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Most brain imaging studies on face perception have
nvestigated the processing of unknown faces and
ddressed mainly the question of specific face process-
ng in the human brain. The goal of this study was to
ighlight the effects of familiarity on the visual process-

ng of faces. Using [15O]water 3D Positron Emission
omography, regional cerebral blood flow distribution
as measured in 11 human subjects performing an

dentical task (gender categorization) on both un-
nown and known faces. Subjects also performed two
ontrol tasks (a face recognition task and a visual
attern discrimination task). They were scanned after
training phase using videotapes during which they

ad been familiarized with and learned to recognize a
et of faces. Two major results were obtained. On the
ne hand, we found bilateral activations of the fusi-
orm gyri in the three face conditions, including the
o-called fusiform-face area, a region in the right
usiform gyrus specifically devoted to face processing.
his common activation suggests that different cogni-

ive tasks performed on known and unknown faces
equire the involvement of this fusiform region. On the
ther hand, specific regional cerebral blood flow
hanges were related to the processing of known and
nknown faces. The left amygdala, a structure in-
olved in implicit learning of visual representations,
as activated by the categorization task on unknown

aces. The same task on known faces induced a relative
ecrease of activity in early visual areas. These differ-
nces between the two categorization tasks reveal that
he human brain processes known and unknown faces
ifferently. r 1999 Academic Press

Key Words: positron emission tomography; cerebral
lood flow; face processing; familiarity; gender catego-
ization.

INTRODUCTION

Face perception is an essential process in social life,
llowing the evaluation of the degree of familiarity, the
motional state, the social status and the gender, as
ell as the identification of conspecifics. The impor-
ance of face perception is dramatically revealed when r

278053-8119/99 $30.00
opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
ne loses the ability to recognise known faces. Numer-
us neuropsychological studies devoted to this face
gnosia, or prosopagnosia (since Bodamer, 1947, 1990),
ave revealed that it is not an homogeneous syndrome

Tranel et al., 1988; McCarthy and Warrington, 1990;
ergent and Signoret, 1992; Schweich and Bruyer,
993). Such observations as well as behavioral data
rom experimental studies on normal subjects led Bruce
nd Young (1986) to propose a cognitive architecture of
ace processing (Fig. 1).

According to this model, a first structural encoding
tage extracts a three-dimensional invariant represen-
ation from different views of the same face. This stage,
ommon to all kinds of faces (e.g., known and un-
nown), is followed by two independent routes. The
rst route allows the recognition of the face and the
erson, whereas the second concerns visual operations
hich are not mandatory for the recognition process
er se, but are made in parallel to it: lip-reading
ehavior, analysis of facial expression and extraction of
emantic information from surface facial features (age,
ender, race, etc.). Neuropsychological findings are in
greement with this dissociation (Sergent and Signo-
et, 1992; Schweich and Bruyer, 1993). For instance,
ouble dissociations between face recognition and fa-
ial expression processing (Young et al., 1993), or
etween face recognition and lip-reading abilities
Campbell et al., 1986) have been described. However,
o double dissociation between gender processing and
ecognition has yet been reported (Bredart and Bruyer,
994). This negative result is in line with behavioral
ata showing a preferential processing of internal face
eatures in the presence of familiar faces (Young et al.,
985; Hosie et al., 1988). Such an observation argues
or the existence of an effect of familiarity on the visual
rocessing of faces and thus contrasts with the indepen-
ence of the two processes as predicted by the Bruce
nd Young model (1986).
Despite the fact that several imaging studies have

nvestigated the specificity of face processing as com-
ared to other objects (Puce et al., 1996; Kanwisher et
l., 1997b; McCarthy et al., 1997), the encoding and the

ecognition of faces (Kapur et al., 1995; Haxby et al.,
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FIG. 1. Functional architecture of face processing described by Bruce and Young (1986; with permission). After a common stage for all
erceived faces, two separates series of cognitive operations can be executed in a parallel and independent way.
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280 DUBOIS ET AL.
996), the working memory for faces (Haxby et al.,
995; Courtney et al., 1996) and the processing of facial
xpressions (George et al., 1993; Sergent et al., 1994;
orris et al., 1996, 1998a, 1998b) a precise attribution

f brain regions to the different operations described by
he cognitive model (Bruce and Young, 1986) has not
et been made. The seminal PET study of Sergent and
olleagues (1992) described different patterns of activa-
ion related to the processing of known and unknown
aces: a gender categorization on unknown faces acti-
ated mainly the ventral surface of the right occipito-
emporal cortex, while an identification of famous faces
ctivated a more anterior ventro-temporal region includ-
ng the right parahippocampal gyrus. However, these
esults cannot be unequivocally attributed to the famil-
arity of faces as, in this study, both the tasks (gender
ategorization and recognition) and the faces (unknown
nd well-known) were different. Moreover, the use of
ell-known faces (celebrities) prevented the control of

mplicit access to semantic knowledge associated with
hese faces (Bruce, 1983; Bruce and Valentine, 1986).

