
Humans, like other primates, are highly social — indeed, 
one of our harshest punishments is solitary confinement. 
Our lives are intertwined with those of other people, 
and so we must be able to efficiently determine their 
identities, actions, emotions and intentions. Much of 
this information is available from the appearance of the 
face, and in the field of cognitive neuroscience there 
has been intense interest in understanding the neural 
mechanisms that support face perception1–3. By contrast, 
the perception of the rest of the body has until recently 
received less attention, even though the body shares 
many characteristics with the face4: it conveys socially 
relevant information; becomes highly familiar with 
repeated exposure over the lifespan; is similar in shape 
across individuals; and is visually salient, as witnessed by 
its ability to capture attention5–7.

The past few years have brought a remarkable 
increase in research on the neural basis of visual per-
ception of the human body, which we review here. 
Our focus is on visual perception of the body and on 
the occipitotemporal brain systems that are thought to 
underlie it. We do not review in detail work in related 
areas that has recently been covered elsewhere, including 
face perception1–3, fronto-parietal action perception or 
‘mirror neuron’ networks8,9, biological motion percep-
tion10,11, disorders of the body schema12, and emotional 
body language13, although our discussion intersects with 
all of these topics.

This Review is divided into two main sections. First, 
we survey evidence for body-selective neural mecha-
nisms in the visual cortex from single-cell recordings in 
primates, and from event-related potential (ERP), func-
tional MRI (fMRI), transcranial magnetic stimulation (TMS) 
and neuropsychological studies in humans. Second, we 
review evidence on how body-selective brain regions 
relate to perception of the self and the ‘body schema’, 

understanding others’ emotions, and action perception 
and the ‘mirror’ system. Throughout both sections we 
consider how the brain systems that are involved in face 
and body perception might be related. Finally, we discuss 
some of the many open questions for future research.

Evidence for body-selective neural mechanisms

Non-human primates. Studies on macaque monkeys 
have revealed that some neurons in the inferior temporal 
cortex (IT) respond selectively to the shapes of human 
and monkey bodies and body parts14–18 (FIG. 1). For 
example, hand-selective cells in the IT respond strongly 
to images of human and monkey hands of different ori-
entation and size, presented at various locations in the 
visual field, but not to other complex shapes or to faces15. 
Other cells in the IT respond selectively to faces but not 
to hands. Various other object categories were used in 
this study, but no IT neurons responded selectively to 
them, indicating that category selectivity in IT neurons 
is restricted to a small number of categories15. A recent 
study measured responses in a large number (>600) 
of IT neurons to many different images (>1,000) from 
natural and artificial object categories14. An analysis 
on the patterns of activity across cells showed that 
animate and inanimate images elicited mostly distinct 
patterns. In the animate category, faces and bodies elic-
ited distinct patterns, with further distinctions between 
different types of face (animal, monkey or human), 
and different types of body (human, four-limbed animal 
or bird). Analyses of single-cell responses revealed many 
cells that responded selectively to human bodies, hands 
or faces. Only a few cells selectively responded to a com-
bination of these categories, providing further support 
for distinct representations of these categories. Other 
studies have reported cells in the anterior part of the 
monkey superior temporal sulcus (STS) that respond 

Centre for Cognitive 
Neuroscience, School of 
Psychology, Brigantia 
Building, University of 
Wales, Bangor, Gwynedd,
LL57 2AS, UK. 
Correspondence to P.E.D. 
e-mail: 
p.downing@bangor.ac.uk
doi:10.1038/nrn2195

Transcranial magnetic 
stimulation 
(TMS). A technique that 

delivers brief, strong electric 

pulses through a coil placed on 

the scalp. These create a local 

magnetic field, which in turn 

induces a current in the surface 

of the cortex that temporarily 

disrupts local neural activity.
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The human body, like the human face, is a rich source of socially relevant information about 

other individuals. Evidence from studies of both humans and non-human primates points 

to focal regions of the higher-level visual cortex that are specialized for the visual perception 

of the body. These body-selective regions, which can be dissociated from regions involved 

in face perception, have been implicated in the perception of the self and the ‘body schema’, 

the perception of others’ emotions and the understanding of actions.
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to particular body actions and body postures19–23, 
and to specific body postures as a function of the pre-
ceding observed action, such that the cell responds to 
a particular body posture only when it is preceded by a 
particular action20,21.

Two recent studies that used fMRI in monkeys pro-
vide evidence for two large clusters of body-selective cells 
in the STS, with those in the right hemisphere being most 
strongly activated24,25 (FIG. 1). Interestingly, in both of these 
studies the body-selective area was adjacent to, and partly 
overlapped, a face-selective area. Subsequent recordings 
from individual neurons in the face-selective area (as 
identified with fMRI) revealed that almost all of the cells 
were strongly selective for faces26. This result provides a 
bridge between single-unit recordings in monkeys and 
fMRI findings in humans by showing that dense clus-
ters of highly selective individual neurons can underlie 
selectivity measured at a macroscopic level with fMRI.

Intracranial recordings in humans. Intracranial surface-
electrode recordings of electrical activity in human brains, 
performed on patients being evaluated for surgery to treat 
epilepsy, benefit from both high spatial and high temporal 
resolution. Studies using this technique have found body-
selective responses in various posterior cortical regions, 
including the extrastriate visual cortex (FIG. 2). In one 
study, several electrodes showed hand-selective responses 
that peaked at about 230 ms after stimulus onset27. These 
hand-selective electrodes were located in various regions, 
including the right ventral visual cortex, the left STS and 
the left inferior parietal cortex. Another study recorded 
responses in the right lateral occipitotemporal cortex and 
found that one electrode, at the approximate location of 
the extrastriate body area28, recorded selective responses 
to images of whole bodies (without heads), with a body-
selective response starting at 190 ms and peaking at 260 ms 
after stimulus onset29. Interestingly, in these studies, body-
selective electrodes did not record significant responses to 
faces, and face-selective electrodes did not record signifi-
cant responses to bodies, providing further evidence that 
the body and its parts activate different neurons to those 
that are activated by the face.

Evoked potentials in humans. Recordings of electrical 
and magnetic stimulus-evoked potentials on the scalp show 
enhanced responses to faces, with peaks at approxi-
mately 100 ms (REFS 30–33), 170 ms (REFS 34–37), and 
250 ms (REFS 38,39) after stimulus onset. Most attention 
has been focused on the negative potential that peaks at 
posterior sites at about 170 ms (the ‘N170’), although 
the face selectivity of this waveform has been ques-
tioned33,40. Recent findings indicate that human bodies, 
or body parts such as hands, produce a similar evoked 
response41,42. For both bodies and faces, the response 
that peaks at around 170 ms is enhanced and delayed by 
image inversion43 — an index of configural processing 44–46 
— and reduced by image distortion47. Another study 
found a strong response to bodies that peaked at 190 ms, 
about 20 ms later than the response to faces48 (FIG. 3). 
The body selectivity of this ‘N190’ peak also generalized 
to stick figures and silhouettes, but not to scrambled 
versions of these figures48. In these studies, the spatial 
distribution of responses to bodies differed from that 
of responses to faces, and source localization identi-
fied distinct lateral occipitotemporal sources for the 
face-selective N170 and body-selective N190 peaks.
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Figure 1 | Key findings from non-human primates. a | Orange indicates the region 

investigated in early single-unit recording studies of macaque inferotemporal cortex15–17. 

b | Increasing responses to progressively more hand-like stimuli in a neuron from 

macaque inferotemporal cortex. Numbers reflect approximate relative magnitude of 

responses to different stimuli. c | Spike histograms and schematic stimuli from an 

investigation of a hand-selective neuron15. This neuron seems to be selectively tuned to 

the general form of the hand. The response to faces is low, ruling out a general response 

to all biological stimuli. The response to hand-like geometric stimuli is also low, 

demonstrating the specificity of the response to realistic hand shapes. d | Closely 

neighbouring regions of the superior temporal sulcus (STS) in the macaque are 

selectively activated in functional MRI by images of faces (left), as compared with bodies, 

fruits, artefactual objects and hands. This is also true for images of bodies (right), as 

compared with faces, fruits, artefactual objects and hands. Ce, central sulcus; 

Ip, intraparietal sulcus; L, lunate sulcus; La, lateral sulcus; Oi, inferior occipital sulcus; 

Tma, anterior middle temporal sulcus; Tmp, posterior middle temporal sulcus; Ts, superior 

temporal sulcus. Panels a and c modified, with permission, from REF. 15 © (1984) 

Society for Neuroscience. Panel b modified, with permission, from REF. 16 © (1972) 

The American Psychological Society. Panel d modified, with permission, from Nature 

Neurosci. REF. 25 © (2003) Macmillan Publishers Ltd.
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Stimulus-evoked potential
An electrical or magnetic 

potential, resulting from 

coordinated neural activity, 

that is time-locked to the 

onset of a stimulus.

Configural processing
The recognition of an object 

by the specific spatial 

relationships among (or 

configuration of) its parts. 

Sometimes referred to as 

‘holistic’ processing.

Source localization
A technique used in electro-

encephalogram (EEG) and 

magnetoencephalogram (MEG) 

research to estimate the 

location of the brain areas that 

give rise to the electrical or 

magnetic responses 

that are measured on the 

scalp.

Structure-from-motion
Even a few dots can create the 

vivid perception of an object or 

structure when they move in a 

way that is typical of that 

object. 

