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Neuroimaging studies have identified multiple face-selective regions in human cortex but the functional
division of labor between these regions is not yet clear. A central hypothesis, with some empirical support, is
that face-selective regions in the superior temporal sulcus (STS) are particularly responsive to dynamic
information in faces, whereas the fusiform face area (FFA) computes the static or invariant properties of faces.
Here we directly tested this hypothesis by measuring the magnitude of response in each region to both
dynamic and static stimuli. Consistent with the hypothesis, we found that the response to movies of faces was
not significantly different from the response to static images of faces from these same movies in the right FFA
and right occipital face area (OFA). By contrast the face-selective region in the right posterior STS (pSTS)
responded nearly three times as strongly to dynamic faces as to static faces, and a face-selective region in the
right anterior STS (aSTS) responded to dynamic faces only. Both of these regions also responded more
strongly to moving faces than to moving bodies, indicating that they are preferentially engaged in processing
dynamic information from faces, not in more general processing of any dynamic social stimuli. The response
to dynamic and static faces was not significantly different in a third face-selective region in the posterior
continuation of the STS (pcSTS). The strong selectivity of face-selective regions in the pSTS and aSTS, but not
the FFA, OFA or pcSTS, for dynamic face information demonstrates a clear functional dissociation between
different face-selective regions, and provides further clues into their function.

© 2011 Elsevier Inc. All rights reserved.

Introduction

Functional magnetic resonance imaging (fMRI) studies of face
perception reliably identify multiple face-selective cortical regions
(Kanwisher and Yovel, 2006; Ishai, 2008; Fox et al., 2009; Pinsk et al.,
2009), but the functional operations performed in these regions are
not yet clearly understood. Two of the most commonly studied regions
are the fusiform face area (FFA) (Kanwisher et al., 1997), found on the
ventral surface of the occipitotemporal cortex, and a face-selective
region in the posterior superior temporal sulcus (pSTS) (Phillips et al.,
1997; Puce et al., 1998). In addition to being located in different areas
of the brain, the FFA and pSTS are also thought to perform different
functional roles in the perception of faces. The FFA has been implicated
in the representation of static or invariant properties of faces
(Kanwisher et al., 1997; McCarthy et al., 1997; Haxby et al., 2000),
such as facial identity (Grill-Spector et al., 2004; Yovel and Kanwisher,
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2004; Rotshtein et al., 2005), whereas the pSTS region has been
implicated in the representation of the dynamic properties of faces
(Allison et al., 2000; Haxby et al., 2000; Gobbini et al., in press), such as
eye, mouth and head movements (Puce et al., 1998; Lee et al., 2010)
and facial expression (Phillips et al., 1997; Winston et al., 2004). Fox
etal. (2009) have further demonstrated that face-selective regions can
be more robustly identified using dynamic stimuli compared with
static stimuli (see also Hasson et al., 2010; Scherf et al., 2010).
However, no prior study has directly compared the response to
dynamic versus static stimuli in these and other face-selective regions
using data independent of that used to define the regions of interest
(Saxe et al., 2006; Vul and Kanwisher, 2011). Here we do just that, by
measuring the response of each face-selective region to short movies
of faces, bodies, scenes, objects and scrambled objects and to static
images taken from these same movies. In addition to the widely
studied FFA, occipital face area (OFA) (Gauthier et al., 2000), and pSTS
regions, we also examined the response profile of face-selective
regions in the posterior continuation of the STS (pcSTS), the anterior
STS (aSTS) (Pinsk et al., 2009; Said et al., 2010), inferior frontal gyrus
(IFG) (Ishai et al., 2002; Fox et al., 2009), and motor cortex (Adolphs,
2002; Keysers et al., 2010).
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Method
Participants

Fourteen individuals (all right-handed; seven females) participat-
ed in this experiment. Participants were college or graduate students
in the Boston area. All were neurologically normal and were paid for
their participation. Informed consent was obtained and the commit-
tee on the use of humans as experimental participants at the
Massachusetts Institute of Technology approved all procedures. One
male participant was discarded from further analysis after moving
more than 3 mm over the course of the scanning session.

