
T
f

L
a

b

c

d

e

f

a

A
R
R
A
A

K
F
O
F
F
F
O
f
C

1

c
i
r
v
o
d
v

t
f

T

0
d

Neuropsychologia 49 (2011) 3739– 3749

Contents lists available at SciVerse ScienceDirect

Neuropsychologia

jo u rn al hom epa ge : www.elsev ier .com/ locate /neuropsychologia

he  other  face  of  the  other-race  effect:  An  fMRI  investigation  of  the  other-race
ace  categorization  advantage

u  Fenga, Jiangang  Liub,  Zhe  Wangc,  Jun  Lid, Ling  Lib,  Liezhong  Gec,  Jie  Tiana,d,∗, Kang  Leee,f,∗∗

Institute of Automation, Chinese Academy of Sciences, P.O. Box 2728, Beijing 100190, China
School of Computer and Information Technology, Beijing Jiaotong University, Beijing 100044, China
Department of Psychology, Zhejiang Sci-Tech University, Hangzhou, Zhejiang 310018, China
School of Life Sciences and Technology, Xidian University, Xi’an, Shaanxi 710071, China
Dr. Eric Jackman Institute of Child Study, University of Toronto, Toronto, Ontario, Canada
Department of Psychology, University of California, San Diego, La Jolla, CA, USA

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 16 March 2011
eceived in revised form 2 September 2011
ccepted 19 September 2011
vailable online 24 September 2011

eywords:
ace processing
ther-race effect
ace categorization
ace recognition
usiform face area
ccipital face area

MRI

a  b  s  t  r  a  c  t

The  present  study  was the first  to use  the  functional  magnetic  resonance  imaging  (fMRI)  methodology  to
investigate  the  neural  correlates  of  race  categorization  of  own-  and  other-race  faces.  We  found  that  Chi-
nese participants  categorized  the  race  of  Caucasian  faces  more  accurately  and  faster  than  that  of Chinese
faces,  replicating  the  robust  effect  of  the  other-race  categorization  advantage.  Regions  of interest  (ROI)
analyses  revealed  greater  neural  activations  when  participants  were  categorizing  own-race  faces  than
other-race  faces  in  the  bilateral  ventral  occipito-temporal  cortex  (VOT)  such  as  the  fusiform  face  areas
(FFAs) and  the  occipital  face  areas  (OFAs).  Within  the left  FFA,  there  was  also  a significant  negative  cor-
relation  between  the  behavioral  difference  of own-  and  other-race  face  categorization  accuracy  and  the
activation  difference  between  categorizing  own-  and  other-race  faces.  Whole  brain  analyses  showed  that
categorizing  own-race  faces  induced  greater  activations  in  the  right  medial  frontal  cortex  (MFC)  and  right
inferior  frontal  gyrus  (IFG)  than  categorizing  other-race  faces.  Psychophysiological  interaction  (PPI)  anal-
yses revealed  that  the  frontal  cortical  regions  interacted  more  strongly  with  the  posterior  VOT  during  the
ortical neural resources
categorization  of  own-race  faces  than  that  of  other-race  faces.  Overall,  our  findings  suggest  that  relative
to the  categorization  of  other-race  faces,  more  cortical  resources  are  engaged  during  the  categorization
of own-race  faces  with  which  we  have  a  higher  level  of  processing  expertise.  This  increased  involvement
of  cortical  neural  sources  perhaps  serves  to  provide  more  in-depth  processing  of  own-race  faces  (such  as
individuation),  which  in  turn paradoxically  results  in the  behavioral  other-race  categorization  advantage.
. Introduction

Behavioral research has well established that individuals pro-
ess own- and other-race faces differently. One well-known effect
s the other-race effect (ORE), or more precisely, the other-race
ecognition disadvantage. This effect refers to the fact that indi-
iduals recognize own-race faces more accurately and faster than

ther-race faces. Extensive research has been devoted to eluci-
ate this phenomenon involving infants, children, and adults from
arious racial backgrounds (for reviews, see Hugenberg, Young,
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Bernstein, & Sacco, 2010; Lee, Anzures, Quinn, Pascalis, & Slater,
2011; Meissner & Brigham, 2001).

Overshadowed by the extensive research on the other-race
recognition disadvantage is the work on the other-race categoriza-
tion advantage. This effect refers to the paradoxical phenomenon
whereby, contrary to the other-race recognition disadvantage,
when individuals are asked to categorize faces according to their
race, the processing time to categorize other-race faces is shorter
than that to categorize own-race faces; in some cases, the categoriz-
ing accuracy of other-race faces is also higher than that of own-race
faces (Caldara, Rossion, Bovet, & Hauert, 2004; Ge et al., 2009; Levin,
1996, 2000; Valentine & Endo, 1992; Zhao & Bentin, 2008).

Several social cognitive models have been proposed to explain
either the other-race recognition disadvantage alone or the two

other-race effects concurrently. For example, a contact hypothe-
sis attempts to explain the other-race recognition disadvantage
in terms of experience. It suggests that with increased exposure
to own-race faces, individuals’ visual system becomes increasingly

dx.doi.org/10.1016/j.neuropsychologia.2011.09.031
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:tian@ieee.org
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uned to maximize differentiation among individual faces of one’s
wn race; however, that is not the case for individual other-race
aces (Furl, Phillips, & O’Toole, 2002).

Built upon the contact hypothesis, Levin (1996, 2000) used a
eature-selection hypothesis to explain the paradoxical phenom-
na of the two other-race effects. He attributed the effects to our
utomatic tendency to select race-specifying information in other-
ace faces, whereas to select individuating information in own-race
aces. Sporer (2001) proposed an in-group/out-group model to add
ome social flavor to Levin’s hypothesis. He suggested that same-
ace faces are processed automatically in a configural manner due
o our extensive expertise as well as their in-group status, whereas
ther-race faces are initially categorized for the detection of an
ut-group characterization cue. Hugenberg et al. (2010) further
roposed a Categorization-Individuation Model (CIM). This model
laces the observers’ motivation to individuate in-group individ-
als as the main underlying socio-cognitive mechanism for the
wo other-race effects rather than the observers’ extensive expe-
ience with individuating in-group individuals. In addition, the
eural mechanisms underlying the other-race effects have also be
peculated. For example, a cognitive gating mechanism for racial
nformation posited that same- and other-race faces are processed
n different neural pathways depending on the outcome of the
receding racial categorization (MacLin & Malpass, 2001; MacLin,
acLin, Peterson, Chowdhry, & Joshi, 2009).
In contrast to the extensive behavioral studies and related theo-

ization of the socio-cognitive-neural mechanisms underlying the
wo other-race effects, the actual neural mechanisms underly-
ng these phenomena are largely unknown. Neuroimaging studies
an help elucidate the neural mechanisms likely underlying such
ntriguing effects. For example, studies using electrophysiological

ethods (e.g., EEG and ERP) may  reveal the temporal mechanisms
nderlying the processing of own- and other-race faces, and func-
ional magnetic resonance imaging (fMRI) studies can localize these
ffects in a set of particular brain regions and associated networks.
owever, our survey of the literature on face processing showed

urprisingly that very limited neuroimaging studies have exam-
ned the own- and other-race face processing in general, despite
he fact that there has been an explosive increase in imaging work
n face processing since the 1990s (for reviews, see Calder, Rhodes,
ohnson, & Haxby, 2011; Ito & Bartholow, 2009).