The present PET study investigates the effect of
amiliarity on the processing of faces by the human
rain. In our study, we consider familiarity as a feeling
f ‘‘already-seen’’ when perceiving faces of known per-
ons. Thus, it corresponds to the main impairment of
rosopagnosia, i.e., an inability to experience a feeling
f familiarity when viewing faces of known individuals
Sergent, 1991, 1994). To investigate this familiarity
ffect, the subjects performed one main task: a gender
ategorization task which was executed either on un-
nown (GU) or on known faces (GK). The two other tasks
sed in the study were a visuomotor discrimination
ask (Dis), which allowed to subtract away neural
ctivity related to general sensory and motor opera-
ions, and a face recognition task (Rec), controlling for
xplicit recognition of the stimuli. To avoid an auto-
atic semantic activation (as could occur in the pres-

nce of famous faces), we used a long-term visual face
amiliarization with videotapes showing persons in
ction. This procedure, during which subjects were not
iven any information about the presented persons,
llowed us to produce purely visual long-term represen-
ation of faces. Two major hypotheses were made: first,
e expected the activation of a common network in all

ace tasks. Indeed, according to Bruce and Young
1986), any face, known or unknown, initially proceeds
hrough identical stages (i.e., the structural encoding
tage). More precisely, among this common network, we
xpected the activation of the fusiform-face area (FFA),
ecently described by Kanwisher and colleagues (1997b),
ccording to which this fusiform region is specifically
edicated to the processing of faces. Second, the study
imed to highlight possible processing differences be-
ween known and unknown faces while the task per-

ormed on both kinds of faces was matched and the t
amiliarity of the faces was purely visual. Thus, regard-
ng the importance of familiarity decisions on faces in
ur social life, we also expected processing differences
etween known and unknown faces in other brain
egions such as the medial temporal lobe. Indeed,
onsiderable evidence exists to support the hypothesis
hat medial temporal lobe structures are crucial for
ncoding novel information and visual recognition
emory (Tulving et al., 1994, 1997; Stern et al., 1996).

MATERIAL AND METHODS

ubjects

Eleven right-handed normal male volunteers, be-
ween 18 and 28 years (mean 23 6 3), took part in the
tudy. All were drug-free, without any reported neuro-
ogical disease, and showed no abnormality on their
1-weighted magnetic resonance images (MRI). In-

ormed written consent was obtained from each subject.
he experimental procedures were approved by the
thical committee of the Catholic University of Lou-
ain. Seven of those subjects participated later on in a
econd experiment dealing with the processing of se-
antic and lexical knowledge associated with faces

paper in preparation).

rocedure and Equipments

The experiment comprised two phases, a training
hase and an experimental phase, each using specific
aterial and procedures.
1. Material and Procedure of the training phase.

he training phase preceded the PET experiment and
xtended over three consecutive days. A videotape and
set of 40 printed photographs were used during this

hase. The colored videotape lasted 14 min and pre-
ented 20 persons, 10 males and 10 females, appearing
n an alternative order. All posers were young adults
etween 20 and 30 years old. They were instructed to
ome into an office, sit down on a chair, and write a
etter at a desk. All were videotaped for 40 s during
hich they had to raise their head twice, showing right
nd left 3⁄4 profile views to the camera. All photographs
sed during the training phase were printed in 16
rey-levels on paper sheets and represented faces of
oung adults oriented in 3⁄4 profile. Half of these photo-
raphs represented unknown faces, the other half
epresented the faces of the persons appearing on the
ideo.
On the first day, subjects were shown the videotape

ocusing on faces. Immediately after the presentation, a
ecognition test took place: subjects were given the set
f 40 photographs of faces. Half of them corresponded to
he persons presented on the videotape and the other
alf contained unknown distractor faces. Subjects had

o categorize the photographs in two samples: the faces
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281FUNCTIONAL NEUROANATOMY OF FACE PROCESSING
reviously seen in the videotape and the distractors.
hatever the subject’s performance in this task, the

ideotape was then presented one more time. On the
econd day, subjects were first tested with the same set
f 40 photographs, then watched the videotape again.
n the third day, the test was presented a last time: all

ubjects recognized the 20 photographs corresponding
o the persons shown on the videotape. At the end of the
raining phase, the persons appearing on the videotape
the known faces) had been seen three times on the
ideo, each time during 40 s. The total exposure time
or each face was thus 120 s. Additionally, each face had
lso been seen three times on paper sheet during the
ecognition tests.
2. Material and Procedure of the experimental phase.
uring the experimental phase, taking place on the