Developmental studies have used event-related poten-
tials (ERPs) to measure the neural response to bodies and 
to biological motion in infants. Babies as young as 4–6 
months old look longer at intact, as opposed to scrambled, 
human biological motion patterns presented in point-
light displays (PLDs), indicating a capacity to perceive the 
distinction between these stimuli. These displays, which 
consist of only a few dots, give a vivid perception of the 
human form through the process of structure-from-motion49. 
This looking preference is restricted to patterns that 
represent upright bodies50,51. In babies of 8 months of 
age, differences are apparent between ERPs recorded 
in response to intact versus scrambled52, and to upright 
versus inverted53, PLDs. These differences emerge in 
roughly the first 200–400 ms after the stimulus onset and 
have a right-hemisphere bias. Like adults, infants of just 3 
months of age show similar ERPs in response to images of 
static faces and static bodies. These responses differ from 
those elicited by distorted face and body images, and the 
differences in the waveforms emerge at about 450 ms 
(REF. 47); these effects are similar for both categories. 
This sensitivity to configuration in very young infants 
is surprising, given that structural disruption of static 
body images does not seem to affect looking preferences 

until 18 months of age54, although this discrepancy may 
be a result of stimulus differences between studies55. 
Clearly, further developmental experiments are needed 
that combine behavioural and neuroimaging measures, 
compare moving and static body, face and object images 
at a range of ages, and consider the effects of different 
types of image disruption.

Functional MRI in humans. Perhaps the clearest evi-
dence for body-selective brain regions in humans comes 
from fMRI studies that compare responses to images 
of (headless) bodies and body parts with responses 
to control images (FIG. 4). This approach has revealed 
that a focal region of the lateral occipitotemporal cor-
tex responds strongly and selectively to static images 
of human bodies and body parts, but weakly to faces, 
objects and object parts. The responses of this region 
generalize to non-photographic depictions of bodies, 
such as line drawings, stick figures and silhouettes, 
indicating that this brain area has a body representa-
tion that is abstract across specific visual features28. The 
response of this region to non-human animals is signifi-
cantly lower than to humans, but higher than to objects, 
and it is also higher to mammals than to birds and fish, 
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Figure 2 | Key findings from intracranial recordings in humans with epilepsy. a | A summary of hand-selective 

negative potentials (indicated by red lines) peaking at approximately 230 ms post-stimulus. Blue lines indicate the 

response to images of faces, and green lines the response to images of objects. Red spots indicate body-selective 

recording sites across different patients. Red crosses indicate the average position of the inserted electrodes. 

b | Pre-surgical intracranial recordings from a patient with epilepsy reveal an electrode at the approximate location of 

the extrastriate body area28 (electrode 15; indicated by the yellow box) that is body-selective (red line) from 190 ms post-

stimulus, relative to faces (blue line), tools (green line) and animals (black line)29. Panel a modified, with permission, from 

REF. 27 © (1999) Oxford University Press. Panel b modified, with permission, from REF. 29 © (2007) Elsevier Science.
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Voxel
In MRI research, a voxel refers 

to the smallest measured 

volume unit, analogous to a 

three-dimensional pixel. In 

fMRI studies, these are 

typically of the order of 

30 mm3, although much smaller 

voxel volumes have been 

achieved in more recent work.

Human motion-selective 
area MT
An area in the human 

extrastriate visual cortex that 

responds strongly to visual 

displays containing moving 

items. It can be functionally 

localized with fMRI by 

contrasting activation relating 

to moving stimuli with that 

relating to static stimuli.

suggesting that this area is partly activated by objects 
with a body plan similar to that of humans56. On the 
basis of these and other findings, this region has been 
labelled the extrastriate body area (EBA)28.

The EBA is found bilaterally in the posterior inferior 
temporal sulcus/middle temporal gyrus57,58. Depending 
on the statistical threshold used in imaging studies, body-
selective voxels overlap with the human motion-selective 

area MT (hMT) and with the dorsal focus of the object-

form selective area LO28,59. This presents methodological 
difficulties for the characterization of these regions using 
group-average fMRI data or even single-subject functional 

region-of-interest designs. Two recent studies59,60 overcame 
these difficulties by using multi-voxel pattern analyses 
(MVPA) of fMRI data61–65 to disentangle, at a fine-
grained level, these regions’ patterns of selectivity (BOX 1; 

FIG. 5a). These considerations indicate that caution is 
required when interpreting activations — particularly in 

spatially-smoothed or group-averaged data — as a reflec-
tion of the level of activity in the EBA (or hMT or LO), 
when this interpretation is simply based on the average 
peak activation coordinates.

Recent fMRI studies have provided evidence for a 
second body-selective area that is anatomically distinct 
from the EBA (FIG. 4). This region, located in the fusiform 
gyrus and so known as the fusiform body area (FBA), 
responds selectively to whole bodies and body parts, as 
well as to schematic depictions of the body 60,66,67. The 
FBA is adjacent to and partly overlaps the face-selective 
fusiform face area (FFA)68. Interestingly, neighbouring 
face- and body-selective patches have also been found 
in the monkey STS24,25.

The close proximity of the FBA and FFA also raises 
the question of whether the apparent body selectivity 
found in the fusiform gyrus could instead be due to 
an indirect activation of face-selective neurons, for 
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Figure 3 | Event-related potentials reveal similar, but distinct, responses to faces and bodies. a | A body-selective 

event-related potential (ERP) negative (N1) peak is centred approximately at electrode P8, the site from which the data in 

the remaining panels were acquired. b | The body-selective response (red line) peaks at 190 ms post-stimulus, about 20 ms 

later than the response that is elicited by pictures of faces48 (blue line), and roughly the latency at which body selectivity 

has been observed in intracranial recordings of occipitotemporal sites in human patients with epilepsy (FIG. 2). c | This 

body-selective ‘N190’ generalizes to abstract depictions of the body, distinguishing between intact and scrambled stick 

figures, and between intact and scrambled human silhouettes48. d | For both bodies (left graph) and faces (middle graph), 

but not objects (right graph), stimulus inversion delays and amplifies the N1 response43. Panels b and c modified, with 

permission, from REF. 48 © (2006) Elsevier Science. Panel d modified, with permission, from REF. 43 © (2004) Lipincott 

Williams & Wilkins.
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Object-form selective 
area LO
A region of the human 

extrastriate visual cortex that 

responds to object form. It can 

be functionally localized by 

contrasting fMRI activation 

relating to intact objects with 

activation relating to scrambled 

objects.

instance through mental imagery or the contextual 
association of bodies and faces69. However, several 
studies argue against this explanation by showing that 
the body- and face-selective activations can be ana-
tomically and functionally dissociated. For example, 
a high-resolution fMRI study found small neighbour-
ing patches of the fusiform gyrus that were either 
selective for bodies but not faces, or for faces but not 
bodies67. Furthermore, the application of MVPA has 
shown that the local patterns of selectivity for faces 
and bodies across fusiform voxels are unrelated60. In 
other words, there was no relationship between face 

and body selectivity across voxels — voxels that were 
relatively strongly face selective were not necessarily 
also strongly body selective, as would be expected if 
both categories activated the same underlying neuronal 
populations (BOX 1; FIG. 5).

The evidence that the body representation in the 
EBA and FBA is independent of low-level image fea-
tures is further supported by the finding that these 
regions are also activated in response to PLDs of human 
motion60,70–75. The functionally localized EBA and FBA 
are activated significantly more by such PLDs than by 
‘scrambled’ control displays60. In standard region-of-
interest analyses, the area hMT (which overlaps the EBA) 
and the FFA (which overlaps the FBA) showed similar 
responses. However, when MVPA was applied to local 
patterns of activity in these areas, only body selectivity, 
and not motion or face selectivity, was related to the 
voxelwise pattern of selectivity to PLDs60. This indicates 
that PLDs specifically activated body-selective neuronal 
populations (BOX 1) in both brain areas. Note that the 
activation of the EBA and the FBA by PLDs is unlikely 
to reflect processing of biological motion patterns per se, 
as these regions are strongly activated by static body 
stimuli, even when they do not imply motion28. Instead, 
the processing of biologically plausible motion has been 
linked to other areas that are typically activated by PLDs, 
such as the posterior STS (pSTS)76–78.

Finally, a key question is whether the EBA and FBA 
can be dissociated on the basis of their functional prop-
erties. A recent study of the response to body images 
of varying completeness (fingers, hands, arms, torsos 
and whole bodies) found more selectivity for body 
parts in the EBA than in the FBA, and a relative bias 
in selectivity for more complete images of the body in 
the FBA79. This finding suggests a possible distinction 
between these two areas, with the analysis of bodies 
in the EBA being focused on individual parts, and the 
function of the FBA being to create a more holistic body 
representation.

TMS and lesion studies. Are body-selective brain areas 
necessary for the perception of bodies and body parts? 
TMS offers the opportunity to test this question in 
healthy subjects. Because the EBA is located on the 
lateral surface of the brain, close to the scalp, it is rela-
tively easy to create a ‘virtual lesion’80,81 of this region 
with TMS, whereas the FBA is out of reach of direct 
TMS effects. The first TMS study to investigate whether 
the EBA is essential for body processing showed that 
disrupting activation in this area 150–250 ms after the 
onset of the stimulus selectively impaired performance 
on a delayed match-to-sample task involving images of 
body parts, but not face or motorcycle parts82 (FIG. 6). 
Thus, the EBA is causally involved in creating and/or 
maintaining an accurate representation of the shape of 
body parts, but not of object parts. Note that the latency 
of the TMS pulses in this study, between 150 and 
250 ms, generally coincides with the latency of a body-
selective peak in ERPs, as measured with electrodes 
on the scalp (190 ms)48 and intracranial recordings 
(230–260 ms)27,29.
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Figure 4 | Body- and face-selective regions of the human occipitotemporal 
cortex, as revealed by functional MRI. a | The extrastriate body area (EBA; shown 

here in the right hemisphere of six subjects) is found in the posterior inferior temporal 

sulcus. X values indicate Talairach coordinates for each slice plane. b | Body- and face-

selective regions of the human visual cortex, in a ventral view of the right hemisphere of 

one individual, rendered on an inflated anatomical scan from the same individual. 