Among the few existing neuroimaging studies, most have
ocused on racial prejudice and implicit socio-affective differences
owards own- and other-race faces (Cunningham et al., 2004; Hart
t al., 2000; Lieberman, Hariri, Jarcho, Eisenberger, & Bookheimer,
005; Phelps et al., 2000; Platek & Krill, 2009; Richeson et al.,
003; Richeson, Todd, Trawalter, & Baird, 2008; Ronquillo et al.,
007). Several neuroimaging studies have also examined the other-
ace recognition disadvantage. A recent electrophysiological study
nvestigated this effect using a paradigm of adaptation (Vizioli,
ousselet, & Caldara, 2010). It revealed stronger neural repeti-
ion suppression (RS) to own-race faces of same identity on the
170 component, an early event-related potential (ERP) compo-
ent originating from the occipito-temporal site and putatively
ssociated specifically with face processing. They suggested that
wn-race faces were coded more efficiently. Several fMRI studies
ave also found the middle regions of the bilateral fusiform gyri to
e activated significantly more when recognizing or discriminating
wn-race faces as opposed to recognizing other-race faces (Golby,
abrieli, Chiao, & Eberhardt, 2001; Kim et al., 2006). The modula-

ion of face race on activations in the fusiform gyrus may  reflect
he influence of experience on face discrimination and recogni-

ion, as some studies have attributed activations in the middle
usiform gyrus to visual expertise at face processing (Gauthier, Tarr,
nderson, Skudlarski, & Gore, 1999; Gauthier, Skudlarski, Gore, &
nderson, 2000; Tarr & Gauthier, 2000).
ia 49 (2011) 3739– 3749

The other-race categorization advantage has also been inves-
tigated by some ERP studies. Using race-categorization tasks, Ito
and Urland (2005) found that own-race faces elicited greater N170,
whereas Caharel et al. (2011) showed an opposite result. Neverthe-
less, two  studies (Caharel et al., 2011; Vizioli, Foreman, Rousselet, &
Caldara, 2010) found that the face inversion effect (FIE) was  more
evident for own-race faces than for other-race faces at the elec-
trophysiological level, whereby own-race faces elicited a greater
amplitude difference between inverted and upright faces. These
results suggest that a more complicated neural tuning may  exist
for own-race faces at the early stage of face processing. Contrary to
those ERP findings regarding the sensitivity of N170 to race, Caldara
et al. (2004) found that the categorization advantage of other-race
faces over own-race faces emerged at about 240 ms  post stimu-
lus onset, using a race-categorization task. They suggested that our
weaker experience of other-race faces engenders fewer semantic
representations of them, which in turn allow for the increased pro-
cessing speed of them during categorization. However, the ERP
methodology, though exquisite in temporal resolution, is inade-
quate in providing information about the specific brain regions and
the neural networks among them that underlie the other-race cat-
egorization advantage. To address this major gap in the literature,
we conducted the present study.

In the present study, unlike most of the existing studies on
ORE that involved mainly either Caucasian participants or Asian
or African participants living in a society with Caucasians as the
majority, we  recruited Chinese participants who live in China with
Chinese as the majority and who  had no direct contact with Cau-
casian individuals. During the experiment, participants were asked
to categorize Chinese and Caucasian faces according to their race
with the use of fMRI methodology (the race-categorization task). To
ensure that any potential other-race effect could not be attributable
merely to the differences in stimulus characteristics between faces
from the two races, we  used exactly the same Chinese and Cau-
casian faces from an existing behavioral study that obtained robust
other-race categorization advantage from Chinese participants in
China and Caucasian participants in the UK (Ge et al., 2009).

We first performed an analysis of behavioral data to ascertain
the existence of the other-race categorization advantage. Then, we
used a commonly used localizer task to individually identify the
regions of interest (ROIs) in the ventral occipito-temporal cortex
(VOT) that have been previously associated with face processing
in general. Within the individually-defined ROIs, we used the fMRI
data from the race-categorization task to determine the activation
level differences between categorizing own- and other-race faces
in the bilateral fusiform face areas (FFAs) and occipital face areas
(OFAs) using the traditional percent signal change (PSC) analysis
(Gauthier, Tarr, et al., 2000; Kanwisher, McDermott, & Chun, 1997).
We also performed the whole brain analyses to contrast activations
induced by categorizing Chinese faces to that induced by categoriz-
ing Caucasian faces. To gain further insight into the neural networks
involved in the categorization of own- and other-race faces, we
used a psychophysiological interaction (PPI) analysis (Friston et al.,
1997) to identify activated regions that showed an increased func-
tional integration with the peak loci identified by the whole brain
analyses.

Based on the extensive behavioral evidence (see Hugenberg
et al., 2010; Levin, 1996, 2000; Sporer, 2001), we  expected our
behavioral results to replicate the robust other-race categorization
advantage. More specifically, Chinese participants should catego-
rize the other-race Caucasian faces faster and even more accurately
than the own-race Chinese faces. Because except for several ERP

studies (Caharel et al., 2011; Caldara et al., 2004; Ito & Urland,
2005), no fMRI studies have specifically examined the cross-race
face categorization advantage, the extent to which the categoriza-
tion task would activated various regions of the brain during the



holog

c
h
c
e
a
d
e
f
(
2
b
t
t
f
(
b
t
b
t
c
t
f
o
t

2

2

p
o
m
n
p
w
H

F
m
t
E
T
w

L. Feng et al. / Neuropsyc

ategorization of own- and other-race faces was unclear. On one
and, given the complete cross-over of the behavioral other-race
ategorization and recognition effects (Ge et al., 2009), one may
xpect that categorizing other-race faces would produce greater
ctivations than categorizing own-race faces. On the other hand,
ue to our high level expertise with processing own-race faces, the
xisting fMRI studies have found greater activations for own-race
aces than other-race faces when different tasks have been used
e.g., an identity-recognition task by Golby et al., 2001 and Kim et al.,
006, and a gender, age, or race perception/verbal-encoding task
y Lieberman et al., 2005). It is thus possible that in the categoriza-
ion task own-race faces would also generate greater activations
han other-race faces in the VOT in general and in the bilateral
usiform gyri in particular. Also, the ERP study of Caldara et al.
2004) hinted that the categorization of the other-race faces might
e more superficial and involve fewer semantic representations
han that of own-race faces. Thus, we hypothesized that the whole
rain analysis would reveal the categorization of other-race faces
o engage fewer brain regions than that of own-race faces. Further,
onsistent with this prediction, the PPI analysis would show that
he categorization of own- and other-race faces would induce dif-
erential levels of integrations of cortical regions, specifically with
ther-race faces engendering less of such inter-regional integration
han own-race faces.

