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ABSTRACT: There has been considerable debate as to whether the
hippocampus and perirhinal cortex may subserve both memory and per-
ception. We administered a series of oddity tasks, in which subjects
selected the odd stimulus from a visual array, to amnesic patients with
either selective hippocampal damage (HC group) or more extensive
medial temporal damage, including the perirhinal cortex (MTL group).
All patients performed normally when the stimuli could be discrimi-
nated using simple visual features, even if faces or complex virtual real-
ity scenes were presented. Both patient groups were, however, severely
impaired at scene discrimination when a significant demand was placed
on processing spatial information across viewpoint independent repre-
sentations, while only the MTL group showed a significant deficit in
oddity judgments of faces and objects when object viewpoint inde-
pendent perception was emphasized. These observations provide com-
pelling evidence that the human hippocampus and perirhinal cortex are
critical to processes beyond long-term declarative memory and may
subserve spatial and object perception, respectively. VVC 2005 Wiley-Liss, Inc.
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INTRODUCTION

The different medial temporal lobe (MTL) structures, including the
hippocampus, entorhinal cortex (EC), perirhinal cortex, and parahippo-
campal gyrus, are thought to comprise a single long-term declarative
memory system (Squire and Zola-Morgan, 1991; Zola-Morgan et al.,
1994). Recent studies have, however, challenged this view and suggested
that these structures may, in fact, subserve different long-term memory
processes. In particular, the perirhinal cortex (BA 35/36) may mediate
object recognition on the basis of familiarity and memory for stimulus–
stimulus associations, while the hippocampus may subserve memory rec-
ollection and navigation (Meunier et al., 1993; Murray et al., 1993;
Eacott et al., 1994; Maguire et al., 1997; Buckley and Gaffan, 1998a;

Aggleton and Brown, 1999; Burgess et al., 2002;
Henson et al., 2003; Winters et al., 2004.

Lately, there has been considerable debate as to
whether specific MTL structures may also support the
representation and processing of perceptual informa-
tion beyond the domain of long-term declarative
memory (referred to hereafter as ‘‘perception’’), with
the hippocampus and perirhinal cortex contributing to
spatial (O’Keefe, 1999; Gaffan, 2001) and object per-
ception (Murray and Bussey, 1999; Buckley et al.,
2001; Bussey et al., 2002, 2003) respectively. Animal
lesion studies have suggested that the hippocampus is
critical for tasks that recruit spatial memory (Morris
et al., 1982; Murray et al., 1989, 1993; Hampton
et al., 2004). Moreover, both animals (O’Keefe, 1976;
Ono et al., 1991, 1993; Wilson and McNaughton,
1993; O’Keefe and Burgess, 1996; O’Keefe et al.,
1998; Robertson et al., 1998; Hori et al., 2003) and
humans (Ekstrom et al., 2003) possess hippocampal
place or spatial-view cells that may signal aspects of
spatial location and navigation. On the other hand,
perirhinal lesioned monkeys show significant impair-
ments in visual object concurrent discrimination when
large stimulus set sizes, multiple distracting stimuli, or
different stimulus orientations across trials are
employed (Buckley and Gaffan, 1997, 1998b).

One model of perirhinal cortex function (Murray
and Bussey, 1999; Bussey and Saksida, 2002; Bussey
et al., 2002) proposes that the ventral visual process-
ing stream (Ungerleider and Mishkin, 1982) may cul-
minate in the perirhinal cortex. Thus, caudal infero-
temporal cortical regions (e.g., V4, TE/TEO) process
simple stimulus features or basic object stimuli, while
rostral regions, including the perirhinal cortex, process
more complex conjunctions of stimulus features or
objects and may underlie object perception. Support-
ing this view, Bussey et al. (2003) found that monkeys
with perirhinal cortex lesions were significantly
impaired on the concurrent discrimination of pairs of
two-dimensional images when the stimuli were com-
posed of overlapping features, but not when the
images possessed unique features.

Although not a specific investigation of the feature
conjunction hypothesis, Buckley et al. (2001) also
found evidence for a role of the perirhinal cortex in
object perception. Monkeys with perirhinal cortex
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ablations were assessed on a series of perceptual discrimination
tasks in which subjects had to select the odd stimulus from an
array of similar items. The monkeys were impaired on discrim-
inations that placed a significant demand on object perception,
in particular, the ability to perceive and identify objects, includ-
ing faces, from different viewpoints. In contrast, the ability to
discriminate objects that were presented from the same view-
point remained intact, as did oddity judgment on the basis of
simple object features (e.g., the perception of differences in
color, size, shape).

Evidence for a role of the human MTL in perception comes
from a recent study conducted by our laboratory (Lee et al.,
2005) in which fine visual discrimination of different stimulus
categories was assessed in a group of amnesic patients who had
selective hippocampal damage bilaterally (HC group), and
another group of amnesics who had larger bilateral MTL lesions
(MTL group), including damage to both the hippocampus and
perirhinal cortex (Table 1; Fig. 1). Consistent with the idea that
the hippocampus and perirhinal cortex may be critical for spatial
and object perception, respectively, the HC group demonstrated
a selective deficit in the visual discrimination of spatial scenes,
while the MTL group were significantly impaired in the discrimi-
nation of spatial scenes, faces, and to a lesser extent objects.

While there has been, to our knowledge, no other study that
has examined the role of the hippocampus in spatial scene percep-
tion, the findings of our recent experiment are in stark contrast to
other neuropsychological investigations that have studied the role
of the human perirhinal cortex in object perception (Buffalo
et al., 1998; Holdstock et al., 2000a). For instance, patients with
focal lesions that include the perirhinal cortex are able to match
visual stimuli in tasks with minimal declarative memory demand
(Buffalo et al., 1998; Holdstock et al., 2000a). Moreover, patients
with perirhinal cortex damage have been observed to perform nor-
mally on oddity tasks (Stark and Squire, 2000, see also Levy et al.,
2005) similar to those used in monkeys (Buckley et al., 2001).

A number of possible reasons may explain these discrepan-
cies, notably (a) that the stimuli used in our original study were
not ‘‘trial-unique’’ (i.e., controls might show subtle learning
effects not present in our patients) and (b) that the reported
effect sizes were extremely small and therefore inconclusive. In

addition, it has been proposed that the perceptual deficits
observed in our patients could be due to additional atrophy to
cortical areas that are known to be involved in the perception
of faces and spatial scenes, such as the fusiform face area (FFA;
Kanwisher et al., 1997) and the parahippocampal place area
(PPA; Epstein and Kanwisher, 1998).

