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1. Introduction

While human visual recognition has been extensively
studied with behavioral, computational, and neuropsycho-
logical techniques for decades, it is only in the last 3-5
years that functional brain imaging methods have been
exploited to investigate the brain structures involved in this
process. In this paper we review this work, discuss the
unique methodological and interpretive challenges it raises,
and present some of our own preliminary studies on the
brain basis of visual recognition.

We take visual recognition proper to include two main
components: (i) the high-level perceptual analysis of a
visual stimulus (for example, the construction of a struc-
tural description of an object’s shape), and (ii) the match-
ing of that perceptual description to a stored visual repre-
sentation in memory (e.g., determining that the shape looks
more like a chair than a bicycle). Note that this definition
excludes both very ‘early’ visual processes such as edge
extraction, and very ‘late’ processes such as accessing the
name or meaning of a visually-presented stimulus.

Functional imaging studies can advance our understand-
ing of three different aspects of human visual recognition:
its neuroanatomy, neurophysiology, and modularity. First,
cortical areas are defined not only by aspects of brain
hardware like cytoarchitectonics and anatomical connectiv-
ity, but also by function [11]. Thus to the extent that
functional imaging studies reveal regions of cortex selec-
tively involved in specific functions, these regions become
candidates for distinct anatomical areas in human cortex.
Second, functional mapping of human cortex can help
establish homologies between visual areas in humans and
macaques [32]. This will allow us to bring together an
understanding of the specific computations carried out in a
given visual area with the vast body of knowledge from
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single-unit studies of the homologous area in macaques,
making possible a new and powerful convergence between
the cognitive psychology and the single-unit physiology of
higher-level vision. Third, functional brain imaging pro-
vides another technique for cognitive psychologists to
investigate the modularity of the mind: to the extent that
different regions of human cortex are activated when
different component processes within visual recognition
are engaged, this will provide evidence that these compo-
nents are indeed functionally dissociable processes.
Before the advent of functional brain imaging, the main
technique for approaching these research goals was to
study the behavioral deficits of patients with focal brain
damage. While this is a venerable and powerful technique
(see [10]), functional brain imaging can complement it in
several ways. Most importantly, the interpretation of data
from patients with brain damage can be clouded by the
possibility that the brain has become reorganized as a
result of the damage. Second, brain damage tends to affect
large and diffuse regions, making isolation and anatomical
localization of any one function difficult. Third, brain
damage may disrupt performance at a specific task not
because the damaged region is critical to the computations
underlying that task, but instead because the damage has
disrupted neural pathways that would normally carry criti-
cal information to another cortical region which carries out
that computation. In contrast, functional imaging studies in
normal subjects allow generalization to other normal sub-
jects, can provide precise anatomical localization (see for
example Fig. 4C), and are unlikely to indicate regions
involved merely in the passage of information between
cortical areas (because white matter rarely if ever shows
activation in functional imaging studies). On the other
hand, it should be kept in mind that studies of patients with
focal brain damage have other significant advantages over
imaging studies, such as the power to support inferences
that a given area of the brain is necessary to, rather than
simply involved in, a given task. Thus the two approaches
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are both important in different ways and can serve as
converging sources of evidence bearing on the same set of
research questions.

However, the design of a functional brain imaging
study can be tricky, and unless a few key rules are
followed, the results may be uninterpretable. Most impor-
tantly, when trying to localize a particular mental process
X in the brain by comparing the brain activation that
results from two different conditions, A (which engages X)
and B (which does not), it is critical that conditions A and
B not also differ in the other mental processes they
engage '. How can conditions be designed such that the
difference between them includes a single kind of mental
process? The two main options are to vary (i) the stimuli
presented, or (ii) the task the subject is requested to carry
out on those stimuli. A good rule of thumb in functional
imaging is to vary either the stimulus or the task between
conditions, not both.