Stimuli

Dynamic stimuli were 3-s movie clips of faces, bodies, scenes,
objects and scrambled objects. There were 60 movie clips for each
category. Movies of faces and bodies were filmed on a black
background, and framed close-up to reveal only the faces or bodies
of 7 children as they danced or played with toys or adults (who were
out of frame). Fifteen different locations were used for the scene
stimuli which were mostly pastoral scenes shot from a car window
while driving slowly through leafy suburbs, along with some other
films taken while flying through canyons or walking through tunnels
that were included for variety. Fifteen different moving objects were
selected that minimized any suggestion of animacy of the object itself
or of a hidden actor pushing the object (these included mobiles,
windup toys, toy planes and tractors, balls rolling down sloped
inclines). Note that the smaller number of individuals in the face (7)
and body (7) movie clips compared to the number of object (15) and
scene (15) movie clips is conservative with respect to our hypothesis
regarding face selectivity. Scrambled objects were constructed by
dividing each object movie clip into a 15 by 15 box grid and spatially
rearranging the location of each of the resulting movie frames. Within
each block stimuli were randomly selected from within the entire set
for that stimulus category (faces, bodies, scenes, objects, scrambled
objects). This meant that the same movie clip could appear within the
same block but given the number of stimuli this did not occur
frequently.

Static stimuli were identical in design to the dynamic stimuli
except that in place of each 3-s movie we presented three different
still images taken from the beginning, middle and end of the
corresponding movie clip (see Supplemental Fig. 1). Each image was
presented for 1s with no ISI, to equate the total presentation time
with the corresponding dynamic movie clip.

Procedure

Each scanning session began with the acquisition of a high-
resolution T-1 weighted anatomical scan. Functional data were
acquired over 12 blocked-design functional runs lasting 234 s each.
Each functional run contained three 18-s rest blocks, at the beginning,
middle, and end of the run, during which a series of six uniform color
fields were presented for 3 s each (these color fields were designed to
maintain the interest of children, for whom the dynamic localizer was
originally designed, while approximating a fixation baseline condition
by avoiding any pattern visual input). Participants were instructed to
watch the movies and static images but were not asked to perform
any overt task. We did not use eye tracking because any differences in
eye movements between dynamic and static stimuli would likely be a
main effect and we predicted that only dynamic faces would produce
a greater response in face-selective STS regions.

Each run contained two sets of five consecutive stimulus blocks
(faces, bodies, scenes, objects or scrambled objects) sandwiched
between these rest blocks, to make two blocks per stimulus category
per run. Each block lasted 18 s and contained stimuli from one of the

five stimulus categories. The order of stimulus category blocks in each
run was palindromic (e.g., fixation, faces, objects, scenes, bodies,
scrambled objects, fixation, scrambled objects, bodies, scenes, objects,
faces, fixation) and was randomized across runs. Functional runs
presented either movie clips (the eight dynamic runs) or sets of static
images taken from the same movies (the four static runs). For the
dynamic runs, each 18-s block contained six 3-s movie clips from that
category. For the static runs, each 18-s block contained eighteen 1-s
still snapshots, composed of six triplets of snapshots taken at 1-s
intervals from the same movie clip. Dynamic/static runs were run in
the following order: 4 dynamic, 2 static, 2 dynamic, 2 static, 2
dynamic. The first 4 runs of the dynamic stimuli were used to define
the studied ROIs (see Data analysis section).

Brain imaging

Scanning was performed in a 3.0 T Siemens Trio scanner at the A. A.
Martinos Imaging Center at the McGovern Institute for Brain Research
at the Massachusetts Institute of Technology. Functional images were
acquired with a Siemens 32-channel phased array head-coil and a
gradient-echo EPI sequence (32 slices, repetition time (TR) =2 s, echo
time =30 ms, voxel size=3x3x3 mm, and 0.6 mm interslice gap)
providing whole brain coverage (slices were aligned with the anterior/
posterior commissure). In addition, a high-resolution T-1 weighted
MPRAGE anatomical scan was acquired for anatomically localizing the
functional activations.

