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Nomenclature

FFA  Fusiform face area
IOG Inferior occipital gyrus
IT Inferotemporal cortex

Introduction

The human face is a familiar, complex, multidimensional visual
pattern, conveying a wide variety of information about an indi-
vidual (identity, sex, age, mood, ethnical origin, etc.). Under-
standing the neural basis of face perception means understanding
how, from sensory information, the human brain builds a visual
representation - an internal image - of a face. Face perception
concerns the ability to detect a face in a visual scene (face detec-
tion), to discriminate a particular face from other faces (face
individualization or individual face discrimination), and to associate
a percept with a stored representation of a particular face in
memory (face recognition).

The neural basis of face perception has two roots. The first
source of information about the neural basis of face perception is
from the study of brain-damaged patients complaining of face
recognition impairments: acquired prosopagnosia (Bodamer,
1947). Although most patients with prosopagnosia complain
of difficulties in object recognition, some patients have no diffi-
culties in object recognition (‘pure prosopagnosia’; Busigny,
Joubert, Felician, Ceccaldi, & Rossion, 2010). Brain damage
causing prosopagnosia is variable across patients, with the
lesions covering almost all the ventral surface of the occipito-
temporal cortex, from the occipital pole to the temporal pole,
with a right hemispheric dominance (Figure 1; e.g., Barton,
Press, Keenan, & O’Connor, 2002).

Historically, the second source of information comes from
the study of single neurons responding selectively to faces in the
monkey inferotemporal cortex (IT; Gross, Rocha-Miranda, &
Bender, 1972; Weiner & Grill-Spector, 2013 for review). Face-
selective neurons are found in concentrations of up to 10-20%
in several cytoarchitectonically defined areas of the upper and
lower banks of the superior temporal sulcus (STS), in the mon-
key IT. Optical imaging studies have shown that these cells are
organized in clusters of contiguous cortical columns (Wang,
Tanaka, & Tanifuji, 1996). According to fMRI studies of the
monkey brain, up to six clusters of face-selective regions can be
disclosed in the monkey brain, from the posterior STS to the
anterior IT cortex (Tsao, Moeller, & Freiwald, 2008). In some of
these clusters, the proportion of face-selective neurons is
between 40% and 70% (Bell et al., 2011) and can reach 97%
for a few locations in the center of an fMRI-defined face-selective
region (Tsao, Freiwald, Tootell, & Livingstone, 2006). However,
the relationship between these face-selective clusters in the mon-
key brain and the face-selective clusters in the human brain
remains unknown (Yovel & Freiwald, 2013).

OFA  Occipital face area
pSTS Posterior section of the superior temporal sulcus
VOT Ventral occipitotemporal cortex

A Large Set of Functional Face-Selective Clusters

The first neuroimaging studies of face perception in the healthy
human brain were performed by means of positron emission
tomography (PET; Sergent, Ohta, & MacDonald, 1992). They
reported a right hemispheric dominance for face compared to
object perception in a large set of areas of the ventral occipito-
temporal (VOT) cortex, from the occipital pole to the temporal
pole. These observations, as well as the involvement of the STS,
were confirmed by the early fMRI studies in this field (Puce,
Allison, Gore, & McCarthy, 1995). More specifically, comparing
faces to pictures of nonface objects (a ‘functional face localizer’;
Kanwisher, McDermott, & Chun, 1997) generally leads to at least
three bilateral clusters of activation: the lateral part of the inferior
occipital gyrus (IOG or ‘occipital face area’ (OFA); e.g., Gauthier
et al., 2000a), the middle fusiform gyrus (labeled the ‘fusiform
face area’ (FFA); Kanwisher et al., 1997), and the posterior sec-
tion of the superior temporal sulcus (pSTS; e.g., Puce, Allison,
Bentin, Gore, & McCarthy, 1998; Figure 2). These three areas
would form the ‘core’ system for face perception, providing
inputs to an extended system of temporal and prefrontal regions
involved in emotional and semantic processing associated
with person recognition (Atkinson & Adolphs, 2011; Haxby,
Hoffman, & Gobbini, 2000; Figure 2).