A PET study illustrating the kind of difficulties that
arise when both stimuli and task are varied at the same
time was reported by Sergent et al. [33]. They asked
whether there are distinct brain regions specialized for face
and object recognition, and found that face recognition
primarily activated a ventro-medial region in the right
hemisphere, whereas object recognition primarily activated
an occipitotemporal region of the left hemisphere. To find
object recognition areas, they subtracted the activation
resulting when subjects judged the orientation of sine-wave
gratings from the activation that resulted when subjects
categorized photographs of objects as living or nonliving.
Because both the stimulus and the task changed between
conditions, it is not clear what processes go on in the areas
activated by the object task but not the grating task, with
possibilities including not only visual recognition pro-
cesses, but also (i) extraction of any visual features (other
than those included in the gratings), (ii) covert object
naming, and (iii) extraction of the meanings of the objects
recognized. To find areas involved in face recognition,
Sergent et al. subtracted the activation which resulted
when subjects discriminated the gender of photographs of
unfamiliar faces from the activation which resulted when
subjects categorized photographs of familiar faces as ac-
tors or nonactors. This subtraction is an improvement over
the object subtraction in that the stimuli did not differ
greatly while the task changed. Nonetheless, this compari-
son cannot distinguish between activations which result
from (i) matching perceptual descriptions to stored visual
representations of faces in memory, (ii) covert naming of
the individuals depicted, and (iii) accessing semantic infor-
mation about the individuals depicted. Thus Sergent et

' Note that although widely used, this standard logic of subtraction
assumes that single component processes can be added or deleted without
affecting other component processes — an assumption that is testable and
can often be incorrect [4].

al.’s findings do not demonstrate that different brain re-
gions are involved in the high-level visual analysis of faces
and objects, but could instead simply reflect differences in
either lower-level feature extraction processes or in the
postrecognition semantic /linguistic processing of these
stimuli.

The Sergent et al. [33] study is not alone in the con-
founding of stimulus and task manipulations or in the
existence of multiple possible interpretations of the data
collected. Indeed it is probably true that all imaging studies
leave open more than one possible interpretation of the
mental processes which underlie each of the activations
reported. What is important is to design experiments that
keep the number of possible interpretations to a minimum,
and to be clear about each of them in the discussion of
data. Ultimately we suspect that the only way to deal with
this problem will be to use converging operations involv-
ing several different orthogonal tests of the same hypothe-
sis; we describe preliminary data from one such approach
at the end of this paper (see Fig. 4C).

Given that in a well-designed experiment either the
stimulus or the task will be manipulated, but not both, how
should one decide which kind of manipulation to use to
answer a given question? Suppose one wants to distinguish
between (i) early visual feature extraction processes and
(ii) higher-level components of visual object recognition.
Imagine as the subject that you are presented with a
sequence of photographs of familiar objects, each dis-
played one at a time near the center of gaze for 2 s, and
you are instructed to either (i) recognize the pictures (in
one condition) or (ii) only analyze the features of the
objects but not recognize them. While a subtraction of the
second condition from the first should in principle reveal
just the higher-level stages of object recognition, the obvi-
ous problem here is that it will be impossible to follow the
instructions in the second condition. A number of studies
indicate that (i) visual object and word recognition is
automatic in the sense that it occurs even when subjects
are engaged in another simultaneous task while trying to
avoid recognizing the objects or words [8,12,13,34,36], (ii)
some indirect evidence suggests that face recognition is
also automatic [9], and (iii) words, objects, and faces are
apparently recognized even when subjects are not attend-
ing to them [7,19,37] and in some cases even when they do
not enter awareness [3]. It is of course possible that visual
recognition might be modulated under some conditions —
for example, if the stimuli are presented very briefly
and /or subjects are given a sufficiently demanding simul-
taneous task [22]. But under the conditions of most imag-
ing experiments, stimuli are typically presented for a sec-
ond or more near fixation and visual recognition is likely
to be automatic. In this kind of situation, when subjects
cannot control their own mental processes, task manipula-
tions are not likely to be effective. On the other hand
imagine presenting subjects with a display that says ‘64 X
7= 7. Most subjects can solve this problem if they try to
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but also have the option of just looking at the numbers and
not bothering to figure out what the answer is. The key
difference here is that some tasks (like visual feature
extraction and object recognition) are highly automatic,
whereas others (like mental arithmetic and visual attention)
are controlled (but see also [5]). Task manipulations are
most sensible for controlled mental processes and stimulus
manipulations are most appropriate for automatic mental
processes.