Data analysis

Data were analyzed with FS-FAST, Freesurfer (http://www.surfer.
nmr.mgh.harvard.edu/) (Dale et al, 1999; Fischl et al., 1999).
Before statistical analysis, images were motion corrected (Cox and
Jesmanowicz, 1999), and (for those runs used in defining ROIs only)
smoothed (3 mm FWHM Gaussian kernel), detrended, and fit using a
gamma function (delta=2.25 and tau = 1.25). The pre-processing did
not involve any spatial normalization of participants in a common
reference space (e.g., Talairach transformations). The first four
dynamic runs were used to define ROIs using a contrast of dynamic
faces greater than dynamic objects, using the same statistical
threshold (p=10~*, uncorrected) for all participants. Within each
functionally defined ROI we then calculated the magnitude of
response (percent signal change, or PSC, from a fixation baseline) to
the dynamic and static conditions of each of the five stimulus
categories (faces, bodies, scenes, objects and scrambled objects),
using the data collected from runs 5-12 in which pairs of dynamic and
static runs were alternated. All of the data used to calculate PSC was
independent of the data used to define the ROIs (Saxe et al., 2006; Vul
and Kanwisher, 2011).

Results
Identifying ROIs

Face-selective ROIs in the right hemisphere were identified based
on the data from four runs of the dynamic localizer using a contrast of
dynamic faces greater than dynamic objects. The most robust ROIs
across participants were found in the mid-fusiform gyrus (FFA) in 13/
13 participants, in or around the inferior occipital gyrus (OFA) in 13/
13 participants, at or slightly anterior to the junction of the ascending
and descending limbs of the STS (posterior STS, or pSTS) in 13/13
participants, and in an anterior region of the STS (aSTS) in 11/13
participants. To illustrate the location of these face-selective ROIs we
have included data from three example participants (see Supplemen-
tal Fig. 2). In addition, we also identified face-selective ROIs that were
less robust across participants in the inferior frontal gyrus (IFG) (in 7/
13 participants), in the posterior continuation of the STS (in or around
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the ascending and descending limbs of the STS, referred to here as the
pcSTS, in 6/13 participants), and in motor cortex (in 6/13 partici-
pants). The Talairach co-ordinates of the peak voxel in each ROI for all
participants are shown in Table 1.

Consistent with prior literature face-selective ROIs in the left
hemisphere (LH) were less robust across participants (Kanwisher
etal., 1997; Barton et al., 2002; Young et al., 1985; Pitcher et al., 2007).
The number of participants exhibiting face-selective ROIs in the LH is
shown in Table 1.

Face-selective ROIs were more robustly identified using dynamic
images than static images (see also Fox et al., 2009). The number of
face-selective ROIs identified using dynamic versus static stimuli is
reported in Table 1. Importantly, however, the pattern of the response
to all stimulus categories within a given ROI did not differ when we
defined face-selective regions using dynamic stimuli or static stimuli
(see supplemental materials).

ROI response profiles

To begin, we examined the response profiles of each of the most
robust face-selective ROIs (i.e., rFFA, rOFA, rpSTS, and raSTS) to short
movies of faces, bodies, scenes, objects and scrambled objects and to
static images taken from these same movies using the independently
calculated PSC data (see Fig. 1).

TFFA

Consistent with the hypothesis that the rFFA is sensitive to the static or
invariant properties of faces, we found no difference in the magnitude of
the response to dynamic versus static faces in the rFFA. A 2 (motion:
dynamic, static) x 5 (category: faces, bodies, scenes, objects, scrambled
objects) repeated-measures ANOVA (Greenhouse-Geisser corrected)
revealed a significant main effect of category (F (4, 48)=83.41,
p<0.001), with a significantly greater response to faces than any other
category (Bonferroni corrected post-hoc comparisons, all ps<0.05),
demonstrating the known face selectivity of this region. Crucially, we
found no significant main effect of motion (F(1,12) =1.37,p=0.27),and
no significant interaction between motion and category (F (4, 48) =1.86,
p=0.18), demonstrating that there was no significant difference in the
response to dynamic versus static faces in the rFFA.