ourth day, all subjects underwent 12 regional cerebral
lood flow (rCBF) measurements with PET under four
onditions. Each condition was repeated three times in
pseudo-random order. Stimuli were displayed in 16

rey-level using an Amiga Commodore A1200 com-
uter. The monitor (Zenith) was positioned at the
istance of 113 cm in front of the subjects so that
timuli did not exceed 4° of visual angle, which roughly
orresponds to the size of the fovea. Such a display was
sed to avoid the occurrence of exploratory eye move-
ents. Each stimulus was presented during 1 s with an

nterstimulus interval of 2 s (black screen), resulting in
presentation rate of one stimulus every 3 s. Each

ondition was composed of a sequence of 30 different
timuli and lasted 90 s. The mean luminance was
dentical in all conditions (7,5 Cd/m2). Response accu-
acy and response times (RTs) were recorded by the
omputer. Three different sets of face photographs were
sed.All three sets contained 30 photographs represent-

ng young adults oriented 3⁄4 profile. The first set (Set 1)
onsisted of unknown faces (these faces had never been
een by the subjects). The second set (Set 2) consisted of
nown faces (i.e., the faces of the persons seen on the
ideotape during the learning session). In these two
ets, half of the faces were male, the other half female.
inally, the third set (Set 3) consisted of 15 known and
5 unknown faces (the unknown faces were different
rom those used in Set 1).

During the first control task, the discrimination task
Dis), subjects had to discriminate the presence of dots
one or two) on a visual pattern which had the same
isual complexity as faces (Haxby et al., 1994). Subjects
ere told to press the left or right mouse button (using

he right hand), respectively, when one or two dots were
resented. Half of the stimuli contained one dot and the
ther half contained two dots. In a second control task,
he recognition task (Rec), Set 3 was presented and
ubjects had to decide whether the presented face was
nown or unknown. Response was given by pressing

eft (known) or right (unknown) mouse button using, w
espectively, the index or the middle finger. Finally,
ubjects performed a gender categorization task, which
as made on known (GK) and unknown (GU) faces. In

hese two conditions, subjects had to press the left or
ight button according to the gender of the face (male or
emale, respectively). During the GU task, Set 1 was
resented, while during the GK task, Set 2 was pre-
ented. Each of these four conditions was repeated
hree times. Thus, during scanning, each set of photo-
raphs was viewed three times by the subjects.

ata Acquisition, Image Reconstruction, and Analysis

Relative rCBF was measured by recording the distri-
ution of cerebral radioactivity following the intrave-
ous injection of H2

15O. Twelve 60-s scans were obtained
or each subject with an interscan interval of 12 min to
llow decay of residual radioactivity between consecu-
ive scans. Tasks started simultaneously with the
njection and lasted for 90 s. The execution of the tasks
utlasted the acquisition time to obtain additional
ehavioral data. The experiment was divided in three
locks during which the four tasks were executed in a
andom order. The head of each subject was fixed on the
ead holder by an elastic bandage and the position of
he head was systematically controlled before each
njection and readjusted if necessary.

Measurement of local radioactivity was carried out
y scanning the whole brain with a Siemens CTI/ECAT
xact HR PET tomograph, which provides 47 slices
qually spaced by 3.125 mm. Data were acquired in 3D
ode (septa retracted) in a single 60-s frame following
bolus injection (10 s duration) of 8 mCi [15O]water.
ttenuation was corrected using measured transmis-
ion with three rotating rodsources loaded with 5 mCi
8Ge. Since relative blood flow was measured, emission
ata were not corrected for scattered radiation. If one
ssumes similar scatter contribution in all conditions,
his approach minimizes the variance of the individual
elative blood flow measurements. Images were recon-
tructed in 3D using the Kinahan and Rogers (1990)
eprojection algorithm. 47 slices were reconstructed
ith a Hann filter in both tomographic and axial

esolution with a cut-off at 5.5 mm and an in-plane
ixel size of 2 mm. This procedure allows to achieve an
ffective spatial resolution of 6 to 7 mm in the three
irections. For eight subjects, T1-weighted MRI data
ere obtained from a 0.5 Tesla Philips Gyroscan im-
ger. Data were acquired with a Fast Field Echo 3D
rotocol (repetition time 5 30 ms, echo time 5 13 ms,
ip angle 5 30°) and reconstructed with a voxel size of
.86 3 0.86 3 2.0 mm).
Image analysis was performed using the SPM soft-
are (Wellcome Department of Cognitive neurology)

mplemented in Matlab (Mathworks, Inc.). The results
ere displayed with an interactive image display soft-

