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Abstract
The notion of a neuron that responds selectively to the
image of a particular complex object has been controversial
ever since Gross and his colleagues reported neurons in the
temporal cortex of monkeys that were selective for the sight
of a monkey’s hand (Gross, Rocha-Miranda, & Bender, 1972).
Since that time, evidence has mounted for neurons in the
temporal lobe that respond selectively to faces. The present

paper presents a critical analysis of the evidence for face new
rons and discusses the implications of these neurons for models of object recognition. The paper also presents some
possible reasons for the evolution of face neurons and suggests some analogies with the development of language in
humans.

INTRODUCTION

in part because of advances in theoretical approaches to
object recognition and in part because of empirical findings in the temporal cortex. Most modern theoretical
approaches that incorporate neurons at all rely on distributed neuronal representations of general object features, such as neural ensembles or neural networks,
rather than individual object-detector cells. Correspondingly, subsequent studies by Gross and others found that
most IT neurons respond selectively to general object
features, such as color, shape, and texture, rather than to
one specific object (Schwartz, Desimone, Albright, &
Gross, 1983; Desimone, Albright, Gross, & Bruce, 1984;
Saito, Tanaka, Fukumoto, & Fukada, 1987). Shape-selective IT cells appear to be tuned to the overall shape of a
stimulus rather than to the orientation of local edges,
and they often maintain their selectivity for shape over
changes in stimulus size and position (Schwartz et al.,

In the early 1970s when nearly all neurophysiological
work in vision was concentrated on the properties of
simple and complex cells in striate cortex, Gross and his
colleagues jumped several anatomical steps ahead to the
inferior temporal (IT) cortex, or cytoarchitectonic area
TE (see Fig. 1). There they found a number of unusual
neuronal properties, including extremely large, bilateral,
receptive fields (Gross et al., 1972). Further, although
they could activate most cells with oriented bars of light,
they described an accidentally discovered neuron that
responded almost exclusively to the outline of a hand (a
monkey’s hand was best). The authors also mentioned a
few cells that responded best to faces, but these cells
attracted little attention. The monkey-hand cell, by contrast, attracted a great deal of attention in both textbooks
and in some theoretical speculations on visual recognition. This cell seemed to fulfill Konorski’s (1967) prediction of a “gnostic unit.” Gnostic units were supposed to
be at the pinnacle of a processing pyramid that began
with line and edge detectors in striate cortex and continued with detectors of ever increasing complexity until
reaching a neuron that represented one specific object.
In the extreme, it was thought that even one’s grandmother might be represented by an individual neuron
in the cortex, and the notion became half-seriously
known as the “grandmother cell” theory of recognition.
The grandmother cell theory lost favor over the years,
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1983).

Ironically, during the time that grandmother cell theories went into decline, the evidence for a subpopulation
of IT cells selective for a particular class of object, namely
faces, mounted. Bruce, Desimone, and Gross (1981) published the first full description of a face-selective cell in
temporal cortex, and this report has been followed by
more than a dozen detailed studies of these cells, spanning at least six laboratories. Face cells have been found
in anesthetized monkeys, in awake but naive monkeys,
and in monkeys performing a behavioral task. In addition
to the face cells in the temporal cortex, there is also a
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ARE THE ALLEGED FACE CELLS TRULY
SELECTIVE FOR FACES?

