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Abstract

Habit learning has been defined as an association between a stimulus and a response that develops slowly and automatically
through repeated reinforcement. Concurrent discrimination (CD) learning, in which subjects learn to choose the rewarded
objects in a series of pairs, is believed to be an example of habit learning in monkeys. Studies of human amnesic subjects,
however, have produced equivocal results, revealing impaired or absent learning on the same CD tasks that monkeys with
medial temporal-lobe (MTL) lesions learn normally. One possible explanation for impaired performance in human amnesic
subjects is that, unlike monkeys, human subjects use explicit memory to solve CD problems. To test this hypothesis, we
administered a 10-object pair CD learning task to two amnesic subjects, HM and PN, and normal control subjects (NCS). Both
amnesic subjects have severe anterograde amnesia with little ability to form explicit memories. On the CD task, they
demonstrated little or no learning and acquired no explicit knowledge of the task procedures or reward contingencies. In
contrast, NCS learned the task quickly and easily using explicit memory strategies. These results suggest that CD tasks cannot
be learned by habit in human subjects, and emphasize the discrepancies between the human and monkey literature on habit
learning. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Several theories of memory posit the existence of
two dissociable memory systems: (1) MTL-dependent
explicit memory, a conscious knowledge of facts and
events, and (2) MTL-independent implicit memory, an
unconscious memory for skills and procedures [9,38].
One such theory has been proposed by Mishkin
[42,43], who emphasizes a dissociation between ‘mem-
ory’ (explicit) and ‘habit,” which he defined as ‘non-
cognitive’ learning ‘founded not on knowledge or even
on memories (in the sense of independent mental enti-
ties) but on automatic connections between a stimulus
and a response’ [42]. Like skill learning and procedural
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learning, habit learning is described as an unconscious
mechanism that is adapted for slow or incremental
learning and is independent of MTL structures.
Mishkin proposed that the neostriatum is the neural
substrate for the habit learning system [43].

The habit learning model is distinct from other
types of implicit learning in that it is reminiscent of
the automatic stimulus-response associations that
characterize the behaviorist account of learning [58].
Tests that are thought to elicit habit learning present a
stimulus-response association that can be learned
gradually despite impaired explicit memory. For
example, in a water maze task, rats with hippocampal
lesions learned to associate a visual pattern with the
location of a hidden platform [46]. Concurrent dis-
crimination (CD) learning is viewed as a kind of habit
learning in monkeys. In a 24 h intertrial interval (ITI)
CD task, monkeys were shown 20 pairs of objects
once each day; one object in each pair was consistently

0028-3932/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.

PII: S0028-3932(99)00048-2



1376 K.L. Hood et al. | Neuropsychologia 37 (1999) 1375-1386

baited with a food reward. Monkeys with impaired
explicit memory due to bilateral MTL lesions were
able to learn over several days (at the same rate as
control animals) to choose the baited object [34,51].
On multiple-repetition CD tasks, in which each stimu-
lus pair is shown several times each day, monkeys with
MTL lesions have been shown to learn normally by
some researchers [49], but not by others
[12,13,33,41,45,47,65].

Human amnesic subjects who have lesions in the
MTL or diencephalon demonstrate normal learning on
a number of tasks despite impaired explicit memory
[6-8,18,26]. The preserved learning in amnesic subjects
resembles habit learning in that it occurs unconsciously
and automatically. Unlike monkeys, however, amnesic
humans are impaired relative to NCS on a 24 h ITI
CD task [60]. Amnesic patients also have demonstrated
impaired learning on multiple-repetition CD tasks in
which 6, 8, or 15 pairs of stimuli were repeatedly pre-
sented each day for several days [1,50,60].

The discrepant results between the monkey and
human literature bring the habit learning model into
question. Indeed, several authors have criticized the
habit learning theory. Gaffan [21] proposed that mon-
keys learn concurrent discriminations not by habit but
by object-reward associative memory. He suggests that
the dissociation between impaired learning on declara-
tive memory tasks, such as delayed non-matching to
sample, but normal learning on CD tasks by MTL
lesioned monkeys can be explained by differing
demands on object identification in the two pro-
cedures. Further, Gaffan proposes that findings of
impaired CD learning by humans and monkeys with
striatal lesions [29,63] can also be explained by the re-
liance of visual associative memory on a corticostriatal
output pathway.

In a recent review [64], Wise also questioned the
proposal that the neostriatum subserves a habit mem-
ory system in humans and animals [43]. Citing a lack
of conclusive evidence, he suggests that studies
attempting to demonstrate learning impairments in
monkeys with striatal lesions have ignored significant
learning while emphasizing subtle deficits [4,14,63].
Evidence for habit learning deficits in humans has also
been slight (see [64] for a review and discussion), with
most evidence to date citing impaired performance by
patients with Parkinson’s and Huntington’s discases
on such proposed habit tasks as mirror reading, rotary
pursuit, Tower of Hanoi, and serial reaction time
(however, see [29] for a report of preserved habit learn-
ing in amnesic subjects).