Although we have so far only discussed experimental
designs which attempt to localize single mental processes
in the brain, another approach is to ask what brain regions
are involved in the execution of an entire complex task. An
example of a study using this approach was reported by
Kosslyn et al. [21], who used PET to localize the many
different component processes entailed in Kosslyn’s model
of object recognition. Subtracting the brain activity that
results when subjects name line drawings of canonical
views of objects from the activations when subjects name
line drawings of noncanonical views of objects, these
researchers found significant activation in six areas within
the right hemisphere and four in the left. Kosslyn et al.
offer explanations for the particular processes underlying
each of these activations in the context of their multi-com-
ponent model of object recognition. While such studies can
be powerful in their potential to localize many different
processes at once, because of the large number of activa-
tions observed, the only way to determine which activa-
tions are due to which component processes is to rely
heavily on prior knowledge and /or theories.

2. Literature review

In just the last few years a large number of studies have
used PET and fMRI to explore the brain loci involved in
human visual recognition. This work is briefly reviewed
here.

2.1. Task manipulations

A series of studies by Haxby and his colleagues [14,15]
asked whether human visual cortex is organized into the
same ‘what’ and ‘where’ pathways that have been exten-
sively studied in the macaque [39]. Although their first
study [14] confounded task and stimulus manipulations,
Haxby et al. [15] used an improved design in which the
same stimuli were used for both the face-matching and
location-matching tasks (an array of three faces, each in its
own box but slightly off center). They found occipitotem-
poral activations largely in the fusiform gyrus bilaterally
for the face-matching task but occipitoparietal activations
in the location-matching task, consistent with the organiza-
tion of the visual cortex in the macaque. Kohler and
colleagues [20] used a similar design to ask whether the
ventral pathway in humans is also involved in the visual

recognition of objects (i.e. as well as faces). They showed
subjects pairs of two sequentially-presented displays, each
containing three objects. Subjects were asked to judge in
one condition whether the three locations were the same,
and in another condition whether the three objects were the
same. Areas that were significantly more active in the
identity task than the location task included the inferior
temporal cortex in the region of the fusiform gyrus (Brod-
mann areas 19 and 37) in the left hemisphere, extending
posteriorly into the lingual gyrus (Brodmann areas 18 and
17), and in the ventral occipital cortex of the right hemi-
sphere in the region of the fusiform gyrus—suggesting that
these areas are involved not only in face recognition (as
Haxby et al. had shown) but also in visual object recogni-
tion.

Note that these results contrast with those reported
earlier by Sergent et al. [33] who placed object recognition
processes in the left hemisphere and face recognition
processes in the right. For the reasons outlined above, we
find the Haxby et al. [15] and Kohler et al. [20] studies
more convincing. Nonetheless, within-subject testing will
be necessary before any solid conclusions can be reached
about the overlap (or lack thereof) in brain areas involved
in visual face and object recognition. In the third section of
this paper we present some of our own results which
suggest that at a finer grain different patches of ventral
occipitotemporal cortex may be involved in the visual
recognition of faces and objects (see also [1,2]).