The aims of the current study were, therefore, 2-fold. First,
we sought to determine whether the impairment in object per-
ception demonstrated by the MTL group patients in the pre-
vious study (Lee et al., 2005) is also evident in the context of
oddity tasks used previously in the animal literature (Buckley
et al., 2001). Second, we hoped to rule out categorically the
possibility that the object and spatial perception deficits
observed in our earlier study (Lee et al., 2005) can be
accounted for by (a) the use of non-trial-unique stimuli and
(b) concomitant atrophy to the FFA and PPA, respectively.

To achieve the first aim, our patients were assessed on oddity
tests adapted from a subset of the original tasks used in mon-
keys (Buckley et al., 2001; Expt. 1). Performance on three of
these, color, size, and shape, was not dependent upon the peri-
rhinal cortex in monkeys, while performance on the other two,
face and object, was impaired following perirhinal cortex abla-
tion (Buckley et al., 2001). Compared with a previous study
(Stark and Squire, 2000) that had used similar tasks, we uti-
lized larger stimulus set sizes on the perirhinal cortex dependent
tasks and classified objects into those that were familiar from
everyday life and those that were novel, to create two object
oddity tasks (novel and familiar object; Fig. 2). Importantly,
the stimuli in each condition in Expt. 1 were repeated across
10 blocks of 10 trials. This allowed us to investigate whether
the control subjects, but not the patients, would demonstrate
learning over multiple presentations of the same stimuli.

To address the possible involvement of PPA and FFA damage
in our patients and to extend our previous finding of scene dis-
crimination deficits in our HC group, we administered a series of
new trial-unique oddity tasks: face same views, virtual scene same
views, face different views, and virtual scene different views (Expt.
2; Fig. 3). Although all four of these tests involved faces and com-
plex virtual reality scenes (processes dependent upon the FFA and
PPA, respectively), only two of these tasks, face different views

TABLE 1.

Mean Structural MRI Scan Ratings (With Standard Deviations), Averaged Across Both Hemispheres

Group AntTemp Amyg PHG MBCS LBCS MBOS AntHC LatTemp PostHC

HC 0.375 0.438 0.438 0.688 0.313 0.125 1.56* 0.438 0.750

(0.479) (0.427) (0.375) (0.125) (0.125) (0.144) (0.315) (0.427) (0.354)

MTL 1.917* 2.667* 2.250* 2.167* 2.083* 2.167* 2.25* 1.083 2.167*

(0.144) (0.382) (0.661) (1.01) (0.722) (0.289) (0.661) (0.629) (0.520)

Control 0.313 0.375 0.188 0.521 0.271 0.333 0.458 0.458 0.271

(0.284) (0.483) (0.188) (0.291) (0.310) (0.289) (0.382) (0.411) (0.361)

AntTemp, the anterior temporal lobe; Amyg, amygdala; PHG, parahippocampal gyrus; MBCS and LBCS, medial and lateral banks of the collateral sulcus; MBOS,
medial bank of the occipitotemporal cortex; AntHC and PostHC, anterior and posterior hippocampus; and LatTemp, lateral temporal lobe. Asterisk denotes signifi-
cant difference in comparison with controls.

THE HUMAN MTL AND ODDITY JUDGMENT FOR FACES AND SCENES 783



and virtual scene different views, placed a high demand on face
and scene perception (processes that may be more dependent
upon the perirhinal cortex and hippocampus, respectively). This
is because these two tasks were designed to minimize the use of
simple object features and importantly, placed an emphasis on
forming viewpoint independent representations of the faces or
scenes within each trial. Consequently, we predicted that although
the hippocampal and MTL patient groups would perform nor-

mally on the face same views and virtual scene same views tasks,
both patient groups would have significant problems on the vir-
tual scene different views task. In contrast, only the MTL group
would be significantly impaired on the face different views task
(similar to the findings in monkeys in Buckley et al., 2001). It is
important to note that by using a trial-unique design (i.e., each
stimulus was presented only once), we hoped to rule out the con-
tribution of any learning of individual stimuli across trials.

FIGURE 2. Diagram illustrating a single trial from each task of Expt. 1: (a) color oddity,
(b) size oddity, (c) shape oddity, (d) face oddity, (e) novel object oddity, and (f) familiar object
oddity.

FIGURE 1. (a) Three brain slices for one representative (i) HC group and (ii) MTL group
patient. (b) Schematic diagram outlining the four MTL regions that were rated to assess atro-
phy to the perirhinal cortex and surrounding regions.
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MATERIALS AND METHODS

Subjects

Seven amnesic patients with focal brain lesions, who pre-
sented through the Memory Clinic at Addenbrooke’s Hospital,
Cambridge, UK, or the Wessex Neurological Centre, South-
ampton General Hospital, UK, participated in this study. All
the patients were part of our previous study (Lee et al., 2005)
and had structural magnetic resonance imaging (MRI) scans
that were rated by two experienced, independent neurologists
using a visual rating method. This rating scale is an expansion
of a previously developed scale that has been successively vali-
dated against volumetric measures (Galton et al., 2001; for a
detailed description of the rating methodology, see Lee et al.,
2005). On the basis of these scores, the patients were divided
into two groups: those that had selective damage to the hippo-
campus bilaterally (‘‘HC group’’) and those that had larger
MTL lesions (‘‘MTL group’’), including damage to the perirhi-
nal cortex as well as some injury to anterior temporal lobe
regions (Fig. 1a). Of the four patients that were deemed to be
in the HC group (age ¼ 47.8 yrs; education ¼ 15.0 yrs), two
had suffered from viral encephalitis, one had anoxia due to sta-
tus epilepticus, and one suffered carbon monoxide poisoning.
Of the three patients who were categorized in the MTL group
(age ¼ 67.7 yrs; education ¼ 11.7 yrs), two were viral ence-
phalitis patients and the third suffered traumatic intercerebral
bleeding.

The cognitive abilities of the patients were quantified with a
series of standardized neuropsychological tests assessing memory
and visual perception. In brief, these demonstrated that all
patients had severe episodic memory problems, as well as intact

perceptual functions. For instance, both patient groups per-
formed poorly on most episodic memory tests such as the logi-
cal memory (Stories 1 and 2) immediate recall (mean HC
(WMS-R): 26.6%; mean MTL (WMS-III): 22.7%) and
delayed recall conditions (mean HC (WMS-R): 6.4%; mean
MTL (WMS-III): 3.3%), and the Rey Complex Figure delayed
recall condition (mean HC: 19.7%; mean MTL: 10.6%). On
the Warrington Recognition Memory Test faces task, the HC
group performed normally (mean HC: 93.0%), while the MTL
group were severely impaired (mean MTL: 62.7%). Visuoper-
ceptual performance as indicated by tests such as the Benton face
test (mean HC: 89.8%; mean MTL: 79.0%), Rey Complex Fig-
ure copy (mean HC: 99.3%; mean MTL: 92.1%), and Visual
Object Space Perception battery (both groups passed all object
and space tests) was normal. The HC group exhibited intact
semantic function, while the MTL group was found to be sig-
nificantly impaired on semantic tests, including Word–Picture
matching (mean HC: 100.0%; mean MTL: 88.5%), Naming
(mean HC: 98.1%; mean MTL: 67.2%), and the Pyramids
and Palm Trees word condition (mean HC: 99.0%; mean
MTL: 89.7%).