Given these criticisms, it is necessary to test further
the habit learning model in humans, and to explain
the discrepant results between the monkey and human
data. One proposal that has been put forth to explain
these results comes from Squire and colleagues [57].

They noted that although amnesic humans do not
reach the same level of proficiency as NCS on CD
tasks, they do demonstrate improvement over time
[1,50,60]. Furthermore, they suggest that the extent of
improvement may be related to the severity of the
amnesia (however, even mildly amnesic patients have
demonstrated CD impairments [23]). Based on this evi-
dence, they suggest that amnesic subjects show
impaired CD learning because unlike monkeys,
humans learn CD tasks explicitly. They found that, for
amnesic subjects and NCS, the extent of learning on
an 8-pair CD task was correlated with the extent of
explicit knowledge that the subjects had about the
reward contingencies [60], suggesting that learning
depended on the use of explicit strategies. If true, this
model would predict that severely amnesic patients
with little explicit memory capacity would be unable to
learn a CD task.

In order to test the proposal that CD learning
depends on explicit memory in humans [60], we admi-
nistered a CD task to two amnesic patients and NCS.
In Experiments 1 and 2, we tested the amnesic subject
HM and NCS on two versions a 10-object pair CD
learning task. HM’s bilateral MTL resection resulted
in a profound global amnesia that appears to be more
severe than most other published cases of amnesia
[54,56,59]. Because of the severity of HM’s explicit
memory deficit, any improvement in his performance
on the CD task would be evidence of habit learning.
In contrast, if HM were unable to learn, this finding
would support the proposal that CD learning depends
on explicit memory in humans [57]. In Experiment 3, a
second amnesic subject, PN, was also tested. PN exhib-
ited explicit memory impairments comparable to
HM’s. Therefore, we reasoned that any learning that
PN was able to achieve would be a result of habit
learning.

2. Experiment 1

A pilot study in our laboratory of an 11-day CD
task revealed no learning in HM. The pilot study fol-
lowed similar procedures as those described below, but
did not control for potential baseline preferences for
certain objects, and thus it is not reported. Experiment
1 tested the hypothesis that globally amnesic human
subjects can learn a CD task. A positive result would
provide further evidence for the existence of a habit
learning system in humans.

2.1. Methods
2.1.1. Subjects

HM and six NCS (two women) participated in this
experiment. HM underwent a bilateral MTL excision
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Fig. 1. Performance of HM and normal control subjects (NCS) on a 10-pair concurrent discrimination task (Experiment 1). The vertical bars rep-
resent the standard deviation for NCS. The best fit line was calculated from a linear regression analysis on HM’s score (percentage of objects

chosen correctly out of 10) for each trial. Chance performance is 50%.

in 1953 in an attempt to alleviate severe epileptic sei-
zures [56]. Since that time, he has demonstrated a pro-
found anterograde amnesia, which has been
documented previously [10,11,40]. At the time of test-
ing, HM was 69 years of age with an educational level
of 12 years. His Wechsler Adult Intelligence Scale-
Revised (WAIS-R) Full Scale, Wechsler Memory
Scale-Revised (WMS-R) General, and WMS-R
Delayed Recall Scores were 94, 87, and 55
respectively'. NCS had a mean age of 69.3 + 3.1 years
and a mean educational level of 12.0 + 0.0 years (all
descriptive statistics are given as mean + SD). NCS
had normal neurological examinations and no history
of neurological or psychiatric disease.

2.1.2. Stimulus materials and apparatus

Twenty objects were randomly divided into 10 pairs
(sponge/toy boat; ribbon/date stamp; eraser/comb; six-
sided die/spool of thread; spoon/Scotch tape; scissors/
key; toothbrush/electrical plug; candle/pen; paper clip/
light bulb; can opener/film case). The objects were cho-
sen to be representative examples of everyday ‘junk
objects’, similar to those used in monkey CD tasks
[42]. Each object was mounted onto an opaque plastic
box that was used to conceal a dime reward under-
neath the target object of each pair. The test was
administered in a simulated Wisconsin General Testing
Apparatus (WGTA), which consisted of a wooden
frame with a curtain that could be raised or lowered
to reveal the objects to the subject.