. Methods

.1. Participants

Thirty Han Chinese adults (11 females; Mage = 23 years, age range: 19–26 years)
articipated in our experiment. They all lived in Beijing, PR China where 99.99%
f  the population is Han Chinese. All participants were right-handed, with nor-

al  or corrected vision, with no known neurological or psychiatric disorders, and

o  metal implants. All participants were prescreened to ensure that they had no
rior direct contact with any Caucasian individuals. A signed informed consent
as  obtained from each participant in accordance with protocols approved by the
uman Research Protection Program of Tiantan Hospital, Beijing, China.

ig. 1. Experimental design. (A) The race-categorization task. In the task, 64 Caucasian face
anner with an inter-trial interval (ITI) of 3 s. The faces used in the task were all different

rials;  trial 2 sets an example for the “Chinese face” trials; trial 3 demonstrates the “fixat
ach  session contained 8 blocks and the order of the eight blocks was  counterbalanced 

here  were 16 trials (faces or common objects) shown sequentially in each block and two
atched the stimuli and had to indicate whether two sequentially shown stimuli were id
ia 49 (2011) 3739– 3749 3741

2.2. Stimuli and experimental design

We  used an event-related design in the race-categorization task and a tradi-
tional block design in the localizer task (see Fig. 1). Sixty-four Caucasian and 64
Chinese young adults’ (half male and half female) upright frontal faces with neutral
expressions were used in the race-categorizing task. The faces were chosen from a
database that has been previously rated by Chinese and Caucasian adults in terms of
attractiveness and distinctiveness. Thus, the faces from both races were matched on
both dimensions. In addition, all the faces used in the current study have been used
in  an existing study (Ge et al., 2009) that produced a robust other-race categoriza-
tion  advantage for both Chinese participants in China and Caucasian participants in
the UK: Chinese participants categorized Caucasian faces better than Chinese faces,
whereas Caucasian participants categorized Chinese faces better than Caucasian
faces. In other words, the robust other-race categorization advantage was not due
to  low-level stimulus characteristics. All stimuli were full-color photographic face
images with a resolution of 640 × 480 pixels, taken under controlled illumination
conditions. All of the faces were unfamiliar to the participants and participants never
saw  the same face twice during the entire race-categorization experiment. A cross
hair located in the center of the screen served as a fixation point. Caucasian faces,
Chinese faces, and fixations were shown on the screen in a pseudorandom manner
with an inter-trial interval (ITI) of 3 s. The “fixation” trials served as the baseline in
the  subsequent statistical parametric mapping. Participants lay in the MRI  machine
and watched stimuli through a mirror, which was  set up on the head coil. Partici-
pants were shown the faces individually and were instructed to categorize the race
of  each face they saw. They were also told to make their choices as quickly but as
accurately as possible by pressing one of the assigned keys on the keypad. Half of
the  participants were required to push the left button on the keyboard for Caucasian
faces and the right button for Chinese faces, while this assignment of response but-
tons was reversed for the other half of the subjects. No response was needed for the
fixations.

The localizer task took place after the race-categorization task. The localizer task
was composed of two sessions and each session included eight blocks, with each
block containing 16 images from one of three categories (Caucasian faces, Chinese
faces, and common objects), separated by blocks of fixation cross hairs. The order
of  the eight blocks was  counterbalanced in two sessions. Participants were asked
to  simply view the images. However, like those used in the previous studies (e.g.,
Yovel & Kanwisher, 2004), we used occasional one-back trials whereby for each

block, we  presented two pairs of identical stimuli and asked participants to press
a  button to indicate the detection of such stimulus pairs. This procedure was  to
ensure that the participants were paying attention during the localizer task. The
same Caucasian faces and Chinese faces used in the race-categorization task were
used in the localizer task.

s, 64 Chinese faces, and 60 fixations were showed on the screen in a pseudorandom
 and shown only once. In the figure, trial 1 sets an example for the “Caucasian face”
ion” trials. (B) The localizer task. The localizer task was comprised of two sessions.
in two  sessions. The illustration on the bottom shows the structure of one block.

 pairs of them (only one pair was showed in the figure) were identical. Participants
entical.
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.3.  Data acquisition

Participants were scanned using a 3.0 Tesla MRI  scanner (Siemens Trio a
im) at Tiantan Hospital. T1-weighted structural images with high-resolution of

 mm × 1 mm × 1 mm were acquired using a magnetization prepared rapid acqui-
ition gradient echo (MPRAGE) sequence with a field of view (FOV) of 256. The
lood oxygen level-dependent (BOLD) responses were measured with a multislice
cho planar imaging (EPI) sequence covering the whole brain with parameters as
ollows: TR = 2000 ms,  TE = 30 ms,  FOV = 256 mm,  flip angle = 90◦ , matrix = 64 × 64,
oxel size = 4 mm × 4 mm × 4 mm,  and number of slices = 32. Each session contained
50 functional volumes for the race-categorization task and 161 functional volumes
or  the localizer task.

.4. Statistical parametric mapping

We  used SPM8 software (Wellcome Department of Imaging Neuroscience, Lon-
on, UK, http://www.fil.ion.ucl.ac.uk/spm/) to analyze the data. The first three
olumes of each session were discarded due to T1 effects. The remaining volumes
ere realigned to the first volume of the first session, slice-time corrected, co-

egistered to the T1-weighted structural image, normalized to the MNI  (Montreal
eurological Institute) template, resampled to 2 mm × 2 mm × 2 mm voxels, and

patially smoothed using an 8 mm × 8 mm × 8 mm FWHM Gaussian kernel.
Using the data from the race-categorization task, we constructed a general lin-

ar model (GLM) for each participant by which the effects of different experimental
onditions, the session effects, and parameters of head movements served as regres-
ors  (Friston et al., 1995). Among these regressors, effects of different experimental
onditions were produced by convolving stimulus functions with a canonical hemo-
ynamic response function (HRF) to model the delayed and dispersed form of BOLD
esponses. In our GLM model, the different experimental conditions were “Caucasian
aces” and “Chinese faces”. “Caucasian faces” and “Chinese faces” represented the
ffects of categorizing Caucasian faces and Chinese faces, respectively. We  created a
ontrast of interest by subtracting the effect of “Caucasian faces” from the effect of
Chinese faces” for each participant. A second-level model was  specified to carry out

 one-sample t test on contrasts of interest for all participants. The mapping of the
roup analysis was obtained using a threshold of p < .0001 with an extent threshold
f  30 voxels.