are implemented in a home made IDL software
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282 DUBOIS ET AL.
Michel et al., 1995). For each subject, images were first
ealigned to the first one, using a rigid body transforma-
ion; then a spatial normalization was executed to
eorient and transform the images to fit the Talairach
nd Tournoux (1988) coordinate system (voxel size:
3 2 3 4 mm). Finally, the images were smoothed
sing an isotropic Gaussian filter of 12 mm FWHM.
he eight individual MRI were also spatially normal-

zed using the same transformations as the correspond-
ng PET images and then summed to allow the overlay
f the obtained Z-map on this summed MRI. These
reliminary steps were executed with SPM95. The
ollowing steps of the analysis were executed with the
PM96 version (Friston et al., 1995). Between and
ithin subjects differences in global blood flow were

orrected using a voxel by voxel ANCOVA (Friston et
l., 1990). After correction for repetition effect, a voxel-
y-voxel Student t test generated a map of spatially
xtended statistical processes (SPM5t6) that directly
eflects the rCBF differences between conditions. The
PM5t6 values were then transformed to the unit Gauss-

an distribution using probability integral transform so
hat changes could be reported as Z-scores (SPM 5Z6).

To test our first hypothesis, we delineated a common
etwork for faces by using the contrast 5(GU 1 GK 1
ec) 2 3Dis6 masked with the three contrasts

GU 2 Dis), (GK 2 Dis), and (Rec 2 Dis). All contrasts
ere thresholded at Z 5 3.09 (P , 0.001). This proce-
ure allowed us to highlight those brain regions signifi-
antly more activated in the three face tasks than in the
onface task (Dis). The negative contrast

3Dis 2 (GU 1 GK 1 Rec)6 masked with (Dis 2 GU),
Dis 2 GK), and (Dis 2 Rec) was also computed using
he same thresholds as above.

To highlight the extent of processing differences
xisting between known and unknown faces (i.e., to test
ur second hypothesis), we directly compared the two
ategorization tasks. In order to categorize the results
nto face-related activations or deactivations, we again
sed a masking procedure. The contrast of interest
GU 2 GK) was thus first masked with the contrast
GU 2 Dis), which allowed us to select among the
attern of regions more activated in GU than in the
aseline task, those that were also more active for the
nknown faces (GU) than known faces (GK). The same
ontrast of interest (GU 2 GK) was then masked with
he contrast (Dis 2 GK), which allowed us to select
mong the pattern of regions less activated in GK than
n the baseline task, those that were also less active for
he known faces (GK) than unknown faces (GU). Finally,
he same masking procedure was applied to the second
ontrast of interest (GK 2 GU) with the contrasts
GK 2 Dis) and (Dis 2 GU). All the contrasts used (both
he contrasts of interest and the masks) were thresh-
lded at Z 5 3.09 (P , 0.001).

The SPM 5Z6 were fused with the summed normalized
RI and displayed as volume images in three orthogo-
al projections to allow precise anatomical localization
f the foci.

RESULTS

ehavioural Results

Response times (RTs) and response accuracy are
resented in Table 1. The near maximal accuracy score
btained in all conditions revealed that subjects per-
ormed all tasks very efficiently. Regarding the mean
esponse times (Dis 5 812 ms, GU 5 660 ms, GK 5 617
s, Rec 5 749 ms), a task (4) 3 repetition (3) ANOVA

repeated measures) revealed a main effect of task
F3,10 5 21.7, P , 0.001) and repetition (F2,10 5 5.937,

, 0.05), but no interaction (F6,10 5 0.73), indicating
hat the repetition had no specific effects on particular
asks. Post-hoc t tests revealed a significant difference
etween the pattern discrimination task and the other
face) tasks (P , 0.001). Indeed RTs were higher in the
is task than in the face tasks. Finally, there were also

ignificant RT differences when comparing the tasks on
aces to each other (GK faster than GU, P , 0.05; GU and

K faster than Rec, P , 0.01).

ET Results

Using the contrast 5(GU 1 GK 1 Rec) 2 3Dis6 masked
ith the three contrasts (GU 2 Dis), (GK 2 Dis), and

Rec 2 Dis), we highlighted three regions which were
ctivated in the three face tasks when compared to the
onface task (Dis). The results are presented in Table 2.
ompared to the discrimination task, all face tasks
ignificantly activated bilateral fusiform gyri, indepen-
ently of the task performed and the familiarity of the
aces (Fig. 2A). In the right fusiform gyrus, two differ-
nt regions were activated, one was located in the
osterior part of the fusiform gyrus, the other one 28
m more anteriorly. A single focus of activity was

etected in the posterior part of the left fusiform gyrus.
he contrast 53Dis 2 (GU 1 GK 1 Rec)6 masked with