! Comparison of HM’s performance on the WAIS-R, the Wechsler
Adult Intelligence Scale, and the Wechsler Bellevue Scales I and 11
reveal that his IQ scores have not changed significantly since his in-
itial postoperative evaluation

2.1.3. Procedure

Each trial began when the experimenter raised the
curtain to reveal a pair of objects to the subject. One
object in each pair was designated the ‘target,’ as
described below. On each trial, a dime reward was
concealed under the plastic box holding the target
object. Subjects were told that a dime was hidden
underneath one of the objects, and that they should
try to win as many dimes as possible (the instructions
were repeated to HM before each testing block). They
pointed to the object they thought was correct, and
that object was lifted by the experimenter. If correct,
the subject retrieved the dime. The experimenter cor-
rected incorrect choices by briefly displacing the target
object to reveal the dime.

To control for baseline preferences in HM, the tar-
get object of each pair was determined in a pretest
block of 10 trials on the first day, in which the object
not chosen in each pair became the rewarded item for
the duration of testing. This pretest block occurred 1 h
before the first CD trial; HM was told that one object
of each pair was ‘correct’, and that if he chose the cor-
rect object he would be given a dime. Because each
chosen object was subsequently designated as incor-
rect, HM was told that he had chosen incorrectly on
each trial. For NCS, no pretest block was given,
instead, the target object was randomly determined for
each subject before CD testing began.

Objects were presented in six blocks (each consisting
of 10 trials) per day, each block was separated by 1-
2 h. HM was tested for six consecutive days; NCS
were tested for one day. The left/right position of the
target on ecach trial varied pseudorandomly [25]; tar-
gets appeared in both positions an equal number of
times. Object pairs appeared in a different randomly
determined order in each block.
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HM was asked to state his response strategy at the
end of each testing block. NCS were given no formal
assessment of explicit knowledge because their com-
ments clearly indicated that they were relying on con-
scious recollection.

2.2. Results

A linear regression analysis of HM’s scores over all
6 days showed that the slope of the best fit line com-
puted for his performance across blocks was not sig-
nificantly different from zero (P > 0.4), indicating that
his performance did not differ significantly from
chance. HM’s mean percentage correct (across blocks)
was 60.0% + 7.1% for Day 1 and 50.0% + 12.2% for
Day 6. In contrast, on the NCS’s single testing day,
they achieved a mean percentage correct of
46.7% 4+ 12.1% for Block 1 and 90.0% + 20.0% for
Block 6 (Fig. 1). A linear regression analysis indicated
that this increase was significant, that is, the slope of
the best fit line computed for the NCS single day
block means was significantly different than zero
(P < 0.02).

Comments made by all NCS indicated that they
were aware by the end of Day 1 that the same object
in each pair was always rewarded. In contrast, HM
had no explicit knowledge of the reward contingencies
at any time. When asked to state his response strategy
at the end of each block, his most common response
was that he simply picked the object on the opposite
side (right or left) each time. Other strategies included
choosing the most useful object, choosing the object he
would most like to own, and simply guessing. HM’s
performance did not seem to be affected by any base-
line object preferences, as indicated by his near-chance
performance on the first CD block after the pretest
block. Further, because of the 1 h delay between the
pretest and the first CD block, HM could not have
used short-term memory to recall his choice on the
pretest. Rather, his responses seemed to be dependent
on one of the several strategies noted above.

2.3. Discussion

After six days of testing, HM demonstrated no
improvement in his ability to choose the rewarded
object. Thus, with no explicit knowledge of the reward
contingencies, HM was unable to learn. Although
NCS were tested for only one day, they achieved a sig-
nificant increase in performance over the six testing
blocks, demonstrating a clear trend toward perfect per-

2 Previous experience in our laboratory indicates that HM remem-
bers nothing about testing sessions from visit to visit, therefore we
had no concerns about transfer of learning between experiments.

formance. This result lends support to the proposal
that CD learning depends on explicit memory in
humans [57]. Possible alternate interpretations will be
discussed later.

3. Experiment 2

A strict interpretation of the habit learning model
[42,43] predicts that reinforcement increases the prob-
ability that a certain motor response will occur. Tests
of CD learning in monkeys and rats typically require
the animal to reach for or move to target objects, in
order to facilitate an association between the approach
response and the rewarded stimulus. Although we
found no evidence of learning by HM in Experiment
1, our procedure was not designed to elicit stimulus-
motor response associations. To determine whether an
approach response is necessary for habit learning to
occur, Experiment 2 added a motor approach response
to the procedure of Experiment 1. In addition,
Experiment 2 lengthened the time of testing for NCS
to four consecutive days, in order to confirm that NCS
learn the CD task quickly and completely.

3.1. Methods

3.1.1. Subjects

Five new NCS (three women) and HM were tested.
HM was 69 years old. NCS had a mean age of
69.0 £2.2 years and a mean educational level of
12.0 £+ 0.0 years.