Figure 1. Some o f the known visual areas in the occipital, tempora
and parietal lobes of the macaque, shown o n a two-dimensional unfolded cortical map (adapted from Boussaoud et al., 1990). Faceselective neurons have been reported in both the inferior temporal
cortex, or cytwarchitectonic area TE, and the superior temporal polysensor) area, or STP. Heavy lines indicate the boundaries of sulci.
Thin line around the perimeter o f the map indicates where the map
was “cut” from the rest of the cortex. Dashed lines on the perimeter
indicate boundaries between isocortex and allocortex. Striate cortex
is not shown. The cortex included in the map is indicated by the
shaded region o n the lateral view of the macaque brain at bottom
right. Sulci (shaded) and sulcal labels are shown o n the small map at
upper left Bottom left: The superior temporal sulcus has heen enlarged to show the subdivisions proposed by Seltzer and Pandva
(1978). Within the sulcus, face-selective neurons are reported to be
most prevalent in areas TPO and E m . Sulcal abbreviations: amt, anterior middle temporal sulcus; ca, calcarine fissure; ci, cingukate sulcus; co, collateral sulcus; io, inferior occipital sulcus; ip, intraparietal
sulcus; la, lateral sulcus; lu, h a t e sulcus; ot, occipitotemporal sulcus;
pmt, posterior middle temporal sulcus; po, parietooccipiral sulcus;
pom, medial parietooccipital sulcus; rh, rhinal sulcus; sp, subparietal
sulcus; st, superior temporal sulcus.

report of face cells in the amygdala (Rolls, 1984), and
there is even a report of face cells in the cortex of the
sheep (Kendrick & Baldwin, 1987). Further, distributed
among the face cells in the monkey temporal cortex
there are reported to be cells selective for parts of faces,
such as the eyes or hair (Perrett, Rolls, & Caan, 1982).
Naturally, the first question raised by all of these reports
is whether the alleged face cells are truly selective for
faces. In this paper, I will consider only the face cells of
the monkey temporal cortex.
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The famous hand cell of Gross et al. (1972) and, to some
extent, the first face cells of subsequent studies, engendered skepticism among neurophysiologists. Simply because a cell responds well (even fantastically well) to a
face does not mean that it is specialized to code only the
properties of faces, i.e., that it is a “face cell.” Every
neurophysiologist who has worked in striate cortex has
had the experience of accidentally walking in front of
the testing screen, provoking a huge response from a
cell that had previously been hard to activate with conventional stimuli. With careful investigation, it turns out
that the cell that initially seemed to respond only to
“noses,”for example, is actually an end-stopped complex
cell selective for pink edges of a particular orientation
and location in the visual field. To prove that a cell is a
face cell is to prove that it is not actually selective for a
simpler or more general object feature than a face per
se. Given that most (if not all) complex object feature
classes are unknown, this proof is not currently possible,
in a strict sense.
Although they do not provide absolute proof, several
studies have tried and failed to identify alternative features that could explain the properties of face cells. For
example, in several studies, most face cells gave virtually
no response to any other stimulus tested, including textures, brushes, gratings, bars and edges of various colors,
and models of complex objects that might be expected
to elicit emotional responses, such as snakes, spiders,
and food (Bruce et al., 1981; Perrett et al., 1982; Desimone et al., 1984; Baylis, Rolls, & Leonard, 1985; Rolls
and Baylis, 1986; Saito, Yukie, Tanaka, Hikosaka, Fukada,
& Iwai, 1986). By contrast, each responded to a variety
of faces, including real ones, plastic models, and photographs of human and monkey faces (see Figs. 2 and 3 ) .
Many face cells continue to respond well to faces over
more than a 12-fold range in the size of the face (Rolls
& Baylis, 1986) and many respond over a wide range of
orientations in the horizontal plane (Perrett et al., 1982;
Desimone et al., 1984; Perrett, Mistlin, Chitty, Smith, Potter, Broennimann, & Harries, 1988;Hasselmo, Rolls, Baylis, & Nalwa, 198913). Further, in anesthetized monkeys,
face cells have been shown to respond to faces positioned anywhere within a large, bilateral receptive field
(Desimone et al., 1984). None responds well to pictures
of faces that have the components rearranged, even
though the outer shape remains intact and all of the
components are still present (Perrett et al., 1982; Desimone et al., 1984; Perrett et al., 1988). Likewise, for most
cells, no single component of the face is sufficient to
elicit a response comparable to the entire face, nor does
the elimination of only one specific component cause an
elimination of the neuronal response (Perrett et al., 1982;
Desimone et al., 1984). Rolls, Baylis, and Leonard (1985)
have shown that face cells will continue to respond to
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Figure 2. Responses o f a neuron within the superior temporal sulcus in IT cortex that responded selectively to Paces. Stimuli were colored
slides, projected with a slight oscillatory motion onto a tangent screen for 2.5 sec each trial, with the center o f each stimulus on the fovea. The
stimulus on period is indicated by the bar under each histogram, and each histogram is based on a minimum of 10 trials per stimulus. The
drawings under each histogram were traced from the stimuli. (A) The neuron responded well to two different monkey f x e s and to a human
face, but not when the internal components were rearranged. Eliminating the eyes, or the nose, or the color, reduced but did not eliminate the
response. The neuron was also tested with a large number of additional nonface stimuli (not shown), and it responded very poorly or not at all
to any of them. (B) This neuron was tuned to the frontal view o f the face. Adapted from Desimone et al. (1984).

