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Abstract Humans use memory awareness to determine
whether relevant knowledge is available before acting, as
when we determine whether we know a phone number be-
fore dialing. Such metacognition, or thinking about think-
ing, can improve selection of appropriate behavior. We in-
vestigated whether rhesus monkeys (Macaca mulatta) are
capable of a simple form of metacognitive access to the
contents of short-term memory. Monkeys chose among
four opaque tubes, one of which concealed food. The tube
containing the reward varied randomly from trial to trial.
On half the trials the monkeys observed the experimenter
baiting the tube, whereas on the remaining trials their
view of the baiting was blocked. On each trial, monkeys
were allowed a single chance to select the tube containing
the reward. During the choice period the monkeys had the
opportunity to look down the length of each tube, to de-
termine if it contained food. When they knew the location
of the reward, most monkeys chose without looking. In
contrast, when ignorant, monkeys often made the effort
required to look, thereby learning the location of the re-
ward before choosing. Looking improved accuracy on tri-
als on which monkeys had not observed the baiting. The
difference in looking behavior between trials on which the
monkeys knew, and trials on which they were ignorant,
suggests that rhesus monkeys discriminate between know-
ing and not knowing. This result extends similar observa-
tions made of children and apes to a species of Old World
monkey, suggesting that the underlying cognitive capaci-
ties may be widely distributed among primates.

Keywords Metacognition - Metamemory - Declarative -
Introspection - Memory awareness

R. R. Hampton (=) - A. Zivin - E. A. Murray

Section on the Neurobiology of Learning and Memory,
Laboratory of Neuropsychology,

National Institute of Mental Health, NIH,

Bethesda, MD 208924415, USA

Tel.: +1-301-4965625, Fax: +1-301-4020046,

e-mail: robert@In.nimh.nih.gov

Introduction

In humans, stored information is sometimes accessible to
conscious awareness and sometimes not. Conscious ac-
cess to memory gives humans the ability to discriminate
between knowing and not knowing, an ability we term
memory awareness. Because memory awareness is in-
ferred primarily on the basis of verbal reports from human
subjects (e.g. “I remembered” versus “I guessed”) it has
been difficult to conduct parallel studies in nonhumans. In
addition, the fact that humans can accomplish a good deal of
learning without awareness cautions against inferences of
memory awareness in animals based on the complexity of
learned behavior alone (classical conditioning: Clark and
Squire 1998; priming: Tulving and Schacter 1990; Ham-
man and Squire 1997; skill learning: Cohen et al. 1985;
Knowlton et al. 1992; Knowlton and Squire 1993). Recent
investigations have pioneered ways around dependence
on verbal reports (Cowey and Stoerig 1995; Smith et al.
1998; Inman and Shettleworth 1999; Call and Carpenter
2001; Hampton 2001). The success in applying these new
techniques has paved the way for comparative studies that
chart the distribution of memory awareness among spe-
cies and that clarify the cognitive capacities underlying it
in nonhuman animals (Weiskrantz 2001; Smith et al. 2003).

A critical feature of these studies is that memory aware-
ness is inferred on the basis of the functional properties of
behavior, rather than on the basis of subjective reports of
phenomenal experience. That is, the studies specify what
an animal with memory awareness should be able to do,
not what that animal should experience subjectively. A gen-
eral function of memory awareness might be to allow an
organism to adaptively avoid situations that require knowl-
edge the individual lacks, while approaching such situa-
tions when the required knowledge is available. Specifi-
cally, subjects in typical laboratory memory experiments
could use memory awareness to avoid memory tests when
they have forgotten material presented during the study
phase of the trial, and to opt for taking the tests when they
remember (Smith et al. 1998; Inman and Shettleworth
1999; Hampton 2001). A human parallel to these situa-
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Fig.1 Left panel Example of looking behavior. In this case, mon-
key B is looking down the tubes searching for the hidden food on
an unseen trial. Right panel Example of tube selection; in this pho-
tograph monkey B is choosing, without first looking, on a seen
trial. As the monkey pulls the tube upward, the food concealed in-
side slides out. Selecting any one tube caused a mechanism to lock
the other tubes in position. Thus, only one tube could be selected
per trial. The clear screen that separates the monkey from the ap-
paratus during the baiting procedure can be seen, captured in the
picture as it was being raised

tions is our ability to determine whether or not we know a
phone number before dialing. If we know the number, and
we are aware of that knowledge, we proceed with dialing.
If we cannot bring the number to awareness, we take the
time to look up the number before calling. Another exam-
ple might be determining whether we know the route to
take before starting a road trip in a car. If we already know
the route, we proceed straightaway, but if we cannot bring
the relevant knowledge to mind, we consult a map. The
capacity for awareness of memories underlies the ability
to adaptively choose between beginning a call or trip im-
mediately, and collecting information before acting.