3.1.2. Procedure

Experiment 2 took place four months after
Experiment 1. The same modified WGTA and object
pairs were used’. The procedures were identical to
those of Experiment 1 with the following exceptions:
(1) rather than pointing, subjects were required to
reach for and displace the object they thought was cor-
rect (similar to the method by which monkeys reach
for and displace objects in CD and delayed non-
matching to sample tasks using the WGTA); this reach
response was stressed in the instructions and was
demonstrated by the experimenter (for HM, the
instructions and demonstration were repeated before
each testing block); (2) NCS were tested for four con-
secutive days; HM was tested for six consecutive days;
(3) to control for baseline preferences in HM and
NCS, the target object of each pair was determined in
a pretest trial on the first day; the object not chosen
became the rewarded item for the duration of testing
(the same procedure that was used for HM in
Experiment 1).
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Fig. 2. Performance of HM and normal control subjects (NCS) on a 10-pair concurrent discrimination task (Experiment 2). The vertical bars rep-
resent the standard deviation for NCS. The best fit line was calculated from a linear regression analysis on HM’s score (percentage of objects

chosen correctly out of 10) for each trial. Chance performance is 50%.

3.2. Results

Mann—Whitney tests indicated that HM’s mean per-
centage correct across blocks over all six days
(51.7% + 16.6%; number of observations=36 blocks)
was significantly lower than each NCS’s mean percen-
tage correct across blocks over all four days
(100% + 0.0%, 94.2% =+ 11.0%, 98.7% =+ 4.6%,
97.9% + 5.1%, 94.5% + 12.3% for subjects 1-5, re-
spectively; mean number of observations=22 blocks;
P < 0.001 for each of the five independent Mann-—
Whitney tests). All NCS learned the task to
100% =+ 0.0% accuracy within the four days of testing,
improving from a mean of 88.1% + 13.2% correct on
Day 1 to a mean of 100% =+ 0.0% correct on Day 4
(asymptotic perfect performance was reached by three
subjects in five blocks and by all subjects in eight
blocks).

A linear regression analysis revealed that the slope
of the best fit line computed for HM’s performance
across blocks was significantly greater than zero
(P < 0.04), increasing from a mean percentage correct
of 41.7% £+ 7.5% on Day 1 to 61.7% =+ 17.2% on Day
6 (Fig. 2). This result indicated that, despite overall
poorer performance relative to control subjects, HM’s
performance did improve significantly over time.

Although explicit knowledge was not formally tested
for NCS, it was clear by the end of Day 1 that all
NCS were aware that the same object in each pair was
rewarded consistently; upon choosing incorrect objects,
NCS frequently made comments to the effect of having
forgotten which object had been rewarded before. In
contrast, HM had no explicit knowledge of the reward
contingencies at any point during testing. When asked
to state his strategy at the end of each testing block,

HM’s most common responses were similar to those
stated in Experiment 1 (i.e., choosing the opposite side
each time, choosing the most useful object, and gues-

sing).

3.3. Discussion

Although HM’s performance was impaired relative
to that of NCS, he did demonstrate a slight but stat-
istically significant improvement in his ability to
choose the rewarded object. Because HM had no expli-
cit knowledge of the reward contingencies, his learning
could only have occurred implicitly, and may have
been an example of habit learning. These results
suggest that including an approach response in the test
paradigm may be necessary to elicit habit learning in a
subject with no explicit memory. However, given the
discrepant results of Experiments 1 and 2, and the
marginally significant effect in Experiment 2, a third
CD experiment (Experiment 3) was conducted in order
to provide a more comprehensive investigation of
habit learning in amnesia.

4. Experiment 3

Experiment 3 was designed to replicate the results of
Experiment 2 with HM and a second amnesic subject,
PN. In addition, tests of explicit memory and object
recognition were given to clarify the extent of the sub-
jects’ explicit knowledge of the test stimuli and pro-
cedures.
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Fig. 3. Performance of HM on a 10-pair concurrent discrimination task (Experiment. 3). The best fit line was calculated from a linear regression
analysis on HM’s score (percentage of objects chosen correctly out of 10) for each trial. Chance performance is 50%.

4.1. Methods

4.1.1. Subjects

HM was 70 years old at the time of testing with
WAIS-R Full Scale, WMS-R General, and WMS-R
Delayed Recall Scores of 99, 74, and 54, respectively.
The second amnesic subject was PN, a 62-year-old
woman with profound anterograde amnesia and bilat-
eral MTL damage due to herpes simplex encephalitis
at age 58 years and a hypoxic episode at age 60 years.
PN’s lesion consisted of abnormalities in the hippo-
campal formation, parahippocampal gyri, and peri-
rhinal cortex bilaterally. She had 16 years of
education, and her WAIS-R Full Scale, WMS-R
General, and WMS-R Delayed Recall Scores were 124,
77, and 50, respectively. In our laboratory, PN exhibits
a degree of anterograde amnesia comparable to that
observed in HM No NCS were tested in this exper-
iment.