ROIs including the bilateral FFAs and OFAs were defined individually in the VOT
ccording to the data collected in the localizer task. The FFA was  located as the
oxels within the lateral fusiform gyrus and/or adjacent areas that were signifi-
antly more active when viewing faces than objects. We defined FFAs using the
ontrast of “both Caucasian faces and Chinese faces > objects” to avoid biasing the
esult towards either own-race faces or other-race faces (Golby et al., 2001). Simi-
arly, the OFA was defined as those voxels within the inferior/middle occipital gyrus

hich were significantly more active in the same condition. We  first used a strin-
ent  but uncorrected threshold of p < .0001 (Kanwisher et al., 1997) to look for these
OIs. To include more of the participants’ data for analysis and thereby enhance the
tatistical power, we extended the threshold to p < .001, and once again to p < .005,

 > 2.593 (Gauthier, Skudlarski, et al., 2000). The ROIs selected using the three dif-
erent p values constituted an ensemble of participants for our ROI analyses. Then,
e  drew ROIs according to those activated voxels and computed values of the PSCs

or  “Caucasian faces” and “Chinese faces” in each ROI using MarsBaR software (Brett
t al., 2002).

.5. Psychophysiological interaction (PPI) analysis

Although traditional statistical parametric mapping and PSC analysis could
eveal the neural correlates of the other-race face categorization advantage,
etwork-level information was needed to ascertain the functional integrations of
arious cortical regions involved in categorizing own- and other-race faces. A psy-
hophysiological interaction (PPI) analysis provided by SPM8 was  thus used. The
PI  analysis is a seed-region-based measure. It establishes predictive linkages of
eural activity in one cortical area based on the activity in the seed region within
he experimental or psychological context. PPI can thus reveal the interactive effect
etween the experimental condition and the predictive activity from the seed region
Friston et al., 1997). Although PPI analysis cannot provide detailed information
bout mutual modulatory facilitations among multiple cortical regions, it neverthe-
ess  provides data about how the activities in one seed region enhance those in other
rain regions, which fittingly serves to test the specific hypotheses of the present
tudy.

To  perform PPI, we  first treated each peak voxel determined by the “Chinese
aces > Caucasian faces” contrast in the whole brain analysis as a reference seed
egion in the PPI analysis sequentially. We did not use the “Caucasian faces > Chinese
aces” contrast because no supra-threshold clusters were found using this contrast
see  below). To extract the time series from each seed region for each subject,
e  defined a volume of interest (VOI) as a 4-mm-radius sphere with the cen-
er located in a participant-specific local maximum closest to the group-level
eak loci, using a contrast of “Chinese faces > Caucasian faces” and a threshold of

 < .05, k ≥ 30 (uncorrected). This criterion was  used so that a sufficient number
f  participants were available to ensure statistical power (Snijders, Petersson, &
agoort, 2010). The distance between a participant-specific local maximum and a
ia 49 (2011) 3739– 3749

group-level peak voxel was set as less than 15 mm.  We  also ensured the anatom-
ical  labels of a group-level maximum and a homologous participant-specific local
maximum to be consistent. Then, we computed PPI for each participant and for each
VOI  by multiplying the BOLD activity extracted from a previous-defined VOI with a
psychological vector of interest (Chinese faces > Caucasian faces: 1 for categorizing
Chinese faces, −1 for categorizing Caucasian faces). After that, we constructed a GLM
with  three fixed regressors, namely one regressor representing the BOLD activity
from the seed region, one regressor reflecting the psychological variable of inter-
est (Chinese face > Caucasian faces), and one regressor standing for the PPI (i.e., the
cross-product of the former two  regressors). Finally, a statistical parametric map-
ping for each PPI was calculated. The resultant mappings were fed into a group-level
random-effect analysis with a threshold of p < .0001 and k ≥ 30 (uncorrected).

3. Results

3.1. Behavioral results

Paired sample t tests showed that participants spent more time
categorizing own-race faces [Mean = 825.23 ms,  SD = 106.72 ms;
Median = 834.06 ms]  than other-race faces [Mean = 723.37 ms,
SD = 80.22 ms;  Median = 705.01 ms]  [t (29) = 6.558, p < .0001, two-
tailed], and were more accurate with other-race faces [M = .98,
SD = .03] than own-race faces [M = .95, SD = .05] [t (29) = 2.513,
p < .02, two-tailed]. We  computed the other-race latency advantage
by subtracting each participant’s reaction time of correctly catego-
rizing own-race faces from that of correctly categorizing other-race
faces. We  obtained the other-race accuracy advantage by sub-
tracting each participant’s accuracy of categorizing own-race faces
from that of categorizing other-race faces. Finally, a correlation
analysis was  performed and revealed a significantly negative corre-
lation between the other-race latency advantage and the other-race
accuracy advantage [r (30) = −.447, p < .02, two-tailed]: those par-
ticipants who were more accurate at categorizing other-race faces
also had a shorter latency period. Thus, a significant other-race
advantage in face categorization in both latency and accuracy was
found behaviorally.

3.2. fMRI ROI analysis results

With the use of the localizer task data, in total, we obtained ROIs
for 25 of the 30 participants in the right FFA, and 17 of the 30 par-
ticipants in the left FFA. Among the participants, we  obtained the
right FFA ROIs of 21 participants and the left FFA ROIs of 14 par-
ticipants using a threshold of p < .0001. The right FFA ROIs of an
additional two  participants and the left FFA ROIs of an additional
three participants were found using a threshold of p < .001. The
remaining participants’ right FFA ROIs were found using a thresh-
old of p < .005. The same strategy was used in the localization of
the bilateral OFA ROIs. In total, we  obtained the right OFA ROIs for
23 of the 30 participants and the left OFA ROIs for 16 of the 30
participants. Among them, the right OFAs of 14 participants and
the left OFAs of 12 participants were found using a threshold of
p < .0001. The right OFAs of an additional seven participants and
the left OFAs of an additional four participants were found using
a threshold of p < .001. The remaining participants’ right OFA ROIs
were found using a threshold of p < .005. We  used different levels
of thresholds to obtain ROIs in order to enhance statistical powers
for our subsequent ROI analyses.

