. 2. Active regions. Grand-average t-maps plotted on a template brain. The t-map
rain that are active to any of the three experimental conditions. These regions served
gia 44 (2006) 1919–1927

rontal lobe within and near the precentral gyrus (PCG). Dif-
erences in activation between poses were not observed in
ither the IPS or PCG and we will not consider these regions
urther.

.2. Lateral occipitotemporal cortex (LOTC)

.2.1. Extrastriate body area (EBA)
Regions of the bilateral LOTC showed significant amplitude

ifferences as a function of condition, F(2,14) = 12.60, p < .01.
ithin this broad region of activation, a large subset of voxels

entered on the MOG evoked greater activity for Body-Only tri-
ls compared to both Body-Face and Face-Only trials (Fig. 3A).
n analysis of the time course data, sampled independently from

he data represented in the contrasts, confirmed that these voxels
voked a significantly greater response at peak for Body-Only
rials compared to Face-Only trials, t(10) = 5.39, p < .001 and
ody-Face trials, t(10) = 2.65, p = .05. Furthermore, the average
voked activity at peak for Body-Face trials was significantly
arger than the average evoked activity at peak for Face-Only
rials, t(10) = 3.00, p < .05. The average HDR waveforms from

he time course analysis are plotted in Fig. 3B. The MNI coor-
inates for the centroids of these regions (x = 53, y = −81, z = 9;
= −42, y = −82, z = 9) were within 12.9 and 11.7 mm, respec-

ively of the coordinates (x = 51, y = −71, z = 1; x = −51, y = −72,

s were thresholded at an FDR of p < .01 (t < 4.37) and represent regions of the
as the basis for all further statistical analyses.
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Fig. 3. Lateral occipitotemporal cortex. Panel A reflects the results of a random-effects analysis where peak amplitude was dependent upon stimulus condition. Panel
B inter
o he rig
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displays the average HDR plotted as a function of condition for the regions of
f trials that were used to define the functional regions of interest. Regions of t
hen compared to both Face-Only and Body-Face trials (p < .01). Body-Face tr

= 8) originally reported by Downing and colleagues for EBA
Downing et al., 2001) which were well within the spatial extent
f the current activation.

.2.2. Posterior superior temporal sulcus (pSTS)

A random-effects analysis revealed a focal cluster of activa-

ion in the pSTS (Fig. 4A), where the average evoked response
or Body-Only trials was significantly smaller in amplitude than
he average response evoked by Face-Only and Body-Face trials.

p
e
f
a

ig. 4. Right superior temporal sulcus. Panel A reflects the results of a random-effect
displays the average HDR plotted as a function of condition for the regions of inter

f trials that were used to define the functional region of interest. The right pSTS
ompared to Body-Only trials (p < .05). There was no significant difference between F
est highlighted in the colormap. The HDR was sampled from a different subset
ht and left LOTC evoked a significantly greater response for Body-Only trials
oked significantly more activity at peak than Face-Only trials (p < .05).

repeated measures ANOVA conducted on the independently
ampled time course data confirmed a difference in amplitude at
eak as a function of condition, F(2,18) = 5.27, p < .05. The aver-
ge HDR evoked for Body-Only trials was significantly smaller
n amplitude at peak compared to both Body-Face t(10) = 2.32,

< 05, and Face-Only trials, t(10) = 3.69, p < .01 The average
voked HDRs for Body-Only and Body-Face trials did not differ
rom each other. The average evoked HDR from the time course
nalysis are plotted in Fig. 4B.

s analysis where peak amplitude was dependent upon stimulus condition. Panel
est highlighted in the colormap. The HDR was sampled from a different subset
evoked significantly greater activity to Face-Only and Body-Face trials when
ace-Only and Body-Face trials.
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Fig. 5. Ventral occipitotemporal activation. Panel A shows two different regions of interest in the VOTC. The light-blue color map displays voxels that responded
significantly stronger for Face-Only trials compared to both Body-Only and Body-Face trials in a random-effects analysis that was employed to identify regions of
interest. The yellow color map displays voxels that responded significantly stronger for Body-Face trials compared to both Body-Only and Face-Only trials. Panel
B displays the average HDR from the voxels displayed in the light blue color map. The HDR was independently sampled from a separate subset of trials that were
used to define the functional region of interest. The average peak amplitude varied as a function of stimulus condition. Specifically, Body-Only trials evoked a larger
peak amplitude response than that evoked by both Face-Only and Body-Face trials (p < .05). Body-Face trials evoked a significantly larger peak response compared
to Face-Only trials (p < .01). Panel C displays the average HDR from the voxels displayed in the yellow color map. The HDR was independently sampled from a
s . The
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eparate subset of trials that were used to define the functional region of interest
ody-Face trials evoked a larger peak amplitude response than both Body-Only
ace-Only trials.