Orange indicates body-selective regions (bodies versus tools); green indicates face-

selective regions (faces versus tools). Bodies and faces activate similar, but not 

identical66,67, regions of the fusiform gyrus (the fusiform body area (FBA), and fusiform 

face area (FFA), respectively). Posterior to this region are nearby but distinct body-

selective (EBA) and face-selective (occipital face area (OFA)) regions. 

c | Responses of the functionally defined EBA to various stimuli, indicating the body-

selective response of this region. Values are taken from several experiments, each of 

which included photographs of varied body parts as one condition. Magnitudes reflect 

the mean response to each stimulus type, averaged across several subjects, with all 

responses scaled so that the response to body parts is equal to 100. Stimulus conditions, 

from left to right: body silhouettes; whole bodies; assorted body parts; hands; 

stick figures of bodies; mammals; scrambled silhouettes; scrambled stick figures; faces; 

scenes; object parts; and whole objects. Panel a modified, with permission, from 

REF. 119 © (2007) Oxford University Press. 
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Functional region-of-interest 
design
A design used in fMRI research 

in which one or more brain 

areas are defined on the basis 

of their functional properties 

(typically in each subject 

individually), and their 

response properties are further 

investigated in subsequent 

experiments.

Delayed match-to-sample 
task
A task in which subjects have 

to choose which of multiple 

target stimuli matches a 

previously presented sample 

stimulus that is held in 

memory.

Linear classifier
A statistical procedure in which 

items are divided into two or 

more groups on the basis of a 

weighted linear combination of 

their features.

Corollary discharge
A copy of the motor signal that 

can be used to adjust for 

changes in sensory input that 

result from the motor action.

A related issue is whether permanent lesions to the 
extrastriate cortex as a result of brain injury can cause 
body-perception deficits. Focal lesions to the cortex that 
encompass the EBA are rare (especially bilaterally), as 
evidenced by the scarcity of patients reported with selec-
tive damage to the area hMT (which overlaps closely 
with the EBA). A case study investigating a patient with 
bilateral lesions involving the hMT reported significant 
loss of motion perception, whereas other perceptual 
functions (including face perception) remained rela-
tively intact83,84. Disordered body perception was not 
reported but might not have been tested. A more recent 
study examined deficits of body perception in a large, 
unselected group of stroke patients with lesions in a 
single hemisphere85. The pattern of deficits in various 
body-related tasks indicated a three-way dissociation 
between representations of the body: postural (for 
example, imagining and performing actions), semantic 
(such as judging functions of body parts) and structural 
(for instance, localizing pictured or touched body parts) 
(see also REF. 54). The semantic and structural represen-
tations were associated with lesions of the left temporal 
lobe, although the anatomical evidence from this study 
was not precise enough to determine whether this 
specifically involved the EBA or the FBA.

The recent evidence for a body-selective area in 
the fusiform gyrus raises the further question of why 
body-perception deficits are not reported in conjunc-
tion with face-perception deficits (prosopagnosia) that 
arise from occipitotemporal lesions1,86. Given their close 

proximity, lesions to the FFA would be expected to sig-
nificantly affect the FBA as well. However, it is not clear 
whether the FFA overlaps with the crucial lesion site for 
acquired prosopagnosia — for example, although some 
fMRI studies report relatively normal FFA responses in 
patients with acquired prosopagnosia87–89, others report 
abnormal90,91 face-related activity in this region. It is also 
possible that people with prosopagnosia might have sub-
tle defects in body perception that are masked by their 
difficulties with faces and that are not routinely tested for 
(although this has been ruled out in one comprehensive 
test of an individual with congenital prosopagnosia92). 
Finally, it is possible that deficits that result from per-
manent lesions in the EBA or the FBA are quickly com-
pensated for by the remaining intact body-selective area 
or by other brain areas that respond to the human form 
(for example, the pSTS).

Body perception and other processes

In the following sections, we review the implications of 
the above findings, particularly of the existence of two 
body-selective regions in the extrastriate cortex, for 
several related issues in cognitive neuroscience.

Self perception and the body schema. As we act in the 
world, we maintain a continuous sense of our posture 
and the positions of our limbs. This sense has been 
referred to as the ‘body schema’93. Disruption of this 
schema has been proposed to underlie a number 
of neurological syndromes, mostly those caused by 
damage to the parietal cortex12, although the diver-
sity of these syndromes indicates that there may be a 
multitude of body schemas rather than a single one. 
Updating of the schema is thought to depend largely 
on tactile or somatosensory information (as evidenced, 
for example, by intact motor functioning in the 
congenitally blind12).

A recent study has indicated that the EBA might 
receive signals that update the representation of the body 
after movement; this would indicate a novel coupling 
between visual and motor representations. Specifically, 
the EBA responds to the execution of visually guided 
(but unseen) voluntary movements of a subject’s hands 
and feet94, (see also REF. 95). This finding was interpreted 
to indicate that the execution of a movement might 
affect the actor’s body representation through move-
ment-related proprioceptive inputs. Alternatively, or in 
addition, the EBA could be activated through corollary 

discharge signals from motor areas. These signals might 
dynamically update the body representation in the 
EBA, and adjust for sensory input resulting from 
the movement (a function that is generally attributed 
to the inferior parietal cortex). The integration of such 
internal action signals with external visual input could 
ultimately serve to distinguish between one’s own and 
someone else’s body parts96. A subsequent study showed 
that, although body movements activate the EBA, 
this activation might not be directly related to visual 
body perception97. This study replicated the finding 
of increased activation in the EBA during execution of 
motor actions, but reported relatively low spatial overlap 

Box 1 | Multi-voxel pattern analysis to interpret overlapping activations

Although functional MRI (fMRI) is hailed for its high spatial resolution compared with 
other imaging techniques, each measured unit (voxel) reflects the summed activation of 
thousands of neurons. Therefore, where neuronal populations with different functional 
characteristics are intertwined at a relatively fine scale, fMRI cannot separate these 
populations. Recent studies have shown that analysis techniques that take into account 
patterns of activation across voxels can partly overcome this problem59–61,65,97,145,156,157. The 
application of multi-voxel pattern analysis (MVPA) is best illustrated by an example from 
the primary visual cortex (V1), the neural architecture of which is well known from animal 
work. Single-unit recordings in the monkey brain have shown that neurons in V1 are 
sensitive to the orientation of bars, with some neurons responding optimally to 
horizontal bars whereas others prefer bars at other orientations. These differently tuned 
neurons are intertwined at a sub-voxel scale, and each fMRI voxel therefore contains a 
mixture of these neurons. Importantly, each voxel will show a slight orientation bias due 
to differential sampling of orientation-selective neurons. These biases are generally too 
weak to pick up when each voxel is analysed independently. However, when analysing all 
V1 voxels simultaneously by looking at the pattern of activation across voxels, these 
weak (but reliable) biases become informative, because the patterns in response to, for 
example, horizontal and vertical bars are significantly different. This information can be 
used with linear classifiers to determine which orientation was viewed by a subject 
during a block of trials, or even an individual trial65,145,158.

Other studies have used similar logic to dissociate overlapping neuronal populations 
in the higher-level visual cortex, including the body-selective visual cortex. For 
example, using MVPA, it has been possible to dissociate body-selective from motion-
selective populations in the lateral occipitotemporal cortex59,60 (FIG. 5a), and 
body-selective from face-selective neuronal populations in the fusiform gyrus60 
(FIG. 5b). More generally, these results show that, when a group of voxels is activated 
by multiple conditions (for example, bodies and faces, or horizontal and vertical bars), 
this cannot be assumed to reflect activation of the same underlying neuronal 
population. MVPA might therefore be a useful tool for interpreting overlapping 
activations anywhere in the brain62–64.
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in individual subjects (14–19%) between areas of the 
brain that were activated by movements and those that 
were activated by body perception, especially when body 
movements were contrasted with a stringent control con-
dition97. Furthermore, even within this region of overlap, 
MVPA showed no relationship between perceptual body 
selectivity and movement-related modulation. That is, 
variations in body selectivity were uncorrelated, across 
voxels, with variations in movement-related modulation: 
voxels that showed strong body selectivity did not neces-
sarily show strong movement-related modulation, and 
vice versa97 (BOX 1). This finding indicates that there may 
be overlapping but functionally independent mecha-
nisms, similar to the independence of selectivity for the 
perception of simple visual motion and bodies in this 
region59. Indeed, several studies have linked extrastri-
ate activity in response to body movements to motion 
perception in the nearby middle temporal area (MT) 
or medial superior temporal area (MST) rather than in 
the EBA98–100. Follow-up studies that localize areas that 
are involved in body perception, motion perception and 
action responses are needed.

Although schema updating is thought to depend 
largely on somatosensory input, visual perception of 
body parts also contributes significantly to our subjective 

sense of the position and ‘ownership’ of our own limbs. 
This can be demonstrated by the visual capture of the 
sense of limb position that is elicited by the ‘rubber hand 
illusion’101. A rubber arm is placed in the subject’s view, 
above and parallel to his or her own arm, which is hidden 
below a screen. When a brush is stroked over both arms 
simultaneously, the tactile sensation is often ‘captured’ by 
the sight of the brush on the rubber arm, and the sense 
of limb ownership is associated with the rubber arm. 
Neuroimaging studies have linked cerebellar, parietal, 
premotor and frontal opercular areas with this illusion, 
and the premotor and frontal areas in particular with the 
sense of ownership102–104. These studies did not reveal 
illusion-related activity in posterior occipitotemporal 
areas that might coincide with the EBA or the FBA, 
although no study has specifically tested for this with 
functionally defined regions of interest. Importantly, 
any such study would potentially be confounded by dif-
ferential visual attention or patterns of eye movements 
to the limb when the illusion occurs.