Dis 2 GU), (Dis 2 GK), and (Dis 2 Rec) revealed activa-

TABLE 1

Response Times and Response Accuracies Obtained in the
PET Session, during the Three Repetitions of the Four Tasks

Response times
Percentage of correct

responses

Dis GU GK Rec Dis GU GK Rec

838 672 636 790 98.5 99.6 99.3 97.8
805 662 605 739 97.8 99.6 99.6 99.3
794 644 610 717 97.4 100 99.6 98.2

ean 812 ms 660 ms 617 ms 749 ms 97.9% 99.7% 99.5% 98.4%
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283FUNCTIONAL NEUROANATOMY OF FACE PROCESSING
ions in bilateral middle occipital gyri as well as in the
ight superior parietal lobule (Table 3).
In the direct comparison between the two categoriza-

ion tasks (GU 2 GK), masked with the contrast
GU 2 Dis), the left amygdala (218, 28, 212) reached a
-score of 4.07 (Fig. 2B and Table 4). Figure 3 illus-
rates activity profile in the left amygdala. In the direct
omparison (GU 2 GK) masked with the contrast
Dis 2 GK), the middle occipital gyrus (18, 2100, 4),
nd the right calcarine sulcus (8, 2100, 28) reached
-scores of 3.45 and 3.39, respectively (Fig. 2C and
able 4). Figure 4 illustrates activity profile in the right
alcarine sulcus.
The other contrast of interest (GK 2 GU) masked
ith the contrast (GK 2 Dis) did not reveal any signifi-

ant foci of activation. Similarly, the contrast (GK 2 GU)
as masked with the contrast (Dis 2 GU). Again, no

ignificant activations were detected.

DISCUSSION

Two main results were obtained in the present study:
rst, a common set of brain regions was activated in the
usiform gyri when faces were presented, indepen-
ently of the task performed and the familiarity of the
aces. Second, in the two categorization conditions, two
rain regions, the left amygdala and the right early
isual areas, showed significant rCBF differences ac-
ording to the familiarity of the perceived faces.

ommon Network for Faces

The common network was highlighted by comparing
ll tasks performed on faces to the Dis task using
asking. The Dis task was an active discrimination

ask performed on a visual pattern of equivalent com-
lexity as faces (Haxby et al., 1994). Its subtraction
liminated general visuomotor components related to
isual discrimination tasks and revealed only those

TABLE 2

Regions Having rCBF Increases in the Contrast
(GU 1 GK 1 Rec) 2 3Dis6 Masked with the Contrasts
GU 2 Dis), (GK 2 Dis), and (Rec 2 Dis)

Region
Brodmann

area
Talairach

coordinates Z-Scorea

Sizeb

(number
of voxels)

. Fusiform gyrus 19 40 280 216 5.97 32
37 40 252 220 5.91 75

. Fusiform gyrus 37 240 264 220 4.82 37

Note. All contrasts are thresholded at Z 5 3.09 (P , 0.001).
a Z-Scores of the local maxima in the main contrast

(GU 1 GK 1 Rec) 2 3Dis6.
b Size of the regions surviving the masking procedure.
egions related to face processing. Since the pattern e
sed during the baseline condition did not contain any
hape features, the present subtraction might, how-
ver, also include regions involved in general shape
nalysis processes, irrespective whether such features
elong to faces or any other objects. Bilateral posterior
ctivations in the fusiform gyri and/or in the middle
ccipital gyri located at similar coordinates have been
escribed in previous imaging studies when comparing
CBF distributions obtained in face matching tasks to
hose obtained in control tasks using the same pattern
s in our study (Haxby et al., 1994). Identical activa-
ions have also been reported when comparing different
ace tasks to control tasks requiring subjects to discrimi-
ate orientation of sine wave gratings (Sergent et al.,
992, 1994). Nevertheless, other studies investigating
hape analysis (Malach et al., 1995; Martin et al., 1996;
anwisher et al., 1997a) and object recognition (Koss-

yn et al., 1994) also found similar posterior activations.
herefore, in our three face tasks, the posterior activa-

ions in bilateral fusiform gyri could reflect the opera-
ions of a general object recognition system rather than
face processing system. More recently, McCarthy et

l. (1997) demonstrated that bilateral regions of the
usiform gyrus were activated by faces viewed among
onobjects as compared to nonobjects presented alone,
ut only a focal right fusiform gyrus region was acti-
ated when faces were compared to other common
bjects. The same anterior right fusiform region has
lso been activated during passive viewing of faces
hen compared to different control tasks, during which

ubjects passively viewed various kinds of objects as
ell as body parts (Kanwisher et al., 1997b). This

egion, labeled fusiform-face area or FFA (Kanwisher et
l., 1997b) is considered as a cerebral module dedicated
o the processing of faces and automatically activated
henever a face is presented. The coordinates of the
nterior right fusiform activation (40, 252, 220) in our
tudy are very close to the mean coordinates of the FFA
escribed by Kanwisher (40, 255, 210). Several other
uthors also reported activations around these coordi-
ates during face processing tasks (Sergent et al., 1992;
axby et al., 1994; McCarthy et al., 1997).
Considering the above mentioned results obtained in

tudies on object and face processing, we propose that
n our face tasks, the posterior bilateral activations are
elated to the extraction of simple visual features and
herefore are not specifically related to the processing
f faces. On the other hand, regarding the more recent
ndings of Kanwisher et al. (1997b) and McCarthy et al.