The mean coordinates (mm)  and standard deviations (mm) in
the MNI  template space were 42 ± 4, −50 ± 7, −19 ± 5 for the right
FFA; −40 ± 2, −53 ± 7, −21 ± 6 for the left FFA; 39 ± 7, −77 ± 6,
−13 ± 5 for the right OFA; and −38 ± 6, −78 ± 7, −13 ± 7 for the left

OFA. These coordinates are consistent with what have been found
in previous studies (Fairhall & Ishai, 2007; Gauthier, Tarr, et al.,
2000; Ishai, Schmidt, & Boesiger, 2005; Kanwisher et al., 1997; Li
et al., 2010).

http://www.fil.ion.ucl.ac.uk/spm/
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Fig. 2. Results of the ROI analyses. Mean percent signal changes within the bilateral
fusiform face areas (FFAs) and the occipital face areas (OFAs) when categorizing
own-race (Chinese) and other-race (Caucasian) faces are shown with their SEMs.
The symbol “*” indicates the difference between the two  conditions is significant at
the  0.05 level, while the symbol “+” indicates the difference between two  conditions
is  marginally significant (p = .057). The MNI  coordinates for right FFA, left FFA, right
O
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Table 1
Clusters activated more for Chinese faces than Caucasian faces as revealed by the
group-level analyses.

Region BA MNI  coordinates (mm) Voxel Z

x y z

R IFG (p. triangularis) 45 44 26 20 71 4.42
R  MFC 32/6 6 20 46 115 4.29
R  IFG (p. opercularis) 44 42 10 18

61
4.21

44 44 6 26 3.99

Note. Threshold: p < .0001 uncorrected, k ≥ 30 voxels. BA: Brodmann area; R: right;

F
l
o

FA, left OFA separately are (42 ± 4, −50 ± 7, −19 ± 5), (−40 ± 2, −53 ± 7, −21 ± 6),
39 ± 7, −77 ± 6, −13 ± 5), (−38 ± 6, −78 ± 7, −13 ± 7).

A traditional ROI analysis was performed to compare the inten-
ities of activations in the ROIs across conditions. PSCs in the right
FA when categorizing own-race faces [M = .716, SD = .357] were
ignificantly greater than those when categorizing other-race faces
M = .661, SD = .330] [t (24) = 3.486, p < .002, two-tailed]. PSCs in the
eft FFA when categorizing own-race faces [M = .593, SD = .176] were
ignificantly greater than those when categorizing other-race faces
M = .498, SD = .153] [t (16) = 3.904, p < .002, two-tailed]. PSCs in the
eft OFA when categorizing own-race faces [M = .916, SD = .303]

ere significantly greater than those when categorizing other-
ace faces [M = .810, SD = .255] [t (15) = 4.562, p < .001, two-tailed]. A
arginal significantly greater response to own-race faces [M = .795,

D = .296] than other-race faces [M = .733, SD = .316] was found in
he right OFA [t (22) = 2.005, p = .057, two-tailed]. Those PSCs with
EMs for different conditions across all ROIs are shown in Fig. 2.

We investigated whether there was a correlation between
ehavioral other-race categorization advantages and PSC differ-
nces. The difference of categorization accuracy was calculated by
ubtracting each participant’s accuracy of categorizing other-race
aces from that of categorizing own-race faces. The difference of

ategorization latency was computed by subtracting each partici-
ant’s reaction time of correctly categorizing other-race faces from
hat of correctly categorizing own-race faces. We  subtracted PSCs
f categorizing other-race faces from PSCs of categorizing own-race

ig. 3. Correlation between behavioral difference of own- and other-race face categorizat
ocation of the left FFA from one participant is shown on an axial slice. The scatter plot de
f  other-race) and differences in the categorization accuracy (accuracy of own-race − acc
IFG: inferior frontal gyrus; MFC: medial frontal cortex.

faces to obtain PSC differences. A significantly negative correlation
[r (17) = −.594, p < .02, two-tailed] was  found between the differ-
ence of categorization accuracy and the PSC difference within the
left FFA: the larger the difference in activation between own- and
other-race faces in the left FFA, the worse did the participant cat-
egorize the own-race face relative to the other-race face (Fig. 3).
None of the other brain–behavior correlations were significant.

3.3. fMRI whole brain analysis results

The group-level random-effect analyses were performed with
either the “Chinese faces > Caucasian faces” contrast or the “Cau-
casian faces > Chinese faces” contrast, using the data from the
race-categorization task. The “Chinese faces > Caucasian faces”
contrast revealed that categorizing Chinese faces produced signifi-
cantly greater activations than categorizing Caucasian faces in the
right inferior frontal gyrus (IFG) and the right medial frontal cortex
(MFC), using an uncorrected threshold of p < .0001 with an extent
threshold of 30 voxels (Fig. 4). The group peak loci (mm)  in the
MNI  template space (Table 1) were 44, 26, 20 for the right IFG (pars
triangularis); 42, 10, 18 for the right IFG (pars opercularis); and 6,
20, 46 for the right MFC. In contrast, no supra-threshold clusters
were found in either cortical or subcortical regions with the “Cau-
casian faces > Chinese faces” contrast, using the same uncorrected
threshold of p < .0001.

Similar whole brain analyses were also carried out for the local-
izer data. We  compared the effect of “Caucasian faces” with that
of “Chinese faces” to ascertain whether there was  a distinctive
pattern of brain activities for own- and other-race faces during
such a passive viewing task. Neither the “Chinese faces > Caucasian

faces” contrast nor the “Caucasian faces > Chinese faces” contrast
revealed any significant activation, using the uncorrected threshold
of p < .0001.

ion accuracy and the left FFA’s response to own-race faces vs. other-race faces. The
monstrates a negative correlation between PSC differences (PSC of own-race − PSC
uracy of other-race) for 17 participants whose FFAs can be identified (r = −.594).
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Fig. 4. Activation maps of the group random-effects analysis showed on a surface rendering (A) and sagittal views (B and C) for the contrast of “Chinese faces > Caucasian
faces”.  The white lines across the rendering are lines of cut to obtain cross-sectional views. (B) comes from the left line while (C) comes from the right line. The right medial
frontal  cortex (MFC) is illustrated in (B). The right inferior frontal gyrus (IFG) is illustrated in (C). In the two  activated clusters shown in (C), the anterior one is IFG (pars
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riangularis) and the posterior one is IFG (pars opercularis). The figures on the top a
ith  an uncorrected threshold of p < .0001 and an extent threshold of 30 voxels. Th
:  right.

.4. PPI results

The PPI analyses were performed to reveal brain networks
nhanced by the right IFG (pars triangularis), right IFG (pars
percularis), and right MFC, separately, under the contrast of
Chinese faces > Caucasian faces”. Table 2 shows the resulting

oordinates of VOIs in each individual participant and their
eans as well as standard deviations. The mean ± SD distance

etween each participant’s VOI and the group peak loci was
.72 ± 3.52 mm for the right IFG (pars triangularis), 9.47 ± 2.94 mm

able 2
NI  coordinates (mm) of the VOIs for each participant for the PPI analyses.