The greater episodic and semantic memory impairments of
the MTL group reflect the larger brain lesions of the patients
in this group, in particular, to MTL regions (for scan rating
details, see Lee et al., 2005). Given that this study investigated
perceptual skills beyond declarative memory, however, any per-
formance differences between the MTL and HC groups are
unlikely to reflect differences in these mnemonic abilities. Simi-
larly, since both patient groups possessed intact visual percep-
tion as assessed by standard perceptual tests, any experimental
task differences cannot be explained by any variations in basic
visual perception.

FIGURE 3. Diagram illustrating a single trial from each task of Expt. 2: (a) face same
views, (b) scene same views, (c) face different views, and (d) scene different views.
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Ten young (age ¼ 47.0 yrs; education ¼ 13.2 yrs) and
eleven elderly (age ¼ 66.4 yrs; education ¼ 12.1 yrs) healthy
subjects matched to the HC group and the MTL group,
respectively, were recruited for Expt. 1, while seven young
(age ¼ 48.1 yrs; education ¼ 12.7 yrs) and nine elderly healthy
subjects (age ¼ 66.8 yrs; education ¼ 12.1 yrs) were recruited
for Expt. 2. There were no significant differences in terms of
age and education between the hippocampal patients and their
matched controls (Expt. 1: both t < 0.4, P > 0.6; Expt. 2:
both t < 1.3, P > 0.2) and the MTL patients and their
matched controls (Expt. 1: both t < 0.3, P > 0.8; Expt. 2:
both t < 0.4, P > 0.7). Thus, any task performance differences
between the patients and their respective controls could not be
attributed to differences in age or education.

Informed consent was received from all subjects and this study
received ethical approval from the Cambridge and Southampton
Health Authority Local Research Ethics Committees (UK).

Experimental Tasks

The patients were tested either at their own home or at the
Wessex Neurological Centre, Southampton General Hospital,
UK. All the tests were computerized tasks developed from a
subset of the tests used by Buckley et al. (2001) in monkeys
and were conducted on a 15@ SVGA LCD touchscreen at
800 � 600 resolution. Subjects were seated in front of the
screen so that they could comfortably touch it during testing
and were given an opportunity to familiarize themselves with
the screen prior to the start of the experimental conditions.
Clear instructions were given to the subjects before each task
and a few practice trials were also administered so as to ensure
that the subjects had understood the instructions. All the tasks
were based on an oddity paradigm in which the subjects were
instructed to select the odd one out from an array of stimuli,
as quickly but as accurately as possible, by touching it with the
index finger of their dominant hand. Both response accuracy
and response times were recorded.

Experiment 1

Six oddity tasks were used in the first study (Fig. 2): color,
size, and shape, on which performance was not dependent on
perirhinal cortex in monkeys (Buckley et al., 2001), and face,
novel object, and familiar object, on which performance was
dependent on perirhinal cortex in monkeys (Buckley et al.,
2001). In the original monkey oddity study (Buckley et al.,
2001), previously unseen objects and objects with which the
monkeys had prior experience were intermixed in the same
task, with no significant difference in performance between
these two types of object. In all of the Expt. 1 tests, the sub-
jects were presented with six stimuli in two rows of three, five
of which were of the same stimulus and one of which was dif-
ferent. On each trial, the positions of each of the six stimuli
were randomized between each of the positions in the 2 � 3
array. The six oddity tasks were administered in a counterbal-
anced order across all the subjects.

Fifty trials were administered for the following tasks.

Color

Six colored squares of dimensions 128 � 128 pixels were pre-
sented on a black background (Fig. 2a). Nine colors were used: a
base color comprised an equal mix of red and green, and eight
alternative colors, four of which differed along the ‘‘green’’ dimen-
sion relative to the base color and another four varied in terms of
the amount of red they contained. On each trial, either five stim-
uli were the base color and one stimulus was an alternative color
or one stimulus was the base color and the other five stimuli were
of an alternative color. A flicker fusion technique was used in
human subjects to equate luminance in all six squares.

Size

Six black squares outlined in green were presented on a black
background (Fig. 2b). The length of each side was randomly
varied from 30 to 128 pixels (99 possible sizes) and in each
trial, either five identical smaller squares were shown with one
larger square or five identical larger squares were shown with
one smaller square. The difference between the two sizes was
predetermined at 4, 8, 16, 32, or 64 pixels.

Shape

Six green colored polygons of equal surface area and ranging
from 3 to 10 sides were presented on a black background
(Fig. 2c). In each trial, five polygons possessed the same number
of sides and one polygon either had two more or two less sides.
There were six possible pairings in any trial: 3- vs. 5-sided poly-
gons, 4- vs. 6-sided polygons, 5- vs. 7-sided polygons, 6- vs.
8-sided polygons, 7- vs. 9-sided polygons and 8- vs. 10-sided pol-
ygons. Furthermore, in each trial, the orientations of the polygons
were fixed at a random angle of rotation around a central axis.

For the tasks below, digitized greyscale photographic images
(256 levels of gray, 128 � 128 pixels) were presented on a gray
background and a total of 100 trials (10 successive blocks of ten
trials) were administered for each task. Each stimulus was
repeated across the 10 blocks to allow the assessment of learning.

Face

Six images of human faces were presented for each trial
(Fig. 2d). A set of 20 unfamiliar (e.g., nonfamous) male faces (all
Caucasian aged 20–40 yrs, with short hair, no facial hair, or specta-
cles) was used and for each of these, six different views were cap-
tured: face looking directly ahead; face looking upwards (e.g., head
tilted back); face looking 458 to the left; face looking 458 to the
right; face looking up and 458 to the left; and finally, face looking
up and 458 to the right. In each trial, all six views were represented
with five images of different views of one face and one image of
one view of another person’s face. Each face was presented only
once in each block of 10 trials (10 times in total), while across the
100 trials, each face was always randomly paired with another face.

Novel object

Six images of objects uncommon to everyday life were pre-
sented for each trial (Fig. 2e). A set of 20 objects was used. Each
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object was photographed in five different nonspecific orienta-
tions. In each trial, the five views of one object were presented
with one view of another object. Furthermore, similar to the face
oddity task, each object was presented only once in each block of
10 trials (10 times in total), while across the 100 trials, each
object was always randomly paired with another object.