Adapting the methods of Call and Carpenter (2001),
we allowed rhesus monkeys (Macaca mulatta) to choose
from among four opaque tubes in which a piece of food
could be concealed. Preceding their choice, monkeys ei-
ther observed the placement of the food in one of the
tubes (seen trials) or their view of the tubes was blocked
during baiting (unseen trials). The tubes were arranged
such that the monkeys could, with some effort, bend over
and look down the length of the tubes to locate the hidden
food; this behavior will be referred to as “looking” here-
after. Alternatively, they could choose a tube without first
looking (Fig. 1). Monkeys with memory awareness should
discriminate between knowing and not knowing the loca-
tion of the food. Much as a human would resort to the
phone book only if he or she did not know the phone num-
ber for a particular call, memory awareness may manifest
behaviorally in monkeys through selective information
seeking. Monkeys aware of the food location (seen trials)
should choose the correct tube without looking, whereas
monkeys unaware of the food location (unseen trials)
should look for the food before choosing.

Chimpanzees, orangutans, and 2.5-year-old children were
studied by Call and Carpenter (2001) and shown to pass

this test for memory awareness. All three species were
more likely to look before choosing when they did not
know the location of the reward than when they did. By
studying rhesus monkeys, we examine whether this abil-
ity is confined to humans and apes or is more widely dis-
tributed among the primates.

Thus, there were two main aims of the present study.
The first aim was to perform an additional, independent
test for memory awareness in nonhuman primates. Al-
though there is evidence for memory awareness in mon-
keys from two studies using recognition memory (Smith
et al. 1998; Hampton 2001), evidence gathered from a va-
riety of experimental situations would provide a more
compelling case for the phenomenon. The second and
more specific aim was to determine whether the findings
of Call and Carpenter (2001) would extend to a species of
Old World monkey, a group which is less closely related
to humans than are the great apes.

Methods

Subjects

Seven male and two female adult rhesus monkeys (M. mulatta)
were used. Five monkeys were housed individually, while the other
four lived in two socially compatible pairs. Monkeys were fed a
controlled diet to ensure sufficient motivation and healthy body-
weight. Preferred foods were used as rewards to minimize the need
for diet restriction. Water was always available in the home cage.

All monkeys had previously taken part in studies examining
the neural substrates of learning and memory (Hampton and Mur-
ray 2002), and all had extensive experience with object discrimi-
nation learning and delayed matching-to-sample tasks adminis-
tered in an automated apparatus. Five monkeys (F, B, R, H, L) had
received bilateral removals of the perirhinal cortex and four were
unoperated controls (K, C, S, G). One monkey included in the re-
port by Hampton and Murray (2002) was not included here be-
cause it failed to complete early phases of the experiment. Because
our task was similar to spatial delayed response, and because no
deficit in performance was observed in spatial delayed response
following lesions that involved perirhinal cortex (Murray and
Mishkin 1986), we did not expect the removals to have an impact
in the present study.

Apparatus

We used a specially constructed apparatus consisting of a free-stand-
ing frame and attached horizontal tray on which four tubes were



