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Abstract

We conducted an fMRI investigation to test the widely accepted notion that the fusiform face area (FFA) mediates the processing of facial
identity but not expression. Participants attended either to the identity or to the expression of the same set of faces. If the processing of identity
is neuroanatomically dissociable from that of expression, then one might expect the FFA to show higher activation when processing identity
as opposed to expression. Contrary to this prediction, the FFA showed higher activation for judgments of expression. Furthermore, the FFA
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as sensitive to variations in expression even when attention was directed to identity. Finally, an independent observation sho
ctivation in the FFA for passive viewing of faces when expression was varied as compared to when it remained constant. The
uggest an interactive network for the processing of expression and identity, in which information about expression is compute
nique structure of individual faces.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Face-recognition models have used behavioral and neu-
oanatomical data to argue that faces are processed in a dis-
ributed manner (Haxby, Hoffman, & Gobbini, 2000, 2002).
he notion is that different attributes of the same face,
uch as identity, expression, or direction of gaze, are pro-
essed by separate brain regions. A crucial region for iden-
ity is thought to be the “fusiform face area” (FFA), a region
ithin the lateral fusiform gyrus that shows robust activa-

ion for faces, mostly in the right hemisphere (Kanwisher,
cDermott, & Chun, 1997). In contrast, the processing of

xpression is thought to be mediated by another set of brain
egions, mainly in the superior temporal sulcus (STS) and the
mygdala (Haxby et al., 2000).

Yet, although the role of the FFA in processing iden-
ity (Henson, Shallice, & Dolan, 2000; Henson, Goshen-
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Gottstein, Ganel, Otten, Quayle, & Rugg, 2003) and the
role of the STS and the amygdala in processing exp
sion (Vuilleumier, Armony, Driver, & Dolan, 2003; Winston,
Henson, Fine-Goulden, & Dolan, 2004) have been well es
tablished, it is less clear how dissociable these regions ar
recent reviews, seePessoa & Ungerleider, 2004; Posamentie
& Abdi, 2003). Of particular interest is the possible involv
ment of the FFA in the processing of expression. Altho
face-recognition models have speculated that this mig
possible (Haxby et al., 2000, 2002; Pessoa & Ungerleide
2004), the nature of the involvement has never been spec
or directly addressed. In the current paper, we used fM
test whether or not such an involvement indeed exists.

We propose, on the basis of a broad range of behav
studies (for a review, seeGanel & Goshen-Gottstein, 200),
that facial expressions can be best characterized as dy
variations from the invariant structure of faces, i.e. their id
tity. In other words, the way an individual expresses emo
is always constrained by his or her identity. Differences
tween individuals should lead to systematic differences i
way they express emotions. We would predict, therefore
028-3932/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2005.01.012
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to extract emotional expression from a specific face, it would
be also necessary to process the identity of that face. Thus,
the processing of facial expression should engage the same
anatomical regions, such as the FFA, that have been tradition-
ally associated with the processing of identity. Moreover, this
involvement could be quite direct, and not just one of pas-
sively providing information about identity to other, more
specialized “emotion-recognition” systems.

Recent imaging studies that showed stronger FFA activa-
tion to fearful as compared to neutral faces provide a prelimi-
nary support for a direct involvement of this region in process-
ing of expressions (Pessoa, McKenna, Gutierrez, & Unger-
leider, 2002; Vuilleumier, Armony, Driver, & Dolan, 2001).
These findings, however, are limited by the fact that different
sets of stimuli were used for the expressive and the neutral
conditions. Such differences may have resulted in low-level
visual differences between the images presented in the two
conditions, differences that have already been found to have

robust effects on FFA activation (Vuilleumier et al., 2003).
Furthermore, none of these studies controlled for differen-
tial attention to facial identity and expression, and therefore,
could not isolate the effects of processing expression from
those of processing identity within the FFA.

In the current study, we used a modified selective-attention
task (Garner, 1974) that has been used in behavioral stud-
ies to test the functional relationship between the process-
ing of different dimensions of objects (Felfoldy, 1974; Ganel
& Goodale, 2003) and faces (Ganel & Goshen-Gottstein,
2002), including the relationship between the processing
of identity and expression (Baudouin, Martin, Tiberghien,
Verlut, & Franck, 2002; Ganel & Goshen-Gottstein, 2004;
Schweinberger, Burton, & Kelly, 1999; Schweinberger &
Soukup, 1998).