rOFA

As with the rFFA, the rOFA did not exhibit a differential response to
dynamic and static faces. A 2 (motion: dynamic, static) x 5 (category:
faces, bodies, scenes, objects, scrambled objects) repeated-measures
ANOVA (Greenhouse-Geisser corrected) revealed no significant main
effect of motion (F (1, 12) =2.52, p=0.14), but did show a significant
main effect of category (F (4,48) = 25.08, p<0.0001), with a significantly
greater response to faces than to any other category (Bonferroni
corrected post-hoc comparisons, all ps<0.05). There was also no
significant interaction between motion and category (F (4, 48) =2.20,
p=0.14). These results demonstrate the face selectivity of the rOFA, and
also show that there was no significant difference in the response to
dynamic versus static faces in the rOFA.

rpSTS

Consistent with the hypothesis that face-selective regions in the
STS are particularly responsive to dynamic information in faces, we
found a significantly greater response to dynamic faces than static
faces in the rpSTS. A 2 (motion: dynamic, static) x 5 (category: faces,
bodies, scenes, objects, scrambled objects) repeated-measures
ANOVA (Greenhouse-Geisser corrected) revealed a significant main
effect of motion (F (1, 12)=35.93, p<0.001), with a significantly
greater response to dynamic than static stimuli. We also found a
significant main effect of category (F (4, 48) = 54.62, p<0.001), with a
significantly greater response to faces than to all other categories
(Bonferroni corrected post-hoc comparisons, all ps<0.05),
demonstrating the face selectivity of this region. Importantly, we
also found a significant interaction between motion and category (F
(4,48)=27.08, p<0.001). Bonferroni corrected post-hoc comparisons
revealed that dynamic faces produced a significantly greater response
than static faces (t (12)=8.5, p<0.001), revealing the strong
dependence of the rpSTS on dynamic information from faces.
Bonferroni corrected post-hoc tests also revealed a significantly greater
response to dynamic bodies compared to static bodies (t (12)=7.3,
p<0.001).

raSTS

As with the rpSTS, we found a significantly greater response to
dynamic than static faces in the raSTS. A 2 (motion: dynamic, static) x 5
(category: faces, bodies, scenes, objects, scrambled objects) repeated-

Table 1
Table showing the number of face-selective ROIs (faces greater than objects) identified across participants.
ROI table
FFA OFA pSTS asTS IFG pcSTS Motor cortex
Right hemisphere 4 dynamic runs 13/13 13/13 13/13 11/13 7/13 6/13 6/13
Right hemisphere 8 dynamic runs 13/13 13/13 13/13 12/13 10/13 9/13 9/13
Right hemisphere 4 static runs 12/13 12/13 10/13 2/13 4/13 5/13 0/13
Left hemisphere 4 dynamic runs 11/13 8/13 9/13 2/13 0/13 7/13 1/13
Talairach co-ordinates
FFA OFA pSTS asTS IFG pcSTS Motor cortex
Participant 1 42, —58, —18 44,80, —4 60, —41,7 55,9, —18 60,23, —6 46, 3, 43
Participant 2 42, —50, —13 42, —76, —8 57, —28,1 62, —4, —17 56, 27, 4 59, —30, 15 50, 2, 44
Participant 3 39, —59, —18 40, —84, —3 61, —22, —4 65, —45, 22
Participant 4 39, —48, — 16 41, —83,3 58, —46, 8
Participant 5 42, —45, —17 36, —85, —2 53, —37,9 53, —2,—19 42, —56, 15
Participant 6 43, —48, — 16 45, —74, —10 54, —40, 3 64,6, —19 59, —51, 22
Participant 7 40, —50, —13 40,79, —10 51, —34,0 62, —9, —3 46, 30, 5 54, —4, 45
Participant 8 43, —50, 11 41, —76, —1 48, —40, 10 56,9, —8 47,27,1
Participant 9 45, —44, —15 41, —78,5 51, —40, 15 62, —1, —11 48,31, —8 50, —54, 10 50,9, 43
Participant 10 42, —47, — 16 42, —76, —13 57, —35,1 61, —7,—10 45, —7, 41
Participant 11 40, —51, —15 39, —80, —7 49, —40, 4 62, —8, —16 47,25, -2
Participant 12 43, —40, —24 51, -77,7 53, —43,2 57,1, —23 56, 22,5 63, —55,7 56, 8,29
Participant 13 40, —45, — 15 39,75,5 54, —43,0 60, —4, —16
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Fig. 1. Percent signal change (PSC) data for the dynamic and static stimuli from all five categories (faces, bodies, scenes, objects and scrambled objects) in the rFFA, rOFA, rpSTS and
raSTS. All four regions showed a significantly greater response to faces than all other categories. The rpSTS and raSTS also showed a significantly greater response to dynamic faces