Finally, vision is also relevant to self perception in 
that some views of body parts are possible only from 
an allocentric perspective. Two studies of EBA activ-
ity compared views of bodies105 or hands and feet106 
that would be consistent with egocentric or allocentric 

Body selectivity Body selectivityObject selectivity

‘Biomotion’ selectivity ‘Biomotion’ selectivityMotion selectivity

Strong correlation

k

Weak correlation

Face selectivity

a b

Figure 5 | Disentangling the regions of the occipitotemporal cortex. a | Multi-voxel pattern analyses (MVPA) of 

functional MRI (fMRI) data disentangle inferior temporal sulcus (ITS) responses to bodies, objects, simple visual motion and 

biological motion (see also BOX 1). Bodies, objects, ‘point light’ animations of human movements and simple oscillatory 

motion all activate similar regions of the ITS in human fMRI studies (see rendering at top of figure). These responses can be 

difficult to disambiguate — for example, even when only the single most object-selective voxel from this region is tested 

across individuals, significant motion, biological motion and body selectivity is found59. Pattern analyses consider the local 

variations in selectivity across the voxels of the region as a whole. They reveal that body and biological motion selectivity 

have significant positive correlation, indicating that they engage similar underlying neural populations (that is, the 

extrastriate body area). By contrast, the variations in motion and object selectivity are uncorrelated with each other and 

with body selectivity, indicating distinct underlying neural systems59,60. b | Similarly, MVPA of fMRI data disentangle 

posterior fusiform gyrus responses to bodies, faces and biological motion (see also BOX 1). Voxelwise pattern analyses 

reveal that body and biological motion selectivity show significant positive correlation, indicating that they engage similar 

underlying neural populations (that is, the fusiform body area). By contrast, these patterns are uncorrelated with the 

pattern that is elicited by faces, indicating a distinct underlying neural system (that is, the fusiform face area)60.
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views (the FBA was not examined). Both studies found 
higher activity in the left parietal cortex elicited by ego-
centric compared with allocentric views, in contrast to 
a small but reliable enhancement of activity in response 
to allocentric views in the right (but not the left) EBA. 
Furthermore, the EBA showed no sensitivity to whether 
the views were of the subject’s own body or the body 

of another familiar individual105. Together, these find-
ings indicate that the body representation in the EBA is 
relatively blind to higher-level factors such as identity 
and sense of ownership, although this issue might be 
revisited with stimuli that include full-motion, live views 
of subjects’ own body parts.

 
Body perception and emotion. We perceive others’ emo-
tional states from multi-modal cues, including postures 
and movements of the body and face. Although emo-
tional face perception has been studied extensively107,108, 
emotional body perception has, until recently, been 
relatively neglected13. Recent behavioural and imaging 
results have shown that emotional body postures can 
bias attention and modulate activity in the visual cortex, 
indicating that many previous findings on emotional face 
processing might extend to emotional body processing. 
For example, images of emotional body postures pre-
sented in the contralesional visual space can reduce the 
attentional bias towards the ipsilesional space in patients 
with hemi-spatial neglect7, as was shown previously for 
emotional faces109. Furthermore, emotional body pos-
tures can be perceived implicitly in the absence of the 
primary visual cortex110, which indicates that emotional 
signals from the body might be partly encoded by a 
subcortical visual pathway that involves the pulvinar 
and amygdala and is known to have a role in processing 
emotional faces111–114.

Recent fMRI studies have shown that, like emotional 
faces, images of emotionally expressive bodies and 
body parts increase activation in the visual cortex when 
compared with neutral controls110,115–119. In one study, 
short movie clips of emotional bodies, compared with 
motion-matched movie clips of neutral bodies, selec-
tively modulated the EBA and the FBA119. Furthermore, 
this modulation was related, across subjects, to concur-
rent amygdala activation, indicating that the amygdala 
is a likely source of this modulation. Although other 
studies of emotional body perception did not function-
ally localize the EBA or the FBA120–122, the coordinates 
of the observed modulations in these studies similarly 
indicate that emotions expressed by bodies modulate 
both of these body-selective regions, in the same way 
that emotional faces modulate the activity of face-
selective regions. For example, an fMRI comparison of 
responses to static fearful body postures and emotion-
ally neutral but semantically meaningful body postures 
found enhanced activation in the fusiform gyrus115. 
Other studies have reported similar emotional or moti-
vational modulation at the approximate location of the 
FBA in the fusiform gyrus116,118, and at the approximate 
location of the EBA in the lateral occipitotemporal cor-
tex110,116,117,123–125. The function of this emotional modu-
lation could be to increase the speed and accuracy of 
detection and recognition of emotionally salient bodily 
actions.

The similarity of the effects of emotion on body and 
face perception raises the question of how analyses of 
emotions in these stimuli might interact — after all, bod-
ies and faces are normally seen together. An ERP study 
on emotion recognition found behavioural and neural 
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Figure 6 | Transcranial magnetic stimulation studies of the involvement of the 
extrastriate body area in body-perception tasks. a | The cortical sites stimulated in two 

studies82,134 — the extrastriate body area (EBA), the ventral premotor cortex (vPMC) and the 

primary visual cortex (V1). b | Stimulus timing parameters. Two transcranial magnetic 

stimulation (TMS) pulses were delivered in the interval of a short-term visual memory task 

in which subjects were asked to compare the initial sample item with two test items, and in 

which the comparison was based either on identity (form) or on the action implied by the 

image. c | Repetitive TMS (rTMS) over the EBA (red bars) slows response times to judgments 

on body parts, but not face or object parts, whereas rTMS over the V1 (green bars) and 

sham stimulation (grey bars) have no effect82. d | rTMS over the EBA (red bars) and the vPMC 

(white bars) has differential effects on judgments of body part identity (form) or implied 

action: form tasks are disrupted by EBA stimulation, and action-judgment tasks are 

disproportionately slowed by vPMC stimulation134. Panels a and d modified, with 

permission, from Nature Neurosci. REF. 134 © (2007) Macmillan Publishers Ltd. Panels b and 

c modified, with permission, from REF. 82 © (2004) Elsevier Science. 
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evidence that facial and bodily emotions have congruent 
effects: subjects recognized emotions from the face more 
quickly and accurately when the emotion displayed by 
the body was congruent126. Remarkably, ERPs showed 
a congruency-related modulation as early as 115 ms 
after stimulus onset. This early congruency effect shows 
that emotional signals from both the face and body are 
processed and integrated rapidly.

Action perception and ‘mirror’ systems. Viewing human 
body actions activates the pSTS73,76–78,127, the parietal 
cortex78,128 and the ventrolateral premotor cortex 
(vPMC)128–131, as well as the EBA and the FBA. Whereas 
the pSTS responds specifically to the observation of bio-
logically plausible motion patterns, the parietal cortex 
and the vPMC are both involved in the perception and 
the execution of actions8. After the discovery in the 
macaque of neurons that respond to both the perception 
and the performance of specific actions132 — known as 
‘mirror’ neurons — these areas have been suggested to 
constitute the human ‘mirror’ system8,133. Can the EBA 
and the FBA be functionally dissociated from the ‘mir-
ror’ system? If so, what role do these areas have in action 
observation?

Two recent studies have reported functional dissocia-
tions between the EBA and the FBA and the frontopa-
rietal mirror areas. TMS was used to investigate what 
aspect of body processing is impaired after the disrup-
tion of activity in the EBA or the vPMC134. Subjects 
had to discriminate either the identity or the (implied) 
action of a pictured body part. Disruption of the EBA 
with TMS impaired identity discrimination, whereas 
disruption of the vPMC impaired action discrimina-
tion134. A similar dissociation was found in a recent fMRI 
study135. Subjects viewed short movies of whole-body 
actions, parsed into static frames that were presented 
slowly, in either the correct or an incorrect sequence. 
As expected, frontoparietal mirror areas and the pSTS 
showed increased activity in response to coherent mean-
ingful actions. By contrast, the EBA and the FBA showed 
a greater response to the incoherent action sequences, 
which contained more frame-to-frame differences in 
body posture135. Together, these studies indicate that the 
EBA and the FBA are not involved in the mirroring of 
actions, but that they instead respond to the form of the 
body that is present in displays of bodily actions.

One study that brings this proposal into question 
found that group-average fMRI activity in a region that 
is similar to the EBA (along with other parts of the visual 
cortex) was greater when participants observed actions 
in order to imitate them, rather than simply observe 
them — a finding that would be consistent with EBA 
involvement in a mirror system136. However, uncertain-
ties in the localization of the EBA in this study, and 
possible confounding influences of attention (due to 
increased task demands and stimulus relevance in the 
imitate condition), leave these results open to alternative 
interpretations.

Instead, it seems that the EBA is not a core compo-
nent of the ‘mirror neuron’ network. A more likely alter-
native, in our view, is that the EBA creates static, visual 

representations of the body — ‘snapshots’ that, along 
with form and motion information from other areas, 
contribute to a full visual representation of human 
actions135. This might, in turn, support the perceptual 
input to a mirror system, but in this hypothesis the EBA 
is not a core part of this system, because it does not 
exhibit mirror-like properties. These suggestions are in 
line with the results of a detailed computational model of 
biological motion perception, a key feature of which is a 
collection of static body-form representations137.

Conclusions and future directions

There is now substantial evidence that the perception of 
bodies, like that of faces, evokes a consistent and selec-
tive pattern of neural activity in the extrastriate visual 
cortex. These findings raise many questions about the 
functional role of these mechanisms and their interac-
tions with other brain systems. Below we discuss some 
of the numerous topics that we feel it is important for 
future research to address.

Body and face perception in the visual cortex. Both 
bodies and faces provide cues to the identity, emo-
tions, intentions, age and gender of other people. To 
a large extent, the similarities between bodies and 
faces are reflected in similarities between the spatial 
and temporal organization of the neural responses 
they produce. Bodies and faces elicit globally similar 
patterns of evoked potentials, similar effects on neural 
activity when inverted or displaying emotion, adjacent 
or overlapping selective activity in the monkey STS, 
and closely overlapping fMRI responses in the poste-
rior fusiform gyrus in humans. Notwithstanding these 
global similarities, evidence from all of the methods 
reviewed here points to functional and anatomical 
distinctions between the neural systems involved in 
face and body processing. These are sometimes subtle, 
as in the closely overlapping body- and face-selective 
fusiform responses. There are also broader differences;  
perhaps the most striking is the apparent absence of 
a body-related homologue of prosopagnosia after 
damage to the extrastriate cortex.