pictures of faces that have been either low- or high-pass
filtered such that no spatial frequencies are in common
(responses were dependent on the faces being recognizable as faces). Removing the color of the face (Desimone et al., 1984; Rolls & Baylis, 1986), altering the color
(Perrett et al., 1982), or reducing the contrast to a very
low level (Rolls & Baylis, 1986) reduces but does not
eliminate the response. Line drawings of faces produce
weak responses (Bruce et al., 1981; Perrett et a]., 1982).
Taken together, no hypothesis, other than face selectivity,
has yet been advanced that could explain such complex
neuronal properties.
On the other hand, it is very likely that some of the
cells that have been classified as "face cells" actually serve
as general-purpose feature analyzers or code the overall
significance of stimuli. In some studies, a few cells classified as face selective responded only twice as well to
faces as to nonface stimuli (e.g., Perrett et al., 1982;Baylis
et al., 1985). Yet, the greater the response to nonface
stimuli, the more likely it is that a cell is actually tuned
to some more general object feature, such as shape or
texture. Because cells that have only a relative preference
for faces appear to be sensitive to the configuration of

facial features and are located near cells that are more
highly face-selective, Rolls and his colleagues argued that
they are also likely to contribute to a face-recognition
network (Baylis et al., 1985). While this may be so, their
contribution may well not be exclusive.
In addition to cells that respond best or only to intact
faces, there have been reports of cells that respond selectively to face components, such as the mouth, hair, or
(especially) eyes (Perrett et al., 1982; Perrett, Mistlin, &
Chitty, 1987). If there is truly a neural network dedicated
to the analysis of faces, it is not surprising that it would
contain cells selective for meaningful components, such
as eyes. In fact, many face cells appear to be sensitive to
the direction of gaze of the eyes in the head (of the
stimulus, not of the observer) (Perrett, Smith, Potter,
Mistlin, Head, Milner, & Jeeves, 1985). Perrett and his
colleagues (Perrett et al., 1987) argued that the properties
of face cells may be built up from inputs derived from
face-component cells. Yet, the simpler the face components, the more difficult it will be to show that a cell is
actually selective for the component, rather than some
more general shape feature. For example, without very
elaborate tests, it would be hard to reject the possibility
Desimone
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Figure 3. Responses o f a different IT neuron, found in the same cortical region as the cell shown in Figure 2, but which responded best to
profile views of faces. Other conditions as in Figure 2 . (A) Responses to one monkey face in different degrees of rotation. (B) Responses to
profile of face and to profile with components removed or altered. Removing or altering any of the components of the profile eliminated the
response. Adapted from Desimone et al. (1984).

that an "eye" cell is actually a cell that is selective for any
dark spot on a light background or that a "hair" cell is
actually selective for a fine oriented texture. Indeed, it
would seem economical for the visual system to use
general-purpose shape and texture-selective cells to analyze relatively simple features such as eyes and hair. In
any case, detailed tests on the cells selective for face
components remain to be conducted.