than to static faces. Data shown are independent of the data used to define the ROIs.

measures ANOVA (Greenhouse-Geisser corrected) revealed no signifi-
cant main effect of motion (F (1, 10) =1.46, p=0.25), but a significant
main effect of category (F (4, 40) =11.56, p<0.001), with a significantly
greater response to faces than any other category (Bonferroni corrected
post-hoc comparisons, all ps<0.05). We also found a significant
interaction between motion and category (F (4, 40)=3.7, p=0.03).
Bonferroni corrected post-hoc tests revealed that dynamic faces
produced a significantly greater response than static faces (t (10) =5.3,
p=0.002). These results show both the face selectivity of the region as
well as the specificity to dynamic information in faces in the raSTS.

Next, we examined the response profiles of the three less robust
face-selective ROIs (i.e., rpcSTS, rIFG, and right motor cortex) to short
movies of faces, bodies, scenes, objects and scrambled objects and to
static images from the same movies (see Fig. 2).

rpcSTS

Unlike the other face-selective regions in the STS, the rpcSTS did not
exhibit a greater response to dynamic than static faces. A 2 (motion:
dynamic, static) x 5 (category: faces, bodies, scenes, objects, scrambled
objects) repeated-measures ANOVA (Greenhouse-Geisser corrected)
revealed no significant main effect of motion (F (1,5) =0.01, p=0.93),
but did show a significant main effect of category (F (4, 20) =6.56,
p=0.04), with a significantly greater response to faces than to scenes,
objects and scrambled objects (Bonferroni corrected post-hoc compar-
isons, all ps<0.05). We did not find a significant interaction between
motion and category (F (4, 20)=0.87, p=0.47). Finally, a direct
contrast of moving faces versus static faces found no significant
difference (t (5)=1.9, p=0.11). This pattern of results demonstrates
that there was no significant difference in the response to dynamic and
static faces in the rpcSTS.

rIFG

We found a significantly greater response to dynamic than static
faces in the rIFG. A 2 (motion: dynamic, static) x 5 (category: faces,
bodies, scenes, objects, scrambled objects) repeated-measures
ANOVA (Greenhouse-Geisser corrected) revealed no significant
main effect of motion (F (1, 6)=0.78, p=0.41), but did show a

significant main effect of category (F (4, 24) =7.82, p=0.007), with a
significantly greater response to faces than to scenes, objects and
scrambled objects (Bonferroni corrected comparisons, all ps<0.05).
We also found a significant interaction between motion and category
(F (4, 24)=3.66, p=0.05). A Bonferroni corrected post-hoc test
revealed that dynamic faces produced a significantly greater response
than static faces (t (6) =2.5, p=0.047).

Right motor cortex

The face-selective region in the right motor cortex exhibited a
greater response to dynamic than static faces. A 2 (motion: dynamic,
static) x 5 (category: faces, bodies, scenes, objects, scrambled objects)
repeated-measures ANOVA (Greenhouse-Geisser corrected) revealed
no significant main effect of motion (F (1, 5) =4.16, p=0.1), but did
show a significant main effect of category (F (4,20) =9.83,p=0.014),
with a significantly greater response to faces than to objects and
scrambled objects (Bonferroni corrected comparisons, all ps<0.05).
We also found a significant interaction between motion and category
(F (4, 20)=4.4, p=0.05). Bonferroni corrected post-hoc tests
revealed that dynamic faces produced a significantly greater response
than static faces (t (5)=5.3, p=0.003) and that dynamic bodies
produced a greater response than static bodies (t (5) = 3.2, p=0.022).