mounted. The monkey, held in a mobile transport cage, was posi-
tioned in front of the apparatus; the cage was fitted with bars on
one side that allowed the monkey to reach outside the cage and to
interact with the apparatus. The four tubes, 25 mm in diameter and
166 mm in length, were aligned parallel to one another, 95 mm
apart center to center, on an aluminum tray. The tubes were affixed
to the tray using hinges such that pulling on a given tube caused
that tube to tip upward and a food reward, if present, to tumble out
the end nearest the monkey (see Fig. 1). Pulling any tube triggered
a latching mechanism that prevented additional choices on the
same trial. The tray could be placed at one of five levels, the low-
est being near the bottom of the monkeys’ cage and the highest po-
sition being near the monkeys’ eye level when sitting normally in
the transport cage. Levels 1-5 were 3, 12, 22, 34 and 46 cm from
the bottom of the cage, respectively. A short removable visual bar-
rier (55 mm high) could be mounted on the test tray between the
monkey and the tubes. Although the barrier prevented the mon-
keys from seeing into the tubes, it did not prevent the monkeys
from viewing the tubes from above nor from manipulating them.
A clear screen and an opaque screen could be raised and lowered,
individually or together, between the monkey and the test tray. Un-
like the small visual barrier, these large screens prevented the
monkey from reaching the tubes. The clear screen allowed visual
access only, whereas the opaque screen completely blocked the
monkey’s view of the experimenter and the test tray. Peanuts,
M&Ms, Mike and Ikes, or Skittles were used as rewards, accord-
ing to the monkeys’ preferences. A video camera was mounted be-
hind the apparatus, on the side opposite the monkey. The camera
was linked to a monitor located to one side of the apparatus. This
closed-circuit video system permitted the experimenter to score the
monkeys’ behavior by watching the monitor rather than by looking
directly at the monkey.

Behavior scoring

On each trial the number and location of looks made into the tubes
was noted, as well as whether the correct tube was selected. The
experimenter watched the monkey in real time on the closed circuit
television monitor, and a look was scored any time the monkey’s
eye was visible through the length of a tube. Sessions were not
recorded on videotape. Lifting a tube even slightly caused the
latching mechanism to engage, and was scored as a choice.

Procedure

In pilot work with a monkey not included in this report, we found
that familiarization with the individual components of the final
task was required. For example, the monkeys needed to learn that
“pulling” a tube led to the contents of the tube dropping out the
end. Familiarization was conducted in three phases, followed by
the main task.

Familiarization
Phase 1: selecting and pulling transparent tubes

During this phase the apparatus was fitted with clear acrylic tubes
that allowed the monkeys to see the location of the food reward
without having to look down the length of the tube. Monkeys were
first adapted to the apparatus and trained to pull whichever tube
contained a food reward. By reaching for the visible reward, most
monkeys rapidly learned to pull on the tubes. When the tube was
tipped at an angle, the food slid out where the monkey could col-
lect it. In this phase the monkeys were also habituated to the rais-
ing and lowering of the opaque and transparent screens. All trials
began with both screens down, i.e. with the screens separating the
monkey from the tubes. The tray was positioned at level 3; in this
position it was easy for the monkey to watch the food reward be-
ing placed in the tubes, and for the monkey to pull the tubes. On
half of the trials the opaque screen was raised and subjects could
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therefore see the experimenter place the reward in the tube through
the clear screen (seen trials). On the other half of the trials the
opaque screen blocked the monkeys’ view of the baiting procedure
(unseen trials). The order of seen and unseen trials, and the loca-
tion of the food reward were randomized. The clear screen was
kept in place for 2s after the baiting (seen trials) or after the
opaque screen had been raised (unseen trials). The clear screen
was then raised, and the monkey was allowed to choose one tube.
After a choice had been made both screens were lowered, ending
the trial. In this and the following phases of familiarization mon-
keys were given 24 trials per daily session. Monkeys advanced to
phase 2 after making 100% correct choices in a single session.

Phase 2: transition to opaque tubes

In phase 1, the monkeys could directly see which tube contained
the food, and make their choices accordingly. In phase 2, opaque
aluminum tubes replaced the clear tubes. Furthermore, the short vi-
sual barrier was put in place on the tray to prevent the monkeys
from seeing the food reward once it had been placed in a tube.
Consequently, in this second phase of familiarization, monkeys were
required to attend to the baiting of the tubes in order to choose cor-
rectly. Because the tube containing the reward was opaque and,
furthermore, was randomly chosen on each trial, the only way for
the monkey to know the location of the reward was to watch while
the experimenter placed the reward in the tube. In this phase the
monkeys were allowed to see the baiting procedure on every trial,
through the clear screen. Two seconds after baiting, the screen was
raised and the monkey was allowed to select a single tube. Tray
height was the same as in phase 1, and criterion was 21 correct re-
sponses out of 24 trials in a single session.