These three areas present a strong right hemispheric domi-
nance and are located outside of the retinotopic visual cortex
(Halgren, Dale, Sereno, Tootell, Marinkovic, & Rosen, 1999;
Weiner & Grill-Spector, 2012). Across individual brains, they
vary substantially in spatial location, extent, and hemispheric
dominance (Rossion, Hanseeuw, & Dricot, 2012), with the
FFA being bilateral or even or larger in the left hemisphere
in left-handed individuals (Bukowski, Dricot, Hanseeuw, &
Rossion, 2013). Beyond these areas, face-selective responses
have also been reported in the anterior section of the infero-
temporal cortex, also with a right hemisphere advantage
(Rajimehr, Young, & Tootell, 2009).

Even More Face-Selective Clusters

Recent fMRI studies have also reported a face-selective cluster
in the posterior fusiform gyrus, more medial and anterior to
the OFA: the FFA-1 or pFus (Weiner & Grill-Spector, 2012,
2013; Figure 3), different from the anteriorly located FFA
(‘FFA-2" or ‘midFus’). Another face-selective cluster has been
identified in the anterior fusiform gyrus (antFus, Rossion et al.,
2012, Figure 3). Two or even three different face-selective
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Figure 1 Variability of brain damage leading to prosopagnosia in five cases with the main, or only, lesion highlighted. PS (trauma with multiple
hemorrhages; Rossion et al., 2003), GG (stroke; Busigny et al., 2010), and LR (trauma; Bukach, Bub, Gauthier, & Tarr, 2006) present with

pure prosopagnosia. NS has bilateral damage following trauma and has a general form of visual agnosia, with impairment at both face and object
recognition (Delvenne, Seron, Coyette, & Rossion, 2004). GD presented with a prosopagnosia and metamorphopsia following a small

metastasis in the right middle fusiform gyrus (Seron et al., 1995).
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Figure 2 (a) Whole-brain (group) analysis of a large number of subjects (V/=236) presented with faces, scrambled faces and objects (cars; adapted
from Rossion, B., Hanseeuw, B., & Dricot, L. (2012). Defining face perception areas in the human brain: A large-scale factorial fMRI face localizer
analysis. Brain and Cognition, 79, 138-157). Even though the group analysis only reveals the overlapping face-selective clusters in (normalized)
individual brains, many face-selective clusters are recorded throughout the brain (here, FFA, OFA, pSTS, amygdala, temporal pole, prefrontal

and cortex, all with a right hemispheric dominance). (b) Haxby et al. (2000)’s neurofunctional model of face processing, postulating a hierarchy of
face-selective areas with a core system of three areas (FFA, OFA, and STS) being involved in visual analysis of faces.
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Multiplicity of face-selective foci
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Figure 3 Showing the multiple face-selective clusters that can be observed in individual brains, from the 10G to the tip of the temporal lobe, and also
along the STS. Note that when multiple clusters are found in the occipital cortex or fusiform gyrus (a, right hemisphere), researchers are faced

with the difficulty of choosing between separating or lumping these clusters (see Rossion et al., 2012; Weiner & Grill-Spector, 2012). Clusters that are
in fact different may be both labeled ‘FFA’ and ‘OFA’ in different individual brains, making questionable the use of such labels (Rossion et al., 2012;
Weiner & Grill-Spector, 2012). Figures adapted from (a) Tsao, D. Y., Moeller, S., & Freiwald, W. A. (2008). Comparing face patch systems in
macaques and humans Proceedings of the National Academy of Sciences of the United States of America, 105, 19514-19519., (b) Pyles, J. A.,
Verstynen, T. D., Schneider, W., & Tarr, M. J. (2013). Explicating the face perception network with white matter connectivity. PLoS One, 8(4), e61611.,
and (c) Rossion, B., Hanseeuw, B., & Dricot, L. (2012). Defining face perception areas in the human brain: A large-scale factorial fMRI face

localizer analysis. Brain and Cognition, 79, 138-157.

clusters have also been identified in the STS (Pinsk et al., 2009),
as well as two distinct face-selective clusters in the inferior
occipital cortex (OFA1 and OFA2; e.g, Pyles, Verstynen,
Schneider, & Tarr, 2013). Thus, considering the whole VOT
cortex and the STS, numerous face-selective clusters can
potentially be identified in an individual human brain.