Familiar object

This task was identical to the novel object task except that six
images of objects common to everyday life (e.g., kitchen utensils,
office stationery) were presented for each trial (Fig. 2f).

Experiment 2

While the face and object tasks of Expt. 1 involved repeating
stimuli in order to assess the possibility of learning, the second
study involved four trial-unique oddity tasks (Fig. 3). Thus,
any patient deficits in these tasks are unlikely to be explained
by difficulties in learning individual stimuli across trials. Per-
formance on two of the tasks, ‘‘face same views’’ and ‘‘scene
same views,’’ placed a minimal demand on object and spatial
scene perception, respectively, since a successful oddity judg-
ment on these tasks was not dependent on the subjects being
able to use a complete viewpoint independent representation of
a face/scene (e.g., a face same views discrimination could be
made by directly matching the four simultaneously presented
faces). Subsequently, we predicted that these two tasks were not
dependent on the perirhinal cortex or hippocampus. In con-
trast, object and spatial scene perception were emphasized in
the other two tasks, ‘‘face different views’’ and ‘‘scene different
views,’’ since the subjects were required to use complete three-
dimensional representations of faces and scenes within each
trial (e.g., be able to identify the same face/scene from different
vantage points). In all of these tests, the subjects were presented
with four stimuli in two rows of two, three of which were of
the same stimulus and one of which was different. On each
trial, the positions of each of the four stimuli were randomized
between each of the positions in the 2 � 2 array. The four
oddity tasks each consisted of 31 trials (with each stimulus only
appearing once in each task) and were administered in a coun-
terbalanced order across all the subjects. Via extensive piloting
in healthy control subjects, the two different views tasks were
matched in terms of difficulty, as were the two same views
tasks. It was, however, not possible to match difficulty across
the same and different views tasks.

Face same views

Four images of human faces were presented for each trial on
a gray background (256 levels of gray, 128 � 128 pixels)
(Fig. 3a). A set of 62 unfamiliar (e.g., nonfamous) male faces
was used and for each of these, six different views were cap-
tured (see Study 1 methods). In each trial, two views were pre-
sented, with three images of the same view of one face and one
image of a different view of another face. Each face was pre-
sented only once and was paired with a second face matched

for skin color, similar face structure, hairstyle, and facial hair
(all subjects were presented with the same pairings).

Virtual scene same views

Four images of virtual reality scenes were presented for each
trial on a gray background (256 levels of gray, 460 � 370 pix-
els) (Fig. 3b). A set of 62 scenes, created using a commercially
available computer game (Deus Ex, Ion Storm L.P., Austin,
TX) and a freeware software editor (Deus Ex Software Devel-
opment Kit v1112f), was used and for each scene, four differ-
ent views were captured. In each trial, two views were pre-
sented, with three images of the same view of one scene and
one image of a different view of another scene. Each scene was
presented only once and was always paired with the same scene
that was similar in appearance and only differed with respect to
the dimensions or placement of one or more aspects of the
scene (e.g., a wall, window, room cavity).

Face different views

This task was identical to the ‘‘face same views’’ task except
that on each trial, three different views of the same face were
paired with another view of a different face (Fig. 3c).

Virtual scene different views

This task was identical to the ‘‘virtual scene same views’’ task
except that on each trial, three different views of the same scene
were paired with another view of a different scene (Fig. 3d).

RESULTS

Experiment 1

The performance accuracy data for the four subject groups
on the color, size, shape, face, novel object, and familiar object
oddity tasks (shown as percentage error in Fig. 4) were sub-
jected to a repeated measures analysis of variance (ANOVA). A
single within-subject factor of ‘‘Task’’ was incorporated with six
levels corresponding to the six tasks. Given that the subject
groups were structured (i.e., the young controls were chosen to
match the hippocampal patients and the elderly controls were
selected to match the MTL patients), two between-subject fac-
tors, each with two levels, were included: (1) ‘‘Health’’ with the
levels Patient (incorporating both patient groups) and Control
(incorporating both control groups); and (2) ‘‘Lesion Type’’
with the levels Hippocampal (incorporating the HC group and
their matched controls) and MTL (incorporating the MTL
group and their matched controls). This analysis showed that
the interaction between ‘‘Health’’ and ‘‘Lesion Type’’ was signif-
icant (F(1,24) ¼ 5.997, P ¼ 0.022), suggesting that across all
six tasks, the difference between the MTL group and their
matched controls was significantly greater than that between
the hippocampal patients and their respective controls. To
investigate this interaction further, we performed t tests to com-
pare the overall performance of each patient group with their
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own control group. These t tests showed that the MTL group
performed significantly worse, overall, than their control group
(t(12) ¼ 2.51, P ¼ 0.014, 1-tailed) but the HC group were
not significantly impaired, overall, compared with their control
group (t(12) ¼ 0.55, P ¼ 0.296, 1-tailed).

In the ANOVA described above, the three-way interaction
between ‘‘Health,’’ ‘‘Lesion Type,’’ and ‘‘Task’’ was also signifi-
cant (F(5,120) ¼ 2.94, P ¼ 0.016). This interaction revealed
that the difference between the MTL group performance com-
pared with the old control group and the HC group perform-
ance compared with the young control group varied in magni-
tude across the six tasks. To investigate this further, the results
from each individual task were analyzed separately in univariate
ANOVAs. For each ANOVA, the same two between-subject

factors of ‘‘Health’’ and ‘‘Lesion Type’’ were included with a
dependent variable of performance. The interaction between
‘‘Health’’ and ‘‘Lesion Type’’ was significant in the face task
(F(1,24) ¼ 5.25, P ¼ 0.031) and in the novel object task
(F(1,24) ¼ 11.50, P ¼ 0.002), but not in the color, size,
shape, or familiar object tasks (all F(1,24) < 2, P > 0.1).
Within each of the two tasks that showed an interaction
between ‘‘Health’’ and ‘‘Lesion Type,’’ we then performed t
tests to compare the performance of each patient group with
their own control group. In the face task, the MTL patients
performed significantly worse than their control group (t(12) ¼
2.60, P ¼ 0.012, 1-tailed), while the HC group patients were
not significantly different from their control group (t(12) ¼
1.59, P ¼ 0.070, 1-tailed). Similarly, in the novel object task,

FIGURE 4. (a) Mean percentage error (6standard error) for the four subject groups on
the Expt. 1 oddity tasks (chance performance = 75% error; young controls age-matched to HC
group, elderly controls age-matched to MTL group). (b) Scores of individual subjects.
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the MTL group were significantly impaired compared with
their control group (t(12) ¼ 3.34, P ¼ 0.003, 1-tailed) but
there was no significant difference between the hippocampal
patients and their controls (t(12) ¼ 0.79, P ¼ 0.222, 1-tailed).
These t tests demonstrated that the significant interaction
between ‘‘Health’’ and ‘‘Lesion Type’’ in the face and novel
object tasks arose because the MTL patients were impaired on
these tasks, while the hippocampal patients performed within
the normal range.