Phase 3: looking

Our pilot monkey did not spontaneously look down the length of
the tubes. Given that our monkeys may have little or no experience
with the visual atfordances of tubes, this is not surprising. Accord-
ingly, in this phase of familiarization the short visual barrier was
removed, and the test tray was raised to the approximate eye level
of the monkey (level 5). Placing the tubes at eye level encouraged
the monkeys to look down the length of the tubes to see the reward
being placed at the far end. As in phase 2 all trials in this phase
were seen trials. When a monkey made at least 21 correct re-
sponses out of 24 trials in a single session, the monkey advanced
to the main task.

Main task

In the main task monkeys were presented with a mixture of seen
and unseen trials using the opaque tubes. These constituted “criti-
cal trials” in the sense that each monkey would now have, for the
first time, the opportunity to engage in looking behavior, or not, as
the situation demanded. There were 28 trials in each session. Ses-
sions began with four refresher trials conducted exactly as in phase 3.
Thus, four seen trials, with the tray holding the tubes located at
eye level, began each session. For the remaining 24 trials, the
height of the tray differed across sessions. Because looking behav-
ior depended on the balance of costs (i.e. the effort of looking
down the tube combined with the delay of reward) versus benefits
(i.e. the greater probability of obtaining reward when the location
was known versus when it was unknown), and because these dif-
fered among monkeys, a titration procedure was used to determine
the appropriate tray height for each monkey. The titration proce-
dure prevented ceiling and floor effects from masking differential
looking behavior on seen and unseen trials. In the first session, the
test tray was placed in the middle position (level 3), which was
near the midpoint between eye level and the floor of the transport
cage. Half of the trials were seen and the other half unseen, pre-
sented in pseudorandom order. As in familiarization, all trials be-
gan with both screens in the down position. On seen trials the
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opaque screen was raised before baiting, whereas on unseen trials
it was raised after baiting. On both trial types, the monkey could
view the tubes for 2 s before the clear screen was raised. If the sub-
ject looked down the tubes on fewer than six of the 24 experimen-
tal trials, the tray was raised one position for the next session. If
the subject looked down the tubes on more than 18 of these trials,
the tray was lowered one position. Raising the tray made it easier
to look down the tubes, whereas lowering the tray made it more ef-
fortful. Test sessions continued until each monkey completed two
consecutive sessions with from 6 to 18 looks, or had completed two
consecutive sessions with the tray at the lowest position. Monkeys
were given 60 s to select one of the tubes on each trial; if no tube was
selected, the trial was aborted and the intertrial interval was initiated.

Data analysis

Sessions were counted whether or not the monkey completed all
trials in the session. In the early phases of familiarization, we
found that the two female monkeys, S and L, would not complete
full sessions. Therefore, they were both given sessions of half the
length of those given to the other monkeys. For consistency, pairs
of consecutive sessions given to monkeys S and L. were combined
and scored as one session. On the main task, the dependent mea-
sure was the number of times a monkey looked down the length of
the tubes on seen and unseen trials during the last two sessions; the
first four (seen) trials of each session were not included in the
analysis. Analysis of proportions was preceded by arcsine trans-
formation (Kirk 1982).

Results

Familiarization
Phase 1: selecting and pulling transparent tubes.

All monkeys learned to pull the clear tube that contained
a food reward on each trial, taking an average of 10.0 ses-
sions to meet criterion (Table 1). As expected, monkeys
never looked down the length of the tubes during this
phase, presumably because they could easily see the food
reward through the sides of the clear tubes.

Phase 2: transition to opaque tubes

During this phase, the short visual barrier prevented mon-
keys from looking down the length of the tubes. Thus, to
choose accurately, monkeys were required to attend to the

Table1 Sessions to criterion and final tray height. Scores include
sessions comprising the criterion run. Numerals indicate the num-
ber of sessions to criterion for each phase of familiarization
(phases 1-3) and for the main task, or the tray level during the fi-
nal sessions of the main task. Sessions were counted whether or
not all trials were completed. Tray levels varied from 1 to 5, with
1 being near the bottom of the monkeys’ cage, and 5 being near the

baiting of the tubes, and to retain information about the
location of the baited tube for a few seconds. Monkeys re-
quired an average of 24.9 sessions to meet criterion (Table 1).

Phase 3: looking

Most monkeys generalized to the new tray position and
thus met criterion within a few sessions (mean=1.7, Table 1).