4.1.2. Procedure

Experiment 3 took place six months after
Experiment 2. The same modified WGTA and object
pairs were used. The procedures were identical to
those of Experiment 2 with the following exceptions:
(1) HM was tested over seven consecutive days and
PN was tested for six consecutive days; (2) tests of
explicit memory and object recognition were given in
addition to the CD procedure (described below); (3)
the instructions were modified slightly during the
course of the experiment due to a response strategy
noted in HM, described below.

4.1.3. Explicit knowledge assessment

Before each CD testing block, HM and PN were
asked a series of questions to assess their explicit
knowledge of the test. First, they were asked whether

they had seen the apparatus before, and if so when
and how many times. Second, they were asked (with
the curtain lowered) what was behind the curtain and
what the goal of the task was. Third, they were pre-
sented with the container used to store the dimes they
would receive as rewards, and were asked what its pur-
pose was. After each block of CD testing, subjects
were asked to state how they decided which object to
choose in each pair.

4.1.4. Object recognition test

Both subjects were given a two-object forced-choice
recognition task. This task was given once at least 1 h
before CD testing began (in order to assess baseline
performance), and again 1 h after the completion of
CD testing. For this task, the experimenter raised the
curtain of the modified WGTA to present a pair of
objects, consisting of one object used in the CD test
and one foil object that the subject had not seen
during CD testing. Thus, every test object was pre-
sented once in each administration of the recognition
task, along with its corresponding novel foil. Each foil
object was the same as the CD test object with which
it was paired, but the foils differed in one or two attri-
butes. For example, a red toothbrush was presented
with a green toothbrush, and a pink rectangular
sponge was presented with a blue oval sponge.
Subjects were told that they had taken a test in which
they had seen one object in each pair, and that they
should point to the one they remembered seeing
before, and to guess if they did not know. The same
foil objects were used on each administration of the
object recognition task, but the object pairs were pre-
sented in a different random order each time. Left/
right presentation of the CD test object varied pseu-
dorandomly [25]. Subjects were not given any feedback
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Fig. 4. Performance of PN on a 10-pair concurrent discrimination task (Experiment 3). The best fit line was calculated from a linear regression
analysis on PN’s score (percentage of objects chosen correctly out of 10) for each trial. Chance performance is 50%.

about their performance either during or after the rec-
ognition test sessions.

4.1.5. Results

A linear regression analysis of HM’s scores over
seven days showed that the slope of the best fit line
computed for his performance across blocks was not
significantly different than zero (P > 0.90), indicating
that his performance did not differ significantly from
chance (Fig. 3). HM achieved a mean of
40.0% +20.0% correct on his first testing day and a
mean of 46.7% =+ 23.4% correct on his last.

A linear regression analysis for PN’s scores over six
days showed that the slope of the best fit line com-
puted for her performance across blocks was not sig-
nificantly different than zero (P > 0.40), indicating

that her performance also did not differ significantly
from chance (Fig. 4). PN achieved a mean of
36.7% =+ 13.6% correct on her first testing day and a
mean of 46.7% 4+ 12.1% correct on her last.

4.1.6. Pre-test explicit knowledge assessment

Qualitative assessment of the subjects’ performance
on the questions of explicit memory given to them
before each CD session indicated that they had no
explicit knowledge of the test procedures or reward
contingencies at any time. HM’s description of the
procedure was most nearly correct on Day 1, before
any CD testing had begun (six months after his pre-
vious exposure to the test in Experiment 2), thus indi-
cating that he was probably guessing. On subsequent
occasions, after many CD sessions, his responses
revealed no memory of the nature of the task or of the

Chance

17.6 hrs.

100 - 90% 90%
75%
= 80 -
3 65%
£ 55%
5 60 -
X
°= 40 4
&
)
= 20 -
0 [ \
Pre-CD Test 1.75 hrs. 16.25 hrs. 17.1 hrs.
(Baseline) Number of hours after completion of CD test

Fig. 5. Object recognition memory performance for HM. The Pre-CD Test data gives HM’s baseline performance on the recognition task 17 h
before CD testing began. Object recognition tests were then given 1.75, 16.25, 17.1, and 17.6 h after completion of the final CD session.
Percentage correct scores (number of test objects correctly identified out of 20 pairs) are given above each bar. Chance performance (50%) is

indicated by a horizontal line.
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stimuli. Similar results were obtained from PN; after
many exposures to the CD test, she had no recollec-
tion of having taken it before nor could she describe
the objects or state the reward contingencies.