PROPERTIES OF FACE CELLS
As expected, individual face cells vary in their response

to different faces. After all, why would the visual system
need a large population of cells just to signal the presence of any face? On the other hand, there is no evidence
for a face cell that responds exclusively to the face of
one individual. In this respect, the cells are not, strictly
speaking, "grandmother" cells. Rather, because individual
face-selective cells vary in their response to different
facial features, facial orientations, expressions, orientations, and individuals, they likely comprise a distributed
network for the coding of faces, just as other cells in IT
cortex seem to comprise a distributed network for the
coding of general object features.
Yamdne, Kaji, and Kawano (1988) studied a group of
IT face cells with a large number of pictures of human
4
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faces and face montages that varied parametrically along
several facial feature dimensions, such as the distance
between the eyes and width of eyebrows. For some of
the cells, they were able to fit the distribution of responses with a regression equation based on a small
number of component features. Although cells varied in
their selectivity, features that frequently influenced responses were the intereye distance, the distance from
the eyes to mouth, and the style of hair on the forehead.
They found that, in general, increasing the amount of
hair on the forehead improved the response, and increasing the distance from the eyes to the mouth decreased the response.
In addition to the arrangement of facial features, some
face cells give graded responses to faces depending on
either the identity of the face or on the facial expression
(Perrett, Smith, Potter, Mistlin, Head, Milner, & Jeeves,
1984; Baylis et al., 1985; Hasselmo, Rolls, & Baylis, 1989a).
Hasselmo et al. (1989a) measured the responses of a
group of face cells to nine pictures of three different
monkey faces, each with three different facial expressions
(calm, slight threat, or full threat). The cells were broadly
tuned to the faces; no cell responded solely to one individual or to one expression. However, when the responses of each cell to the nine faces were analyzed with
a two-way analysis of variance, 20% of the cells showed
significant selectivity for expression independent of idenVolume 3, Number 1

tity, and 33% showed significant selectivity for identity

independent of expression. Only 7% of the cells showed
a significant interaction effect. Thus, expression and identity appear to be coded by separate populations of cells.
Interestingly, the cells sensitive to expression tended to
be located within the superior temporal sulcus, whereas
the cells sensitive to identity tended to be located on the
inferior temporal gyrus (see below).
Some face cells appear to be sensitive to the orientation of the face, in either the two-dimensional or threedimensional plane, with the least sensitivity to orientation
in the two-dimensional plane (Perrett et al., 1982; Desimone et al., 1984; Perrett et al., 1988; Hasselmo et al.,
1989b). Nearly all cells that respond to rightside up faces
continue to respond to faces rotated on their side or
upside down (Hasselmo et al., 1989b), although responses are commonly reduced in magnitude and show
an increase in latency of 10-60 msec (Perrett et al., 1988).
Correspondingly, monkeys appear to discriminate upside
down faces as well as rightside up ones (Bruce, 1982;
Overman & Doty, 1982; Perrett et al., 1988), but when
the monkeys are trained to respond differentially to face
and nonface stimuli, they show an increase in reaction
time for responding to upside down faces (Perrett et al.,
1988).
Compared to the effects of two-dimensional rotation,
the majority of face cells show a much greater sensitivity
to rotations of a head in the three dimensional plane,
i.e., rotated from frontal to profile or tipped upward or
downward (Desimone et al., 1984; Perrett et al., 1988;
Hasselmo et al., 1989b). Some cells respond exclusively
to frontal views of faces (Fig. 2 ) , some to profiles (Fig.
3), and some appear to respond regardless of rotation.
Cells sensitive to rotated views, such as the profile, maintain this selectivity even when the head is rotated on its
side or upside down, suggesting that some cells code
profiles in an object-centered rather than viewer-centered frame (Hasselmo et a]., 1989b). Many cells that are
selective for full-face o r profile views are also sensitive
to the direction of gaze of the eyes in the stimulus, some
preferring eye contact and others preferring averted gaze
(Perrett et al., 1985). Finally, it should be noted that in
addition to the face cells that respond to static rotated
views of faces, some cells respond specifically to the
motion of a face rotating into profile or full-face views
(Hasselmo et al., 1989b).