Functional dissociation across face-selective regions

The above analyses suggest a functional dissociation across the
most robust face-selective regions, with the rFFA and rOFA exhibiting
similar responses to dynamic and static faces, while the rpSTS and
raSTS exhibited a strong selectivity for dynamic faces over static faces.
To directly test for this functional dissociation, we conducted a 4 (ROI:
rFFA, rOFA, rpSTS, raSTS) x 2 (motion: dynamic, static) x 2 (category:
faces, objects) repeated-measures ANOVA (Greenhouse-Geisser cor-
rected). We found a main effect of category (F (1, 10) =136, p<0.001)
demonstrating a larger overall response to faces than to objects.
Critically, we also found a significant 3-way interaction between ROI,
motion, and category (F (3,30)=7.35,p=0.011).
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Fig. 2. Percent signal change (PSC) data for the dynamic and static stimuli from all five categories (faces, bodies, scenes, objects and scrambled objects) in the rpcSTS, right IFG and
right motor cortex. All three regions showed a significantly greater response to faces than all other categories. The right IFG and motor cortex also showed a significantly greater
response to dynamic faces than to static faces. Data shown are independent of the data used to define the ROIs.

To further understand what effects were driving this three-way
interaction we conducted a separate 4 (ROI: rFFA, rOFA, rpSTS,
raSTS) x 2 (motion: dynamic, static) repeated-measures ANOVA
(Greenhouse-Geisser corrected) on the face data only. Results showed
main effects of ROI (F (3,30) =18.1,p<0.001) and motion (F (1,10) =
13.7,p=0.004) as well as a significant two-way interaction (F (3,30) =
3.7, p=0.047). As predicted by our hypothesis Bonferroni corrected
post-hoc tests demonstrated that dynamic faces produced a greater
response than static faces in the rpSTS (¢t (10) = 7.2, p<0.001) and in the
raSTS (t (10) =4.3, p=0.002) but not in the rFFA (p=0.26) or rOFA
(p=0.16). This analysis reveals a significant functional dissociation
between the rFFA and rOFA (which do not show different selectivity for
dynamic and static faces), and the rpSTS and raSTS (which responded
more strongly to dynamic than to static faces).

Functional dissociation between STS regions

In addition to the most robust face-selective STS regions described
above, we also identified the right pcSTS region in 6 of 13 participants.

As discussed above, the response profile of this region differed from
the other two STS regions (see Fig. 3). To directly test this apparent
functional dissociation between the rpSTS and raSTS regions, which
exhibited a strong preference for dynamic faces, and the pcSTS, which
did not differentiate between dynamic and static faces, we conducted
a 3 (ROI: rpcSTS, rpSTS, raSTS) x 2 (motion: dynamic, static) x 2
(category: faces, objects) repeated-measures ANOVA (Greenhouse-
Geisser corrected). Before doing so, however, we wanted to increase
the number of participants exhibiting the rpcSTS region (present in
only 6/13 participants in the analysis reported above), and thus used
six dynamic runs (runs 1, 2, 3, 4, 11 and 12) to define the STS ROIs
instead of four runs as used in the previous analysis. This increased the
total number of participants exhibiting the rpcSTS from 6/13 to 9/13.
The remaining two dynamic runs (7 and 8) together with two static
runs (6 and 9) were then used to independently calculate the
magnitude of response to all stimulus categories in each ROL

The ANOVA on the nine participants in whom all three STS ROIs
could be localized revealed a main effect of category (F (1, 8) =45.5,
p<0.001) demonstrating a larger overall response to faces than to
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Fig. 3. Percent signal change (PSC) data for the dynamic and static stimuli from the face
and object categories in the rpcSTS, rpSTS and raSTS. Results showed a functional
dissociation between these three regions, with a significantly greater response to
dynamic faces than static faces in the rpSTS and raSTS but not in the rpcSTS. Data shown
are independent of the data used to define the ROIs.

objects. Crucially, we also found a significant 3-way interaction
between ROI, motion, and category (F (2, 16) =4.9, p=0.043).