In this task, the same set of faces is presented for judg-
ments of either identity or expression (Fig. 1), allowing us
to compare the contributions of different brain regions to the
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ig. 1. Experimental design and examples of stimuli. The same set of face
xpression (happy/angry). Participants were asked to attend to one dimensio
baseline condition) or changed in value from trial to trial (filtering condition
locks. Order of experimental blocks was counterbalanced across runs.
s was presented for speeded classification of identity (Person A/Person B) or of
n while ignoring the other, while this irrelevant dimension either remained the same
). Eight experimental runs were included, each containing all the experimental
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processing of these facial attributes. Participants were asked
to attend to either the identity or the expression of faces, while
trying to ignore the other, irrelevant dimension. In some cases,
the irrelevant dimension of identity (or expression) was held
at a constant value (baseline condition) whereas in other cases
the irrelevant dimension was randomly varied (filtering con-
dition). (Note that the term “baseline” in this context refers
to a task condition and should not be confused with the term
“baseline activation” as it used in fMRI.)

It is well established that manipulating attention to dif-
ferent attributes of the same stimulus can be used to inves-
tigate the relative contribution of different brain regions to
the processing of those attributes (O’Craven, Downing, &
Kanwisher, 1999). In particular, larger activation was found
in the FFA when attention was directed to the identity of a
face as opposed to when it was directed to its direction of
gaze (Hoffman & Haxby, 2000). This pattern of activation
was used to suggest that the FFA is more heavily involved
in the processing of identity than the direction of gaze. Us-
ing the same logic, we measured differences in activation in
the FFA (and other regions) when attention was directed to
the expression as compared to identity. If the FFA functions
only as an “identity module”, as many face models propose,
it should show higher activation when attention is directed
to identity. If, on the other hand, the FFA does not actively
involved in the processing of expression but instead simply
p ized
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2.2. Stimuli and apparatus

2.2.1. Selective attention task
The stimuli (Fig. 1) were taken from a database used

in our recent behavioral study (Ganel & Goshen-Gottstein,
2004) and were created from a factorial combination of
identity (Person A, Person B)× expression (smiling, an-
gry). An additional set of faces with two different iden-
tities (not shown inFig. 1) was also presented to each
subject.

Participants were asked to make speeded classifications of
either the expression or the identity of a series of faces (one
face at a time) while trying to ignore the irrelevant dimen-
sion. In the baseline blocks, participants judged one dimen-
sion (e.g., expression) while the other dimension was held
at a constant value (e.g., Person A). In the filtering blocks,
participants again judged only one dimension (e.g., expres-
sion) but this time the faces differed also in the irrelevant di-
mension (e.g., both Person A and Person B were presented).
In all blocks, each photo was presented 16 times in ran-
dom order, resulting in a total of 32 presentations for each
baseline block and 64 presentations for the filtering blocks.
To prevent difference between blocks as a result of differ-
ent number of stimuli presentations within each block, the
filtering blocks were divided into two equal parts (Ganel
& Goodale, 2003), each containing 32 stimuli. Therefore,
e re-
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rovides information about identity to other more special
ystems (such as the STS and the amygdala), then acti
n the FFA should be equivalent when attention is dire
o identity or expression. But if, as we predict, the FFA is
ntegral part of the network that processes expression,
igher activation should be found in the FFA (as well a
ther regions that are part of this network, such as the
nd the amygdala) when attention is directed to expres

In addition to testing the effects of attention to iden
nd expression on activation in the FFA, STS and the a
ala, our design also allowed us to test whether or not
egions are also sensitive to expression even when atte
s not directed to this attribute. This was achieved by com
ng activation between the filtering and baseline condit
or each task (seeFig. 1). If, for example, a specific area
ensitive to variations in expression even when attenti
xplicitly directed to identity, activation in that area sho
e higher when expression varies than when it is cons
hus, the task we used permitted us to test for both ex
nd implicit processing of expression in the FFA.