The evidence for similar neural responses to bodies 
and faces raises the possibility, as yet largely untested, that 
body and face perception are closely functionally inte-
grated18,69,126,138. A system that is built for fast and accurate 
recognition of the information present in bodies and faces 
would benefit from close and rapid interactions between 
the systems that encode them. The posterior fusiform 
gyrus, in which body and face representations are in close 
proximity66,67, would be an ideal place for local interac-
tions between face and body processing. For example, 
previous fMRI studies have indicated that the FFA might 
be important for processing face identity139–141. The FBA 
could similarly be involved in processing body identity. 
If so, this opens up the possibility that this general region 
underlies our ability to identify other people on the basis 
of cues from both the body and the face (BOX 2). The close 
proximity and interaction of the FFA and FBA would be 
especially useful when cues from either the face or the 
body alone are not sufficient for recognition. For example, 
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when seeing someone from a distance, facial features 
alone might not be enough for identification69. In this 
case, cues from the body, processed in the FBA, could 
inform and perhaps support face-selective processing in 
the FFA, and vice versa.

Functional role of body-selective regions. We have 
reviewed evidence for two areas in the human visual 
cortex that selectively respond to the form of the 
human body. What is computed by the neurons in these 
regions? One way to address this question is to test 
for organizing principles that underlie the activity in 
a region. For example, do the body representations 
in the EBA and the FBA correspond to a psycho-
physical space centred around a ‘mean’ body shape, as 
has been argued for faces in the FFA140? Furthermore, 
these regions should be tested to determine whether 
they exhibit retinotopy or somatotopy — that is, are 
the representations of different body parts organized 
systematically, or are some body parts overrepresented 
relative to others, as has been found in the motor and 
somatosensory cortices? We can also ask whether the 
activity in these regions is sensitive to, or invariant 
across, such stimulus variables as retinal size, viewpoint 
or identity142. Given their distinct locations in the visual 
system, there might also be dissociations between the 
EBA and the FBA on one or more of these aspects79,143. 
Finally, most studies on the EBA and the FBA have 
focused on stimulus manipulations. New evidence 
about their functional properties could be gained by 
measuring their activity under different task condi-
tions, or by correlating neural activity with behavioural 
performance on a trial-by-trial basis144.

Recent advances in MVPA also offer a tool for under-
standing the neural representations in body-selective 
brain regions. We have described how these analyses 
are useful for interpreting overlapping fMRI activa-
tions64 (BOX 1). MVPA could have further applications 
for understanding the neural encoding of bodies. Local 
patterns of activity in the EBA and the FBA might carry 
information about bodies that is lost when activity is 
averaged across the voxels of these regions. Methods 
that have been developed for extracting orientation 
information from primary visual cortex activity65,145, or 
motion direction from hMT activity146, could be adapted 

to determine whether and how the EBA and the FBA 
encode information about features such as gender, iden-
tity, posture or action. Also, whole-brain applications of 
MVPA, which apply an analysis ‘searchlight’ across the 
cortex to investigate the information content of different 
brain regions147,148, could be used to determine whether 
these features are encoded in brain areas that do not 
respond significantly more to bodies than to other visual 
stimuli, a possibility that has not been tested by previous 
fMRI studies.

Interactions among body- and action-perception regions. 
What is the interrelationship among the brain regions 
that respond to static and dynamic bodies? How do these 
areas coordinate in order to provide a coherent represen-
tation of other individuals? We have proposed that the 
EBA (and possibly the FBA) provides static snapshots of 
body postures to action perception systems, for example, 
in the pSTS135. More generally, these regions might inter-
act with the frontoparietal mirror areas involved in both 
the perception and production of actions. Recent studies 
using TMS have demonstrated the effects of stimulation 
over some of these regions on performance in various 
body- and action-perception tasks82,149,150. In light of 
this, a further useful approach might be to measure the 
modulation of fMRI activity in the EBA, FBA, pSTS, and 
frontal and parietal areas that is caused by stimulation 
of any one of these regions with TMS151. Changes in the 
functional properties of regions that are distant from 
the stimulation site could be used as an index of infor-
mation flow through this network, and of the functional 
contribution of each node within it.

Timecourse of body-selective neural activity. The visual 
perception of bodies elicits a selective ERP response (the 
N190)48 early in the timecourse of processing. Although 
source analyses indicate that this component is gener-
ated in the extrastriate cortex, it is not clear whether it 
is attributable to activity in the EBA, the FBA or some 
other brain region. Constraining ERP source analysis 
with fMRI would help to accurately localize the N190 
(for an example, see REF. 152). This ERP–fMRI mapping 
would also benefit from the identification of functional 
distinctions between the EBA and the FBA; that is, to 
the extent that these regions respond differentially to a 

Box 2 | Body and face selectivity in the fusiform gyrus, and the expertise debate

A continuing debate in cognitive neuroscience concerns the interpretation of face selectivity in the human fusiform 
gyrus. According to a domain-general, process-specific account, activation in this region is related to discriminating 
among structurally similar exemplars of categories for which one has substantial expertise159. On this account, faces 
activate this region more than other categories because they are automatically processed at the subordinate level, and 
because of the greater expertise we have with faces than with most other object categories. By contrast, according to a 
domain-specific account, face-selective responses in the fusiform gyrus reflect the activation of a ‘module’ for faces that 
is not significantly involved in processing other object categories3. What bearing do the recent findings of closely 
overlapping face- and body-selective responses in the fusiform gyrus60,66,67 have on this debate?

Faces and bodies are visually different, yet both are easily processed at the subordinate level, and most people have 
developed substantial expertise for both. Thus, the finding of overlapping face- and body-selective responses is 
consistent with the process-specific view, but only at a macroscopic level. At a finer-grained level, the existence of 
spatially distinct face- and body-selective responses67 supports the domain-specific view, in that different categories 
activate separate regions.
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stimulus or task manipulation, the N190 can be tested 
with similar manipulations to determine whether its 
response pattern matches that of one or the other region. 
This effort may also be useful for developmental stud-
ies, for which ERP recordings are the primary source 
of information on neural substrates. If the N190 can be 
linked to a specific brain region, it might then be pos-
sible to make indirect inferences about the development 
of specific cortical areas in infants.

If a link between specific brain regions and body-
specific potentials can be identified, further ERP studies 
might help to shed light on how activity in these regions 
evolves over time, an aspect that fMRI studies cannot 
measure. For example, the initial sweep of neural activ-
ity in the body-selective visual cortex might be largely 
stimulus-driven, but activity in later stages might reflect 

the effects of attention, task relevance, coherence with 
somatosensory representations, or other top-down 
influences. 

Evolutionary origins. Finally, the problem of iden-
tifying and understanding conspecifics is not unique 
to humans or primates. Any social species must face 
this problem, although many will not solve it primarily 
with vision153. The evidence for body- and face-selective 
regions in monkeys and humans raises the question of 
whether other species exhibit similarly selective visual 
brain regions. For example, there is now substantial 
evidence for face-specific neural systems in sheep154. 
Further research in other species on the neural basis of 
the perception of conspecifics would shed light on the 
evolutionary origins of these cortical systems155.

1.  Farah, M. J. Is face recognition ‘special’? Evidence 
from neuropsychology. Behav. Brain Res. 76, 
181–189 (1996).

2.  Haxby, J. V., Hoffman, E. A. & Gobbini, M. I. 
The distributed human neural system for face 
perception. Trends Cogn. Sci. 4, 223–233 (2000).

3.  Kanwisher, N. Domain specificity in face perception. 
Nature Neurosci. 3, 759–763 (2000).

4.  Slaughter, V., Stone, V. E. & Reed, C. Perception of 
faces and bodies — similar or different? Curr. Dir. 
Psychol. Sci. 13, 219–223 (2004).

5.  Downing, P. E., Bray, D., Rogers, J. & Childs, C. 
Bodies capture attention when nothing is expected. 
Cognition 93, B27–B38 (2004).

6.  Mack, A. & Rock, I. Inattentional Blindness (MIT 
Press, London, 1998).

7.  Tamietto, M., Geminiani, G., Genero, R. & de Gelder, B. 
Seeing fearful body language overcomes attentional 
deficits in patients with neglect. J. Cogn. Neurosci. 19, 
445–454 (2007).

8.  Rizzolatti, G. & Craighero, L. The mirror-neuron 
system. Annu. Rev. Neurosci. 27, 169–192 (2004).

9.  Rizzolatti, G., Fogassi, L. & Gallese, V. Neurophysiological 
mechanisms underlying the understanding and imitation 
of action. Nature Rev. Neurosci. 2, 661–670 (2001).

10.  Blake, R. & Shiffrar, M. Perception of human motion. 
Annu. Rev. Psychol. 58, 47–73 (2006).

11.  Puce, A. & Perrett, D. Electrophysiology and brain 
imaging of biological motion. Phil. Trans. R. Soc. Lond. 
Biol. Sci 358, 435–445 (2003).

12.  Haggard, P. & Wolpert, D. in Higher-order Motor 
Disorders: From Neuroanatomy and Neurobiology to 
Clinical Neurology (eds Freund, H.-J., Jeannerod, M., 
Hallet, M. & Leiguarda, R.) 261–271 (Oxford Univ. 
Press, Oxford, UK, 2005).

13.  de Gelder, B. Towards the neurobiology of emotional 
body language. Nature Rev. Neurosci. 7, 242–249 
(2006).

14.  Kiani, R., Esteky, H., Mirpour, K. & Tanaka, K. 
Object category structure in response patterns of 
neuronal population in monkey inferior temporal 
cortex. J. Neurophysiol. 97, 4296–4309 (2007).

15.  Desimone, R., Albright, T. D., Gross, C. G. & Bruce, C. 
Stimulus-selective properties of inferior temporal 
neurons in the macaque. J. Neurosci. 4, 2051–2062 
(1984).
Provides a detailed investigation of hand-selective 

cells in the monkey inferior temporal cortex.

16.  Gross, C. G., Rocha-Miranda, C. E. & Bender, D. B. 
Visual properties of neurons in inferotemporal cortex 
of the Macaque. J. Neurophysiol. 35, 96–111 (1972).