How Should the Cortical Face Network Be Defined?

In fMR], the term ‘selective’ generally means that the cluster or
area responds more to faces than objects, but not exclusively to
faces. Few fMRI studies of face perception investigate all the
face-selective clusters, focusing often solely on the FFA. Yet,
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there is no evidence that the FFA is more important for face
perception than other face-selective areas. The FFA may be
disclosed most often because of reasons that have nothing to
do with its functional role (e.g., larger blood vessels in the
vicinity of this area, reduced fewer magnetic susceptibility art-
ifacts in the middle fusiform gyrus than in other areas).

This is one of the reasons why using the same statistical
threshold to define all of the face-selective areas is not adequate
(Rossion et al., 2012). While some studies have reported that
the FFA is the most face-selective area (Tsao et al., 2008), part
of the FFA selectivity may be accounted for by low-level visual
cues (color and spatial frequency, Rossion et al., 2012). Lesion
studies rather suggest that the lateral part of the right inferior
occipital cortex is perhaps the most critical area: this is the
location of the largest overlap of lesions causing prosopagnosia
(Bouvier & Engel, 2006) and where electrical stimulation
causes transient prosopagnosia (Jonas et al., 2012).

Since numerous face-selective clusters can be identified in
the VOT cortex in some individual brains, the labeling of each
of these clusters has become very subjective and open to inter-
pretation. Anatomical constraints and spatial relationships to
other functional areas will have to be used increasingly to help
in defining regions such as the FFA and OFA across individual
brains more objectively (Weiner & Grill-Spector, 2012). How-
ever, it is unknown whether every face-selective cluster in the
VOT cortex has a specific anatomical signature, as characterized
by cytoarchitectony. Rather, a face-selective cluster may con-
cern a subset of an anatomical area, and there is no reason to
expect that all individual human brains have the same amount
of well-identified face-selective clusters in the VOT cortex. This
points to analyses performed at the single subject level in
future work, without forcing some arbitrary correspondence
between labeled clusters across different individual brains.

Neurofunctional Decomposition

At present, the function(s) of each of the face-selective clusters
of the human brain remains largely unknown. Unfortunately,
the debate about the domain specificity of the neural basis
of face perception has focused almost entirely on the FFA
(Kanwisher, 2000; Tarr & Gauthier, 2000). FFA activation
increases for nonface objects of visual expertise, such as car or
bird pictures in car or bird experts, respectively (Gauthier,
Skudlarski, Gore, & Anderson, 2000b). However, increases of
FFA activation to nonface visual objects of expertise have not
been often reported (Harel, Gilaie-Dotan, Malach, & Bentin,
2010; Rhodes, Byatt, Michie, & Puce, 2004).

According to a hierarchical view, the OFA is the first face-
selective relay of information, being associated with the ‘early
perception of facial features’ (Figure 2(b)). Processing in the OFA
would be based on facial parts such as the eyes, nose, and
mouth (Arcurio, Gold, & James, 2012; Haxby et al., 2000;
Pitcher, Walsh, & Duchaine, 2011). This area would feed infor-
mation forward to the FFA and pSTS for more elaborated
processes. While the FFA would be associated with the invari-
ant aspects of faces, in particular the perception of face identity,
the pSTS would decode changeable aspects of faces such as the
perception of eye gaze and expression (Haxby et al., 2000;
Figure 2(b)). Overall, the role of the STS in changeable aspects

of faces has been well supported, with studies showing its
activation to changes of facial expressions and eye gaze direc-
tion (Engell & Haxby, 2007). Yet, the area showing sensitivity
to changes of facial expression and gaze may be located more
anteriorly in the STS, rather than in the face-selective pSTS area
(Winston, Henson, Fine-Goulden, & Dolan, 2004).

The OFA is positioned closer to low-level visual areas than
the FFA and shares many characteristics of retinotopic cortex,
including increased position sensitivity and foveal-peripheral
eccentricity maps (Levy, [Hasson, Avidan, Hendler, & Malach,
2001). Hence, neurons in the OFA presumably have smaller
receptive fields and show less invariance than in the FFA.
However, given the low temporal resolution of fMRI, whether
face selectivity emerges first in the IOG (‘OFA’) and triggers face
selectivity in the fusiform gyrus (‘FFA’) remains unclear. This
hierarchical view is contradicted by observations that damage
to the right IOG, with no OFA, does not prevent ipsilateral FFA
activation (Rossion et al., 2003; Figure 4).