1997), we propose that the anterior right fusiform
yrus activation corresponds to the FFA and is there-
ore a specific brain region dedicated to face processing.
s this region is not activated in the left hemisphere,
e confirm the right hemisphere superiority in face
rocessing as evidenced by functional imaging (Sergent

t al., 1992; McCarthy et al., 1997), neuropsychology
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FIG. 2. Common network for faces and differential activations re
z 5 222) activated in the three face tasks. The anterior peak in the r
l. (1997b). (B) Left amygdala (x 5 219, y 5 28, z 5 212) more activ
n known faces. (C) Right calcarine sulcus (x 5 8, y 5 2102, z 5 21
ame task on unknown faces. Z-scores are indicated by color-bars.
lated to the processing of known and unknown faces. (A) Fusiform gyri
ight fusiform gyrus corresponds to the FFA described by Kanwhisher et
ated in the categorization task on unknown faces than in the same task
0) less activated in the categorization task on known faces than in the
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285FUNCTIONAL NEUROANATOMY OF FACE PROCESSING
Michel et al., 1989), and divided visual field techniques
Rhodes, 1993).

Considering the cognitive model for face processing
Bruce and Young, 1986), the activation of the FFA is a
ighly plausible candidate as the neuronal correlate to
he structural encoding stage. Indeed, according to the
odel, this first processing step is mandatory for all

resented faces and is, in the present study, the only
ognitive component common to the three face condi-
ions.

rocessing Differences during the Categorization
of Known and Unknown Faces

The direct comparisons between GK and GU revealed
hat each of the two categorization conditions, which
iffer only for the familiarity of the faces, induced rCBF
hanges in specific brain structures. First, the amyg-
ala was significantly more activated for unknown
han for known faces. This was an unexpected result

TABLE 3

Regions Having rCBF Increases in the Contrast
3Dis 2 (GU 1 GK 1 Rec)6 Masked with the Contrasts
Dis 2 GU), (Dis 2 GK), and (Dis 2 Rec)

Region
Brodmann

area
Talairach

coordinates Z-Scorea

Sizeb

(number
of voxels)

. Middle occipital gyrus 19 26 290 4 6.75 214

. Middle occipital gyrus 19 230 286 8 6.54 323

. Superior parietal
lobule 7 20 270 40 5.51 53

Note. All contrasts are thresholded at Z 5 3.09 (P , 0.001).
a Z-Scores of the local maxima in the main contrast

3Dis 2 (GU 1 GK 1 Rec)6.
b Size of the regions surviving the masking procedure.

TABLE 4

Regions Having rCBF Increase in the Contrast of Interest
GU 2 GK) Masked with the Contrast (GU 2 Dis) (Top) and
GU 2 GK) Masked with the Contrast (Dis 2 GK) (Bottom)

Region
Brodmann

area
Talairach

coordinates Z-Scorea

Sizeb

(number
of voxels)

GU 2 GK

eft amygdala 218 28 212 4.07 52

GU 2 GK

. Middle occipital
gyrus

. Calcarine sulcus
19

17/18

18
8

2100
2100

4
28

3.45
3.39 28

Note. All contrasts are thresholded at Z 5 3.09 (P , 0.001).
a Z-Scores of the local maxima in the contrast of interest.
b
 bSize of the regions surviving the masking procedure.
ince the gender categorization task on unknown faces
as been explored in previous PET studies (Sergent et
l., 1992; Kapur et al., 1995), but none of them reported
n activation of the amygdala.
However, recent imaging studies have shown the

nvolvement of this structure in the processing of facial
xpression. Thus, Morris et al. (1996, 1998a) reported
ctivation of the left amygdala during the processing of
earful faces. Moreover, it has been shown that the left
mygdala is involved in emotional learning (Morris et
l., 1998b) and more particularly, in the acquisition and
xtinction phases of conditioning using aversive or
hreatening stimuli (Buchel et al., 1998; Labar et al.,
998). Regarding these results, we suggest that the
ctivation of the left amygdala in our GU task is related
o the relatively aversive status of the unknown faces
ompared to the known faces. Indeed, the known faces
an be considered as nonthreatening since, during the
raining phase, they have been extensively presented
on the videotape and on photographs) without any
egative consequences. On the contrary, the unknown

aces, when seen for the first time during the GU task,
an potentially represent a danger or a threat. Another
mportant property of the amygdala is the rapid habitu-
tion of its responses during repeated presentations of
earful and neutral faces (Breiter et al., 1996). In our
tudy, the differential activation of this structure could