THE ANATOMY OF FACE RECOGNITION
The face cells reported in the temporal cortex are contained within both the inferior temporal gyrus and the
banks and floor of the superior temporal sulcus. The
inferior temporal gyrus and the lower bank of the sulcus
are located within cytoarchitectonic area TE and have
been traditionally included within “inferior temporal
cortex,” or IT cortex, which is an exclusively visual area

(Gross et al., 1972; Desimone & Gross, 1979). The upper
bank of the sulcus contains a high proportion of polysensory neurons and has been termed the superior temporal polysensory area, or STP (Desimone & Gross, 1979;
Bruce et al., 1981; Baylis, Rolls, & Leonard, 1987). The
boundary between the two areas lies somewhere in the
floor of the sulcus (Desimone & Gross, 1979).
In addition to the overall division of the superior
temporal sulcus into STP and IT components, Seltzer and
Pandya (1978) proposed six additional subdivisions
based on cytoarchitecture and anatomical connections.
The subdivisions are shown in Figure 1. According to
this scheme, STP in the upper bank of the sulcus contains
areas T h , TPO, and PGa, whereas IT cortex in the lower
bank of the sulcus contains areas TEm and TEa. It is not
clear if IPa, in the floor of the sulcus, should be considered part of STP or IT cortex. Although these six subdivisions are still tentative, there is some recent support
for them from a physiological mapping study of Baylis
et al. (1987) (see also Boussaoud, Ungerleider, & Desimone, 1990).
If one considers the locations of all the face cells that
have been reported in the literature, they span all regions
of the inferior temporal gyrus and superior temporal
sulcus, but they appear to be most prevalent in the sulcus.
Consistent with this, in a physiological survey of the
temporal cortex, Baylis et al. (1987) found that cells
preferring faces to a variety of nonface stimuli were
distributed throughout all divisions of the sulcus and on
the inferior temporal gyrus, but were especially heavy
concentrated in area TPO in the upper bank of the superior temporal sulcus (within area STP) and in area
TEm in the lower bank and lip of the sulcus (within IT
cortex). Cells preferring faces totaled over 20% of the
recorded cells in TPO and TEm; however, this 20% almost certainly included some shape-selective cells that
were not specialized exclusively for faces. Other studies
have found concentrated pockets or columns of cells
with extremely high selectivity for faces, but it is not
clear what proportion they comprise of the total cells in
temporal cortex.
Interestingly, the two regions across which face cells
are distributed, STP and IT cortex, have very different
physiological properties and anatomical connections. IT
neurons are commonly selective for object features such
as shape and color and have large receptive fields that
are most sensitive at the fovea. IT cortex receives inputs
from both area TEO at the occipitotemporal junction and
area V4 in prestriate cortex, which contain cells sensitive
to orientation, size, and color (see Desimone & Ungerleider, 1989). By contrast, except for the face cells, STP
neurons are rarely sensitive to shape o r color, and their
receptive fields are at least as sensitive to the far periphery of the visual field as to the fovea (Bruce et al., 1981).
Further, many cells in STP are selective for stimulus
motion (Bruce et al., 1981; Baylis et al., 1987), including
the motion of moving people and monkeys (Bruce et al.,
Desimone
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1981; Perrett, Smith, Mistlin, Chitty, Head, Potter, Broennimann, Milner, & Jeeves, 1984). Consistent with these
neuronal properties, STP receives inputs from the posterior parietal cortex (Jones & Powell, 1970; Anderson,
Asanuma, Essick, & Siegel, 1990; Morel & Bullier, 1990;
Baizer, Ungerleider, & Desimone, 1990), which is associated with spatial analyses, and from areas MST and FST
in the posterior portion of the sulcus, which are areas
concerned with motion analysis (Boussaoud et al., 1990).
The region that spans the boundary between STP and IT
in the floor of the sulcus receives converging inputs from
the posterior parietal cortex, the inferior temporal gyrus,
areas MST and FST, and the remainder of STP and thus
may be a site of convergence of object, spatial, and motion information (Baizer et al., 1990; Morel & Bullier,
1990; Boussaoud et al., 1990).
Why would face cells be distributed across cortical
regions with such diverse properties? A likely reason is
that face cells contribute to several functionally distinct
neural circuits. As noted above, there is eivdence that
different face cells contribute to the analysis of emotional
expression, to the recognition of specific individuals, and
to the construction of prototypical representations from
different face orientations. Each of these operations may
be associated with different subdivisions of the temporal
cortex. In this regard, it is interesting to recall the observation by Hasselmo et al. (1989a) that cells selective
for facial expression tend to be located within the superior temporal sulcus, whereas cells selective for identity tend to be located on the inferior temporal gyrus.