4.1.7. Object recognition assessment

We administered five object recognition assessments
to HM. In the first session (baseline assessment),
which occurred 17 h before the start of CD testing,
HM correctly identified 55% of the CD test objects.
One hour after completion of the last CD test session
on Day 7, the object recognition task was repeated,
and HM correctly identified 65% of the CD test
objects. In order to determine the reliability of this
result, the task was repeated 3 more times 16 h later,
with 30-45 min of distraction between each adminis-
tration. In these three final sessions, HM correctly
identified 75, 90, and 90% of the CD test objects, re-
spectively (Fig. 5). In contrast to HM’s apparently
good recognition memory for the CD test objects, PN
performed at chance levels (50%) on the object recog-
nition task, both 1 h before and 1 h after CD testing
(due to time constraints, we were unable to repeat
object recognition testing with PN as was done with
HM).

4.1.8. Post-test explicit knowledge assessment

By the third day of testing, it became clear that HM
was using a single response strategy: choosing the
‘most useful’ object. Because this strategy could have
interfered with any habit learning of the reward con-
tingencies, we changed the instructions slightly on sub-
sequent sessions. Specifically, we encouraged him to
use his ‘gut feeling’ to help him decide which object to
choose, rather than relying on any one particular strat-
egy. Despite frequent repetition of this instruction,
HM continued to choose what he considered the ‘most
useful’ object for most testing blocks, although his
assessment of which object was most useful was incon-
sistent across blocks. The same instructions were also
given to PN, who did not exhibit any consistent re-
sponse strategy.

4.1.9. Discussion

In contrast to the results of Experiment 2, and in
agreement with the results of Experiment 1, HM
demonstrated no learning on a CD task over seven
days. A second amnesic subject, PN, also failed to
learn the CD task over 6 days. Thus, with no access to
explicit knowledge of the task or the reward contingen-
cies, HM and PN were unable to learn. This result is
consistent with the hypothesis that CD learning
depends on explicit memory, rather than habit mem-
ory, in humans [57,60]. We will, however, discuss
alternative explanations below.

It is possible that HM’s reliance on a single response

strategy, choosing the most useful object, might have
obscured any habit learning that took place: frontal
lobe dysfunction, rather than memory impairment,
might have interfered with the expression of CD learn-
ing. Previous studies in our laboratory, however, have
not suggested any contamination by perseverative
strategies in learning tasks, or any other evidence of
such frontal-lobe dysfunction in HM. For example, on
an administration of the Wisconsin Card Sorting Test
[27,39] near the time of CD testing, HM performed
normally and obtained a normal number of persevera-
tive errors. In addition, HM failed to learn on
Experiment 1, in which he demonstrated a wider range
of response strategies. Thus, HM’s failure to learn on
Experiment 3 cannot be explained by his use of a
single response strategy.

HM’s remarkably good recognition memory for the
test objects, coupled with a complete lack of implicit
or explicit learning on the CD task, was surprising.
HM received no feedback about his performance on
any of the object recognition sessions. Thus, his
improvement in performance after several adminis-
trations of the task cannot be attributed to learning
during the object recognition sessions. HM’s good rec-
ognition memory for the CD objects is reminiscent of
his performance on a test of picture recognition mem-
ory, in which he was able to identify previously viewed
complex colored magazine pictures after delay intervals
of up to six months [16,17]. Aggleton and Shaw [2]
have proposed that amnesic subjects with discrete
lesions in the hippocampus, fornix, or mammillary
body achieve better performance on a recognition
memory test than amnesic subjects with widespread
MTL damage, despite comparable levels of antero-
grade amnesia (but see [53]). This result suggests that
recognition memory could be at least partially spared,
even in the case of severe anterograde amnesia.

Studies in monkeys have identified area TE (in the
anterior middle and inferior temporal gyri) and the
perirhinal cortex (part of the inferior temporal gyrus)
as being required for recognition memory
[19,36,44,48]. In addition, electrophysiological studies
in monkeys demonstrate decreased activity of neurons
in the perirhinal cortex and lateral TE during exposure
to familiar stimuli [3,32,37,55]. Recent anatomical
MRI images of HM’s brain reveal sparing in the ven-
trocaudal perirhinal cortex and lateral middle and in-
ferior temporal gyri [11]. Moreover, in humans the
lingual and fusiform gyri (which are also preserved in
HM) have been shown to subserve novel picture
encoding [61]. Thus, neurons in these areas may pro-
vide a familiarity effect that HM could use to make
recognition judgments. In addition, studies have
demonstrated that the perirhinal cortex is not involved
in concurrent discrimination learning [22], suggesting
that sparing in this area could provide HM with some
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recognition memory ability, without assisting in CD
learning. Lesions to area TE have been shown to result
in CD learning impairments [5,24], although monkeys
with TE lesions are eventually able to learn the CD
problems. Thus, area TE may also support some rec-
ognition memory ability, without being sufficient for
normal CD learning. Although it is unclear whether
these areas that appear intact in MRI images of HM’s
brain could support normal function, unpublished
results from our laboratory demonstrate significant
fMRI activation in HM’s spared left parahippocampal
gyrus during picture encoding. Thus, spared function
in these cortical areas may provide HM with some rec-
ognition memory ability. It is important to note, how-
ever, that Squire and colleagues have reported that
preserved recognition memory in amnesic subjects may
be dependent on spared MTL function, rather than on
familiarity responses mediated by area TE [52].

In contrast to HM’s good recognition memory, PN
performed only at chance on the recognition test.
Differences between the etiology and extent of tem-
poral-lobe damage in the two patients may account for
this discrepancy in recognition memory [52]. However,
we do not have sufficiently detailed anatomical infor-
mation about the exact locus and extent of PN’s lesion
to speculate on the specific differences that could
explain her recognition memory impairment.

5. General conclusions

Three tests of CD learning in the amnesic subject
HM revealed equivocal results: no learning on two oc-
casions, and slight but statistically significant learning
on a third occasion. Overall, HM did not demonstrate
reliably significant CD learning. Similarly, a second
amnesic subject, PN, did not demonstrate any learning
on the same CD test. Although results from CD tasks
have often been used to provide support for models of
a MTL-independent habit learning system in humans
[1,28,50,60,62] and animals [33,34,47,51,65,66], our
results reveal impaired performance by amnesic
humans on a task that monkeys with MTL lesions
learn normally.

We have considered four possible explanations for
the discrepancy between the performance of our amne-
sic subjects and the performance of monkeys with
MTL lesions on CD tasks. The first, which was pro-
posed by Squire and colleagues [57], is that CD learn-
ing cannot be learned by habit in human subjects but
instead depends on explicit memory. Thus, while mon-
keys with impaired explicit memory are able to learn
concurrent discriminations, possibly by habit [42,43],
humans are for some reason unable to learn the task
other than by explicit memorization of the reward con-
tingencies. If this view is correct, then we must ask

why human subjects would be dependent on explicit
memory for CD learning when the monkey is not. One
possibility is that during the course of evolution,
humans have lost a memory mechanism that still exists
in the monkey. By this reasoning, lesioned and normal
monkeys could use a habit system to solve CD pro-
blems, performing better than amnesic humans, who
have no habit system and a non-functioning explicit
memory system. Our amnesic subjects were unable to
exceed chance performance in either 360 trials (in
Experiments 1 and 2) or 420 trials (in Experiment 30),
whereas in 20-pair, 24 h. ITI CD tasks, normal and
lesioned monkeys have been shown to reach a criterion
performance of 90% correct in less than 300 trials
[34,35,51]. Thus, the loss of a habit mechanism in
humans could account for the present results; however,
this explanation seems unlikely.

A second possibility is that humans, with more
advanced problem solving skills, use their faster, more
efficient explicit memory system to attempt to solve
CD problems. This reasoning leads to the prediction
that the absence of explicit memory in human subjects
would permit the (intact) habit learning system to
acquire CD information. Thus, human amnesic sub-
jects should perform as well as monkeys with MTL
lesions, who also rely on habit to solve CD problems.
Our data do not support this argument. However, our
data would be consistent with this explanation if one
assumes that the recruitment of explicit memory by
humans to solve the CD task is a strategic choice.
According to this view, conscious attempts by the
human amnesic subjects to use explicit memory would
interfere with the expression of correctly formed
habits. This suggestion predicts that CD tasks could
be learned by habit in amnesic humans, but that ex-
pression of the habit response (which is by definition
unconscious) is blocked by a conflicting conscious
strategy. For example, as we mentioned previously
(Experiment 3, Results), by the third day of testing, it
became apparent that HM was primarily using a single
response strategy, i.c., choosing ‘the most useful
object.” It is possible that his attempts to apply a strat-
egy to the problem prompted him to choose against an
unconscious inclination provided by a habit system.
Nevertheless, HM did not perform consistently better
on blocks for which he did not report a strategy, and
PN, who had no consistent strategy other than pure
guessing, was also unable to learn the task.