Subject R IFG (Tri) R MFC  

x y z x 

1 – 

2 –
3  – 10 

4 44  26 20 2 

5  – 4 

6  52 38 18 4 

7  – 

8  52 24 18 6 

9  – 6 

10  46 16 28 0 

11  – 

12  40 30 24 8 

13  – 4 

14  – 

15  40 20 24 

16  40 30 16 0 

17  42 20 22 14 

18  52 30 22 

19 54  26 24 6 

20  – 6 

21  56 30 22 8 

22  52 28 16 

23  – 4 

24 44 26 24 6 

25  52 26 20 2 

26  50 22 16 8 

27  44 40 16 

28  50 24 14 4 

29  42 34 16 8 

30 38  26 18 16 

Mean  47 27 20 6 

SD  6 6 4 4 

ote. IFG: inferior frontal gyrus; MFC: medial frontal cortex; Tri: pars triangularis; Oper: 
MNI  coordinates of the two sagittal slices. This figure is generated using a stringent
s on the top-left corner gives the directions for (A). A: anterior; P: posterior; L: left;

for the right IFG (pars opercularis), and 7.39 ± 3.70 mm for the right
MFC.

The results of the PPI analyses are shown in Table 3. At the
threshold of p < .0001and k ≥ 30 voxels, we  found that the right
IFG (pars opercularis) enhanced activations in a wide swath of the
visual cortex (the right visual cortex in particular) which spread

roughly over the ventral visual pathway. The peak loci of the
activated cortex are highly close to the coordinates of the FFA
and OFA (Table 3). Brain regions enhanced by the right IFG (pars
opercularis) are shown in Fig. 5. The other two seed regions failed

R IFG (Oper)

y z x y z

– 48 2 22
– –
16 42 –
28 50 50 18 12
14 42 –
26 48 42 14 28
– –
18 44 48 4 26
16 46 46 8 8
30 40 40 4 18
– –
32 42 –
16 40 32 6 12
– –
– –
20 46 44 8 22
22 46 38 6 22
– –
24 44 48 −2 12
18 46 46 4 22
24 52 –
– 46 4 20
30 50 38 12 30
22 46 40 8 22
32 54 –
20 48 48 10 14
– –
26 40 40 16 26
16 42 40 8 24
18 48 42 6 28

22 46 43 8 20
6 4 5 5 6

pars opercularis; R: right.
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ig. 5. Functional integration enhanced by the right inferior frontal gyrus (pars. o
ctivation map is shown in five axial slices whose locations are illustrated in the 

ctivation map  is generated using a stringent with an uncorrected threshold of p < .

o produce supra-threshold enhanced integrations in any other cor-
ical regions.

It should be noted that the PPI analyses were not performed for
he contrast of “Caucasian faces > Chinese faces” because no signif-
cantly activated clusters were found in the whole brain analyses,

hich prevented us from selecting the appropriate seed VOIs for
he PPI analyses.

. Discussion

The present study was the first to investigate the neural corre-
ates of the other-race face categorization advantage with the use
f fMRI methodology. Our behavioral results once again confirmed
he existence of the other-race advantage in face race categoriza-
ion (e.g., Ge et al., 2009; Levin, 1996): Participants categorized
he race of other-race Caucasian faces faster and more accurately
han the race of own-race Chinese faces. This finding suggests the
ther-race categorization advantage to be a highly robust behav-
oral phenomenon.

.1. FFA findings

The conventional ROI-based analyses revealed that in the indi-
idually defined bilateral FFAs activations were greater when
articipants categorized own-race Chinese faces than when they
ategorized other-race Caucasian faces. Our findings were unlikely
erely attributable to differences in the low-level stimulus char-

cteristics between the Chinese and the Caucasian face sets per
e. As mentioned above, the Chinese and Caucasian faces used

n the present study were matched on two important perceptual
imensions (distinctiveness and attractiveness). More importantly,
he two sets of faces also produced the same robust other-race
ategorization advantage behaviorally in Chinese and Caucasian

able 3
rain regions enhanced by three seed regions under the modulation of the “Chinese Face

Seed region Region MNI  coordinates (mm

x 

R IFG (Tri) No supra-threshold clusters
R MFC  No supra-threshold clusters
R IFG (Oper) R Occipital lobe 

R  Fusiform gyrus 26 

R  Lingual gyrus 16 

R  MOG  26 

R  Fusiform gyrus 36 

R  Fusiform gyrus 40 

R  IOG 38 

L  Occipital lobe
L  MOG  −22 

ote. Threshold: p < .0001 uncorrected, k ≥ 30 voxels. IFG: inferior frontal gyrus; IOG: infe
ars  triangularis; Oper: pars opercularis; R: right; L: left.
laris) under the modulation of the “Chinese faces > Caucasian faces” contrast. The
al view. The figures on the top are the MNI  coordinates of these axial slices. This
nd an extent threshold of 30 voxels.

participants in different ways: Chinese participants categorized
Caucasian faces better than Chinese faces whereas Caucasian par-
ticipants categorized Chinese faces better than Caucasian faces (Ge
et al., 2009). At the same time, most relevant to the present study,
the face race main effect was not significant for the categorization
task. In other words, participants without considering their race
overall categorized the Chinese and Caucasian faces at the same
level of accuracy and speed (Ge et al., 2009). Furthermore, when
we compared the activation differences between the own-race Chi-
nese and other-race Caucasian faces in the localizer task which was
a passive viewing task, we  failed to find any significant difference
between the Chinese and Caucasian faces, the same faces that were
used in the categorization task. Nevertheless, our design is still less
than ideal because we only recruited Chinese participants without
direct contact with Caucasian individuals in the present study. An
ideal design would require the recruitment of additional Caucasian
participants who live in a western country without direct contact
with Chinese individuals.

This shortcoming notwithstanding, our FFA results replicated
findings of previous studies that also examined the processing of
own- and other-race faces (Golby et al., 2001; Kim et al., 2006). Con-
sistently, the previous and present studies showed the enhanced
FFA responses to own-race faces compared to other-race faces,
though Natu, Raboy, and O’Toole (2010) found this pattern only in
the early stage of stimulus presentation when using a novel tempo-
ral analytic method. It should be noted, however, that the consistent
findings were obtained in spite of the fact that the present and
previous studies used face stimuli of different racial attributes and
different active task demands. In the previous studies, because they

recruited Caucasian participants from a society with Caucasians as
the majority, the enhanced FFA activations were engendered by the
own-race Caucasian faces relative to the other-race African or Asian
faces (Golby et al., 2001; Lieberman et al., 2005; Natu et al., 2010).

s” > “Caucasian Faces” contrast.