. Methods

.1. Participants

Eleven right-handed subjects with normal or correc
o-normal vision participated in the experiment. All subje
igned a consent form approved by the ethics committ
he University of Western Ontario.
ach baseline and filtering block included 32 stimuli p
entations, with the first eight stimuli, which were use
cquaint participants with the experimental set (Ganel &
oshen-Gottstein, 2004), defined as practice and exclud

rom the analysis. Each face was presented for 800 m
as followed by a 400-ms interval. A 19.2-s fixation

iod separated the different blocks. Eight runs were
ied out, each run containing all the experimental blo
he order of the experimental blocks was counterbala
cross runs. The order of the runs was counterbalanced
ubjects.

.2.2. Passive viewing condition
In the passive viewing condition, which also served

ocalizer for the regions of interest (ROIs), subjects vie
ifferent classes of stimuli, separated into four different ty
f experimental blocks: faces with different identities and

erent emotions (happy, neutral, sad, angry, surprised),
ith different identity with a neutral emotion, objects, a
crambled faces. Photos of 180 different faces and 90
erent objects were taken from various databases us
revious experiments in our laboratory. None of the fa
sed in our localizer was used in the experimental task.
xperimental run included three blocks of expressive fa
hree blocks of neutral faces, and three blocks of obj
ll separated by blocks of scrambled faces. Thirty sti
ere presented in each block. Each stimulus was pres

or 460 ms and was followed by a 100-ms interval. T
ifferent localizer runs with different order of blocks we
sed.
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2.3. Imaging parameters and analysis

Imaging was done using a 4-T, whole-body MRI sys-
tem (Varian/Siemens) and a quadrature radio-frequency head
coil located at the Robarts Research Institute (London,
Ont., Canada). Each imaging session consisted of 10 func-
tional scans (two localizer and eight experimental), plus
one high-resolution anatomical scan. Functional images
were collected using a T2*-weighted, segmented (navigator-
corrected), interleaved SPIRAL acquisition (TE = 150 ms,
TR = 1200 ms, flip angle = 60◦, two segments/plane) for
oxygen-level-dependent (BOLD)-based imaging. The field
of view was 19.2 cm× 19.2 cm× 10.5 cm, with an in-plane
resolution of 64× 64 pixels and 21 contiguous pseudo-
axial scan plans per volume, resulting in a voxel size of
3.0 mm× 3.0 mm× 5.0 mm. Each volume required 2400 ms
to acquire. High-resolution T1-weighted anatomical volumes
were acquired using 3D magnetization-prepared FLASH ac-
quisition (TI = 1300 ms, TE = 30 ms, TR = 50 ms, FA = 20◦).
The imaging data were preprocessed using the Brain Voy-
ager 2D/3D data analysis tools. The anatomical volumes were
transformed into a Talairach common space for all subjects
(Talairach & Tournoux, 1998). Functional volumes for each
subject underwent high-pass temporal frequency filtering in
order to remove any linear drifts in the signal. Functional vol-
umes were then aligned to the transformed anatomical vol-
u om-
m

The imaging data were analyzed using the Brain Voy-
ager multi-study GLM (general linear model) procedure. This
procedure allows the correlation of predictor variables or
functions with the recorded activation data (criterion vari-
ables) across scanning sessions. Predictor functions were
� functions (∆ = 2.5, τ = 1.25), designed to estimate hemo-
dynamic response properties (Boynton, Engel, Glover, &
Heeger, 1996), spaced in time to coincide with the blocked
stimulus paradigms. For each individual, the averaged func-
tional volumes from localizer scans were used to identify the
ROIs. The LO area was identified based on neuroanatomy
and using its larger response to objects over scrambled faces.
The FFA and the OFA were identified for each subject us-
ing the contrast, faces – objects (Kanwisher et al., 1997).
Due to the fact that for a few subjects, distinct areas along
the STS showed larger activation for faces as compared to
objects, and given the established role of this area in process-
ing facial expression (e.g.,Winston et al., 2004), we limited
our analysis to STS regions that were more responsive to
emotional faces. Therefore, we used the contrast emotional –
neutral faces to identify the STS. But to exclude the possibil-
ity that the pattern of activation that we found in the STS was
due to the particular nature of the contrast that was used to
identify this area, we conducted a further analysis, in which
the STS was identified using the more general contrast, in-
tact faces – scrambled faces, the same contrast that was used
t ttern
o utral

F he sele tly
o 0 voxel
(
v
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mes, thereby transforming the functional data into a c
on brain space across subjects.