WHY FACE CELLS?
Why should faces be treated differently from other
classes of objects by the visual system? One possible
reason is that faces are extremely important to primates,
not only for the recognition of specific individuals in the
troop but also for social communication by facial expression. Because of this importance, there may have
been selective pressure that led to the evolution of neural
mechanisms for the analysis of faces and facial expression. In fact, Allman and McGuinness (1988) argued that
the use of facial expression for social communication in
higher primates has evolved to largely replace the use
of olfaction for the same purpose. As Allman and McGuinness point out, nonprimates as well as primitive
primates, such as galagos, make more use of scent glands
and scent marking for social purposes than do higher
primates, such as macaques and humans. Yet, using facial
expression, higher primates can communicate social information much more rapidly and with finer differentiation. This ability of higher primates evolved in parallel
with the development of a more differentiated facial
musculature and the combination of a furry rhinarium
and mobile upper lip, which can participate in facial
expressions more easily than can the fixed, moist rhi6
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narium of primitive primates and other mammals. Allman
and McGuinness further note that these behavioral and
facial changes in higher primates are paralleled by a
relative decrease in the size of the olfactory bulb and an
increase in visual inputs to the amygdala, compared to
those of primitive primates.
In this context, we have previously noted at least two
other examples of specialized neural mechanisms that
have evolved to facilitate social communication in other
species (Desimone et al., 1984). One is the specialized
structures that mediate the perception and generation of
song in birds (Leppelsack & Vogt, 1966; McCasland &
Konishi, l9Sl), and another is the cortex specialized for
language in humans. In each case, specialized perceptual
mechanisms have evolved that are separate from those
of audition in general. In man, the supramodal language
cortex of the temporal lobe is located adjacent to the
auditory association cortex, in the left hemisphere (Rasmussen & Milner, 1975). In monkeys, the cortex that lies
adjacent to the auditory association cortex is the superior
temporal sulcus, which contains both face-selective and
polysensory cells. This region could be a fertile zone for
the development of supramodal mechanisms for communication. Indeed, Perrett et al. (1988) reported suggestive evidence that face-selective cells are more
prevalent in the left temporal cortex of monkeys than in
the right. Although this does not fit with the fact that, in
humans, the right hemisphere is superior to the left in
visual pattern recognition, it makes sense if the face cells
are more involved in communication than in pattern
recognition per se.
Another possibility to consider is that faces are not
actually treated differently from other objects by the visual system. This possibility would be consistent with
recent clinical studies, which have shown that many patients diagnosed as prosopagnosic have difficulty discriminating other classes of objects in addition to faces
(Damasio, Damasio, & Van Hoesen, 1982; also see Farah,
1990, for a recent review). As noted above, face cells are
probably not “grandmother” cells, but rather give graded
responses to many faces, depending on their characteristics. Thus, the existence of face cells is not inconsistent
with the notion that specific objects are represented by
distributed networks, rather than by individual cells.
Faces may be different from other objects only in that
they are so important to monkeys, and therefore are
represented by a large proportion of the cells in temporal cortex. It would not be surprising if future studies
found other populations of temporal lobe neurons relatively specialized for other object classes, probably
due to the monkey’s experience with those objects
(Rolls, Baylis, Hasselmo, & Nalwa, 1989). Gross’s original “hand cell” could even be such an example (Gross
et al., 1972). Ironically then, face cells could turn out
to be a model system for studying the neural mechanisms of complex object recognition, rather than an
exception.
Volume 3, Number 1
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