17.  Gross, C. G., Bender, D. B. & Rocha-Miranda, C. E. 
Visual receptive fields of neurons in inferotemporal cortex 
of the monkey. Science 166, 1303–1306 (1969).
The first report of a cell in the monkey inferior 

temporal cortex that responds most strongly to 

hands.

18.  Wachsmuth, E., Oram, M. W. & Perrett, D. I. 
Recognition of objects and their component parts: 
responses of single units in the temporal cortex of the 
macaque. Cereb. Cortex 4, 509–522 (1994).
Reports cells in the monkey STS that respond to 

whole bodies without heads.

19.  Barraclough, N. E., Xiao, D., Oram, M. W. & Perrett, D. I. 
The sensitivity of primate STS neurons to walking 
sequences and to the degree of articulation in static 
images. Prog. Brain Res. 154, 135–148 (2006).

20.  Jellema, T. & Perrett, D. I. Perceptual history 
influences neural responses to face and body postures. 
J. Cogn. Neurosci. 15, 961–971 (2003).

21.  Jellema, T. & Perrett, D. I. Cells in monkey STS 
responsive to articulated body motions and 
consequent static posture: a case of implied motion? 
Neuropsychologia 41, 1728–1737 (2003).

22.  Oram, M. W. & Perrett, D. I. Responses of anterior 
superior temporal polysensory (STPa) neurons to 
biological motion stimuli. J. Cogn. Neurosci. 6, 

99–116 (1994).
23.  Perrett, D. I. et al. Visual analysis of body movements 

by neurones in the temporal cortex of the macaque 
monkey: a preliminary report. Behav. Brain Res. 16, 

153–170 (1985).
Provides evidence for the existence of cells in the 

monkey STS that respond to particular body 

movements.

24.  Pinsk, M. A., DeSimone, K., Moore, T., Gross, C. G. & 
Kastner, S. Representations of faces and body parts 
in macaque temporal cortex: a functional MRI study. 
Proc. Natl Acad. Sci. USA 102, 6996–7001 (2005).

25.  Tsao, D. Y., Freiwald, W. A., Knutsen, T. A., 
Mandeville, J. B. & Tootell, R. B. Faces and objects 
in macaque cerebral cortex. Nature Neurosci. 6, 

989–995 (2003).
Reports fMRI evidence for a body-selective area in 

the monkey STS that neighbours a face-selective area.

26.  Tsao, D. Y., Freiwald, W. A., Tootell, R. B. & 
Livingstone, M. S. A cortical region consisting entirely 
of face-selective cells. Science 311, 670–674 (2006).

27.  McCarthy, G., Puce, A., Belger, A. & Allison, T. 
Electrophysiological studies of human face perception. 
II: Response properties of face-specific potentials 
generated in occipitotemporal cortex. Cereb. Cortex 9, 

431–444 (1999).
28.  Downing, P. E., Jiang, Y., Shuman, M. & Kanwisher, N. 

A cortical area selective for visual processing of the 
human body. Science 293, 2470–2473 (2001).
Reports the discovery with fMRI of a body-selective 

area in the human extrastriate visual cortex: the EBA.

29.  Pourtois, G., Peelen, M., Spinelli, L., Seeck, M. & 
Vuilleumier, P. Direct intracranial recording of 
body-selective responses in human extrastriate 
visual cortex. Neuropsychologia 45, 2621–2625 
(2007). 
Reports body-selective intracranial event-related 

potentials in the human lateral occipitotemporal 

cortex, at the approximate location of the EBA.

30.  Herrmann, M. J., Ehlis, A. C., Muehlberger, A. & 
Fallgatter, A. J. Source localization of early stages of 
face processing. Brain Topogr. 18, 77–85 (2005).

31.  Liu, J., Harris, A. & Kanwisher, N. Stages of processing 
in face perception: an MEG study. Nature Neurosci. 5, 

910–916 (2002).
32.  Pegna, A. J., Khateb, A., Michel, C. M. & Landis, T. 

Visual recognition of faces, objects, and words using 
degraded stimuli: where and when it occurs. Hum. 
Brain Mapp. 22, 300–311 (2004).

33.  Thierry, G., Martin, C. D., Downing, P. & Pegna, A. J. 
Controlling for interstimulus perceptual variance 
abolishes N170 face selectivity. Nature Neurosci. 10, 

505–511 (2007).
34.  Bentin, S., Allison, T., Puce, A., Perez, E. & McCarthy, G. 

Electrophysiological studies of face perception in 
humans. J. Cogn. Neurosci. 8, 551–565 (1996).

35.  Eimer, M. & McCarthy, R. A. Prosopagnosia and 
structural encoding of faces: evidence from event-
related potentials. Neuroreport 10, 255–259 (1999).

36.  Itier, R. J. & Taylor, M. J. N170 or N1? Spatiotemporal 
differences between object and face processing using 
ERPs. Cereb. Cortex 14, 132–142 (2004).

37.  Jeffreys, D. Event-related potential studies of face and 
object processing. Vis. Cogn. 3, 1–38 (1996).

38.  Schweinberger, S., Pfutze, E.-M. & Sommer, W. 
Repetition priming and associative priming of face 
recognition: evidence from event-related potentials. 
J. Exp. Psychol. Learn. Mem. Cogn. 21, 722–736 
(1995).

39.  Tanaka, J. W., Curran, T., Porterfield, A. L. & Collins, D. 
Activation of preexisting and acquired face 
representations: the N250 event-related potential as 
an index of face familiarity. J. Cogn. Neurosci. 18, 

1488–1497 (2006).
40.  Rossion, B., Curran, T. & Gauthier, I. A defense of the 

subordinate-level expertise account for the N170 
component. Cognition 85, 189–196 (2002).

41.  Kovács, G. et al. Electrophysiological correlates of 
visual adaptation to faces and body parts in humans. 
Cereb. Cortex 16, 742–753 (2005).

42.  Mouchetant-Rostaing, Y., Giard, M. H., Delpuech, C., 
Echallier, J. F. & Pernier, J. Early signs of visual 
categorization for biological and non-biological stimuli 
in humans. Neuroreport 11, 2521–2525 (2000).

43.  Stekelenburg, J. J. & de Gelder, B. The neural 
correlates of perceiving human bodies: an ERP study 
on the body-inversion effect. Neuroreport 15, 

777–780 (2004).
44.  Reed, C. L., Stone, V. E., Grubb, J. D. & McGoldrick, J. E. 

Turning configural processing upside down: part and 
whole body postures. J. Exp. Psychol. Hum. Percept. 
Perform. 32, 73–87 (2006).

45.  Reed, C. L., Stone, V. E., Bozova, S. & Tanaka, J. 
The body-inversion effect. Psychol. Sci. 14, 302–308 
(2003).

46.  Yin, R. K. Looking at upside-down faces. J. Exp. 
Psychol. 81, 141–145 (1969).

47.  Gliga, T. & Dehaene-Lambertz, G. Structural encoding 
of body and face in human infants and adults. J. Cogn. 
Neurosci. 17, 1328–1340 (2005).
An ERP study investigating body and face processing 

that shows similar waveforms for static bodies and 

faces in both 3-month-old infants and adults.

48.  Thierry, G. et al. An event-related potential component 
sensitive to images of the human body. Neuroimage 
32, 871–879 (2006).
Provides evidence for a body-selective negativity in 

the ERP that peaks 20 ms later than the face-

selective N170.

49.  Johansson, G. Visual perception of biological motion 
and a model for its analysis. Percept. Psychophys. 14, 

201–211 (1973).

R E V I E W S

646 | AUGUST 2007 | VOLUME 8  www.nature.com/reviews/neuro

© 2007 Nature Publishing Group 

 



50.  Bertenthal, B. I., Proffitt, D. R. & Kramer, S. J. Perception 
of biomechanical motions by infants: implementation of 
various processing constraints. J. Exp. Psychol. Hum. 
Percept. Perform. 13, 577–585 (1987).

51.  Fox, R. & McDaniel, C. The perception of biological 
motion by human infants. Science 218, 486–487 
(1982).

52.  Hirai, M. & Hiraki, K. An event-related potentials study 
of biological motion perception in human infants. Brain 
Res. Cogn. Brain Res. 22, 301–304 (2005).

53.  Reid, V. M., Hoehl, S. & Striano, T. The perception of 
biological motion by infants: an event-related 
potential study. Neurosci. Lett. 395, 211–214 
(2005).

54.  Slaughter, V. & Heron, M. Origins and early 
development of human body knowledge. Monogr. Soc. 
Res. Child Dev. 69, vii1–vii102 (2004).

55.  Striano, T. & Reid, V. M. Social cognition in the first 
year. Trends Cogn. Sci. 10, 471–476 (2006).

56.  Downing, P. E., Chan, A. W., Peelen, M. V., Dodds, C. M. 
& Kanwisher, N. Domain specificity in visual cortex. 
Cereb. Cortex 16, 1453–1461 (2006).

57.  Peelen, M. V. & Downing, P. E. Within-subject 
reproducibility of category-specific visual activation 
with functional MRI. Hum. Brain Mapp. 25, 402–408 
(2005).

58.  Spiridon, M., Fischl, B. & Kanwisher, N. Location and 
spatial profile of category-specific regions in human 
extrastriate cortex. Hum. Brain Mapp. 27, 77–89 
(2005).

59.  Downing, P. E., Wiggett, A. J. & Peelen, M. V. 
Functional magnetic resonance imaging investigation 
of overlapping lateral occipitotemporal activations 
using multi-voxel pattern analysis. J. Neurosci. 27, 

226–233 (2007).
60.  Peelen, M. V., Wiggett, A. J. & Downing, P. E. 

Patterns of fMRI activity dissociate overlapping 
functional brain areas that respond to biological 
motion. Neuron 49, 815–822 (2006).
Shows that MVPA of fMRI data can dissociate 

body-selective from overlapping motion- and face-

selective areas.

61.  Haxby, J. V. et al. Distributed and overlapping 
representations of faces and objects in ventral 
temporal cortex. Science 293, 2425–2430 (2001).