A third potential explanation for the impaired per-
formance of our amnesic subjects is that the CD task
used in the present study was not the same procedu-
rally as the CD tasks that monkeys with MTL lesions
learn normally. In the monkey literature, the 20-pair,
24 h ITI CD task has revealed different results com-
pared to an 8- or 10-pair, multiple-repetition CD task
like the one used in the present study. Monkeys with
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MTL lesions typically perform normally on 24 h ITI
tasks [34,51], but many groups have found them to be
impaired on multiple-repetition CD tasks
[12,13,33,41,45,47,65]. When compared to monkeys
given multiple-repetition CD tasks, the performance of
our amnesic subjects more closely matches that of
lesioned monkeys. In three studies [33,47,65], normal
monkeys reached a criterion of 97.5% correct in a
mean of 330, 456, and 530 trials, respectively, whereas
monkeys with MTL lesions required a mean of 902,
1426, and 1100 trials. The discrepant results between
these two forms of the task could be explained if
humans and monkeys have both habit and explicit
memory systems, but the habit system is activated only
when the task exceeds the capacity of the normally
functioning explicit memory system. In monkeys, the
numerous object pairs and long retention interval in
the 24 h ITI task may exceed the capacity of the expli-
cit memory system, forcing both groups to rely on
habit, and producing comparable results in lesioned
and control animals. In humans, artificial grammar
learning [30] and probabilistic classification learning
[29,31] are other examples of tasks that cannot be
learned explicitly by normal subjects, and elicit normal
performance in amnesic subjects, possibly because
both groups use habit memory to solve the task. The
present results, therefore, can be explained if the 10-
pair multiple-repetition CD task can be learned expli-
citly by normal monkeys and humans, but only by
habit by lesioned monkeys and amnesic humans.
Because the habit system requires a longer time to
form stimulus-response associations, the performance
of amnesic groups is impaired relative to control
groups. By this view, we would expect that our amne-
sic humans should be able to use a habit system to
match the performance of monkeys with MTL lesions
if given a comparable number of trials. However,
Squire and colleagues administered a CD task to
amnesic humans for 20 days and found no significant
learning [60]. Alternately, had we administered a ver-
sion of the CD task with an ITI of several weeks or
months, we might have exceeded the explicit memory
capacity of healthy control subjects, and thus pro-
duced normal performance in amnesic humans by for-
cing both groups to rely on habit. Because these
experiments were not performed this argument is
speculative. In addition, recent evidence suggests that
the impairments observed in monkeys with MTL
lesions on multiple-repetition CD tasks can be
explained entirely by inadvertent damage to area TE
[5], rather than by differential memory requirements.
Another procedural difference between the CD task
as it is administered to monkeys and humans has been
noted by Gaffan [20]. He suggested that because
human subjects have seen the CD objects outside of
the experimental situation, they must discriminate

between the experimental context and previous
encounters in order to form a new association between
the object and its associated reward. In contrast, mon-
keys presumably would not have seen the objects
before, and thus would not need to recall contextual
information. Because the MTL system is required for
the memory of contextual cues, it might follow that
human amnesic subjects would be impaired on CD
tasks employing common ‘junk’ objects, whereas mon-
keys with MTL lesions would perform normally [20].
Evidence for this view comes from Murray and col-
leagues [15] who reported that monkeys with MTL
lesions are impaired on CD tasks when they must dis-
criminate objects in different contexts. Thus, if mon-
keys are required to recall contextual information
about the objects used in CD tasks, contextual associ-
ations mediated by the explicit memory system would
become important, and animals with MTL lesions
would be impaired on the task. This suggestion is simi-
lar to Squire’s proposal that humans require explicit
memory to solve CD tasks [57], and offers an expla-
nation for the discrepancy between monkey and
human results that exists both in the literature and in
the present results.

A fourth explanation for the observed results is that
the MTL lesions in the monkey studies do not corre-
spond to the lesions in our human amnesic subjects.
As was mentioned previously, cortical areas outside of
the hippocampus, such as areca TE [5,24], have been
shown to subserve CD learning. Thus, unnoticed or
unintentional damage either in the amnesic subjects or
in the lesioned monkeys could account for the wide-
spread discrepancies in the literature. This final possi-
bility is especially important because in this case one
of the amnesic subjects is HM, whose lesion research-
ers have been trying to replicate in the monkey for
decades. However, a recent re-analysis of HM’s lesion
[11] suggests that the extent of damage is less than pre-
viously thought. Therefore, the monkey lesion studies,
which attempted to replicate the original surgical
reports of HM’s lesion [56], might have actually over-
estimated the extent of damage. If so, we would expect
monkeys with MTL lesions to perform worse than
HM, which is again inconsistent with our results.

Our results emphasize the discrepancies between
monkey and human data that have characterized stu-
dies of CD learning and habit memory. Although we
are unable to arrive at an unequivocal theoretical in-
terpretation for our data, one conclusion from this
study is clear: CD tasks, as they are typically adminis-
tered, fail as a measure of habit learning in humans.
The controversy over whether humans and monkeys
share a neostriatal habit memory system remains unre-
solved. However, the present results confirm that,
despite attempts to create complementary test pro-
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cedures and lesions between humans and monkeys,
CD tasks will not be appropriate to resolve the issue.
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