Main task
Looking as a function of trial type

An average of 4.9 sessions was required to achieve a tray
height at which the number of looks made by each mon-
key fell within the targeted range, or the monkey had com-
pleted two sessions with the tray at the lowest position
(Table 1). All monkeys looked down the tubes on at least
some seen and some unseen trials (Fig.2). Seven of the
nine monkeys looked significantly more often on unseen
trials than on seen trials. In contrast, none of the monkeys
looked significantly more often on seen than on unseen
trials (Fig.2; chi-square value for each monkey is shown
in Table 2). The two monkeys (F and G) for which trial
type did not affect looking showed different patterns of
behavior. Monkey F looked on every trial but one seen
trial, even at the lowest tray position. Monkey G looked
much less often overall than did the other monkeys.

With the exception of monkey K, the monkeys chose a
tube on nearly every trial (Table 2). In the final two ses-
sions, monkey K failed to choose a tube on 16 trials, a
large percentage of the trials he was given. Fifteen of the
16 aborted trials were unseen trials. Nonetheless, of the
nine unseen trials on which he made a choice, all were
preceded by looking in the tubes. Aborted trials for the
other monkeys were rare, but also tended to occur on un-
seen trials rather than on seen trials.

Accuracy and looking

To maximize the data available for this analysis, data from
all sessions of the main task were used. Monkeys chose

monkeys’ eye level (see text for detailed description). Capital let-
ters identitfy the nine rhesus monkeys studied. Due to experimenter
error, monkey R received his first session of the main task with the
tray at level 1, and did not make a single look. He then met crite-
rion on the subsequent two sessions completed with the tray at
level 3

Stage of training K C S G F B R H L Mean
Phase 1 31 3 15 8 5 4 4 7 13 10.0
Phase 2 34 13 49 14 18 9 3 27 57 24.9
Phase 3 2 2 2 2 1 1 1 1 3 1.7
Main task 4 6 2 7 6 4 3 6 5 4.8
Tray level 4 2 3 5 1 2 3 1 2 2.6
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Fig.2 The proportion of looks made by each of the nine monkeys
on seen (solid black bars) and unseen (cross-hatched bars) trials.
These proportions result from dividing the number of looks by the
number of completed trials in the seen and unseen conditions for
each monkey. Seven of the nine monkeys were significantly more
likely to look on unseen trials than on seen trials. Capital letters
identify the nine rhesus monkeys studied

accurately, but not perfectly, on seen trials (Table 2). On
unseen trials monkeys were significantly more accurate
when they looked through the tubes before choosing (84%)
than on trials on which they failed to look (22%; Table 2;
t,=11.26, P<0.01; monkey S was excluded because she
looked on every unseen trial, precluding an estimation of
accuracy on trials without a look). Performance on unseen
trials without looks did not differ from chance (#,=0.951;
monkey S excluded). On seen and unseen trials combined,
monkeys chose accurately on 97% of the trials on which
they looked down the tube containing the reward (Table 2).

Looks on seen trials

On seen trials where monkeys looked through the tubes
even though they should have known the location of

Table2 Strategic use of looking. Capital letters indicate the indi-
vidual rhesus monkeys studied. Chi square values in the first two
rows are from analysis of contingency tables classifying the num-
ber of trials with and without a look into seen and unseen condi-
tions. Aborted trials are those trials on which the monkey never se-
lected a tube. The next row reports the probability that the mon-
keys first look was down the tube containing the bait, if they
looked at all, on seen trials. Accuracy on seen trials averages all
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the reward, the first look was most often made to the
baited tube (Table 2; 7,=6.44, P<0.01; mean=0.65; chance=
0.25).

Errors

There were a small number of seen and unseen trials on
which monkeys looked in at least one tube, but then chose
incorrectly. Six of the nine monkeys made at least five such
errors (mean=7.17; range 5-10), permitting analysis. On
80% of these error trials the monkeys failed to look in the
tube containing the reward before selecting a tube, look-
ing instead in at least one tube other than the rewarded
tube.

Aborted trials

As indicated earlier, if no tube was selected within 60 s,
the trial was aborted. With the exception of monkey K,
monkeys selected a tube on nearly all trials. Nonetheless,
to ensure that exclusion of these aborted trials from the
analysis did not bias our findings, each analysis described
in the results was also conducted with the aborted trials
included. The monkeys never looked on these aborted tri-
als and made no selection; however, for this analysis, we
scored the tube “choice” as an error. Inclusion of the
aborted trials did not alter the statistical results with the
exception that with aborted trials included monkey K did
not look more often on unseen than on seen trials. Be-
cause the majority of the trials on which this monkey
failed to select a tube were unseen trials, excluding these
trials may have biased the results in favor of looks being
more frequent on unseen trials. Accordingly, the results
from this monkey should perhaps be given less weight
than those from the remaining monkeys.

seen trials on which the monkey made a choice, whether it looked
or not. Accuracy on unseen trials displays accuracy as a function
of whether or not the monkey had looked down any tubes before
making a choice. The dash indicates that there were no unseen tri-
als without a look for that monkey. Accuracy after seeing reward
is the probability that monkeys chose correctly after they had
looked down the tube containing the reward on either trial type

Monkey K C S G F B R H L Mean

Differential looking chi square, df=1 4.17 3733 2552 0.14 1.02 1452 1639 6.77 31.45

Chi square probability 0.04 0.00 0.00 0.71 0.31 0.00 0.00 0.01 0.00

Aborted trials Seen trials 1 0 0 0 0 0 0 1 0 0.22
Unseen trials 15 0 4 0 0 0 1 0 2.3

Ist look to reward on seen trials 0.69 0.82 0.57 0.90 0.49 0.33 0.80 0.59 0.63 0.65

Accuracy on seen trials 0.96 0.99 0.96 0.96 0.86 0.98 0.86 0.93 0.87 0.93

Accuracy on unseen trials Without look 0.25 0.09 - 0.11 0.20 0.17 031  0.27 038 0.22
Following look 0.80 0.87 1.00  0.53 0.94 0.88 0.87 0.76 0.87 0.84

Accuracy after seeing reward 1.00 0.99 1.00 0.89 1.00 0.94 0.96 0.98 0.96 0.97
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Perirhinal cortex removal

As expected, we found no evidence that perirhinal cortex
lesions affected performance on this task. Three of four
intact monkeys and four of five monkeys with perirhinal
cortex removals showed significant differential looking
behavior. As indicated earlier, monkeys with lesions in-
cluding perirhinal cortex are unimpaired in spatial de-
layed response (Murray and Mishkin 1986), a task which
is similar to seen trials in the present study, with the ex-
ception that food was hidden under a gray plaque rather
than in tubes.

Discussion

The primary finding of the present study is that rhesus
monkeys discriminated between seen and unseen trials;
seven of nine monkeys were significantly more likely to
look down the length of the tubes when kept ignorant of
the location of the concealed food than when they had
been provided with that information beforehand. In no
case was the reverse pattern found. We hypothesize that
when monkeys were aware of a memory for the location
of the food, they selected that tube without first looking.
When they did not detect the presence of a memory (at
least not at sufficient strength), they collected more infor-
mation before acting. Thus, at least some rhesus monkeys
demonstrated awareness for the contents of short-term
memory in a way that parallels that of humans making
metacognitive judgments on the basis of memory aware-
ness.

Accuracy and looking

Monkeys were much more accurate on unseen trials when
they looked for the food relative to when they failed to
look before choosing. In addition, they performed no bet-
ter than expected by chance on unseen trials without looks.
While not surprising, these results support assumptions
that underlie the present experiment. Monkeys did not
know the location of the reward on unseen trials, but look-
ing informed them, and guided their responses.

“Misbehavior”

Why would monkeys ever look down the tubes on seen
trials? Such looks may simply reflect a high tolerance of
the effort required for looking relative to the value of the
reward. Alternatively, on some trials the monkey might
have been distracted during the placement of the food in
the tubes or might have forgotten the location of the re-
ward over the brief delay between baiting and the oppor-
tunity to choose. In these cases, the decision to look might
reflect the weak state of the monkey’s memory. It is of in-
terest that when the monkeys did look on seen trials, they
most often looked first in the tube containing the reward.

The monkeys must therefore have “known,” in some sense,
where the reward was located on these trials. Whether the
decision to look despite knowing was due to a conserva-
tive decision process, a weak memory awareness corre-
sponding to weak memory, or to monkeys having an im-
plicit memory of which they were unaware, is a question
for future work to address.

Monkeys occasionally made mistakes, even after look-
ing. On the majority of these trials the monkeys failed to
look in the tube with the reward. In contrast, when mon-
keys did look in the tube with the reward, the subsequent
choice was nearly always correct. It seems likely that on
many of the error trials the monkeys mistakenly thought
they saw the reward, stopped looking, and chose the tube
where they thought they had seen the reward.