62.  Haynes, J. D. & Rees, G. Decoding mental states from 
brain activity in humans. Nature Rev. Neurosci. 7, 

523–534 (2006).
63.  Norman, K. A., Polyn, S. M., Detre, G. J. & Haxby, J. V. 

Beyond mind-reading: multi-voxel pattern analysis of 
fMRI data. Trends Cogn. Sci. 10, 424–430 (2006).

64.  Peelen, M. V. & Downing, P. E. Using multi-voxel pattern 
analysis of fMRI data to interpret overlapping functional 
activations. Trends Cogn. Sci. 11, 4–5 (2007).

65.  Kamitani, Y. & Tong, F. Decoding the visual and 
subjective contents of the human brain. Nature 
Neurosci. 8, 679–685 (2005).

66.  Peelen, M. V. & Downing, P. E. Selectivity for the 
human body in the fusiform gyrus. J. Neurophysiol. 
93, 603–608 (2005).
Reports the discovery with fMRI of a body-selective 

area in the fusiform gyrus: the FBA.

67.  Schwarzlose, R. F., Baker, C. I. & Kanwisher, N. 
Separate face and body selectivity on the fusiform 
gyrus. J. Neurosci. 25, 11055–11059 (2005).

68.  Kanwisher, N., McDermott, J. & Chun, M. M. 
The fusiform face area: a module in human 
extrastriate cortex specialized for face perception. 
J. Neurosci. 17, 4302–4311 (1997).

69.  Cox, D., Meyers, E. & Sinha, P. Contextually evoked 
object-specific responses in human visual cortex. 
Science 304, 115–117 (2004).

70.  Grossman, E. D., Blake, R. & Kim, C. Y. Learning to see 
biological motion: brain activity parallels behavior. 
J. Cogn. Neurosci. 16, 1669–1679 (2004).

71.  Grossman, E. D. & Blake, R. Brain areas active during 
visual perception of biological motion. Neuron 35, 

1167–1175 (2002).
72.  Michels, L., Lappe, M. & Vaina, L. M. Visual areas 

involved in the perception of human movement from 
dynamic form analysis. Neuroreport 16, 1037–1041 
(2005).

73.  Peuskens, H., Vanrie, J., Verfaillie, K. & Orban, G. A. 
Specificity of regions processing biological motion. Eur. 
J. Neurosci. 21, 2864–2875 (2005).

74.  Santi, A., Servos, P., Vatikiotis-Bateson, E., Kuratate, T. 
& Munhall, K. Perceiving biological motion: 
dissociating visible speech from walking. J. Cogn. 
Neurosci. 15, 800–809 (2003).

75.  Saygin, A. P., Wilson, S. M., Hagler, D. J. J., Bates, E. 
& Sereno, M. I. Point-light biological motion 

perception activates human premotor cortex. 
J. Neurosci. 24, 6181–6188 (2004).

76.  Allison, T., Puce, A. & McCarthy, G. Social perception 
from visual cues: role of the STS region. Trends Cogn. 
Sci. 4, 267–278 (2000).

77.  Beauchamp, M. S., Lee, K. E., Haxby, J. V. & Martin, A. 
Parallel visual motion processing streams for 
manipulable objects and human movements. Neuron 
34, 149–159 (2002).

78.  Bonda, E., Petrides, M., Ostry, D. & Evans, A. 
Specific involvement of human parietal systems and 
the amygdala in the perception of biological motion. 
J. Neurosci. 16, 3737–3744 (1996).

79.  Taylor, J., Wiggett, A. & Downing, P. fMRI analysis of 
body and body part representations in the extrastriate 
and fusiform body areas. J. Neurophysiol. 27 Jun 
2007 (doi:10.1152/jn.00012.2007).

80.  Pascual-Leone, A., Walsh, V. & Rothwell, J. 
Transcranial magnetic stimulation in cognitive 
neuroscience — virtual lesion, chronometry, and 
functional connectivity. Curr. Opin. Neurobiol. 10, 

232–237 (2000).
81.  Rafal, R. Virtual neurology. Nature Neurosci 4, 

862–864 (2001).
82.  Urgesi, C., Berlucchi, G. & Aglioti, S. M. Magnetic 

stimulation of extrastriate body area impairs visual 
processing of nonfacial body parts. Curr. Biol. 14, 

2130–2134 (2004).
Provides TMS evidence for a causal role for the 

EBA in body perception.

83.  Zihl, J., von Cramon, D. & Mai, N. Selective 
disturbance of movement vision after bilateral brain 
damage. Brain 106, 313–340 (1983).

84.  Zihl, J., von Cramon, D., Mai, N. & Schmid, C. 
Disturbance of movement vision after bilateral 
posterior brain damage. Further evidence and follow 
up observations. Brain 114, 2235–2252 (1991).

85.  Schwoebel, J. & Coslett, H. B. Evidence for multiple, 
distinct representations of the human body. J. Cogn. 
Neurosci. 17, 543–553 (2005).
A large-scale neuropsychological investigation that 

suggests a triple dissociation among types of body 

representation.

86.  Barton, J. J. Disorders of face perception and 
recognition. Neurol. Clin. 21, 521–548 (2003).

87.  Marotta, J. J., Genovese, C. R. & Behrmann, M. 
A functional MRI study of face recognition in patients 
with prosopagnosia. Neuroreport 12, 1581–1587 
(2001).

88.  Steeves, J. K. et al. The fusiform face area is not 
sufficient for face recognition: evidence from a patient 
with dense prosopagnosia and no occipital face area. 
Neuropsychologia 44, 594–609 (2005).

89.  Sorger, B., Goebel, R., Schiltz, C. & Rossion, B. 
Understanding the functional neuroanatomy of 
acquired prosopagnosia. Neuroimage 35, 836–852 
(2007).

90.  Schiltz, C. et al. Impaired face discrimination in 
acquired prosopagnosia is associated with abnormal 
response to individual faces in the right middle 
fusiform gyrus. Cereb. Cortex 16, 574–586 (2005).

91.  Hadjikhani, N. & de Gelder, B. Neural basis of 
prosopagnosia: an fMRI study. Hum. Brain Mapp. 16, 

176–182 (2002).
92.  Duchaine, B., Yovel, G., Butterworth, B. & Nakayama, K. 

Prosopagnosia as an impairment to face-specific 
mechanisms: elimination of the alternative hypotheses 
in a developmental case. Cogn. Neuropsychol. 23, 

714–747 (2006).
93.  Head, H. & Holmes, G. Sensory disturbances from 

cerebral lesions. Brain 34, 102–254 (1911). 
94.  Astafiev, S. V., Stanley, C. M., Shulman, G. L. & 

Corbetta, M. Extrastriate body area in human 
occipital cortex responds to the performance of motor 
actions. Nature Neurosci. 7, 542–548 (2004).

95.  David, N. et al. The extrastriate cortex distinguishes 
between the consequences of one’s own and others’ 
behavior. Neuroimage 36, 1004–1014 (2007).

96.  Jeannerod, M. Visual and action cues contribute to 
the self–other distinction. Nature Neurosci. 7, 

422–423 (2004).
97.  Peelen, M. V. & Downing, P. E. Is the extrastriate body 

area involved in motor actions? Nature Neurosci. 8, 

125 (2005).
98.  Ilg, U. J. & Schumann, S. Primate area MST-l is 

involved in the generation of goal-directed eye and 
hand movements. J. Neurophysiol. 97, 761–771 
(2007).

99.  Oreja-Guevara, C. et al. The role of V5 (hMT+) in 
visually guided hand movements: an fMRI study. 
Eur. J. Neurosci. 19, 3113–3120 (2004).

100.  Schenk, T., Mai, N., Ditterich, J. & Zihl, J. Can a 
motion-blind patient reach for moving objects? Eur. J. 
Neurosci. 12, 3351–3360 (2000).

101.  Botvinick, M. & Cohen, J. Rubber hands ‘feel’ touch 
that eyes see. Nature 391, 756 (1998).

102.  Ehrsson, H. H., Holmes, N. P. & Passingham, R. E. 
Touching a rubber hand: feeling of body ownership is 
associated with activity in multisensory brain areas. 
J. Neurosci. 25, 10564–10573 (2005).

103.  Ehrsson, H. H., Spence, C. & Passingham, R. E. That’s 
my hand! Activity in premotor cortex reflects feeling of 
ownership of a limb. Science 305, 875–877 (2004).

104.  Tsakiris, M., Hesse, M. D., Boy, C., Haggard, P. & 
Fink, G. R. Neural signatures of body ownership: a 
sensory network for bodily self-consciousness. Cereb. 
Cortex 30 Nov 2006 (doi:10.1093/cercor/bhl131).

105.  Chan, A. W., Peelen, M. V. & Downing, P. E. The effect 
of viewpoint on body representation in the extrastriate 
body area. Neuroreport 15, 2407–2410 (2004).

106.  Saxe, R., Jamal, N. & Powell, L. My body or yours? 
The effect of visual perspective on cortical body 
representations. Cereb. Cortex 16, 178–182 
(2005).

107.  Vuilleumier, P. & Pourtois, G. Distributed and 
interactive brain mechanisms during emotion face 
perception: evidence from functional neuroimaging. 
Neuropsychologia 45, 174–194 (2007).

108.  Calder, A. J., Lawrence, A. D. & Young, A. W. 
Neuropsychology of fear and loathing. Nature Rev. 
Neurosci. 2, 352–363 (2001).

109.  Vuilleumier, P. & Schwartz, S. Emotional facial 
expressions capture attention. Neurology 56, 

153–158 (2001).
110.  de Gelder, B. & Hadjikhani, N. Non-conscious 

recognition of emotional body language. Neuroreport 
17, 583–586 (2006).

111.  Grieve, K. L., Acuna, C. & Cudeiro, J. The primate 
pulvinar nuclei: vision and action. Trends Neurosci. 
23, 35–39 (2000).

112.  Johnson, M. H. Subcortical face processing. Nature 
Rev. Neurosci. 6, 766–774 (2005).

113.  Vuilleumier, P. How brains beware: neural mechanisms 
of emotional attention. Trends Cogn. Sci. 9, 585–594 
(2005).