Given that each stimulus in the face and object tasks was
presented 10 times across 100 trials (once in each block of 10
trials; see Methods), the profiles of performance of the MTL

group and their respective controls throughout the duration of
the faces and novel objects conditions were examined further.
Within group t tests to compare task accuracy across the first
and second halves of these conditions revealed that the elderly
control subjects improved marginally across the duration of the
face condition (an average of 0.24 fewer errors; t(9) ¼ 3.09,
P ¼ 0.013), but not the novel object condition (an average of
0.06 more errors; t(9) ¼ 1.15, P ¼ 0.279). In contrast, the
MTL group performed similarly throughout the 10 blocks of
both these conditions (both t(2) < 2; P > 0.1). Importantly,
however, for both the faces and novel objects conditions, there
was a significant difference between the controls and MTL

FIGURE 5. Mean percentage error for the MTL patient and elderly control groups across
the 10 blocks of the (a) faces and (b) novel objects oddity tasks (Expt. 1). Significant differen-
ces between these two subject groups are indicated by asteriks (*P � 0.05, **P < 0.01).
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group even on the first block of 10 trials (both t(11) > 2; P <
0.03; see Fig. 5). This suggests that it is unlikely that the defi-
cits observed in the MTL group on the faces and novel objects
conditions were entirely due to learning present only in the
elderly control group.

Experiment 2

The performance accuracy data for the four subject groups
on the face same views, virtual scene same views, face different
views, and virtual scene different views tasks (shown as percent-
age error in Fig. 5) were subjected to a similar repeated meas-
ures ANOVA, as described earlier. The same two between-sub-
ject factors of ‘‘Health’’ and ‘‘Lesion Type’’ were incorporated
along with two within-subject factors of ‘‘Stimuli’’ (faces vs.
scenes) and ‘‘Viewpoint’’ (same views vs. different views). This
analysis showed that there was a significant interaction between
‘‘Health,’’ ‘‘Lesion Type,’’ ‘‘Stimuli,’’ and ‘‘Viewpoint’’ (F(1,19) ¼
6.52, P ¼ 0.019). To investigate this further, the results from
each individual task were analyzed separately in univariate
ANOVAs with the two between-subject factors of ‘‘Health’’ and
‘‘Lesion Type’’ and a dependent variable of performance. The
interaction between ‘‘Health’’ and ‘‘Lesion Type’’ was significant
in the face different views task (F(1,23) ¼ 9.74, P ¼ 0.006),
and t tests to compare the performance of each patient group
with their own control group revealed that this interaction was
due to a significant impairment in the MTL group (t(10) ¼
4.00, P ¼ 0.002, 1-tailed), but not the HC group (t(9) < 0.3,
P ¼ 0.388, 1-tailed). In contrast, there was no significant
‘‘Health’’ by ‘‘Lesion Type’’ interaction in the face same views,
scene same views, and scene different views tasks (all F(1,23) <
0.4, P > 0.5), indicating that the performance of both patient
groups was similar to each other when compared with their
respective controls. In the two same views tasks, there was no
significant effect of ‘‘Health’’ (both F(1,23) � 4, P > 0.05),
and t tests between each patient group and their own control
group confirmed that on these two tasks, both patient groups
performed within the normal range (both t < 2, P > 0.07, 1-
tailed). On the other hand, the factor of ‘‘Health’’ was signifi-
cant in the scene different views task (F(1,23) ¼ 22.68, P <
0.0001) and t tests indicated that both patient groups were sig-
nificantly impaired on this condition (both t >3, P < 0.004,
1-tailed).

It is important to highlight that as all of the tasks in Expt. 2
were trial-unique (no stimulus was presented more than once
in each condition; see Methods), it is highly unlikely that the
patient deficits on the scene different views task and faces dif-
ferent views task can be explained by the learning of stimuli
across trials in the controls only.

DISCUSSION

We have demonstrated that lesions to the human MTL can
produce compelling deficits on a series of visual discrimination
tasks. Amnesic patients with selective hippocampal lesions or
larger MTL lesions, including the perirhinal cortex and hippo-

campus, were all unimpaired on oddity tasks that were previ-
ously shown to be insensitive to perirhinal cortex damage in
monkeys (Buckley et al., 2001) and could be solved on the
basis of simple features (Expt. 1: color, size, shape). Moreover,
these patients exhibited normal performance on tests that
involved complex scenes or faces but did not demand view-
point independent perception (Expt. 2: face same views, scene
same views). The MTL group patients, however, performed sig-
nificantly poorer than age-matched elderly controls on oddity
tasks that were susceptible to perirhinal cortex damage in mon-
keys (Buckley et al., 2001) and emphasized viewpoint inde-
pendent object perception (Expt. 1: face, novel object, Expt. 2:
face different views), whereas the HC group patients performed
normally on all of these tasks. It is important to note that the
face oddity task in Expt. 2 was more difficult than that in
Expt. 1, with all control subjects making more errors in the
former. Critically, however, the HC group patients performed
within the normal range in both tasks, in fact making fewer
errors than their control group on the more difficult version in
Expt. 2 (see Fig. 6). Both patient groups demonstrated a signif-
icant deficit on an oddity task that placed a high demand on
viewpoint independent scene perception (Expt. 2: scene differ-
ent views).

Considering that the oddity tasks in this study did not place
an explicit demand on long-term declarative memory, our find-
ings may be interpreted in a number of ways. One explanation
is that an impairment in visual short-term memory may under-
lie the patient deficits. This is because each oddity discrimina-
tion required the subjects to fixate on each stimulus in a pre-
sented array sequentially. Thus, when more complex stimuli
were involved (e.g., faces and scenes presented from different
viewpoints), it is conceivable that a greater demand was placed
on visual working memory maintenance to enable comparisons
across images. Further investigations will be required to investi-
gate this possibility, although it is important to note that MTL
lesions are not commonly associated with generic working
memory difficulties (Cave and Squire, 1992; Rempel-Clower
et al., 1996; see, however Ranganath and D’Esposito, 2001;
Ranganath and Blumenfeld, in press). An alternative explana-
tion is that while the patients may suffer from difficulties in
object and/or scene working memory, these problems may, in
fact, reflect a primary deficit in perception for these stimulus
categories, for instance, the processing of feature conjunctions
(Murray and Bussey, 1999; Bussey and Saksida, 2002; Bussey
et al., 2002) or the formation of viewpoint independent stimu-
lus representations (Buckley et al., 2001). This account would
predict difficulties in tasks involving the types of stimuli
reported here, irrespective of whether any significant demands
are placed on working or long-term memory.

The Role of the Perirhinal Cortex
in Object Perception

The present findings differ from those of earlier studies that
failed to observe a deficit in patients with perirhinal cortex
damage on simultaneous and short delay conditions in visual
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matching to sample tasks (Buffalo et al., 1998; Holdstock
et al., 2000a). It is possible that these earlier studies used stim-
uli (e.g., two-dimensional abstract patterns of varying shapes,
colors, and lines) that placed an insufficient demand on the
types of perceptual processes that have been attributed to the
perirhinal cortex in monkeys (Buckley et al., 2001; Bussey and
Saksida, 2002; Bussey et al., 2002, 2003). Consequently, the
patients reported in these articles could have solved the tasks
primarily on the basis of simple feature discrimination, just as
our patients here were able to perform difficult color, size, and
shape oddity judgments. Importantly, both patient groups in

this study also performed normally on standard tests of percep-
tion (e.g., Benton face task, VOSP battery), suggesting that
these tasks are not dependent on the lesioned MTL structures
in these patients. This may also explain why, to date, there has
been limited evidence from the neuropsychological literature to
suggest that MTL damage in humans can lead to difficulties in
perception (for review, see Lee et al., in press).

This explanation, however, cannot reconcile the findings of
the present study with a previous experiment that used similar
oddity tasks and yet failed to find impairments in their patients
on object discrimination (Stark and Squire, 2000). Two factors

FIGURE 6. (a) Mean percentage error (6standard error) for the four subject groups on the
Expt. 2 oddity tasks (chance performance = 75% error; young controls age-matched to HC group,
elderly controls age-matched to MTL group). (b) Scores of individual subjects.
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probably contribute to this disparity. First, the aforementioned
study (Stark and Squire, 2000) used a combination of novel
and familiar objects in their object oddity tasks. As demon-
strated here, this can have a significant effect on the discrimina-
tion of objects: the MTL group was significantly impaired on
the face and novel object oddity tasks, but not the familiar
object task in Expt. 1. One possible explanation for this finding
is that semantic knowledge about the highly familiar objects (of
which existing perceptual representations may be a critical com-
ponent) facilitated performance on the familiar object task,
leading to faster response times and significantly improved task
accuracy. In support of this, there have been recent reports that
semantic knowledge can influence performance on visual proc-
essing tasks, for example, by aiding the perception of object sil-
houettes (Hovius et al., 2003) or impeding performance on a
visual search task if the target and distractor items are semanti-
cally associated (Moores et al., 2003).

A second contributory factor to the disparity between the
present experiment and a previous study (Stark and Squire,
2000) that used similar tasks is the difference in stimulus set
size. The tasks in Expt. 1 comprised 10 stimulus-unique trials
(a set of 20 items, each randomly paired with another). In con-
trast, 62 stimuli were used in each task of Expt. 2 to create 31
stimulus-unique trials. In the previous investigation (Stark and
Squire, 2000), only sets of 10 stimuli were used. It has been
demonstrated that employing a large stimulus set size is critical
for eliciting impairment in visual concurrent discrimination
tasks in monkeys with perirhinal cortex ablations (Buckley and
Gaffan, 1997); the successful discrimination of items within a
larger set may require more precise perceptual representations,
for example, due to a higher degree of feature overlap between
stimuli across trials (Buckley and Gaffan, 1997; Buckley, in
press; Hampton, in press).

Since the performance of all subject groups on the novel
object task was comparable or better than that on the color,
shape, and size oddity tasks (Expt. 1), the observed MTL group
impairment on the novel object and face tasks cannot be only
due to their increased difficulty. In terms of learning, the eld-
erly group did demonstrate a very small performance improve-
ment across the faces condition (a decrease of one quarter of
an error over 100 trials). This, however, cannot explain entirely
the MTL group deficits, since (a) the elderly control group’s
performance did not improve across the duration of the novel
objects condition; (b) in both the faces and novel objects con-
ditions there was a significant difference between the MTL
group and their respective controls from the very first 10-trial
block of the tasks (see Fig. 5); and finally, (c) the finding of a
MTL group deficit in face oddity judgment in Expt. 1 was
replicated in Expt. 2 in which no stimulus was presented more
than once in each condition.

Since the MTL group possessed atrophy to temporal lobe
regions beyond the perirhinal cortex, it is important to evaluate
how these areas may potentially contribute to the observed defi-
cit in object/face oddity judgment. One possible argument is
that the MTL group patients’ impairment may be primarily
due to damage to higher processing visual areas such as area

TE or the FFA (Kanwisher et al., 1997). There are, however, a
number of concrete reasons to argue against this possibility.

First, structural scan ratings (see Methods; Table 1) revealed
no significant difference between the MTL group and a healthy
control group on a lateral temporal lobe rating. While it is cur-
rently unclear what region in the human brain corresponds to
area TE, as first identified in the macaque brain (Von Bonin
and Bailey, 1947; Seltzer and Pandya, 1978), area TE in maca-
ques is known to occupy the inferior and middle temporal gyri,
the latter of which was included in our lateral temporal lobe
rating. In fact, two of the three MTL group patients were
adjudged to have no additional lateral temporal lobe atrophy in
comparison with a control group, and yet these patients were
impaired on the novel object and face oddity tasks in Expt. 1
and the face different views task in Expt. 2.

Second, although the MTL group did have significant dam-
age to a medial inferior temporal lobe region adjacent to the
perirhinal cortex (i.e., medial bank of the occipitotemporal sul-
cus, see Methods), their performance profile on the oddity tasks
do not match existing knowledge of the effects of damage to
area TE in nonhuman primates. It has been demonstrated that
lesions to area TE in monkeys disrupts fine color discrimina-
tion (Buckley et al., 1997). Furthermore, single-unit recordings
have suggested that cells in this region represent moderately
complex visual features, such as those in the simple feature
oddity tasks (Expt. 1), but not objects (Tanaka, 1996). In the
current study, the MTL group patients were not impaired on
the simple feature oddity tasks, including judgments for color
oddity, implicating intact functioning of area TE. This mirrors
the original findings of Buckley et al. (2001) who found that
performance on simple feature oddity tasks was not disrupted
following perirhinal cortex ablations in monkeys.

Third, and more importantly, we found in the present study
that the MTL group patients performed within the normal
range on a task that involved faces but did not place a demand
on viewpoint independent perception (Expt. 2: face same
views). A similar finding has been reported in monkeys with
perirhinal lesions (Buckley et al., 2001). These results underline
the notion that lesions to perirhinal cortex do not cause a gen-
eral perceptual deficit and argue against the possibility that the
observed deficits are due to damage to regions more posterior
in the temporal lobe, such as the FFA in humans. Moreover,
the MTL group patients do not suffer from symptoms such as
prosopagnosia that are often associated with lesions to the FFA
(Barton et al., 2002). It is important to note, however, that all
subject groups performed at or close to ceiling on the face same
views task. It is possible, therefore, that a more difficult version
of this task may lead to deficits in the MTL patient group.

Given that the MTL patients have larger lesions compared
with the HC group (see Table 1), one possible explanation is
that it is the increased damage to the hippocampus, rather than
other MTL structures, that is causing the additional MTL
group deficits in face and novel object oddity judgment. Evi-
dence against this suggestion comes from a recent study in our
group (Lee et al., unpublished observations) in which the same
oddity battery in Expt. 1 was administered to patients with
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semantic dementia (SD), a condition associated with progres-
sive, cross-modal loss of semantic knowledge (Warrington,
1975; Snowden et al., 1989; Hodges et al., 1992) and dispro-
portionate atrophy to the perirhinal cortex compared with
other MTL structures (Davies et al., 2004), and patients with
Alzheimer’s disease (AD), who typically have less atrophic peri-
rhinal cortex but severe damage to the hippocampus (Davies
et al., 2004). It was found that the SD patients demonstrated a
similar performance profile to the MTL group (impaired
object, but not simple feature, perception). In contrast, the AD
patients performed well on all tasks in spite of possessing hip-
pocampal atrophy, an identical pattern to that seen in the HC
group reported here. These findings suggest that damage to the
perirhinal cortex is likely to underlie the MTL group deficits
observed in the current study, rather than the larger hippocam-
pal lesions in these patients. It is important to note, however,
that similar to SD patients, the MTL patients in the present
study possessed significant damage to the anterior temporal
lobe (Table 1). Although the perirhinal cortex is known to
extend into the temporal pole in humans (Insausti et al.,
1998), it is currently impossible to clarify the possible contri-
bution of other anterior temporal lobe regions to the perceptual
processes that have been attributed to the perirhinal cortex in
monkeys, and to determine whether these regions may also be
critical for these processes.

Given the replicability of the findings across different patient
groups, plus the striking convergence in the behavioral patterns
seen in human patients and monkeys with perirhinal cortex
involvement, it seems reasonable to hypothesize that the peri-
rhinal cortex may be critically involved in object perception. As
described in the Introduction, one model of perirhinal cortex
function (Murray and Bussey, 1999) is that it processes com-
plex conjunctions of object features (i.e., representation of com-
plete objects), while more caudal regions such as area TE/TEO
and V4 process moderately complex conjunctions (e.g., Tanaka,
1996, 2003) and simple features. Although there has been sup-
port for this model from recent monkey lesion (Bussey et al.,
2002, 2003) and computational modeling (Bussey and Saksida,
2002) studies, the precise details of this view remain to be
determined. For example, it is uncertain how the perirhinal
cortex may, as the suggested apex of the ventral processing
stream, exert top–down influence on earlier regions such as area
V4. With respect to our present data, it is not obvious how the
ability to process complex conjunctions of features contributes
to the perception and identification of objects from multiple
viewpoints, as assessed in the oddity tasks. There are, however,
indications that the object perception impairments in our
patients cannot be explained entirely by an impairment in
forming viewpoint independent representations of objects. For
instance, in Lee et al. (2005) the same MTL group patients
had a deficit in the discrimination of faces, and to a lesser
extent objects, that were blended to various degrees but did not
place a demand on viewpoint independent perception. Further-
more, we have data to suggest that when the degree of feature
overlap between two stimuli is controlled systematically, it is
possible to observe deficits in the discrimination of two-dimen-

sional stimuli when the level of feature overlap is high but not
when it is low (Lee et al., in press; Barense et al., 2004).

One important question is whether the neural mechanisms
that mediate object perception in the perirhinal cortex are simi-
lar to those that underlie the declarative memory functions of
this region, for example, recognition on the basis of familiarity
and memory for stimulus–stimulus associations (Meunier et al.,
1993; Murray et al., 1993; Eacott et al., 1994; Buckley and
Gaffan, 1998a; Aggleton and Brown, 1999; Henson et al.,
2003). Although our two patient groups demonstrated similar
levels of performance on immediate and delayed recall of a
story and complex figure (see Methods), their scores on tests of
recognition memory were discrepant: the HC group showed
normal performance on the recognition memory test for faces
(mean score ¼ 91.2%), while the MTL group were signifi-
cantly impaired (mean score ¼ 62.0%). This result is consis-
tent with the view that familiarity-based processes that might
support recognition memory but not recall are dependent upon
nonhippocampal regions such as the perirhinal cortex (Meunier
et al., 1993; Murray et al., 1993; Eacott et al., 1994; Buckley
and Gaffan, 1998a; Aggleton and Brown, 1999; Henson et al.,
2003; Henson, in press). Importantly, however, the finding of
impaired perceptual processing of novel faces in our current
study and poor recognition memory for faces does not necessa-
rily mean that these deficits are caused by the same neural
impairment.

Some indication of whether the same neuronal mechanisms
underlie both perceptual and declarative memory processes in
the perirhinal cortex come from nonhuman primate electrophy-
siological studies. These have demonstrated that there are peri-
rhinal neurons that decrease their firing in response to subse-
quent presentations of unfamiliar objects (Brown et al., 1987;
Li et al., 1993; Sobotka and Ringo, 1993), and it has been sug-
gested that this mechanism may constitute the neural basis of
recognition memory (for review, see Brown and Xiang, 1998).
There are also, however, neurons that possess stimulus-specific-
ity but do not exhibit decremental response patterns (Xiang
and Brown, 1998), and moreover, studies have shown that rec-
ognition memory can be dissociated from the decremental
response properties of some perirhinal neurons (Sobotka and
Ringo, 1996). This suggests that there may be a variety of neu-
ral mechanisms that make distinct contributions to the mne-
monic and perceptual processes that the perirhinal cortex has
been suggested to subserve.