Alternative explanations

Although our monkeys acted in a way that parallels the
behavior of a human using metacognition, the signifi-
cance of these findings depends on the mechanism under-
lying the behavior of the monkeys. We argue that memory
awareness — the ability to discriminate knowing from not
knowing — underlies the ability to gather information se-
lectively when necessary. There are at least two alterna-
tive accounts, however, for our results: (1) discrimination
based on stimuli other than the presence of memory per se,
and (2) direct competition between behavioral responses.

Discrimination based on nonmnemonic stimuli

Monkeys may have based the decision to look on publicly
observable external stimuli, rather than on discrimination
among memory states. Learning such a discrimination would
presumably require a substantial number of differentially
rewarded presentations of stimuli that would come to
elicit the behavior of looking on unseen trials, but not on
seen trials. Given that the phases of familiarization were
specifically designed so that no such differential training
could occur, it is unlikely that such a discrimination could
account for the present results. In phase 1, monkeys never
looked down the tubes because the sides of the tubes were
clear. In phase 2, the short visual barrier prevented look-
ing. Because the behavior of looking never occurred dur-
ing these first two phases, it could not be reinforced.
Phase 3 was intended to ensure that the monkeys had ex-
perience looking down the tubes and seeing the reward.
Again there is no opportunity for differential reinforce-
ment of looking on seen and unseen trials because all tri-
als were seen trials. Furthermore, the monkeys’ first and
only choice on these trials was nearly always accurate,
and thus rewarded. Only in the main task, when seen and
unseen trials were intermixed, was differential reinforce-
ment possible. Thus, before beginning the main task, look-
ing had been associated with reward only on the seen tri-
als of phase 3. If association with reinforcement governed
the probability of looking, then looks should be more fre-



quent on seen than on unseen trials. This pattern was ob-
served in only 2 of the total of 44 test sessions given to the
monkeys in the main task (Monkey K: 1 of 4 sessions;
monkey G: 1 of 7 sessions).

There is an additional argument against a nonmnemonic
explanation for the differential looking behavior we ob-
served. Seven of the nine monkeys looked on more than
18 trials in some sessions of the main task, and therefore
experienced lowering of the test tray. Thus, if monkeys
were learning a discrimination during the main task, it
was that they did not need to look on seen trials, rather
than that they did need to look on unseen trials. Extinction
of looking on seen trials would be expected to proceed
slowly, if at all, because looking was nearly always asso-
ciated with reward on both types of trials. It is more likely
that monkeys initially had a low threshold for looking
(looking even when memory was strong, because looking
was easy), but as the effort required to look increased as
the test tray was lowered, they became more selective in
the choice of when to bother looking.

Although we have argued against an associative ac-
count for the behavior of looking primarily on unseen tri-
als, we do not argue that the behavior of attending to ones
own memory states is not learned. Instead, we argue that
the monkeys had acquired the ability to discriminate be-
tween knowing and not knowing before the present exper-
iment was begun.

Competition between responses

Another mechanism that might account for the differential
looking we observed is response competition. The re-
sponse of reaching for a tube may compete with the re-
sponse of looking for the reward. When the tendency to
reach is strong, it dominates the tendency to look. When
the tendency to reach is weak, looking is more likely to
occur. Seeing the reward placed in a tube may so greatly
strengthen the tendency to reach that looking is unlikely.
The difference in the probability of looking on seen and
unseen trials could therefore depend on the strength of the
reaching response, which is in turn a function of whether
or not the monkey has seen the reward and prepared a re-
sponse. On this view, differential looking is the outcome
of response competition, rather than memory monitoring
per se. Nonetheless, if the decision leading to the response
is driven by whether or not the monkey knows the loca-
tion of the reward, and the occurrence of information
seeking is contingent on the absence of such knowledge,
then the distinction between “true” memory awareness
and competition between responses is a subtle one. Indeed
neural signals apparently reflecting competition between
responses have been recorded in monkey frontal cortex
(for review see Schall 2001). How such competition is re-
solved remains an active area of investigation, but recent
work suggests that when conflicts arise, other brain re-
gions (such as prefrontal and cingulate cortex) are re-
cruited to monitor and resolve the conflict (e.g. Kerns et
al. 2004; Matsumoto and Tanaka 2004). Thus, although
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we initially proposed “response competition” as a possi-
ble alternative to memory awareness, it may instead be
the case that conflicts between competing or incompatible
responses trigger cognitive processes that make use of
memory awareness to resolve the competition.