)  Voxel Z

y z

540
−78 −8

459
4.52

−80 −4 4.46
−92 10 4.43
−56 −16

81
4.17

−44 −14 4.00
−64 −10 3.80

93
−94 2 93 4.17

rior occipital gyrus; MOG: middle occipital gyrus; MFC: medial frontal cortex; Tri:
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n contrast, in the present study, because we recruited Chinese par-
icipants from a society with Chinese as the majority, the enhanced
FA activations were engendered by the own-race Chinese faces
elative to the other-race Caucasian faces. Furthermore, whereas
articipants in the present study performed the race-categorization
ask, participants in the previous studies performed a variety of
ctive tasks: (1) an identity-recognition task that asked participants
o recognize individual own- and other-race faces (Golby et al.,
001; Kim et al., 2006), (2) a same-different discrimination task
hat required participants to indicate whether a preceding faces
as identical to the one currently seen (Natu et al., 2010), and

3) a perception/verbal-encoding task that required participants to
ncode own- and other-race faces according to their characteristics
uch as gender, age, or race (Lieberman et al., 2005).

These results from the present and previous studies taken
ogether suggest that task demands and racial attributes of the faces
er se may  not be responsible for the enhanced responsiveness
f the FFA to own-race faces relative to other-race faces. Rather,
his enhanced activation was likely due to the fact that participants
ad extensive experience or expertise with processing own-race

aces relative to other-race faces. Although it is still controversial
s to whether the FFA is biologically dedicated to face processing
Gauthier, Skudlarski, et al., 2000; Kanwisher & Yovel, 2006), it has
een found that the FFAs are specifically responsive to visual objects
ith which we have extensive processing experience, or expertise

Gauthier et al., 1999). For example, it has been consistently found
hat the FFAs’ responses to own-race faces are greater than those to
on-face objects such as cars, birds, and chairs. Further, when par-
icipants are experts at processing certain non-face objects (e.g., car
r bird experts), the FFAs also become more responsive to such non-
ace objects (Gauthier, Skudlarski, et al., 2000). Thus, Golby et al.
2001) and others (e.g., Kim et al., 2006) have attributed their FFA
ndings to the visual expertise and suggested that more extensive
xperience with own-race faces or greater attention to such faces
nduced by experience may  be responsible for the differential own-
s. other-race activation in the FFA.

The present findings further suggest that the FFA’s enhanced
esponsiveness to the own-race faces may  be so robust that may
ot be influenced by active task demands. No matter whether being
sked to recognize the identity of a face or to categorize it by race,
hen seeing own-race faces, participants’ high-level processing

xpertise with these types of faces may  automatically induce FFA
o engage in an enhanced level of face processing. In contrast, the
ess experienced other-race faces may  not have such a privileged
rocessing status in the first instance (Rhodes, Locke, Ewing, &
vangelista, 2009), resulting in relatively lower level of activations
n the bilateral FFAs.

.2. OFA findings

Our ROI-based analyses also revealed greater activations in the
ndividually defined bilateral OFAs when participants categorized
wn-race faces than when they categorized other-race faces. A con-
istent result was reported by Natu et al. (2010) who  used both
sian and Caucasian participants, and found that the neural activ-

ty patterns useful for dissociating own- and other-race faces span
 relatively broad area in the ventral temporal cortex, including
ot only the fusiform gyri but also the ventral lateral occipital
reas. Furthermore, the discriminability of own- and other-race
aces depends on the neural activity pattern of the broader ven-
ral temporal cortex rather than that of the FFA alone. According
o the latest research on the functional division of labor between

he FFA and OFA, the FFA is sensitive to perception of both face
arts and configuration (Gilad, Meng, & Sinha, 2009), whereas the
FA is sensitive only to face parts (Liu, Harris, & Kanwisher, 2010).
lso, it is believed that the OFA is recruited in the earlier stages of
ia 49 (2011) 3739– 3749

face processing than the FFA (Haxby, Hoffman, & Gobbini, 2000;
Liu et al., 2010), and serves to send feed-forward information to
be integrated in the FFAs (Fairhall & Ishai, 2007). Thus, the greater
activations induced by own-race faces relative to other-race faces
in the bilateral OFAs may  again reflect participants’ expert-level
ability to extract feature information of own-race faces, which will
be further integrated in the FFAs.

4.3. Behavioral correlates of FFA activations

Our brain–behavior correlation analyses showed that the
response difference for own-race faces compared to other-race
faces in the left FFA negatively correlated with the categorization
accuracy differences between own- and other-race faces. In other
words, when the neural activity for own-race faces is greater than
that for other-race faces, participants were less accurate in catego-
rizing own-race faces relative to other-race faces (see Fig. 3). This
finding implies that a poorer performance at categorizing own-race
faces than that at categorizing other-race faces might paradoxically
be due to the fact that more neural resources were recruited to
process own-race faces.

Why  would more neural resources in processing own-race faces
result in poorer behavioral performance in categorizing such faces?
One possibility is that such additional neural resources might have
been dedicated to individuation when categorizing own-race faces
in contrast to when categorizing other-race faces. In line with the
idea, Tanaka and Taylor (1991) showed behaviorally that increased
processing experience with faces leads to a downward shift of the
automatic default mode of processing from the basic level (i.e., is it a
face?) to the individual level (i.e., is this Mary?). Without asking par-
ticipants to pay attention to the identity information, an ERP study
(Vizioli, Rousselet, et al., 2010) showed that the neural activity
occurred as early as the perceptual stage, and it was sensitive to the
identity of own-race faces, but not sensitive to the identity of other-
race faces. Further support to this suggestion comes from the work
by Golby et al. (2001) who  asked participants to recognize own- and
other-race faces. Contrary to our findings, they found that in the left
FFA, the activation difference between own- and other-race faces
was positively correlated with superior memory for own-race rela-
tive to other-race faces. In other words, when the neural activity for
own-race faces was greater than that for other-race faces, partici-
pants were more accurate in recognizing own-race faces relative to
other-race faces. Thus, whereas increased activations in the left FFA
for own-race faces enhanced recognition of own-race faces behav-
iorally, the same increased activations had an opposite effect: it
impaired the categorization performance of own-race faces relative
to that of other-race faces. Thus, these behavior–brain correlational
results taken together provide, at least partially, an explanation of
the paradoxical behavioral effects of own-race recognition advan-
tage and other-race categorization advantage.

Interestingly, the present and previous studies (Golby et al.,
2001) both failed to find a significant brain–behavior correlation
in the right FFA, although the greater activations for viewing own-
race faces than for viewing other-race faces were found consistently
in the region. In other words, individual differences in the right
FFA’s response difference for own-race vs. other-race faces did
not predict either the individual differences in superior memory
for own-race faces or superior categorization for other-race faces.
There have been some suggestions that the right and left FFAs may
play different roles in the face individuation with the right fusiform
gyrus having an advantage in configural face processing (Maurer

et al., 2007; Rossion et al., 2000) whereas the left fusiform gyrus
may  be more involved in feature-based processing (Rossion et al.,
2000). If this functional division of labor is true, we  speculate that
the significant behavioral–brain correlations found in the left FFA
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n both the present and previous study may  be due to the fact that
articipants were engaged in feature-based processing of faces.

