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Visual areas of the brain involved
in object recognition form a
processing stream that projects
toward the temporal lobe [1].
Lesions to this region of the brain
often result in difficulties in
recognizing, identifying and
naming different categories of
objects. For example, damage to
the inferior temporal lobe often
impairs the ability to identify
individuals by their facial
characteristics [2]. Nonetheless,
these lesions often leave the
ability to recognize other objects
largely preserved. In contrast,
lesions to other areas of the
temporal lobe leave face
recognition intact, but impair an
individual’s ability to identify other
objects [3].

The notion that discrete areas of
the human temporal lobe are
specialized for different categories
of objects receives mixed support
from studies using different
physiological methods. For
example, functional imaging
studies show that some regions in
the temporal lobe are more
responsive to faces than to other
complex objects [4]. Other
imaging studies have found similar
category-specific visual
responses for inanimate objects
[5], buildings [6] and human body
parts [7]. In contrast, single cell
recordings in the temporal lobe of
non-human primates are more
consistent with a distributed
representation underlying object
perception [8]. For example,
although these neurons have
response properties that are
important for object recognition,
such as selectivity for form,
texture, color and even faces,
there does not appear to be any
consistent larger scale

organization for particular
categories of objects.

So, why have studies using
these different methods come to
such different conclusions about
the way that information is
represented in the temporal lobe?
One possibility is that there is a
fundamental difference in the
organization of visual cortex in

humans and monkeys. Imaging
studies suggest that this is not the
case, demonstrating that monkeys
have discrete face- and object-
selective regions that are similar in
size and distribution to those
found in the human temporal lobe
[9]. Another possibility could lie in
the type of information the
different techniques provide. The
spatial limitations of functional
imaging means that it monitors the
average activity across hundreds
of thousands of neurons. So if a
specific region shows a selective
response to a particular category
of object, such as a face, this
does not mean that all the
neurons in this region are face-
selective – only that the majority
of neurons show this preference
(Figure 1). Indeed, functional
imaging studies have shown that

Visual Cortex: How Are Faces And
Objects Represented?

The way in which information about complex objects and faces is
represented in visual cortex is controversial. One model posits that
information is processed in modules, highly specialized for different
categories of objects; an opposing model appeals to a distributed
representation across a large network of visual areas. A recent paper
uses a novel imaging technique to address this controversy.

Figure 1. Two possible neuronal ensembles in a ‘face-selective’ region of visual
cortex.

Because of the spatial limitations of functional imaging, the measured signal is deter-
mined by the summed activity of many thousands of neurons. Regions defined as ‘face-
selective’ could either contain a homogeneous population of face-selective neurons
(left) or a heterogeneous population of neurons with the majority being selective for face
images (right). Responses to non-face objects (chairs or houses, for example) could
therefore arise from a sub-optimal activation of face-selective neurons or from the acti-
vation of a sub-population of neurons that are selective for these non-face objects.
Both scenarios would lead to a similar functional imaging signal. (Adapted from [11].)
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the response to any category of
object is not restricted to the area
that responds maximally to that
particular category; many brain
regions show significant
responses to a number of
different stimuli [10]. Thus, an
unresolved question remains:
what is the functional significance
of responses to ‘non-preferred’
stimuli? Do they result from the
activation of a subset of highly
selective neurons? Or do they just
reflect a non-specific activation of
a homogeneous population of
neurons that are selectively tuned
for a specific category of visual
information [11]?

To answer this question, a
study published recently in
Current Biology [12] has used a
novel imaging technique that is
able to visualize individual
neurons and determine their
selectivity for different sensory
experiences. The technique
exploits the differential time
course of the appearance and
disappearance of the mRNA and
protein from an immediate-early
gene (zif268) following neuronal
activity. 