Comparative significance

The results of the present study suggest that humans and
apes are not alone in being aware of memories. Instead, it
appears that this ability is shared at a minimum by at least
some Old World monkeys. A small number of other ex-
periments support this conclusion. In a serial probe recog-
nition paradigm, two rhesus macaques selectively “bailed
out” of trials involving middle list items, for which mem-
ory is relatively poor (Smith et al. 1998). Two other macaque
monkeys performed more accurately on matching-to-sam-
ple trials they chose to take relative to trials they were
forced to take (Hampton 2001). Like the Smith et al. (1998)
monkeys, if given the chance they selectively avoided
taking tests when memory was poor. Furthermore, the
monkeys studied by Hampton (2001) avoided tests in two
situations in which they had no recent memory of a sam-
ple, namely, on catch trials that began without a sample,
and on trials with long delays. The present results, taken
together with findings from these earlier reports, provide
converging evidence from three substantially different be-
havioral paradigms indicating the presence of memory
awareness in macaque monkeys.

The presence of memory awareness in both apes (Call
and Carpenter 2001) and Old World monkeys (Smith et al.
1998; Hampton 2001; the present results) suggests that
this cognitive capacity may have first evolved in a com-
mon ancestor of apes and Old World monkeys (Riley and
Langley 1993). Apes and monkeys last shared a common
ancestor roughly 20-25 million years ago (Tomasello and
Call 1997, p. 15). Should memory awareness be shown to
occur in New World monkeys (capuchins or marmosets for
example), or in prosimians (such as lemurs), that would
suggest an earlier date for the appearance of memory aware-
ness.

There are not strong a priori grounds for presuming that
memory awareness is limited to primates. However, the
strength of the evidence for memory awareness in pri-
mates contrasts with the failure to find evidence for mem-
ory awareness in pigeons (Columba livia; Inman and
Shettleworth 1999; Sutton and Shettleworth, unpublished
data) using techniques similar to those used by Hampton
(2001) with monkeys. Nonetheless, currently there is in-
sufficient evidence to substantiate a categorical difference
between species, in part because the impact of variations
in testing procedures have yet to be determined. One po-
tentially significant difference is that between prospective
memory judgments, which are made before the test phase
of a trial, and simultaneous or retrospective memory judg-
ments made at the time memory is being directly tested
(Inman and Shettleworth 1999; Hampton 2001, 2003;
Metcalfe 2003; Shettleworth and Sutton 2003). Because
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prospective judgments cannot be based on any direct ex-
perience of the difficulty of a given test, nor can they be
based on competition between behavioral responses like
those discussed earlier, such tests arguably provide the
more stringent test for memory awareness. Pigeons may
show some evidence of memory awareness using retro-
spective judgments, but appear to be incapable of prospec-
tive judgments (Inman and Shettleworth 1999; Sutton and
Shettleworth, unpublished data). In both the present study,
and the work of Smith et al. (1998), monkeys employed
retrospective judgments; by contrast, the monkeys studied
by Hampton (2001) made prospective memory judgments.

Finally, it should be noted that memory awareness is
one limited kind of self awareness. Several investigators
(Parker 1998; Purdy and Domjan 1998; Smith et al. 2003)
have suggested that a useful approach to the study of
awareness would be an incremental one, focusing on the
identification of specific, elemental capacities that either
reflect awareness or serve as precursors of awareness, and
our experimental approach was guided by this notion. In
both human developmental studies and comparative stud-
ies of nonhumans, it has been common to use the “mirror
test” to infer self awareness. A mark or sticker is placed
on the subject’s face without their knowledge. If subjects
touch the mark as a result of seeing it on their face in the
mirror, they pass the test. While there is disagreement
about what exactly the mirror test indicates about self
awareness (Gallup 1994; Heyes 1994) it is striking that no
monkeys pass the test, while all great apes with the possi-
ble exception of gorillas (Gorilla gorilla) do pass the test
(Gallup 1994; Shillito et al. 1999). The current tests for
memory awareness, and the mirror test, may measure dif-
ferent elements in a suite of capacities collectively de-
scribed as self awareness.
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