114.  Ward, R., Calder, A. J., Parker, M. & Arend, I. 
Emotion recognition following human pulvinar 
damage. Neuropsychologia 45, 1973–1978 (2007).

115.  Hadjikhani, N. & de Gelder, B. Seeing fearful body 
expressions activates the fusiform cortex and 
amygdala. Curr. Biol. 13, 2201–2205 (2003).

116.  Grosbras, M. H. & Paus, T. Brain networks involved in 
viewing angry hands or faces. Cereb. Cortex 16, 

1087–1096 (2006).
117.  Grezes, J., Pichon, S. & de Gelder, B. Perceiving fear 

in dynamic body expressions. Neuroimage 35, 

959–967 (2007).
118.  de Gelder, B., Snyder, J., Greve, D., Gerard, G. & 

Hadjikhani, N. Fear fosters flight: a mechanism for fear 
contagion when perceiving emotion expressed by a 
whole body. Proc. Natl Acad. Sci. USA 101, 

16701–16706 (2004).
119.  Peelen, M., Atkinson, A., Andersson, F. & Vuilleumier, P. 

Emotional modulation of body-selective visual areas. 
Soc. Cogn. Affect. Neurosci. (in the press).

120.  Pessoa, L., McKenna, M., Gutierrez, E. & 
Ungerleider, L. G. Neural processing of emotional 
faces requires attention. Proc. Natl Acad. Sci. USA 99, 

11458–11463 (2002).
121.  Vuilleumier, P., Armony, J. L., Driver, J. & Dolan, R. J. 

Effects of attention and emotion on face processing in 
the human brain: an event-related fMRI study. Neuron 
30, 829–841 (2001).

122.  Winston, J. S., Vuilleumier, P. & Dolan, R. J. Effects of 
low-spatial frequency components of fearful faces on 
fusiform cortex activity. Curr. Biol. 13, 1824–1829 
(2003).

123.  Cheng, Y., Meltzoff, A. N. & Decety, J. 
Motivation modulates the activity of the human 
mirror-neuron system. Cereb. Cortex 31 Oct 2006 
(doi:10.1093/cercor/bhl107).

124.  Ponseti, J. et al. A functional endophenotype for 
sexual orientation in humans. Neuroimage 33, 

825–833 (2006).
125.  Pichon, S., de Gelder, B. & Grezes, J. Emotional 

modulation of visual and motor areas by dynamic 
body expressions of anger. Soc. Neurosci. 25 May 
2007 (doi:10.1080/17470910701394368).

126.  Meeren, H. K., van Heijnsbergen, C. C. & de Gelder, B. 
Rapid perceptual integration of facial expression and 
emotional body language. Proc. Natl Acad. Sci. USA 
102, 16518–16523 (2005).

R E V I E W S

NATURE REVIEWS | NEUROSCIENCE  VOLUME 8 | AUGUST 2007 | 647

© 2007 Nature Publishing Group 

 



127.  Grossman, E. et al. Brain areas involved in perception 
of biological motion. J. Cogn. Neurosci. 12, 711–720 
(2000).

128.  Buccino, G. et al. Neural circuits underlying imitation 
learning of hand actions: an event-related fMRI study. 
Neuron 42, 323–334 (2004).

129.  Grafton, S. T., Arbib, M. A., Fadiga, L. & Rizzolatti, G. 
Localization of grasp representations in humans by 
positron emission tomography. 2. Observation 
compared with imagination. Exp. Brain Res. 112, 

103–111 (1996).
130.  Iacoboni, M. et al. Cortical mechanisms of human 

imitation. Science 286, 2526–2528 (1999).
131.  Johnson-Frey, S. H. et al. Actions or hand–object 

interactions? Human inferior frontal cortex and action 
observation. Neuron 39, 1053–1058 (2003).

132.  di Pellegrino, G., Fadiga, L., Fogassi, L., Gallese, V. & 
Rizzolatti, G. Understanding motor events: a 
neurophysiological study. Exp. Brain Res. 91, 

176–180 (1992).
133.  Iacoboni, M. & Dapretto, M. The mirror neuron 

system and the consequences of its dysfunction. 
Nature Rev. Neurosci. 7, 942–951 (2006).

134.  Urgesi, C., Candidi, M., Ionta, S. & Aglioti, S. M. 
Representation of body identity and body actions in 
extrastriate body area and ventral premotor cortex. 
Nature Neurosci. 10, 30–31 (2007).

135.  Downing, P., Peelen, M., Wiggett, A. & Tew, B. The role 
of the extrastriate body area in action perception. Soc. 
Neurosci. 1, 52–62 (2006).

136.  Jackson, P. L., Meltzoff, A. N. & Decety, J. 
Neural circuits involved in imitation and perspective-
taking. Neuroimage 31, 429–439 (2006).

137.  Giese, M. A. & Poggio, T. Neural mechanisms for the 
recognition of biological movements. Nature Rev. 
Neurosci. 4, 179–192 (2003).

138.  Morris, J. P., Pelphrey, K. A. & McCarthy, G. 
Occipitotemporal activation evoked by the perception 
of human bodies is modulated by the presence or 
absence of the face. Neuropsychologia 44, 

1919–1927 (2006).
139.  Hoffman, E. A. & Haxby, J. V. Distinct representations 

of eye gaze and identity in the distributed human 
neural system for face perception. Nature Neurosci. 3, 

80–84 (2000).

140.  Loffler, G., Yourganov, G., Wilkinson, F. & 
Wilson, H. R. fMRI evidence for the neural 
representation of faces. Nature Neurosci. 8, 

1386–1390 (2005).
141.  Rotshtein, P., Henson, R. N., Treves, A., Driver, J. & 

Dolan, R. J. Morphing Marilyn into Maggie 
dissociates physical and identity face 
representations in the brain. Nature Neurosci. 8, 

107–113 (2005).
142.  Kable, J. W. & Chatterjee, A. Specificity of action 

representations in the lateral occipitotemporal cortex. 
J. Cogn. Neurosci. 18, 1498–1517 (2006).

143.  Grill-Spector, K. & Malach, R. The human visual 
cortex. Annu. Rev. Neurosci. 27, 649–677 (2004).

144.  Grill-Spector, K., Knouf, N. & Kanwisher, N. 
The fusiform face area subserves face perception, not 
generic within-category identification. Nature 
Neurosci. 7, 555–562 (2004).

145.  Haynes, J. D. & Rees, G. Predicting the orientation 
of invisible stimuli from activity in human primary 
visual cortex. Nature Neurosci. 8, 686–691 (2005).

146.  Kamitani, Y. & Tong, F. Decoding seen and attended 
motion directions from activity in the human visual 
cortex. Curr. Biol. 16, 1096–1102 (2006).

147.  Haynes, J. D. et al. Reading hidden intentions in the 
human brain. Curr. Biol. 17, 323–328 (2007).

148.  Kriegeskorte, N., Goebel, R. & Bandettini, P. 
Information-based functional brain mapping. Proc. 
Natl Acad. Sci. USA 103, 3863–3868 (2006).

149.  Fadiga, L., Craighero, L. & Olivier, E. Human motor 
cortex excitability during the perception of others’ 
action. Curr. Opin. Neurobiol. 15, 213–218 (2005).

150.  Grossman, E. D., Battelli, L. & Pascual-Leone, A. 
Repetitive TMS over posterior STS disrupts perception 
of biological motion. Vision Res. 45, 2847–2853 
(2005).

151.  Ruff, C. C. et al. Concurrent TMS–fMRI and 
psychophysics reveal frontal influences on human 
retinotopic visual cortex. Curr. Biol. 16, 1479–1488 
(2006).

152.  Bledowski, C. et al. Localizing P300 generators in 
visual target and distractor processing: a combined 
event-related potential and functional magnetic 
resonance imaging study. J. Neurosci. 24, 

9353–9360 (2004).

153. Brennan, P. A. & Kendrick, K. M. Mammalian social 
odours: attraction and individual recognition. Philos. 
Trans. R. Soc. Lond. B Biol. Sci. 361, 2061–2078 
(2006).

154. Tate, A. J., Fischer, H., Leigh, A. E. & Kendrick, K. M. 
Behavioural and neurophysiological evidence for face 
identity and face emotion processing in animals. 
Philos. Trans. R. Soc. Lond. B Biol. Sci. 361, 
2155–2172 (2006).

155. Krubitzer, L. & Kaas, J. The evolution of the 
neocortex in mammals: how is phenotypic diversity 
generated? Curr. Opin. Neurobiol. 15, 444–453 
(2005).

156.  Cox, D. D. & Savoy, R. L. Functional magnetic 
resonance imaging (fMRI) ‘brain reading’: detecting 
and classifying distributed patterns of fMRI activity in 
human visual cortex. Neuroimage 19, 261–270 
(2003).

157.  Polyn, S. M., Natu, V. S., Cohen, J. D. & Norman, K. A. 
Category-specific cortical activity precedes retrieval 
during memory search. Science 310, 1963–1966 
(2005).

158.  Haynes, J. D. & Rees, G. Predicting the stream of 
consciousness from activity in human visual cortex. 
Curr. Biol. 15, 1301–1307 (2005).

159.  Tarr, M. J. & Gauthier, I. FFA: a flexible fusiform 
area for subordinate-level visual processing 
automatized by expertise. Nature Neurosci. 3, 

764–769 (2000).

Acknowledgements
The authors thank G. Thierry for helpful comments, and the 
Biotechnology and Biological Sciences Research Council and 
the Wales Institute of Cognitive Neuroscience for funding 
support.

Competing interests statement
The authors declare no competing financial interests.

FURTHER INFORMATION
Paul E. Downing’s homepage: 
http://www.bangor.ac.uk/~pss811/

Access to this links box is available online.

R E V I E W S

648 | AUGUST 2007 | VOLUME 8  www.nature.com/reviews/neuro

© 2007 Nature Publishing Group 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice




