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The perirhinal cortex is known to be important for memory, but there has recently been interest in the possibility
that it might also be involved in visual perceptual functions. In four experiments, we assessed visual discrimination
ability and visual discrimination learning in severely amnesic patients with large medial temporal lobe lesions that
included complete lesions of perirhinal cortex. Experiment 1 tested complex visual object perception. Experiments 2a
and 2b tested in two different ways the ability to discriminate between feature-ambiguous images, which was
reported to be impaired in monkeys with perirhinal lesions. Experiment 3 involved images that were successfully
discriminated in Experiment 2a and asked patients to learn across 20 trials which of the images had been designated
as “correct.” Patients performed as well as controls in Experiments 1, 2a, and 2b, but one of the patients had
difficulty in Experiment 3 when the task required remembering from trial to trial which image was “correct.” These
findings indicate that perirhinal cortex is not needed for visual perception across a wide range of visual perceptual

tasks.

The perirhinal cortex is part of a system of medial temporal lobe
structures important for declarative memory (Squire and Zola-
Morgan 1991; Mishkin and Murray 1994). Because perirhinal cor-
tex receives nearly two-thirds of its input from adjacent unimo-
dal visual areas, including areas TE and TEO (Suzuki and Amaral
1994), there has been interest in the possibility that perirhinal
cortex might be involved in visual perceptual functions in addi-
tion to memory functions.

Several studies have emphasized the contribution of perirhi-
nal cortex to memory functions and have found little evidence
for a role of perirhinal cortex in visual perception itself. Thus,
monkeys with lesions of perirhinal cortex performed well at 0-sec
delays in the visual paired-comparison test, whereas lesions of
area TE markedly impaired performance in both no-delay and
delay tests (Buffalo et al. 1999). Patients with medial temporal
lobe lesions that included perirhinal cortex were also impaired at
delay tests, but not no-delay tests, of visual recognition memory
(Buffalo et al. 1998; Holdstock et al. 2000). Monkeys with peri-
rhinal lesions were able to generalize to altered views of previ-
ously learned stimuli but were impaired at initial learning
(Hampton and Murray 2002). Similarly, severely amnesic pa-
tients with lesions that included the perirhinal cortex performed
normally on seven different visual discrimination tasks (Stark
and Squire 2000). Finally, the noted amnesic patient H.M., whose
medial temporal lobe lesion includes most of the perirhinal cor-
tex, performed normally on a number of visual perceptual tasks
(Milner et al. 1968).

In contrast to these findings, recent studies of experimental
animals have raised the suggestion that damage to perirhinal
cortex impairs visual perception (Murray and Bussey 1999; Buck-
ley et al. 2001; Bussey et al. 2003; Norman and Eacott 2004). For
example, monkeys with lesions of perirhinal cortex were im-
paired at performing difficult visual discrimination tasks. When
presented with five different orientations of one object and a
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sixth orientation of a different object, monkeys with perirhinal
lesions were impaired at choosing the odd object (Buckley et al.
2001).

It has also been suggested that the perirhinal cortex is spe-
cifically necessary for visual discriminations between stimuli
having high feature ambiguity (Bussey et al. 2003; Norman and
Eacott 2004). Feature ambiguity occurs when particular features
of an object are rewarded when they are part of one object but
not when part of another object (Murray and Bussey 1999; Bus-
sey and Saksida 2002; Bussey et al. 2003). Monkeys with lesions
of perirhinal cortex were impaired at learning to discriminate
between two images and, after learning to discriminate, were
further impaired at discriminating feature-ambiguous stimuli
that were created by blending the two images so that they con-
tained overlapping features (Bussey et al. 2003).

In studies of visual perception in monkeys, it is difficult to
distinguish impairments in visual perception from impairments
in learning and memory. In contrast, this distinction can be
made rather easily in studies of patients, who can be instructed
about the nature of the task. We have explored visual discrimi-
nation abilities and visual discrimination learning in severely
amnesic patients with medial temporal lobe lesions, including
complete lesions of perirhinal cortex. Experiment 1 assessed the
capacity for making difficult visual discriminations among six
faces, as had been tested in monkeys (Buckley et al. 2001). In our
earlier study of this same task (Stark and Squire 2000), the pa-
tients performed well overall, but two of the three patients per-
formed numerically below the poorest control subject on this
one test. Experiments 2a and 2b tested the ability of patients to
discriminate between blended (feature-ambiguous) images, using
the same kind of stimulus materials that were used in work with
monkeys (Bussey et al. 2003). Experiment 2a asked patients to
make same-different judgments for pairs of blended images.
Three different levels of blending were used, including two of the
levels that had been used in the study of monkeys. Experiment
2b asked patients to inspect an image and to decide which of two
blended images was most similar to it. Experiment 3 presented
pairs of images that had been successfully discriminated in Ex-
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periment 2a and asked patients to learn which image had been
designated “correct” and which had been designated “incorrect.”
In this way, we compared the ability to discriminate between two
highly similar images (Experiments 2a and 2b) and the ability to
learn and remember across several trials which image was correct
(Experiment 3).