.4. Whole brain analysis results

Our whole brain analyses for the race-categorization tasks
howed greater activations for categorizing own-race Chinese faces
elative to categorizing other-race Caucasian faces in the right IFG
pars triangularis and pars opercularis) and right MFC, using the
ontrast “Chinese faces > Caucasian faces”. No significant activa-
ion was found at the same threshold using the contrast “Caucasian
aces > Chinese faces”. This differential pattern of results suggests
hat the participants devoted more cortical resources to process
he own-race faces than the other-race faces, particularly in the
rontal regions such as the right IFG and right MFC. These regions
re known as part of the extended neural systems for face process-
ng which have been suggested to be involved in face processing
t a higher level (Haxby et al., 2000). A number of studies on own-
ace face recognition or own-race facial configural encoding have
lso reported that the right IFG (pars triangularis), right IFG (pars
percularis), and medial frontal cortex were significantly activated.
he loci of these activations (Courtney, Ungerleider, Keil, & Haxby,
996; Haxby et al., 1996; Mason & Macrae, 2004; Maurer et al.,
007; Sergerie, Lepage, & Armony, 2005) are similar to those found

n the present study that required participants to categorize faces
y their race. The similarities in findings between the present and
xisting studies further suggest that when seeing own-race faces,
articipants’ high-level processing expertise may  automatically
ngage an enhanced level of face processing not only in the core face
rocessing network but also in the extended one. We  speculate that
hese significantly activated regions in the frontal cortex may  serve
s the source of top-down modulation to regulate face processing
n the visual cortex. Consistent with this postulation, several previ-
us studies indicated similar brain regions, whose coordinates were
ery close to those in the present study, were involved in top-down
rocessing of visual stimuli, in particular, faces (Cardin, Friston, &
eki, 2011; Esterman & Yantis, 2010; Ishai, Ungerleider, & Haxby,
000; Li et al., 2010; Zhang et al., 2008).

Greater activations for other-race faces compared to own-race
aces in the amygdala, anterior cingulate cortex, and dorsolat-
ral prefrontal cortex have been reported in previous studies
Cunningham et al., 2004; Hart et al., 2000; Lieberman et al., 2005;
helps et al., 2000; Platek & Krill, 2009; Richeson et al., 2003;
icheson et al., 2008; Ronquillo et al., 2007). In the present study,
he “other-race Caucasian faces > own-race Chinese faces” contrast
ailed to reveal any significant activations in these cortical or sub-
ortical regions. This discrepancy between the present and the
revious findings might be due to a crucial difference. In all of these
tudies, the other-race faces were of African-American descent
nd were viewed by Caucasian participants who lived in a society
here implicit and explicit racial prejudice and negative stereo-

ypes against African-Americans still exist. In support of this idea,
ieberman et al. (2005) found that even African-American partici-
ants’ amygdalas were more responsive to African-American faces
han Caucasian-American faces. In contrast, in the present study,
he other-race faces were Caucasian faces viewed by Chinese uni-
ersity students who generally do not hold negative views against
aucasian individuals.

.5. PPI findings

The results from the PPI analyses provided additional support to

he neural resource hypothesis. Under the modulation of the “Chi-
ese faces > Caucasian faces” contrast, the IFG (pars opercularis)
nhanced the activations across a large area of the bilateral occip-
tal cortexes, particularly in the right occipital cortex (see Table 3
ia 49 (2011) 3739– 3749 3747

for details). Interestingly, these areas overlap with those of the ven-
tral visual pathway which is selectively tuned to processing object
identities (Fang & He, 2005). Further, the peak loci of the activations
in the ventral pathway are very similar to those of the FFA and OFA.
Thus, it appears that relative to categorization of other-race faces,
categorizing own-race faces engenders the frontal cortex to exert
considerable feed-backward influence on the posterior visual cor-
tex, such as the FFA and OFA, particularly in the right hemisphere.
This finding is in line with some recent findings regarding top-down
face processing. Recent studies have revealed that the right IFG
(pars opercularis in particular) plays a significant top-down role
in face processing. The IFG has been found to be activated not only
when the face stimuli are highly visible, but also when they are
ambiguous (Esterman & Yantis, 2010), non-existent (Li et al., 2010),
and even imagined (Ishai et al., 2000). As already hinted by Caldara
et al. (2004),  the increased top-down influence from the IFG on
the ventral visual cortex may  serve to assist more in-depth pro-
cessing of the own-race faces with which we have a higher level
of processing expertise. Probably, as already alluded to earlier, the
in-depth processing of the own-race faces includes the automatic
processing of face information at the individual level. However, this
more in-depth processing of the own-race faces assisted by the
enhanced top-down influence may  paradoxically increase the pro-
cessing time and decrease in accuracy for the race categorization
of the own-race faces relative to the other-face faces.

5. Summary

To the best of our knowledge, the present study is the first fMRI
study on the other-race face categorization advantage. We  not only
replicated the effect behaviorally but also found significant differ-
ences in own- and other-race categorizations at the neural level.
The ROI-based analysis revealed greater activations in the bilateral
FFAs and OFAs for categorizing own-race faces than for categoriz-
ing other-race faces. In addition, the difference between the left
FFA’s neural response to own-race faces vs. that to other-race faces
had a significant negative correlation with the accuracy difference
in categorizing own- vs. other-race faces. The whole brain analysis
showed activations in the right IFG and right MFC  when catego-
rizing own-race faces compared to categorizing other-race faces.
The follow-up PPI analysis suggested that the ventral visual cor-
tex is significantly modulated by top-down effects originating from
the right IFG (pars opercularis in particular) when categorizing
own-race faces in contrast to categorizing other-race faces. These
findings taken together indicate that more cortical resources are
engaged during the categorization of own-race faces than that of
other-race faces in the VOT and the frontal cortex as well as the
interaction between the two.

The socio-cognitive-neural mechanisms for the neural activ-
ity differences observed in the present study are yet to be fully
specified. The reason that more neural resources are devoted to
categorizing own-race faces relative to other-race faces may  be
due to the observers’ extensive experience with processing own-
race faces relative to other-race faces. The increased involvement of
neural sources perhaps serves to provide more in-depth processing
of own-race faces (such as individuation), which in turn paradoxi-
cally results in behaviorally slower and less accurate categorization
of own-race faces than other-race faces. Such possibility needs to
be further examined with neuroimaging studies in the future that
not only recruit participants from different races (e.g., Chinese vs.
Caucasians) and use faces of multiple races, but also call for dif-

ferent task demands (e.g., passive viewing vs. categorization vs.
individuation). Such systematic investigation of the neural bases of
own- vs. other-race face processing is highly important because evi-
dence from such investigation will allow for the development of a
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omprehensive and multi-level account of not only own- and other-
ace face processing specifically but also the interaction between
xperience and face processing in general.
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