.3. Ventral occipitotemporal cortex (VOTC)

A random-effects analysis revealed two significant contrasts
n the VOTC. A medial ROI centered on the lingual gyri and
epicted in light blue on Fig. 5 consists of voxels in which
ody-Only trials evoked a higher amplitude response than either
ace-Only or Body-Face trials. Thus, within this medial region,

he largest response was evoked by bodies without faces. A
epeated measures ANOVA conducted on the independently
ampled time course data confirmed a difference in peak ampli-
ude as a function of occlusion type, F(2,16) = 24.15, p < .001,
nd post hoc analyses showed that the average HDR evoked
or Body-Only trials had a significantly larger peak amplitude
ompared to both Body-Face t(10) = 3.49, p < .01, and Face-Only
rials, t(10) = 6.49, p < .001. Body-Face trials evoked a signifi-

antly larger peak amplitude when compared independently to
he response evoked by Face-Only trials, t(10) = 3.74, p < .01.

The yellow color map plotted on VOTC in Fig. 5 shows vox-
ls for which a higher peak amplitude response was evoked

t
a
c
b

average peak amplitude varied as a function of stimulus condition. Specifically,
ace-Only conditions (p < .05). There was no difference between Body-Only and

or Body-Face trials when compared to both Body-Only and
ace-Only trials. A repeated measures ANOVA conducted on

he independently sampled time course data confirmed a differ-
nce in peak amplitude as a function of condition, F(2,15) = 4.86,
< .05. Specifically, the average HDR evoked for Body-Face tri-
ls was significantly larger in peak amplitude compared to both
ody-Only t(10) = 3.87, p < .01, and Face-Only trials, t(10) = 2.54,
< .05. There was no difference between Body-Only and Face-
nly trials. The average evoked HDRs from the time course

nalysis are plotted in Fig. 5 for both contrast types identified in
he VOTC.

. Discussion

Our results demonstrate differences in activation evoked by

he appearance of partially occluded or fully visible human
ctors in both the LOTC and VOTC – regions known to be
ritically involved in social perception. Within each of these
road regions, two closely adjacent ROIs were identified that
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esponded differently to face and body occlusion. Within the
OTC, these ROIs encompassed the EBA and the pSTS. Within

he VOTC, these ROIs encompassed the lingual gyri and the
usiform gyri.

To briefly recapitulate our results, consistent with prior liter-
ture, poses in which the face was clearly visible (the Body-Face
nd Face-Only conditions) evoked strong activation in the lat-
ral FFG of the VOTC and the pSTS of the LOTC. In the lateral
FG, activation was greater for the Body-Face than Face-Only
ondition, while no difference between Body-Face and Face-
nly conditions were observed in the pSTS. The Body-Only

ondition strongly activated the lingual gyrus and medial FFG
the medial VOTC) and the EBA region of the LOTC. In both
f these regions, the Face-Only condition evoked little or no
ctivation. Of particular note, exposing the hidden face of the
trongly activating Body-Only condition caused a decrease in
ctivation in both the medial VOTC and the EBA. We will now
eview these results in more detail by region and then offer two
xplanations for what processes may underlie these results.

.1. Lateral occipitotemporal cortex (LOTC)

Activation in LOTC was strongly modulated by the pres-
nce or absence of a face in the visual scene. The MOG and
urrounding regions that encompassed the reported locations of
BA were most strongly activated when the actor’s torso and

imbs were visible and weakest when only the face was visible,
eplicating the results of prior studies (Downing et al., 2001;
eelen & Downing, 2004). Of most interest, adding a face to

he same strongly activating torso and limbs decreased the acti-
ation that was evoked by the torso and limbs alone suggesting
hat the face inhibited the response to the body parts.