Results

Experiment 1

Figure 1 shows percentage correct scores for each of the two
patients and their controls on three different face discrimina-
tion tests. E.P.’s mean score (54.0% correct; chance perfor-
mance = 16.7%) was numerically poorer than the mean score
obtained by his four controls (69.1% correct = 4.2%) but was
within the 95% confidence interval of their scores (51.1%). G.P.’s
performance (77.3% correct) was a little better than the mean
score obtained by his four controls (72.0% correct + 3.8%). This
finding indicates that patients with large medial temporal lobe
lesions, including complete perirhinal damage, can perform well
on a difficult visual discrimination task. G.P. performed entirely
normally, and E.P. performed normally on one occasion and a
little worse than controls on two other occasions.

Experiment 2a

Figure 2A shows percent correct scores for the discrimination of
feature-ambiguous pictures. All participants performed with
100% accuracy in the “Easy” condition. In the “Hard” condition,
both patients scored 100% correct (controls, 97.9% + 0.7% cor-
rect). In the “Very Hard” condition, G.P. scored 100% correct,
E.P. scored 83.3% correct, and the controls scored 87.5% =+ 2.0%
correct (range = 75.0%-91.7%; E.P.’s score was within the 95%
confidence interval of the control scores, 82.2%). In the “Same”
condition, E.P. scored 96.0% correct, G.P. scored 87.5% correct,
and controls scored 96.9% = 0.9% correct. Finally, the total
percent correct scores across all 96 trials were similar for the pa-
tients and the controls (G.P., 96.9%; E.P., 94.8%, controls,
95.6% = 0.5%).

G.P.’s performance on the “Same” condition indicated that
he had a bias for labeling image pairs as different. Accordingly,
we also calculated a discriminability measure (d'), using the
method developed for same-different judgments (MacMillan
and Creelman 1991). In this analysis, correct responses of “dif-
ferent” to images that were in fact different were designated as
Hits, and incorrect responses of “different” to images that were in
fact the same were designated as False Alarms. Scores of 1.0 or 0.0
for Hits and False Alarms were subjected to a standard correction
(Hits=1 — 1/(2n); False Alarms =0 + 1/(2n)). Figure 2B shows
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Figure 1. Performance by E.P., G.P., and controls (CON, n=4) on
three tests of the ability to discriminate faces (Experiment 1). Black circles
show patient scores on each of the three tests and the mean of each
control’s scores. Chance = 16.7% correct.
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that the patients and controls performed similarly (E.P.,
d’' =5.10; G.P., d’ =5.49; controls, d' =5.38 = 0.13). On this
measure, G.P. performed better than most controls, and E.P.’s
score was within the control range (lowest score: 4.67) and
within the 95% confidence interval of the control scores (5.07).
The False Alarm rate was 0.12 for G.P., 0.04 for E.P., and 0.03 for
controls (range = 0-0.08). The results were virtually the same
when Hits were defined as correct responses to images that were
the same and False Alarms were defined as incorrect responses to
images that were different.

Experiment 2b

All participants were able to judge which blended image was
more similar to the central image. Of the controls (n = 4), two
scored 100%, one scored 99%, and one scored 94%. G.P. scored
99%, and E.P. scored 100%. When deciding which of the two
blended images was the correct choice, both G.P. and E.P. indi-
cated in their remarks that they perceived the images at the level
of complex objects. For example, on one occasion, when explain-
ing his decision, G.P. said, “The woman with the wheelbarrow is
clearer in this one.” On another occasion, E.P. said, “The clock is
more visible in this one.”

Experiment 3

All participants readily learned the discrimination problem that
was based on two blended images from the “Hard” condition in
Experiment 2a. The controls (n =4) and G.P. scored 100% cor-
rect, and E.P. scored 95% correct. E.P. chose incorrectly on the
fourth trial of testing and responded correctly on the other trials.
In the “Very Hard” condition, all four controls and G.P. per-
formed perfectly after the first trial. In contrast, E.P. had diffi-
culty learning some of the discrimination problems. Thus, for the
five discrimination problems on which he was tested, E.P.
learned two problems successfully, scoring 100% correct on trials
11-20. However, he failed to learn the other three problems (50%
correct on trials 11-20). E.P. performed poorly despite the fact
that he was able to discriminate between the images that he was
trying to learn and was able for each problem to point out dif-
ferences between them.

Discussion

Two patients with large medial temporal lobe lesions and severe
amnesia were given tests of visual discrimination and visual dis-
crimination learning. In Experiment 1, the patients saw five ori-
entations of one face and a sixth orientation of another face. The
task was to select the odd face. E.P. scored within the 95% con-
fidence interval of control scores, and G.P. performed slightly
better than controls. Experiment 2a asked the patients to judge
whether pairs of blended images were exactly the same or differ-
ent. Experiment 2b asked patients to determine which of two
blended images was more similar to a given distinct image.
E.P. and G.P. performed normally. Experiment 3 presented two
blended images that had been successfully discriminated in Ex-
periment 2a. Patients attempted to learn across 20 trials which
image was designated as “correct.” E.P. and G.P. learned quickly
to discriminate image pairs that came from the “Hard” condition
of Experiment 2a and performed as well as controls. For image
pairs that came from the “Very Hard” condition, G.P. learned as
quickly as controls, but E.P. was impaired.

These findings show that complex visual discrimination
performance and discrimination between images having high
feature ambiguity can succeed despite complete bilateral lesions
of perirhinal cortex. Impaired performance occurred only during
tests of discrimination learning.
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Figure 2. (A) Percent correct scores for amnesic patients with perirhinal lesions (E.P. and G.P.)
and controls (CON, n = 8) who made same-different judgments for pairs of blended images (Ex-
periment 2a). Scores are shown separately for each of four conditions (Same, Easy, Hard, and Very
Hard) as well as for all 96 image pairs. Brackets indicate std. error of the mean. (B) Discrimination
accuracy (d") scores for patients and controls for all trial types. Hit = correct response for one of the
72 “different” image pairs. False Alarm = incorrect response for one of the 24 “Same” image pairs.

Black circles show scores of the eight controls.

In accordance with the present findings, Hampton and Mur-
ray (2002) reported that lesions of the perirhinal cortex impaired
visual learning but not visual perception. Monkeys were first
trained to discriminate between pairs of visual stimuli (displays
of designs, outline drawings, and objects). Then, while testing
continued, the monkeys were given interpolated probe trials to
assess the ability to discriminate when the stimuli were manipu-
lated. Monkeys with lesions of perirhinal cortex were slow to
learn the original discriminations but then performed as well as
controls when the stimuli were rotated (30°-120°), enlarged,
shrunk, presented with color removed, or degraded with masks.
Thus, in the absence of perirhinal cortex, monkeys exhibited
intact perception as measured by generalization to altered views
of familiar stimuli.

Other studies have reached a different conclusion, namely,
that perirhinal cortex is critical for the processing of visual infor-
mation, including the ability to identify complex objects (Buck-
ley and Gaffan 1998; Buckley et al. 2001; Norman and Eacott
2004). Thus, monkeys with lesions of the perirhinal cortex were
impaired at learning to make difficult visual discriminations
(Buckley et al. 2001), including the odd-face discrimination task
in Experiment 1 of the present study. Yet, E.P. and G.P. per-
formed well on the odd-face discrimination task. One reason for
this discrepancy might be that the lesions in the monkey inad-
vertently extended into the laterally adjacent area TE, as dis-
cussed previously (Buffalo et al. 1999). A second reason for the
discrepancy might rest on the fact that it is difficult with experi-
mental animals to distinguish between an impaired ability to
identify objects and an impaired ability to learn which of two
objects is the correct one (Buffalo et al. 1999; Bussey et al. 2003).
A third possibility is that there are substantive species differences
between monkeys and humans with respect to the function of
anterior temporal lobe structures (also see Stark and Squire 2000).

Bussey et al. (2003) advanced a somewhat different proposal
that the perirhinal cortex is important for discriminating be-
tween objects that have a high degree of feature ambiguity. Mon-
keys first learned to discriminate between pairs of distinct images
(Low Feature Ambiguity). Monkeys with lesions of the perirhinal
cortex took 36.4 + 6.5 trials to reach criterion, and control mon-
keys took 24.8 = 3.6 trials to reach criterion. The monkeys were
then given blocks of 32 test trials involving blends of the same
two images. One blending condition corresponded to the “Easy”
condition in our Experiments 2a and 2b, and the other blending
condition corresponded to the “Very Hard” condition in Experi-
ments 2a and 2b. The finding was that monkeys with perirhinal
lesions were impaired at learning the initial discrimination and
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were also impaired during the subsequent
test trials involving the blended images. In
this respect, the results differed from the
earlier report that monkeys with perirhinal
lesions could generalize successfully to al-
tered stimuli after they completed discrimi-
nation training (Hampton and Murray
2002). In the case of the study with blended
images, it was suggested that learning was
required during initial discrimination learn-
ing but not during the 32 test trials with
blended images. Accordingly, it was sug-
gested that impaired performance during
the trials with blended images reflected im-
paired visual perception, not an impair-
ment in learning and memory.