FIG. 3. Plots of rCBF values in the four experimental tasks
x 5 218, y 5 28, z 5 212). rCBF increase in the left amygdala
elated to the categorization task on the unknown faces.
e therefore related to this characteristic. Thus, the
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286 DUBOIS ET AL.
amiliar faces presented in GK had been repeatedly
resented during the training phase, whereas the
nfamiliar faces were presented for the first time
uring the scanning session.
An alternative explanation for the present result can

e proposed when considering neuropsychological obser-
ations (Young et al., 1995; Bechara et al., 1995) and
ntracranial recordings in humans (Seeck et al., 1995).
oung et al. (1995) described a patient with a partial
ilateral amygdalotomy who suffered from a very pecu-
iar deficit in face processing. After surgery, this patient
as still able to recognise familiar faces learned preop-
ratively, but despite the fact that she was able to
atch simultaneously unfamiliar faces (visual process-

ng), her ability to recognise faces learned postopera-
ively was severely impaired. Moreover, this failure
as specific to faces: person recognition from names
as unimpaired. These authors concluded that the
mygdala may play a role in learning new faces.
ccording to Bechara et al. (1995), the role of the
mygdala in memory encoding may be largely implicit.
ndeed, the authors described a double dissociation
etween the memory function of amygdalar and hippo-
ampal structures: a patient with hippocampal lesions
as severely impaired in acquiring new declarative
nowledge (explicit encoding) about visual stimuli but
as able to associate a physiological response with

dentical stimuli (implicit encoding). Another patient

FIG. 4. Plots of rCBF values in the four experimental tasks (x 5 8
o the categorization task on the known faces.
ith amygdalar lesions showed the inverse pattern t
implicit encoding deficit). Finally, a third patient with
mygdalar and hippocampal lesions was severely im-
aired in the two types of encoding (explicit and
mplicit). Our results are also compatible with single
ell recordings in humans since Seeck et al. (1995) have
emonstrated modulation of amygdalar activity with
he degree of face familiarity in epileptic patients. In
he present study, subjects were not explicitly required
o perform any other task on the unknown faces than
ategorize them according to their gender, but they
ould, however, implicitly encode these unknown faces.
t could therefore be suggested that the activation of
he amygdala is related to this automatic processes
ccurring in the presence of new, unfamiliar faces.
The second difference between the two categorization

onditions was a significant rCBF decrease in the
osterior part of the calcarine sulcus (which corre-
ponds to the foveal representations in the areas V1
nd/or V2) during the processing of the known faces.
CBF was also decreased in the right middle occipital
yrus, a region previously identified as area V3 (Van
ostende et al., 1996; Orban et al., 1997).
A difference in general arousal between the GK

ondition and the other face conditions could induce
CBF modifications at an early visual level. However,
his seems an implausible explanation for the de-
reases in the present study. Indeed, the GK task did not
eveal any additional rCBF decreases in brain regions

5 2100, z 5 28). rCBF decrease in the right calcarine sulcus related
, y
hought to be involved in the regulation of the general
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287FUNCTIONAL NEUROANATOMY OF FACE PROCESSING
rousal state such as the right frontal lobe (Posner and
aichle, 1997) and more particularly the inferior part
f the right precentral gyrus (Giard et al., 1990; Tzourio
t al., 1997; Petit et al., (submitted)). Moreover, it is
ell known (Fuster, 1957; Lansing et al., 1959) that a

owering of the level of general arousal induces a
ecrease in performance. Therefore, a lower general
rousal level in GK should have produced a decrease in
he performance level. This is however not the case in
he present study. To the contrary, as shown by the very
igh percentage of correct responses and also by the
ecreased RT in the GK condition, the behavioral
easurements reveal an improvement in performance
hen the categorization was performed on the known

aces. Thus, a decrease in general arousal cannot
xplain the rCBF decrease in the primary and second-
ry visual areas.
The rCBF decreases could represent a modulation in

he amount of attentional resources devoted to the
arly processing of the known faces. Indeed, during the
ebriefing following the PET session, subjects reported
hat, in the GK task, they quickly noticed whether the
0 faces that had to be categorized according to their
ender were all known or all unknown. This observa-
ion leads us to suggest that the rCBF decreases could
e related to a ‘‘cognitive set’’ adopted by the subjects.
n other words, since the faces were all known or
nknown within a bloc, it was possible to adopt a
articular strategy to extract the facial information. It
as indeed been shown that, while performing percep-
ual judgements on unknown faces, the external and
nternal features of the faces are equally processed.

hen the same tasks are performed on known faces, on
he contrary, subjects preferentially process the inter-
al features (Young et al., 1985; Hosie et al., 1988).
hus, in the latter case, less information is processed
nd, hypothetically, the visuospatial attentional focus
s limited to the central part of the face.