While the Haxby et al. [15] and Kohler et al. [20]
studies are well designed, it is perhaps somewhat surpris-
ing that task manipulations were so effective in manipulat-
ing visual recognition processes, which we have suggested
are usually highly automatic. One possibility is that the
subjects made different patterns of eye movements in the
two tasks, foveating the faces or objects in the identity
tasks but different aspects of the array in the location tasks.
This possibility is strengthened by the fact that the stimuli
were very large and were presented for several seconds,
conditions which would encourage eye movements. If so,
then the retinal stimulation in the two conditions might be
different and the reported activations would reflect low-
level feature-analysis processes as well as higher-level
visual recognition processes, consistent with the fairly
large swaths of cortex activated in these studies. (This
possibility could be tested by presenting the three faces in
each trial sequentially while subjects maintain fixation.)
However, even if retinal stimulation was not a confound in
the Haxby et al. and Kohler et al. studies, the activations
reported in these experiments still may reflect not visual
recognition per se—which would have occurred automati-
cally in both tasks and hence be invisible in the subtrac-
tion—but instead the effects of attending to such informa-
tion [6,25], encoding it in short-term memory, and/or
using it as the basis for a decision. Of course it is also
possible that we have exaggerated the automaticity of
visual recognition, and that it may be modulated by some
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tasks even when the items are presented clearly for several
seconds and retinal stimulation is identical in the two
tasks.

Schacter et al. [30] reported another PET study which
focused more specifically on visual shape extraction. Sub-
jects viewed line drawings of 3-D novel objects which
were either physically possible or impossible. Compared to
passive viewing of the same stimuli, an ‘object decision’
task (deciding whether the objects were possible or not)
activated areas in the inferior temporal and inferior fusiform
gyri — but only for the physically possible objects. These
and other data were taken as evidence that the inferior
temporal and fusiform regions are "selectively involved in
computing global representations of structurally coherent
three-dimensional objects” (p. 590). One might wonder
why a task manipulation was so effective in this experi-

ment given the arguments above. One possibility is that
shape analysis is not automatic when the stimuli are
presented extremely briefly, as they were in this experi-
ment (50 ms). Another possibility is that the kind of shape
processing that was required in Schacter et al.’s object
decision task is much more difficult, effortful, and con-
trolled than that involved in ‘normal’ object recognition.
Whether there is a single shape-analysis system that can be
activated to different degrees depending on task difficulty,
or whether the areas activated in Schacter’s study are
different from those involved in normal object recognition
remains to be determined.

In sum, the three studies described above used task
manipulations and found activations in occipitotemporal
regions during visual shape and object recognition tasks.
However if we are correct that visual shape analysis and

Stimulus Set I - Line Drawings

A. Familiar

B. Novel

C. Scrambled

Fig. 1. Examples of the three different stimulus conditions used in Kanwisher et al.’s [18] PET study and in the present Expt. 1. The pictures in the
novel-object set were drawn by hand to resemble the familiar objects in every possible way except for familiarity. The familiar objects, which were
adapted from the Snodgrass and Vanderwart [35] set, were then redrawn by the same person to match the line width and handwriting used in constructing
the novel set. The scrambled objects were created by first digitally dividing each of the 140 familiar object stimuli into five line-component subsets (that
recreated the entire familiar object without overlap when superimposed), and then superimposing S subset images from 5 different objects (sampling
without replacement) to make each scrambled image. Thus, the scrambled and familiar stimulus sets were perfectly matched for average luminance at each
pixel, total line contour length, and local orientation (although object structure inevitably covaries to some extent with spatial frequency and with certain

visual features like T-junctions).
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object recognition is automatic for clearly-presented stim-
uli under normal viewing conditions, then the activations
revealed under such task manipulations may reflect other
controlled processes (e.g. attention, working memory, or
decision processes) rather than visual recognition per se. If
so, then varying the stimulus might be a more effective
way to study visual recognition. We turn next to several
studies which did just that.

2.2. Stimulus manipulations

In a now-classic PET study, Petersen et al. [27] found a
left medial extrastriate area which was more active when
subjects passively viewed words or orthographically regu-
lar nonwords than when they fixated on a point, but which
was not more active during viewing of orthographically
irregular nonwords or words written with ‘false fonts’ than
during fixation. They argued that this area is involved in
the extraction of the orthographic structure of a visually-
presented word, which is likely to be a key component
process in word reading. Although this study has been
criticized on other grounds [4,16,28], the logic of its
elegantly simple design has been recruited in a number of
more recent studies.