This interpretation was based on an
analysis of variance that indicated that no
further learning occurred across the 32 trials
(the 32 trials were partitioned into eight
four-trial blocks). There was also no group X trial-block interac-
tion. Yet, one wonders how monkeys performed on the first one
or two blocks of the test trials with blended images. Did gener-
alization fail altogether? One also wonders whether the impaired
performance during these test trials could reflect to some degree
the fact that control monkeys improved more during the test
trials than the monkeys with perirhinal lesions. Did no learning
occur at all? Accordingly, it would be of interest to inspect the
performance curves across the blocks of trials with blended im-
ages to determine whether there was any sign of differential
learning.

A recent study of rats also illustrates the difficulty in distin-
guishing between impaired memory for objects and impaired
perception of objects (Norman and Eacott 2004). Rats with le-
sions of perirhinal cortex did not exhibit the normal tendency to
explore a novel object rather than a familiar object, when the
novel object was a reconfigured version of the familiar object
rather than a completely different object. This finding was inter-
preted as supporting the idea that the perirhinal cortex is critical
for discriminating between feature-ambiguous stimuli. Yet, the
two test objects were presented after delays ranging from 1 min
to 24 h. To decide whether perception was impaired, rather than
delay-dependent memory, it would have been important to test
animals at no delay. This strategy has been successful previously
in distinguishing the visual perceptual functions of area TE from
the memory functions of perirhinal cortex. Monkeys with TE
lesions were impaired at a 0-sec delay on a test of novel object
recognition, whereas monkeys with perirhinal lesions were intact
at a O-sec delay and impaired at longer delays (Buffalo et al.
1999).

In our study, we isolated the process of making visual dis-
criminations from the processes of learning and memory by
eliminating the need to learn a correct response or to retain
stimulus-reward associations in memory (Experiments 1, 2a, and
2b). Patients E.P. and G.P. performed well in these tasks. In Ex-
periment 3, we introduced a learning requirement by asking par-
ticipants to learn that one image in a pair was “correct” and that
the other was “incorrect.” E.P. and G.P. performed well when the
difference between the two images was straightforward (the
“Hard” condition). G.P. also performed well in the “Very Hard”
condition. Patient E.P. was impaired in this condition on three of
five discrimination problems, even though he could correctly
point out ways in which the two blended images were different.
It appeared that, because the images were quite similar in appear-
ance, E.P. had difficulty remembering from trial to trial which of
the images was the correct one. E.P. likely succeeded in the sim-
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pler “Hard” condition because he could readily discriminate be-
tween the images and maintain a visual representation or a ver-
bal label in working memory. We suggest that E.P. was impaired
at learning some of the “Very Hard” discrimination problems
because his performance is especially dependent on explicit re-
hearsal and maintenance of working memory. These abilities,
which are intact in E.P., may on their own be insufficient to
support a high level of performance. Thus, controls could have
benefited not only from the ability to rehearse information in
working memory but also from the ability to recollect incidental
information about the images in the absence of explicit re-
hearsal.

We found that visual perceptual performance was intact af-
ter perirhinal lesions when we eliminated altogether the need to
learn and remember. The present findings therefore suggest that
the perirhinal cortex is not necessary for making difficult visual
discriminations, including discriminations between stimuli with
a high degree of feature ambiguity.

Materials and Methods

Experiment 1

Participants

We tested two male patients who have extensive medial tempo-
ral lobe lesions and severe amnesia as a result of herpes simplex
encephalitis (Fig. 3). E.P. was born in 1922, had 12 yr of educa-
tion, and developed amnesia in 1992. G.P. was born in 1946, had
16 yr of education, and developed amnesia in 1987. Both pa-
tients have severe amnesia. Neither patient could recall any of a
short prose passage after a 12-min delay (0 segments correct).
Neither patient showed evidence of paired associate learning [0,
0, and O pairs recalled on three successive trials (maximum
score = 10/trial)]. For the Rey-Osterieth figure, E.P. obtained a
score for copying the figure of 27 and a delayed (12-min) repro-
duction score of 0. G.P. obtained a copy score of 25.5 and a
reproduction score of 4 (average of two tests).