Moreover, stimuli that are perceived as faces based on their
global configuration only, such as ‘Mooney’ faces or Arcim-
boldo paintings, activate primarily the right FFA without face-
selective responses in the OFA (Rossion, Dricot, Goebel, &
Busigny, 2011). Also, the earliest face-selective response may
appear in the FFA rather than the OFA when using a slow
dynamic stimulation sequence in fMRI (Jiang et al., 2011;
Figure 5).

Altogether, these findings suggest that the visual input
could be initially categorized as a face in the fusiform gyrus
(‘FFA’). This initial representation would be rather coarse, suf-
ficient for accurate detection of the stimulus as a generic face
(see also Goffaux et al., 2011). In order to be discriminated
from one another, faces also have to be analyzed further, at a
fine-grained level.

Face Individualization Through fMR Adaptation

Both the FFA and OFA are involved in such individualization of
faces, as demonstrated by fMRI adaptation, or repetition sup-
pression, in which the neural response to a given stimulus is
reduced when that stimulus is repeated (Grill-Spector & Malach,
2001). Release from adaptation to face identity (i.e., face A
preceded by face B vs. face A preceded by face A) has been
found in both areas but not, or only weakly, in the pSTS
(Davies-Thompson, Gouws, & Andrews, 2009; Figure 6). fMR-
adaptation studies have shown that both the FFA and OFA are
sensitive to changes of a subset of the facial parts when they are
inserted in whole faces or to relative distances between these parts
in whole faces (Rhodes, Michie, Hughes, & Byatt, 2009). There is
also a higher response for different than identical faces for
upright but not for inverted faces in both the FFA and OFA
(Yovel & Kanwisher, 2005). Both areas also show increased
activation to the illusion of change of identity on the top halves
of faces when these top halves are aligned with different bottom
halves (Schiltz & Rossion, 2006; Figure 6). These observations
have been taken as evidence for holistic/configural representa-
tion of individual faces in the right FFA in particular. It has also
been suggested that the FFA codes individual faces relative to a
norm in a face space (Loffler, Yourganov, Wilkinson, & Wilson,
2005), but these observations are controversial (Davidenko,
Remus, & Grill-Spector, 2012; Kahn & Aguirre, 2012).
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Figure 4 Face-selective response in the right middle fusiform gyrus of a prosopagnosic patient (PS, Rossion et al., 2003), despite brain damage to the
ipsilateral inferior cortex and no evidence of ipsilateral posterior face-selective clusters (no right ‘OFA’).
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Figure 5 Slowing down the appearance of a face and keeping constant the low-level stimulation points to a temporal reverse hierarchy in the
emergence of face selectivity in the human brain (Jiang et al., 2011). Note that the absolute activation starts in the OFA (volume 6, corresponding to
7500 ms for repetition times of 1250 ms) ahead of the FFA (data point 9). However, this initial activation does not differ between faces and cars. The
onset of the difference between faces and cars emerges earlier in the FFA (significant at 13750 ms) than the OFA (significant at 22500 ms).

Multivariate Pattern Analysis and the ‘Decoding’ of Face

large part of the brain; e.g., Haxby et al., 2001) is considered

|dentity rather than merely the global response of the area (O'Toole
Over recent years, there has been a growing interest for multi- etal., 2007). However, this approach may not be well suited to
variate pattern analysis (MVPA) methods in fMRI, in which the discriminate face exemplars, which are coded at the level of
pattern of variability across voxels within a given area (or a single neurons, at a level of resolution that is well below the
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single voxel (Rolls, 1992; Young & Yamane, 1992). Hence,
MVPA analyses have generally failed to report individual face
discrimination at the level of the FFA (Kriegeskorte, Formisano,
Sorger, & Goebel, 2007; Natu et al., 2010) or been only able to
discriminate very limited sets of highly distinctive faces just
above chance level (Goesart & Op de Beeck, 2013; Nestor,
Plaut, & Behrmann, 2011).