ig. 2. fMRI activation when attending to expression and identity in t
f the subjects, the right LO (x y z= 40± 3 (S.E.)−79± 2 −7± 2, 202± 1

x y z= 36± 2 −51± 2 −16± 1, 202± 15 voxels), right STS (47± 1 −42± 3 9±
oxels). The right FFA, the right STS, and the right amygdala showed higher
f the five ROI’s showed differences between judgments of expression and i
o identify the FFA. This analysis revealed the same pa
f results that was revealed using the emotional – ne

ctive attention task. The regions of interest were defined independenfor each
s), right OFA (x y z= 34± 2 −72± 1 −14± 2, 163± 12 voxels), right FFA

2, 133± 15 voxels) and right amygdala (18± 1 −7± 1 −9± 1, 126± 9
activation for judgments of expression over identity. In the left hemisphere, none
dentity.
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faces ROI (seeFig. 2), with larger activation in the right STS
(x y z= 46± 2 (S.E.)− 49± 49± 1, 203± 19 voxels) for the
expression task as compared to the identity task (t(11) = 2.7,
p< 0.05).

Because the amygdala is relatively small and it size varies
considerably from subject to subject, we identified it on the
basis of both neuroanatomical location and the contrast be-
tween intact and scrambled faces. For all ROIs, the averaged
time course of MR signal intensity during experimental scans
was then extracted from each of these independently defined
ROIs.

3. Results and discussion

3.1. fMRI activation in the selective attention task

Using a region-of-interest (ROI)-based approach, the lat-
eral occipital area (LO), the occipital face area (OFA), the
FFA, the STS, and the amygdala were identified indepen-
dently for each subject in both hemispheres. As can be seen
in Fig. 2, larger activation (averaged across the baseline and
filtering blocks) for expression as compared to identity was
found in the right STS (47± 1 (S.E.)− 42± 39± 2, 133± 15
voxels; t(10) = 2.74,p< 0.05), the right amygdala (18± 1
−7± 1 −9± 1, 126± 9 voxels;t(10) = 2.31,p< 0.05), and
m
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tively higher variability in this regions,t(10) = 1.86,p< 0.1).
As for the condition in which attention was directed to expres-
sion, only the FFA, as might be expected (given its established
role in processing identity), showed sensitivity for variations
in this dimension. This was indicated by higher activation in
the FFA in the filtering as compared to the baseline condi-
tion when attention was directed to expression (t(10) = 1.9,
p< 0.05, one-tailed). This last comparison was not significant
for either the STS or the amygdala.

Overall, our findings from the selective attention task es-
tablish that the FFA is actively involved in processing fa-
cial expression, both when attention is explicitly directed to
expression and when attention is directed to identity while
sensitivity to variations in expression was used as a measure.

3.2. fMRI activation during passive viewing of faces

To provide converging evidence for the attentional effects
that were presented in the previous section, subjects passively
viewed, in a different set of trials, faces of different individ-
uals portraying either a neutral emotion or a set of different
emotions (happy, neutral, sad, angry, or surprised, seeFig. 4).
In all three regions, higher activation was found for emotional
than for neutral faces, in the right FFA,t(10) = 2.72,p< 0.05,
the right STS,t(10) = 3.49,p< 0.01, and the right amygdala,
t(10) = 4.02,p< 0.01. These results nicely complement the
fi
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a r
ost importantly, in the right FFA (x y z= 36± 2 −51± 2
16± 1, 202± 15 voxels;t(10) = 2.61,p< 0.05). These find

ngs provide a first line of evidence in support for our
othesis that the FFA is part of a network that process f
xpression.

Importantly, no activation differences between expres
nd identity were found either in the right LO (x y z= 40± 3
79± 2 −7± 2, 202± 10 voxels;t(8) < 1) or in the righ
FA (x y z= 34± 2 −72± 1 −14± 2, 163± 12 voxels

(10) < 1), areas that are known to be involved in more gen
rocessing of objects and faces (Malach et al., 1995; Rossion
eghier, Schuller, Lazeyras, & Mayer, 2003). In other words

he increased activation with expression found in the F
TS, and amygdala could not have been due to some s

general activation” effect related to possible difference
he attentional demands of expression and identity pro
ng.