The Role of the Hippocampus
in Spatial Perception

Both amnesic patient groups showed significant difficulties
making oddity judgments for scenes when they were required
to perceive the spatial arrangement of a virtual room using the
information available from different views (Expt. 2: virtual
scene different views). This observation converges with findings
from our previous study in which we found that hippocampal
damage resulted in a significant impairment in the visual dis-
crimination of pairs of spatial scene images that were blended
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to create different levels of feature overlap (Lee et al., 2005).
Importantly, the use of trial-unique tasks in the current study
(Expt. 2) rules out the possibility that the reported deficit in
spatial perception in these patients is due to learning effects
that were present in the controls but not the patients (a possi-
ble confounding factor in our earlier study, Lee et al., 2005).
Thus, this demonstration of a striking, and selective, deficit in
scene discrimination across two separate studies supports the
suggestion that the human hippocampus may play a critical
role in space perception.

This contrasts with recent investigations that propose that it
is the neighboring parahippocampal cortex, more specifically
the PPA (Epstein and Kanwisher, 1998), that is crucial for
processing spatial information, for example, the layout and
appearance of spatial scenes (Epstein et al., 1999). One possi-
bility is that the deficits in spatial perception observed in our
amnesic patients may be caused by additional damage to the
PPA rather than hippocampal dysfunction. Two pieces of evi-
dence seem to rule out this possibility. First, both the HC and
MTL patient groups performed within the normal range on a
task that involved complex images of virtual scenes, but could
be solved using simple features (e.g., size of a wall; Expt. 2: vir-
tual scenes same views). This suggests that the patients did not
have a deficit in perceiving scenes per se, but rather had diffi-
culties making judgments that required processing spatial
information about the room layout. Second, none of the
patients had damage that was obviously near or in the PPA,
and there was no significant difference between the controls
and patients in any structural rating other than that for the
hippocampus (including an anterior parahippocampal gyrus
region). Consequently, one may conclude that both the hippo-
campus and parahippocampal cortex are important for spatial
perception, although further studies will be needed to clarify
the differential roles played by these two regions.

Our observation of an impairment in discriminating differ-
ent, but not same, views scenes following hippocampal damage
supports and expands upon recent studies by King et al. (2002,
2004), which found that a single hippocampal lesion patient
was only mildly impaired at recognizing object locations that
were viewed from the same viewpoint as that during the learn-
ing phase, but was severely impaired when the object locations
were viewed from a different viewpoint from that at learning.
Our study suggests that the deficits reported by King et al.
(2002, 2004) can be evident in a task without an overt declara-
tive memory component and that hippocampal damage may
lead to deficits in perceiving, as well as remembering, spatial
scenes. It is important to note that the hippocampal case
reported by King et al. (2002, 2004) was able to perform men-
tal rotation of single objects and that our hippocampal patients
were able to perform oddity judgments of different views faces
(Expts. 1 and 2) and objects (Expt. 1). This reinforces the idea
that the deficits observed in our patients are unlikely to be due
to a fundamental deficit in mental rotation. Rather, it appears
that patients with hippocampal damage may be unable to use
viewpoint independent representations of spatial scenes, often
referred to as allocentric representations (e.g., see Aguirre and

D’Esposito, 1999; Holdstock et al., 2000b; Burgess et al.,
2001; Bohbot et al., 2004; Feigenbaum and Morris, 2004;
King et al., 2004).

It is important to highlight that while the present study has
demonstrated impaired allocentric scene perception in patients
with damage to the hippocampus, it is unlikely that this deficit
can account entirely for the spatial memory and perception def-
icits often seen following hippocampal dysfunction in humans
and nonhuman primates. For instance, in our previous study,
both the HC and MTL patient groups were significantly
impaired in a scene discrimination task that did not require
allocentric scene perception (Lee et al., 2005). Also, hippocam-
pal dysfunction in monkeys, by means of fornix transection,
can result in deficits in learning conjunctions of spatial infor-
mation: for example, the association between tail orientation,
length, and spatial location of tadpoles within a two-dimen-
sional scene (Buckley et al., 2004). In addition to this, recent
functional neuroimaging studies have demonstrated activity in
the hippocampus during memory tasks for spatial configura-
tion, on which successful performance also does not depend on
allocentric processing (e.g., Duzel et al., 2003; Pihlajamaki
et al., 2004).

The possibility of perceptual deficits following hippocampal
damage raises the question as to what the functional conse-
quences may be for patients in everyday life. Given that we
have demonstrated that patients with hippocampal damage are
able to discriminate scenes presented from the same view, it is
likely that any difficulties in real life will only be evident in the
rare circumstances where the patients are, for example, exposed
to multiple environments that are highly similar. One contro-
versial suggestion is that the mnemonic deficits commonly seen
after hippocampal damage (Tulving and Markowitsch, 1998;
Spiers et al., 2001) may actually be the result of a primary defi-
cit in spatial perception (Horel, 1978; Gaffan, 2001;). While
the current study clearly indicates a contributory role for the
hippocampus in processing spatial information, it does not nec-
essarily mean that this is the sole role of the hippocampus in
memory and perception. For example, it is difficult to see how
deficits in the recall of a prose passage can be caused by such
spatial difficulties. Given the broader profile of amnesia, there-
fore, it seems possible that the deficits described here reflect a
more general impairment in relational or associative processing,
of which computing relationships between the objects and fea-
tures constituting a scene is a part (Eichenbaum et al., 1992,
1994; Cohen et al., 1999; Eichenbaum and Cohen, 2002).
Critically, however, the latter process is thought to be specific
to memory, involving binding perceptually distinct items (e.g.,
objects) into long-term memory representations (Eichenbaum
et al., 1992, 1994; Eichenbaum and Cohen, 2002). One sug-
gestion, therefore, is that the patient deficits in the scene differ-
ent views task may actually be a reflection of long-term rela-
tional memory difficulties. For example, it is conceivable that
within each trial, the healthy controls may have benefited from
the ability to encode the spatial relations within each scene into
long-term declarative memory (i.e., ‘‘memory facilitated percep-
tion’’). Further studies will be required to explore the exact
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details of this idea further and hopefully clarify what aspects of
relational and/or spatial processing are dependent upon the
hippocampus. In addition, it will be important to determine
whether these types of processing can be extended beyond the
domain of long-term declarative memory, as indicated by our
recent studies.

In summary, we have demonstrated that lesions to the
human perirhinal cortex can lead to difficulties in object,
including face, oddity judgment, while lesions to the human
hippocampus can cause difficulties in scene oddity judgment.
Contrary to existing literature proposing a selective role for the
human MTL in long-term declarative memory (Buffalo et al.,
1998; Tulving and Markowitsch, 1998; Holdstock et al.,
2000a; Spiers et al., 2001), this data confirms a broader role
for the perirhinal cortex and hippocampus that extends to very
short-term visual working memory at least, and possibly also
perceptual processing, strongly supporting and extending recent
findings from the nonhuman primate literature.
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