To further understand what effects were driving this three-way
interaction we conducted a separate 3 (ROI: rpcSTS, rpSTS, raSTS) x 2
(motion: dynamic, static) repeated-measures ANOVA (Greenhouse-
Geisser corrected) on the face data only. Results showed a main effect of
motion (F (1, 8)=15.1, p=0.005) but not of ROI (F (2, 16)=1.2,
p=0.33). Crucially there was a significant two-way interaction
(F (2, 16) =10.5, p=0.002). Bonferroni corrected post-hoc tests
demonstrated that dynamic faces produced a greater response than
static faces in the rpSTS (t (8) = 5.0, p=0.001) and in the raSTS (t (8) =
3.6, p=0.006) but not in the rpcSTS (p=0.6). This analysis reveals a
significant functional dissociation between the rpcSTS (which does not
show different selectivity for dynamic and static faces) and the two other
face-selective STS regions (which respond more selectively to dynamic
than static faces).

Discussion

Extensive prior evidence has led to the hypothesis that face-
selective regions in the STS preferentially represent the dynamic
aspects of a face while face-selective regions in the fusiform gyrus
preferentially represent the static or invariant aspects of a face (Puce

et al.,, 1998; Allison et al., 2000; Haxby et al., 2000; Grill-Spector et al.,
2004; Andrews and Ewbank, 2004). In the present study, we used
fMRI to quantitatively test this claim by systematically examining
how face-selective ROIs responded to movies of faces, bodies, scenes,
objects and scrambled objects and to static images taken from these
same movies. Results demonstrated that while dynamic faces did not
produce a significantly greater response than static faces in the rFFA
and rOFA, the rpSTS and raSTS regions showed a substantially greater
response to dynamic faces more than static faces. This preference for
dynamic faces over static faces was most striking in the raSTS where
dynamic faces were the only stimuli that produced any significant
response above the fixation baseline condition. This functional
dissociation between face-selective regions, some strongly selective
for dynamic face information and others which respond equally to
dynamic and static faces, is consistent with cognitive and neural
models of face perception, which propose that different aspects of face
perception (such as identity or expression discrimination) are
preferentially processed in different cortical regions (Bruce and
Young, 1986; Haxby et al., 2000; Ishai, 2008; but see Calder and
Young, 2005). Indeed, given the demonstrable role of the STS in social
perception (Allison et al., 2000), and of the FFA for identity
discrimination (Grill-Spector et al., 2004; Yovel and Kanwisher,
2004), it seems plausible that face-selective face regions on the
ventral cortical surface compute who the face is, while face-selective
regions in the STS compute what the face is doing.

The face-selective ROI we report in the posterior STS is in an area of
cortex thought to be involved in a variety of perceptual and social
cognitive operations (Allison et al., 2000; Hein and Knight, 2008).
Consistent with the strong preference for dynamic faces reported
here, the STS has been implicated in face processing functions that
depend on the moving components of a face (e.g., the eyes and the
mouth), including facial expression processing (Winston et al., 2004;
Andrews and Ewbank, 2004; Engell and Haxby, 2007; Said et al.,
2010), gaze discrimination (Hoffman and Haxby, 2000; Pelphrey et al.,
2003a, 2003b, 2005; Engell and Haxby, 2007), and the perception of
eye and mouth movements (Puce et al., 1998). It therefore seems
likely that the facial expressions and gaze shifts combined with the
movement displayed by the actors in our dynamic face stimuli
contributed to the elevated response we observed for dynamic faces
in the rpSTS region. Note however that our results show more than
just aresponse to gaze and emotion information, which is also present
in the static images in our study. Rather, we show that if gaze and
expression information is extracted in these regions, it is specifically
dynamic changes in gaze or expression that the region cares most
about. Consistent with this hypothesis are psychophysical results
showing that emotional expression information is better extracted
from dynamic than static face images (Ambadar et al., 2005).

Despite the converging evidence for a cortical region specialized
for dynamic face processing in the STS it is important to note that
other studies report that this general area of cortex is engaged in other
types of cognitive operations that do not explicitly involve face
perception. These include biological motion perception (Grossman
and Blake, 2002; Beauchamp et al., 2003; Pelphrey et al., 20033,
2003b), the perception of goal directed actions (Saxe et al., 2004;
Pelphrey et al., 2004; Brass et al., 2007; Vander Wyk et al., 2009), and
body perception (Kontaris et al., 2009). The diversity of these tasks
has led to claims that the STS does not contain areas specialized for
particular cognitive operations, but rather that the area is engaged in
generalized processing dependent on particular task requirements
(Hein and Knight, 2008). Our data suggest instead that there may be
discrete cortical regions along the STS that are specialized for
particular cognitive operations. The strong preference we find in the
rpSTS and raSTS for dynamic faces compared to nine other stimulus
categories (including dynamic bodies and static faces), and the
contrasting response profile of the rpcSTS, demonstrates that functional
dissociations can be found in this region. Future work will address
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whether these ROISs, selective for dynamic faces in the STS, are distinct
from regions previously implicated with biological motion perception
(Grossman and Blake, 2002), action understanding (Saxe et al., 2004)
and theory of mind tasks (Saxe and Kanwisher, 2003).

The face-selective region in the anterior STS was less reliably
identified than the posterior STS region (11/13 versus 13/13
participants, respectively). The raSTS was smaller than the rpSTS,
but was anatomically consistent across participants. The raSTS region
was highly selective for dynamic faces only, probably explaining why
it has not been extensively reported in previous face perception fMRI
studies that have predominantly used static face stimuli. Despite the
strong preference of the raSTS for dynamic faces, a recent fMRI
adaptation study of gaze perception that used static stimuli identified
a region similar to the one we report here that was able to code gaze
direction (Calder et al., 2007). A similar region was also reported in a
recent study that compared face-selective ROIs between humans and
macaques (Pinsk et al., 2009).

The face-selective region in the posterior continuation of STS
(rpcSTS) was reliably identified in less than half of participants (6/13)
when 4 runs were used to define the ROI, but this proportion increased
to 9 out of 13 participants when we used 6 runs. The functional profile of
this region contrasted sharply with that of the rpSTS and raSTS regions
by responding similarly to dynamic and static faces.

The response to dynamic and static faces in the rFFA and rOFA was
not significantly different, demonstrating that these regions are not
specifically engaged in extracting dynamic information from faces.
This result is consistent with prior evidence that the FFA and OFA
represent the invariant properties of a face, such as identity, for which
motion is unlikely to enhance discrimination (Haxby et al., 2000;
Grill-Spector et al., 2004; Yovel and Kanwisher, 2004; Rotshtein et al.,
2005; Pitcher et al., 2009).

Other regions worth further investigation in the future are the face-
selective regions that we, and others, report in the right IFG (Ishai et al.,
2002; Fox et al., 2009) and in motor cortex (Adolphs, 2002; Keysers
et al, 2010). Our data show that these regions are strongly selective for
dynamic faces compared to static faces as previously argued (Fox et al.,
2009). Crucial questions for these regions concern why they are present
in only some participants, and what function they perform.

In the present study we tested our prediction that dynamic faces
would produce a greater response than static faces in face-selective
regions in the STS, but that the difference between dynamic and static
faces would be less apparent in other face-selective regions such as
the FFA. Our hypothesis was strongly supported by the response
profiles observed in the rFFA, rOFA, rpSTS and raSTS regions. Further,
an additional face-selective STS region, the rpcSTS, did not differen-
tiate between dynamic and static faces. This surprising dissociation
supports the hypothesis that different types of face computations
might be performed in each of these face-selective STS regions
(Freiwald and Tsao, 2010), and suggests future approaches for
establishing the nature of these computations. Another key question
for future research concerns the relationship between the face-
selective regions in the STS reported here, and other cognitive
functions that have been attributed to nearby or possibly overlapping
cortical regions, such as biological motion perception, action under-
standing, and theory of mind.

Supplementary materials related to this article can be found online
at doi:10.1016/j.neuroimage.2011.03.067.
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