Zangenehpour et al. [12] have
developed a double-labeling
technique that allows them to
distinguish between neurons that
are activated by two different
sensory events (Figure 2), and
have now used this technique to
ask how information about
objects and faces is represented
in the temporal lobe. In the first
experiment, monkeys viewed
images of complex inanimate
objects followed by images of
faces. The presentation times
were chosen so that the presence
of zif268 mRNA in neurons would
reflect face-selective activity,
while expression of Zif268 protein
would indicate object-selective
activity. Using this approach, the
authors were able to determine if
individual neurons are face-
selective, object-selective or were
active during both stimulus
blocks. In the next experiment,
images of faces were shown
followed by images of objects. In
this case, levels of zif268 mRNA
and protein should correspond to
object- and face-selective
neurons, respectively.

The results clearly demonstrate
that homogenous patches of face-
selective neurons are evident in
the temporal lobe. Moreover,
these are of a similar size and
distribution to those observed by
functional brain imaging. Although
some neurons responded to both
objects and faces, there appeared
to be a clear segregation between
face-selective and (non-face)
object-selective regions.
Zangenehpour et al. [12] also
report that face-selective clusters
are larger and more prevalent in
the right-hemisphere — a rseult
consistent with functional imaging
and brain lesion studies in
humans [2,4]. These findings
would suggest that single neuron
studies may not be optimal for
understanding the larger scale
organization of neurons in this
region of the visual system.

The demonstration of
homogeneous regions of face-
selective neurons in the temporal
lobe is consistent with a number
of functional imaging studies that
suggest face-selective regions are
specialized for processing face
images [13–16]. For example, the
activity in face-selective regions
of visual cortex does not appear
to provide useful information for
discriminating between non-face
objects [13]. A similar
specialization for face processing
is apparent in adaptation studies,

where a reduction in signal
following repeated presentations
of identical face images is only
apparent in face-selective regions
of visual cortex [16].

Although these findings suggest
that face perception is carried out
by modules specialized for
processing faces, it is not clear
whether this process is selective
for face images (domain-specific)
or whether it can also operate on
non-face stimuli that require
expert discrimination (domain-
general). For example, responses
in face-selective regions to
images of unfamiliar objects have
been shown to increase when
subjects learnt to recognize these
objects; similarly, responses to
images of birds and cars are
greater in face-selective regions
of bird and car experts,
respectively, than in non-experts
[17]. 

Behavioral evidence also
supports a domain-general model
of processing. For example, dog
experts show a comparable
inversion effect — the impaired
recognition of upside-down
images — for inverted dogs and
inverted faces; control subjects
only show an inversion effect for
faces [18]. But more recent
behavioral and neuroimaging
studies [19,20] have challenged
these studies and provide
compelling evidence for a
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Figure 2. The differential
induction and decay of the
mRNA and protein of
immediate early genes
following neuronal activity.

(A) When neurons become
active, immediate early
genes such as c-fos or
zif268 are upregulated,
resulting in an increased
accumulation of mRNA in
the cytoplasm, followed by
increased levels of the
encoded protein in the
nucleus. When the neurons
return to a resting state,
levels of immediate early
gene mRNA protein show a
differential decline toward
basal levels. Arrows indi-
cate the beginning and end
of neural activity. Using a
double labeling approach,

levels of mRNA (B) and protein (C) can be detected with in situ hybridisation and
immunohistochemistry, respectively. By exploiting the differential appearance and dis-
appearance of immediate early gene RNA and protein levels, it is possible to determine
activity maps for two different behavioral conditions [12].

C
el

lu
la

r 
le

ve
ls

Time

mRNA
Protein

A

B C

Current Biology



domain-specific view of face
processing. In conclusion, it
would appear that information
about faces is represented in
specialized regions of visual
cortex, but it is not yet clear how
other categories of objects are
represented.

References
1. Milner, A.D., and Goodale, M.A. (1995).

The Visual Brain in Action, (Oxford
University Press).