In strong contrast to the EBA, the pSTS showed a signifi-
ant preference for face stimuli, regardless of whether the face
at atop a body that was either occluded or visible. Neuroimag-
ng studies of pSTS function have previously implicated this
egion in the processing of biological motion. Recent inves-
igations have shown that this region might also be a critical
ontributor to the visual analysis of the intentions and actions
f others (Blakemore, Sarfati, Bazin, & Decety, 2003; Castelli,
appe, Frith, & Frith, 2000; Decety & Grezes, 1999; Grezes,
rith, & Passingham, 2004; Morris et al., 2005; Pelphrey,
orris, & McCarthy, 2004a; Pelphrey, Singerman, Allison, &
cCarthy, 2003; Pelphrey, Viola, & McCarthy, 2004b; Saxe &
anwisher, 2003; Saxe, Xiao, Kovacs, Perrett, & Kanwisher,
004), although biological motion may be necessary in convey-
ng such intentions (Morris et al., 2005). Nevertheless, many
eports of activity evoked by faces have included significant
ctivation in the pSTS (Haxby, Hoffman, & Gobbini, 2000;
offman & Haxby, 2000; Kanwisher et al., 1997; McCarthy

t al., 1997; Puce et al., 1995), which has suggested that this
rea is sensitive to dynamic aspects of the face, and in particular
he eyes (Hoffman & Haxby, 2000; McCarthy, 1999; Pelphrey

t al., 2003; Puce et al., 1998).

Our recent study of the somatotopic organization of the STS
or the perception of biological motion is consistent with the
esults reported here (Pelphrey, Morris, Michelich, Allison, &
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cCarthy, 2005). In that study, we compared activity elicited
y movement of the eyes, mouth, or hand. While each motion
voked robust activation of the right LOTC, the spatial distri-
ution of the hemodynamic responses differentiated the move-
ents in an interesting manner. Movements of the face (i.e., eyes

nd mouth) activated discrete regions in the crux of the pSTS,
hile hand movements evoked activity in more inferior and pos-

erior portions of the pSTS and, notably, a region of the LOTC
onsistent with the reported location of the EBA. Thus, consis-
ent with our present findings, we found a preference for face

ovement in the pSTS and a preference for the movement of at
east one body part in the more posterior and inferior regions of
OTC overlapping with the location of the EBA.

.2. Ventral occipitotemporal cortex (VOTC)

Like LOTC, activation in VOTC was strongly modulated by
he presence or absence of a face in the visual scene. Indeed,
he two foci of activation within VOTC showed differential acti-
ation patterns that resembled that of LOTC. The medial and
osterior portions of the VOTC (encompassing the lingual gyrus
nd parts of medial FFG) responded most strongly for bodies
ithout faces, while virtually no activation was evoked above
restimulus baseline for faces without bodies. Exposing the face
f the strongly activating body stimulus decreased activation in
he medial VOTC. This pattern was remarkably similar to that
iscussed above for the EBA, and the striking similarities of the
esponses can be appreciated by comparing the HDRs in Fig. 3B
EBA) and Fig. 5B (medial VOTC).

However, while the pattern was similar for the poses used in
he present study, other studies from our lab (Allison, McCarthy,
obre, Puce, & Belger, 1994b; Puce et al., 1995, 1996) have

ound that scrambled faces and complex textures also activate
edial VOTC regions while faces activated more lateral por-

ions of FFG. Kanwisher and colleagues (Kanwisher et al.,
997) observed that objects activated medial/posterior portions
f VOTC, while face activations were localized more anterior
nd lateral in the FFG. That the human body with an occluded
ace activated medial VOTC areas previously identified with
ifferential processing of objects and textures suggests that
omain non-specific processes may have been evoked – i.e.,
odies without faces activated similarly as objects and textures.
his conclusion raises the question of why adding a face to the
trongly activating faceless body resulted in a decrease in acti-
ation – the same result obtained for EBA above. The presence
f the occluding textbook may have enhanced this medial acti-
ation, although the book was also present and visible (albeit,
ot as prominently) in the Body-Face poses.