In one such study on face recognition Puce et al. [29]
used fMRI to find brain loci that responded more strongly
to intact than scrambled faces. These researchers found
significant activations in the fusiform and inferior temporal
gyri (in addition to some other areas) in 9 out of 12
subjects, consistent with results of Haxby et al. [15] as well
as with earlier electrophysiological recordings by Allison
et al. [1]. As the authors note, their data support only the
claim that these areas are face-sensitive, not that they are
face-selective. Further, the scrambling procedure used to
generate the face stimuli in this experiment produced
changes in the low-level feature components of the two
sets of images. For example, numerous tiny edges were
created in the scrambled-face images, which may account
for the significant activations also found in the inverse
comparison of scrambled versus intact faces. This is a
common problem in brain imaging studies in which
‘scrambled’ control images are created by cutting and
pasting parts of test images — and one which we grapple
with later in this paper.

Malach et al. [24] used fMRI data to argue that a new
extrastriate area (‘LO’, for lateral occipital complex) at the
lateral-posterior aspect of the occipital lobe just posterior
to area MT, is involved in an intermediate stage of visual
object recognition. This claim is based on the fact that area
LO responded more strongly to photographs of familiar
objects, famous faces, and unfamiliar 3-dimensional ob-
jects, compared to texture fields and a variety of other
control stimuli. While these results are important and
provocative, and there is some safety in the sheer number
of kinds of stimuli tested, most of the control stimuli used
by Malach et al (e.g. Aldus Superpaint textures) were not

matched in any particular way to the object pictures (e.g., a
teddy bear, a pond with ducks, etc). Such images are
bound to differ in a host of low-level visual features, so it
may be premature to argue that areas responding more
strongly to the objects represent medium- or higher-level
stages of visual object analysis. Malach et al. also gener-
ated control stimuli which were matched to the object
images in Fourier power spectra, by scrambling the phase
of the original object images. Such controls are helpful in
ruling out power-spectrum accounts of the observed activa-
tions, but are open to other alternative accounts because
they differ from the object stimuli in other significant ways
such as the complete lack of edges [23].

A recent PET study by Kanwisher et al. [17,18] asked
subjects to passively view line drawings of either (a)
familiar objects, (b) novel objects that were similar to the
familiar objects in complexity, three-dimensionality, and
part structure, or {(c) scrambled versions of the familiar
objects (see Fig. 1) which preserved the exact retinotopy,
average luminance, total contour length, and other features
of the familiar-object set. A lateral and inferior extrastriate
area straddling the anterior occipital sulcus was more
active bilaterally when subjects passively viewed familiar
or novel compared to scrambled stimuli. Because this area
was at least as strongly activated by novel as familiar
objects, the activation is unlikely to reflect processes asso-
ciated with memory-matching, naming, or accessing se-
mantic information °. Kanwisher et al. therefore proposed
that it is involved in the bottom-up construction of shape
descriptions from simple visual features.

Although the exact areas activated in the above studies
differ, this brief review serves to demonstrate that results
from many different labs, paradigms, and techniques are
beginning to demonstrate that different components of
visual recognition activate different areas in the human
ventral pathway. However, because of the significant
anatomical variability across subjects, the only way to
carry out a real comparison of different components of
visual recognition is to do extensive within-subject studies.
Because fMRI allows essentially unlimited repeated testing
of the same individual subjects it is ideally suited to this
kind of work. Next we report some preliminary results
from single subjects on some of the experiments we have
carried out in the last year addressed to this goal.

3. Preliminary results from fMRI
3.1. Experiment 1A

In our first study, we replicated with fMRI the main
result from the Kanwisher et al. [18] PET study — namely,

% Note that this interpretation is based on the assumption that more
neural activity occurs when a given computation runs successfully and
produces an output than when it either does not run on a given input or
runs but does not produce an output.