2. McNeil, J.E., and Warrington, E.K. (1993).
Prosopagnosia – a face-specific
disorder. Q. J. Exp. Psychol. A 46, 1–10.

3. Moscovitch, M., Winocur, G., and
Behrmann, M. (1997). What is special
about face recognition? Nineteen
experiments on a person with visual
object agnosia and dyslexia but normal
face recognition. J. Cogn. Neurosci. 9,
555–604.

4. Puce, A., Allison, T., Gore, J.C., and
McCarthy, G. (1995). Face-sensitive
regions in human extrastriate cortex
studied by functional MRI. J.
Neurophysiol. 74, 1192–1199.

5. Malach, R., Reppas, J.B., Kwong, K.K.,
Jiang, H., Kennedy, W.A., Ledden, P.J.,
Brady, T.J., Rosen, B.R., and Tootell,
R.B.H. (1995). Object-related activity
revealed by functional magnetic
resonance imaging in human occipital
cortex. Proc. Natl. Acad. Sci. USA 92,
8135–8138.

6. Epstein, R., and Kanwisher, N. (1998). A
cortical representation of the local visual
environment. Nature 392, 598–601.

7. Downing, P.E., Jiang, Y., Shuman, M.,
and Kanwisher, N. (2001). A cortical area
selective for visual processing of the
human body. Science 293, 2470–2473.

8. Tanaka, K. (1996). Inferotemporal cortex
and object vision. Annu. Rev. Neurosci.
19, 109–139.

9. Tsao, D.Y., Freiwald, W.A., Knutsen, T.A.,
Mandeville, J.B., and Tootell, R.B.H.
(2003). Faces and objects in macaque
cerebral cortex. Nat. Neurosci. 6,
989–995.

10. Haxby, J.V., Gobbini, M.I., Furey, M.L.,
Ishai, A., Schouten, J.L., and Pietrini, P.
(2001). Distributed and overlapping
representations of faces and objects in
ventral temporal cortex. Science 293,
2425–2430.

11. Avidan, G., Hasson, U., Hendler, T.,
Zohary, E., and Malach, R. (2002).
Analysis of the neuronal selectivity
underlying low fMRI signals. Curr. Biol.
12, 964–972.

12. Zangenehpour, S., and Chaudhuri, A.
(2005). Patch organisation and
asymmetric distribution of the neural
correlates of face processing in monkey
inferotemporal cortex. Curr. Biol., June 7
issue.

13. Spiridon, M., and Kanwisher, N. (2002).
How distributed is visual category
information in human occipito-temporal
cortex? An fMRI study. Neuron 35,
1157–1165.

14. Andrews, T.J., and Schluppeck, D.
(2004). Neural responses to mooney
images reveal a modular representation
of faces in human visual cortex.
Neuroimage 21, 91–98.

15. Yovel, G., and Kanwisher, N. (2004). Face
perception: domain specific, not process
specific. Neuron 44, 889–898.

16. Andrews, T.J., and Ewbank, M.P. (2004).
Distinct representations for facial identity
and changeable aspects of faces in the
human temporal lobe. Neuroimage 23,
905–913.

17. Tarr, M.J., and Gauthier, I. (2000). FFA: A
flexible fusiform area for subordinate
visual processing automatized by
expertise. Nat. Neurosci. 3, 764–769.

18. Diamond, R., and Carey, S. (1986). Why
faces are and are not special: an effect
of expertise. J. Exp. Psychol. Gen. 115,
107–117.

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

20. McKone, E., and Kanwisher, N. (2005).
Does the human brain process objects of
expertise like faces? A review of the
evidence. In From Monkey Brain to
Human Brain, S. Dehaene, J.R. Duhamel,
M. Hauser, and G. Rizzolatti, eds (MIT
Press), pp. ??.

(Au: please complete the ref [20] details)

Department of Psychology, University of
York, York, YO10 5DD, UK. 
E-mail: t.andrews@psych.york.ac.uk

DOI: 10.1016/j.cub.2005.xx.xxx

Dispatch    
R3