If the FFA is indeed involved in the processing of fac
xpression, then it should also be sensitive to variatio
xpression, even when attention is directed to identity. I
er to test this prediction, we separately analyzed the re

or each of the ROIs that showed larger activation for exp
ion as compared to identity (seeFig. 3). Specific compar
sons between the baseline and filtering blocks for the ide
udgments in each ROI supported our second hypothes
howing higher activation in the filtering block, in which e
ression varied, as compared to the baseline blocks, in w
xpression was constant (for the FFA,t(10) = 2.98,p< 0.05;
or the STS,t(10) = 2.43,p< 0.05; for the amygdala the d
erence was only marginally significant, probably due to r
ndings from our attentional manipulation (Figs. 2 and 3)
nd also converge with previous studies showing higher
ation in the FFA and the amygdala for angry as compar
eutral faces (Pessoa et al., 2002; Vuilleumier et al., 200).
verall, our fMRI results provide strong support for the

ion that the FFA is an integral part of a distributed br
etwork that actively processes facial expression.

.3. Behavioral results

Analysis of the behavioral results revealed better pe
ance in baseline than in filtering both for judgments

dentity (baseline: 465 ms, 94%; filtering: 500 ms, 94%)
or judgments of expression (baseline: 483 ms, 93%; fi
ng: 535 ms, 88%). The reaction times were analyzed

(identity judgments, expression judgments)× 2 (baseline
ltering) repeated-measures ANOVA. This analysis sho
ignificant main effects of task (F(1, 10) = 14.5,p< 0.01),
lock (F(1, 10) = 66.8,p< 0.001), and an interaction (F(1,
0) = 11.8,p< 0.01), which reflected a larger filtering – ba

ine difference in the expression task than in the identity t
The slower performance in the filtering, as compared t

aseline condition, indicates that while judging either on
he dimensions, identity or expression, participants coul
void processing the irrelevant dimension. This interfer
f the irrelevant dimension on performance demonstrate
trong functional interdependence between the process
dentity and the processing of expression. This effect has
eported in many other behavioral experiments (Baudouin e
l., 2002; Ganel & Goshen-Gottstein, 2004; Schweinberge
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Fig. 3. fMRI activation in each of the experimental conditions of the selective attention task. The three regions of interest were defined the same regions
presented inFig. 2which showed significantly higher activation for judgments of expression as compared to judgments of identity: the right FFA (upper), right
STS (middle), and right amygdala (lower). All regions showed sensitivity to variations in expression even when attention was directed to identity.
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Fig. 4. Effects of face emotionality in the passive-viewing condition. Activation shown is in the same regions that are presented inFig. 3. All regions showed
higher activation for faces displaying different, as compared to neutral expressions.

et al., 1999; Schweinberger & Soukup, 1998) and provides a
functional explanation for the pattern of fMRI activation we
observed in the selective attention task. In other words, vari-
ations in the irrelevant dimension in each of the two filtering
conditions engaged the networks that process that dimension,
led both to an increase in reaction time and to a correspond-
ing increase in BOLD activation in the FFA. Thus, the fact
that this occurred when expression was the irrelevant dimen-
sion is further evidence that the FFA is part of a network that
plays a critical role in the analysis of expression. As we shall
see in the section below on correlational analyses, a robust
relationship was found between the behavioral interference
effects and the corresponding brain activation on a subject-
by-subject basis.

The proposal that the identity of the face is used as a refer-
ence for processing expression is also supported by previous
reports of larger effects of irrelevant variations in identity on
the processing of expression as compared to the effects of
irrelevant variations of expression on the processing of iden-
tity (seeBaudouin et al., 2002; Ganel & Goshen-Gottstein,
2004; Schweinberger et al., 1999; Schweinberger & Soukup,
1998). The significant interaction between task and block in

our behavioral data provides a further replication of this ro-
bust effect and additional support for the notion that identity
serves as a basic facial dimension from which information
about expression can be extracted. Most importantly, this no-
tion is also supported by our fMRI data in which higher acti-
vation was found in the FFA for expression, as compared to
identity judgments.

3.4. Correlation between performance and fMRI
activation

Although expression judgments were only 18 ms slower
than identity judgments in the baseline condition, this differ-
ence was significant. The fact that the OFA region and the
LO region did not show increased activation in the expres-
sion task as compared to the identity task (Fig. 2) provides a
strong argument against the possibility that task difficulty by
itself could account for the pattern of activation in the FFA,
STS, and the amygdala. However, to provide further evidence
against the possibility that task difficulty could account for
the larger fMRI activation for expression in the FFA, we pre-
formed two additional sets of analysis.
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Fig. 5. Correlations between performance and brain activation. (A) No significant correlations were found in the FFA, STS, or the amygdala between task
difficulty (reaction times for the expression task− reaction times for the identity task) and between fMRI activation (fMRI signal for the expression task− fMRI
signal for the identity task) in each of the regions. (B) Significant positive correlations were found in the FFA and STS between the perceptual interference
effects (average difference in reaction times between filtering and baseline blocks for identity and expression) and between the corresponding fMRIresponse
(average activation difference between filtering and baseline blocks for identity and expression).

First, we conducted a correlation analysis across sub-
jects between the difference in performance (mean reaction
time for the expression task in the filtering and the baseline
blocks− mean reaction time for identity task in the filtering
and the baseline blocks) and the difference in fMRI activation
(mean fMRI signal for the expression task− mean fMRI sig-
nal for the identity task). If the higher activation in the FFA,
STS, and the amygdala for expression as compared to iden-
tity a simple consequence of task difficulty then there should
be a positive correlation between these two measures. As can
be seen inFig. 5A, no such correlation was found. Indeed,
the correlations between task difficulty and activation were
negative and non-significant for all three regions (Pearson
correlation; for the FFA,r =−0.47; for the STS,r =−0.45;
for the amygdala,r =−0.26; allp-values > 0.1).

Notice that although the correlation analysis provides one
line of support against the task difficulty account, the fact that
the argument relies on null findings reduces its power to some
extent. Nevertheless, it is important to note that, although
there were no correlations between brain activation and task
difficulty, there were significant correlations between brain
activation and a different measure of performance. In partic-
ular, when we correlated the behavioral interference between
identity and expression (mean difference in reaction time be-
tween the filtering and baseline blocks for identity and for
expression) and the corresponding fMRI activation (mean
d line
b nif-
i s can
b nd
f
p
t tiva-
t tion
t ssing
o d by

face-selective regions, and in particular by the FFA (see also
Ganel & Goshen-Gottstein, 2004). The lack of correlation
between performance and fMRI activation in the amygdala
may reflect the fact that the amygdala is not so specifically
“visual” as the other two regions (for a discussion, seeStark
& Squire, 2001).

To further explore the relationship between activation in
our ROIs, we performed an additional analysis, in which we
correlated the pattern of activation (mean fMRI signal for
the expression task− mean fMRI signal for the identity task)
in the FFA, STS, and the amygdala. This analysis revealed
significant positive correlations between fMRI activation in
the FFA and the STS (r = 0.61,p< 0.05), and fMRI activation
in the FFA and the amygdala (r = 0.84,p< 0.01). These results
provide further support for the idea that these regions are
part of an integrated network for processing expression. The
correlation between the pattern of activation in the STS and
the amygdala did not achieve significance (r = 0.37,p> 0.1).

A final argument against a task-difficulty-based explana-
tion for our findings comes from a separate analysis that we
carried out on the data from the two subjects who did not show
greater difficulty for expression judgments as compared to
identity judgments. In fact, both subjects show a slight trend
in the opposite direction: for subject bm, identity judgments,
468 ms, 96% accuracy; expression judgments, 461 ms, 98%
accuracy; for subject kv, identity judgments, 556 ms, 95% ac-
c If the
h om-
p ub-
j bjects
s jects
s ex-
p bject
b , in
t ange
i 1%).
ifference in BOLD signal between the filtering and base
locks for identity and for expression), we found a sig

cant positive correlation between these measures. A
e seen inFig. 5B, these positive correlations were fou

or the FFA (r = 0.76,p< 0.01) and for the STS (r = 0.74,
< 0.01), but not for the amygdala (r =−0.12,p> 0.1). Taken

ogether with the absence of a correlation between ac
ion and task difficulty, these findings support our conten
hat the functional interdependence between the proce
f identity and the processing of expression is mediate
uracy; expression judgments, 551 ms, 94% accuracy.
igher activation found in the FFA for expression as c
ared to identity was simply the result of the fact that s

ects found the expression task harder, then these two su
hould not show this pattern of activation. Yet, both sub
howed higher activation in the FFA for judgments of
ression as compared to judgments of identity (for su
m, overall percent change in the identity task, 2.75%

he expression task, 3.22%; for subject kv, percent ch
n the identity task, 2.35%, in the expression task, 3.2
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Indeed, the pattern of activation for these two subjects was
essentially identical to that seen the averaged data presented
in Figs. 2 and 3.

3.5. An adaptation-based interpretation of the results

In recent years, fMR adaptation has been used to test speci-
ficity in the processing of different dimensions of objects and
faces (Grill-Spector & Malach, 2001; Epstein, Graham, &
Downing, 2003; Winston et al., 2004). The logic behind this
technique is that a brain area that is involved in processing a
specific dimension (i.e., expression) should show adaptation
to this dimension. Adaptation is commonly associated with a
reduction in BOLD activity when subjects are presented with
stimuli in which the value of the dimension of interest is kept
constant (e.g., faces with the same expression) as compared
to when the values of that same dimension are changed (e.g.,
faces with different expressions). Thus, if an area is involved
in the processing of expression, it should maintain high acti-
vation when expression is changed from trial to trial. This is
exactly what we found in the FFA, STS, and amygdala, in our
passive viewing condition. In other words, activity was higher
in all three areas during the block of trials in which facial ex-
pression varied as compared to the block in which expression
did not change (neutral faces throughout the block).

Adaptation effects could also account, in part, for the pat-
t tion
p was
d res-
s ays
h rel-
e , the
h line
b the
u ased
e the-
o , and
t acti-
v was
c ong
t hat
s pta-
t ied
a
t ted
w held
c ase-
l cts a
m ed to
i ent
t fa-
c was
a hese
s o be
o of
e ible

interaction effects between adaptation and selective attention
(but see,Eger, Henson, Driver, & Dolan, 2004; Murray &
Wojciulik, 2004). But in any case, our proposal that the
FFA plays an important role in the processing of expres-
sion can accommodate either a selective attention account
or an adaptation-based account. Finally, it should be pointed
out that a selective attention account, but not an adaptation-
based account, can explain why there was higher activation
for expression judgments than identity judgments in both the
filtering blocks (where the same stimuli were used and only
selective attention was manipulated) and the baseline blocks.

Our findings are relevant to a current debate in the face-
recognition literature. Some have argued that the processing
of identity by the FFA depends on quite different inputs than
the processing of expression in the amygdala (Vuilleumier et
al., 2003; Winston et al., 2004). Others argue that the infor-
mation about facial structure is sent directly from the FFA
to the amygdala (as well as to other face-specific regions,
such as the STS) for the processing of expression (Pessoa et
al., 2002; Pessoa & Ungerleider, 2004). Our results suggest
that the role of FFA is not limited to providing information to
the amygdala and other brain regions about facial structure
alone. Indeed, we would suggest that the FFA is not simply
an “identity-specific” module, as has been widely assumed,
but is also directly involved in processing facial expression.
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ern of activation that we observed in our selective atten
aradigm. Note that during the baseline blocks, attention
irected towards a particular facial dimension (e.g. exp
ion) while the other dimension (e.g. identity) was alw
eld constant. In the filtering blocks, however, both the
vant and the irrelevant dimensions were varied. Thus
igher activation in the filtering as compared to the base
locks could reflect adaptation in the baseline block to
nchanging irrelevant dimension. Such an adaptation-b
xplanation, however, is in perfect agreement with our
retical model because all three regions, the FFA, STS

he amygdala, showed adaptation to expression (higher
ation when expression varied as compared to when it
onstant, seeFig. 3). Note that this also suggests that am
he three “principal ROIs”, the FFA was the only region t
howed sensitivity to identity, by showing significant ada
ion to this dimension (higher activation when identity var
s compared to when it was constant, seeFig. 3). At the same

ime, within all three ROIs, the higher activation associa
ith the expression baseline blocks (where identity was
onstant) compared to that associated with the identity b
ine blocks (where expression was held constant) refle

ore robust adaptation effect to expression as compar
dentity. Again, this pattern is consistent with our argum
hat the FFA plays a critical role in the processing of
ial expression. However, given that explicit attention
lways directed towards one dimension or the other t
orts of strictly adaptation-based accounts are likely t
ver simplistic. Indeed, very little is known about the role
xplicit attention in fMRI adaptation or about the poss
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