An alternative hypothesis explaining the present
esult would be a stimulus driven hypothesis that
uggests that the processing of each known face is
odified by the prior exposures of this face during the

raining phase, whether the face is presented in isola-
ion or in a bloc. Such an item-specific effect could on
he one hand correspond to a priming effect. Indeed,
ccording to Squire et al. (1993) and Ungerleider (1995),
riming refers to the improved ability—often measured
s RT decrease—to detect or identify perceptual stimuli
ased on previous experience with them. According to
he same authors, this type of memory is thought to
nvolve changes in sensory processing areas. In our
tudy, RTs were shorter in GK than and in GU and we
lso observed modifications of the visual processing in
1, V2, and V3. Therefore, one could argue that the
ffect revealing itself in the GK task corresponds to

riming. However, our paradigm has been constructed r
o produce purely visual, long-term face representa-
ions. The present design thus clearly went beyond the
roduction of an exclusively implicit memory of the
aces based on short exposures, as they are typically
sed in priming studies. Moreover, according to Ellis et
l. (1990), who investigated the repetition priming of
amiliar faces in normal subjects, priming does not
ccur during gender categorization of faces.
On the other hand, the item-specific effect could

esult from the reactivation of the long-term face
epresentations stored in memory, each time a familiar
ace is presented. Indeed, as explained above, the goal
f the extensive training phase was precisely to produce
uch representations. Their automatic reactivation dur-
ng the GK task could then modify the processing of
nown faces as compared to the unknown faces. The
ecognition could thus, for example, induce, probably
y using feed-back projections on earlier visual areas, a
referential processing of internal face features.
In the cognitive set hypothesis, the presentation of 20

amiliar faces in a bloc could produce a shrinking of the
ttentional focus on internal face features. In the
timulus-driven hypothesis, each reactivation of the
ong-term face representation could also induce a pref-
rential processing of the internal features of each
ndividual known face. Indeed, by studying exploratory
ye movements, a differential processing of face fea-
ures of known and unknown faces has been reported
Rizzo et al., 1987). However, in our study, both the
oveal size and the presentation time (1 s) minimize the
ccurrence of large saccade. Nevertheless, as we did not
ontrol for eye movements, we cannot definitively rule
ut the observed activity reduction in terms of differen-
ial eye movement patterns.

Finally, another explanation for these rCBF de-
reases could be an influence of the amygdalar activity
n the early visual processing of faces. In a recent
aper, Morris et al. (1998a) showed that, first, the
ctivation of the amygdala was proportional to the
egree of threat vehiculated by the perceived faces and
econd, that the amygdala modulated itself the activity
n extrastriate cortex. Given the potential involvement
f the amygdala in threat evaluation, it is therefore
ossible that, in our study, the activity of striate and
xtrastriate visual areas depends on the level of activa-
ion of the amygdala. Indeed, Amaral et al. (1992) and
olls (1992) suggested that the amygdala sends neuro-
odulatory projections to several visual areas.
Regarding the different results obtained in the GU–GK

omparison, it appears that the brain processes known
nd unknown faces differently. On one hand, the larger
ctivation of the amygdala during GU than in GK
uggests that the unknown faces could be detected as a
otential threat. On the other hand, the rCBF decrease
n the earliest stages of the cortical visual system in GK

eveal that the familiarity of faces influences their
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288 DUBOIS ET AL.
arly visual processing. Therefore, these results argue
gainst a strict independence of the two routes (visual
rocessing and recognition) as it is described in the
ruce and Young model (1986). The lack of double
issociations between gender processing and recogni-
ion, as well as data from behavioral studies (Young et
l., 1985; Hosie et al., 1988) already questioned this
odel. Now, our results clearly demonstrate, at the
europhysiological level, the influence of familiarity on
ender categorization of faces. These results do not
mply that the two kinds of operations are not per-
ormed in a parallel way but they clearly argue against
strict independence between them.
In summary, we have shown that, on one hand, the

FA is commonly activated in different cognitive tasks
erformed on known and unknown faces. On the other
and, the differences in activation patterns between
he two categorization tasks reveal the involvement of
pecific processes during gender categorization, depend-
ng on the familiarity of the presented faces.
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