At more lateral sites in the FFG, the activation pattern by both
oses that included faces was greatly enhanced while activity
voked by the Body-Only pose decreased at this same region.
his shift can be appreciated by comparing Fig. 5B and C. The
DR evoked by the Body-Only pose decreased by a factor of
wo moving from medial to lateral, while the HDR evoked by
he face with the body occluded went from no response at medial
ocations to a robust response at lateral locations. That is, the
esponse to the Body-Only face-occluded pose declined contin-
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ously over the medial to lateral VOTC axis, while the response
o the face increased continuously over the same axis.

This change in the response pattern along the axis from the
edial to lateral VOTC is similar to the change in response

attern along the axis from EBA to pSTS in the LOTC with one
xception. At pSTS, the two poses with visible faces evoked a
DR with equal amplitudes. At the lateral FFG, the response to

he body and face together was larger than the response to the
ace alone.

These results could be explained if there were limited neural
esources devoted to processing the complex social scene and
he presence of a face drew resources away from the processing
f other objects in the scene. Activity in regions specialized for
rocessing non-face body parts might then be passively reduced.
his outcome would be further potentiated if the viewer’s scan
aths were systematically biased towards the face. Hershler and
ochstein have recently demonstrated a “pop-out” effect for

aces, which suggests that faces might be particularly salient
timuli and thus likely to attract processing resources (Hershler

Hochstein, 2005).
This explanation posits passive reduction of activity in brain

egions that process the less salient stimuli in the scene. How-
ver, it is also possible that an active inhibitory process is
ngaged such that the region processing the more salient stim-
lus (e.g., the face) inhibits regions associated with processing
he less salient stimulus (e.g., the body). There is precedence for
his explanation. Pelphrey et al. (2003) suggested such a mecha-
ism in their study that demonstrated that faces evoked a relative
eactivation in brain regions located medially to face-specific
egions of lateral FFG. Likewise, Allison et al. (2002) presented
lectrophysiological evidence for category-specific inhibitory
nteractions. They identified focal N200 potentials indicative
f word form and face specific sites using subdural recordings
ade from the FFG and adjacent cortex. At half of these sites,

he non-preferred stimulus category evoked a P200 potential
hich Allison et al. interpreted as evidence for inhibition of

ategory-specific neurons, and for which they provided a model
f synaptic connectivity between neurons selectively activated
y faces and letterstrings to account for their results. Finally,
entin, Allison, Puce, Perez, and McCarthy (1996) recorded
vent-related potentials from the scalp while subjects viewed
hole faces and isolated face parts. They observed a large N170

omponent evoked by eyes presented in isolation that was dimin-
shed in amplitude when those same eyes were embedded within
hole faces (Bentin et al., 1996).
Explanations based upon passive reduction or active inhi-

ition of processing make similar predictions that cannot be
iscriminated on the basis of the relative measure of activation
rovided by fMRI alone. However, both explanations raise a
eneral issue about domain specificity. If there are regions, such
s EBA, for specialized processing of non-face body parts, why
hould processing in this region be either resource limited or
ctively inhibited by the presence of a face when a separate face

pecific region is available for processing? We speculate that
nitial processing of domain specific stimuli proceeds in parallel
ut that higher order processing of the scene requires selection
mong stimuli relevant to the subject’s dispositions and goals.
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In conclusion, we demonstrated that a visible face strongly
odulated activation evoked by the appearance of a partially

ccluded human body during free viewing of a natural social
cene. Within MOG/EBA and pSTS we observed an infe-
ior/posterior to superior/anterior change in activity such that
odies without faces more strongly activated the MOG/EBA
hile faces more strongly activated the pSTS. Our hypothesis

hat the EBA would show a greater response when more body
arts were visible was not supported by the current data. Indeed
he presence of a complete body with a face evoked less activity
han the presence of the same body without a face. Our initial
ypothesis that activation in the lateral FFG of the VOTC would
e potentiated by the presence of a viewable face was partially
pheld, but we noted that the strongest response in this region
as evoked when both the face and body were visible.
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