Estimates of medial temporal lobe damage were based on
quantitative analysis of magnetic resonance images from the pa-
tients and four controls for each patient, following published
procedures for segmenting the temporal lobe (Insausti et al.
1998; Amaral and Insausti 1990; also see Gold and Squire 2005).
Volume estimates for the lateral temporal lobe, frontal lobe, pa-
rietal lobe, and occipital lobe were also obtained. The measure-
ments presented here are based on improved techniques and on

Figure 3. Magnetic resonance images showing the extent of temporal
lobe damage in patients E.P. (top row) and G.P. (bottom row). (A-C) In
each row are T-2 weighted axial images through the temporal lobe. The
images are continuous 5-mm sections (with 2.5-mm gaps) and are ar-
ranged from ventral (A) to dorsal (C). Damaged tissue is indicated by
bright signal. D in each row is a coronal T-1 weighted image at the level
of the amygdala. Damaged tissue is indicated by dark signal. See text for
description of the lesions.
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more controls than were available previously. Accordingly, the
estimates of damage are similar but not identical to what was
earlier reported for these two patients (Schmolck et al. 2002; Levy
et al. 2004).

E.P.’s lesion extends 7 cm caudally from the temporal pole
bilaterally and includes all of the amygdala and all of the hippo-
campal region (dentate gyrus, cell fields of the hippocampus
proper, and subicular complex, except for a small tag of abnor-
mally appearing vestigial tissue that comprises ~3% of hippocam-
pal volume). In addition, the damage includes all of the entorhi-
nal cortex, all of the perirhinal cortex, and much of the parahip-
pocampal cortex (~70% on the left and 76% on the right). The
lesion also extends laterally to include the rostral portion of the
fusiform gyrus (~39% on the left and 68% on the right). The
insula is reduced in size (~32% on the left and 30% on the right).
Lastly, the lateral temporal lobe (inferior, middle, and superior
temporal gyri) is of normal size bilaterally (within 7% of the
mean control volume), as are the frontal, parietal, and occipital
lobes (all =9% of the mean control volumes).

G.P.’s lesion is primarily medial temporal, but his lesion
extends further laterally than E.P.’s lesion. Damage extends
through the anterior 7 cm of the left temporal lobe and the
anterior 6 cm of the right temporal lobe. The damage includes
bilaterally all of the amygdala, all of the hippocampal region
(except 7% on the right), all of the entorhinal and perirhinal
cortices, and much of the parahippocampal cortex (~87% on the
left and 55% on the right). The damage also includes the anterior
1 cm of the temporal lobe and extends into the fusiform gyrus
(~41% on the left and 56% on the right). The insula is reduced in
volume by ~80% on the left and 49% on the right. Lastly, the
lateral temporal lobe (inferior, middle, and superior temporal
gyri) is within 13% of the mean control volume. The volumes of
the frontal, parietal, and occipital cortices are all within = 10% of
the mean control volumes.

Eight healthy males served as controls for the amnesic pa-
tients. Four were matched to E.P. (mean age = 74.3 yr, 13.5 yr of
education), and four were matched to G.P. (mean age = 56.8 yr,
12.3 yr of education).

Materials and procedure

Ten male human faces were used, each photographed in black
and white from six different orientations. On each of 40 trials,
five different orientations of one face and a sixth orientation of
another face were presented on a computer screen in a 2x 3 dis-
play. The odd face was randomly selected, as was the orientation
of the odd face and the location of the odd face in the 2x3
display. Each trial involved a unique display (for a sample trial,
see Stark and Squire 2000). Trials were self-paced, and partici-
pants pressed one of six keys in a 2x 3 array that matched the
computer display in order to indicate which of the six faces was
different from the other five. Three different tests were adminis-
tered on different days to each participant.

Experiment 2a

Participants

The same patients (E.P. and G.P.) who participated in Experiment
1 also participated in Experiment 2a. Eight healthy males (two of
whom also participated in Experiment 1) served as controls for
the amnesic patients. Four were matched to E.P. (mean age = 80
yr, 11.6 yr of education), and four were matched to G.P. (mean
age = 62.3 yr, 15.2 yr of education). Because these two groups
performed similarly (the older participants scored marginally
better), their scores were combined.

Materials and procedure

The test stimuli were 96 pairs of gray-scale images. Each image in
a pair was a blend of two different digital photographs (Fig. 4)
prepared with the freeware program WinMorph 3.01 (Debug-
Mode, www.debugmode.com). To create the test material, pairs
of digital photographs were used to create a series of 40 different
blends. Images at one end of the series were more similar to one