Connectivity and Functional Dynamics

Diffusion tensor imaging studies have suggested strong white-
matter connections between the OFA and FFA with connec-
tions up to a face-selective cluster in the right temporal pole
and between the FFA and several clusters in the lateral occipital
cortex (Pyles et al., 2013). No connectivity has been disclosed
between STS and FFA and other face-selective regions. The face-
selective areas appear to be highly correlated with one another,
especially within the same hemisphere (Davies-Thompson &
Andrews, 2012). The strength of the correlation at rest between
the OFA and FFA is also related to face but not object percep-
tion tasks (Zhu, Zhang, Luo, Dilks, & Liu, 2011). Although

Identical n
Bottom Halves '

Different a
Bottom Halves '

Aligned Misaligned

% signal change

dynamic causal modeling analysis has suggested a simple feed-
forward relationship between face-selective regions of occipi-
totemporal cortex (i.e., input entering OFA and then
modulating FFA; Fairhall & Ishai, 2007), these studies assumed
that driving input enters OFA only and did not test alternative
models in which input enters other visual regions. Moreover,
the regions tested were not face-selective. Other studies have
reported intrinsic bilateral connections between the right IOG
and middle fusiform gyrus during face perception (Rotshtein,
Vuilleumier, Winston, Driver, & Dolan, 2007), these interac-
tions being weighted differently according to the kind of rep-
etition suppression effects observed (Ewbank, Henson, Rowe,
Stoyanova, & Calder, 2013). A fundamental problem remains
the low temporal resolution of fMRL. It is very likely that both
feedforward and feedback connections exist between these
areas and they may be involved differentially depending on
the kind of task performed. Given that individual face percep-
tion, and even face recognition, is a process that takes place
essentially within the first 200 ms following stimulus onset
(Caharel, Ramon, & Rossion, 2014; Jacques, d’Arripe, &
Rossion, 2007), a dynamic model of face perception cannot
rest on fMRI evidence of the normal brain, in which

Figure 6 Blood oxygen level dependent (BOLD) response in the right FFA to the presentation of composite faces. The exact same top half is
repeated in all conditions and attended. When the top halves are aligned with different bottom halves, they are perceived as different, leading to a release
from fMR adaptation. This effect is not found for misaligned faces, or when aligned faces are presented upside down (Schiltz & Rossion, 2006).
Similar but weaker effects are observed in the other face-selective areas such as the OFA.

Easly visual cortex

AIT
convergence with
personal semantic
information

Figure 7 A reverse hierarchical neurofunctional model of face perception (adapted from Rossion, B. (2008). Constraining the cortical face network by
neuroimaging studies of acquired prosopagnosia. Neuroimage, 40, 423-426). Following early visual processes, input is sent to the middle fusiform
gyrus, both through the I0G and independently from it. If the input matches a face representation in this region, even coarsely (template-based
matching), face selectivity emerges (‘FFA’; 1. holistic face detection, illustrated by Mooney and Arcimboldo faces). The representation is then refined
through reentrant interactions between this higher-order area and lower-level visual areas, where face selectivity emerges later. Through this reentrant
interaction, a full holistic representation of an individual face is built (2. individual face percept, illustrated by composite faces). The whole process

takes no more than 200 ms.
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information can flow almost freely in multiple directions of a
network over several seconds.

A Reserve Hierarchy of Face Perception?

According to a reverse hierarchical view, supported by several
observations (Figures 4 and 5), lower-level visual areas such as
the OFA may be called upon later than the FFA, because
neurons in the OFA with smaller receptive fields may be fine-
tuned to subserve fine-grained analysis of faces, which is criti-
cal in real-life situations (e.g., recognizing the same identity
across age differences and changes in lighting). Dynamic reen-
trant connectivity between these two areas would then support
the full extraction of individual face representations (Figure 7).

Conclusions and Future Challenges

Functional neuroimaging studies of the human brain have
shown that there are multiple clusters of voxels in the STS
and in the VOT cortex, which respond more, sometimes almost
exclusively, to faces than other visual object categories. The
challenges for future research in this field will be to understand
the reason why there are so many face-selective clusters in the
human brain, define how they differ in size and number across
individual brains, relate these clusters to anatomy, define their
spatiotemporal connectivity, and associate the dynamics of
this network to behavioral performance at face recognition.
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